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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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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documentmay be the
ent rights. ISO shall not be held responsible for identifying any or all such-patent rightg
patent rights identified during the development of the document will.bée“in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents)-

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as wellas information about ISO's ad
World Trade Organization (WTO) principles in, the Technical Barriers to Trade
w.iso.org/iso/foreword.html.
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5 document was prepared by Technical Committee ISO/TC 59, Buildings and civil enginee
committee SC 17, Sustainability in buildings‘and civil engineering works.

5 first edition cancels and replaces [SO/TS 21929-2:2015, which has been technically revi
main changes are as follows:
new indicators are provided;

core and additional indicators and some specific indicators for different typologies ¢
listed in Annex A;

the relationshipbetween the indicators and United Nations SDGs (Sustainable Developn
is addressed;

5t of all papts in the ISO 21928 series can be found on the ISO website.

feedback or questions on this document should be directed to the user’s national standa
plete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document describes and provides guidelines for the development of sustainability indicators
related to civil engineering works and defines the aspects and impacts of civil engineering works to
consider when developing systems of sustainability indicators.

These guidelines form a basis for the suite of ISO/TC 59/SC 17 standards intended to address specific
issues and aspects of sustainability relevant to civil engineering works. The issue of sustainable
development is broad and of global concern and, as such, involves all communities and stakeholders.
Both current and future needs define the extent to which economic, environmental and social aspects
are considéred in a sustainable development process.

The built epvironment (buildings and civil engineering works) is a key element in determining)qudlity
of life and| contributes to cultural identity and heritage. As such, it is an important factor in|the
appreciatign of the quality of the environment in which people live and work.

The built epvironment is highly important for sustainable development because:
— itis a jey sector in national economies;

— it has g significant impact on poverty reduction through the provision‘of'improved basic econgmic
and sofial services within the built environment;

— itis one of the single largest industrial sectors and, while providing value and employment, it yses
considerable resources and contributes to the transformation‘of areas, with consequential impgcts
on ecohomic and social conditions and the environment;

— it represents a significant share of the economic assets of individuals, organizations and natipns,
providling societies with their physical and functional*environment;

— it has ¢onsiderable opportunity to show improvement relative to its economic, environmental and
social {mpacts.

While the fhallenge of sustainable development is global, the strategies for addressing sustainabllity
in civil engineering works are essentially-local and differ in context and content from region to region.
These straftegies reflect the context, the preconditions and the priorities and needs, not only in|the
built envirpnment, but also in the social environment. This social environment includes social eqity,
cultural issues, traditions, heritage-issues, human health and comfort, social infrastructure and pafe
and healthy environments.

In addition, these strategies can include poverty reduction, job creation, access to safe, affordable
and healthy shelter, and_less of livelihoods. These aspects are closely related to the United Natjons
Sustainable Developmient Goals (SDG). For this reason, in Annex D, the relation of the provided
indicators fo these.SDG is shown.

This docunpentdefines a framework for the development of sustainability indicators for civil engineefing
works bas¢don the premise that civil engineering works contribute to improving the economic, sdcial
and environmental aspects at local, regional and global levels with minimum adverse impact. This
document follows the general principles presented in ISO 15392.

Indicators are figures or other qualitative or descriptive measures that enable information on a complex
phenomenon, such as, environmental impact, to be simplified into a form that is relatively easy to use
and understand.

The four main functions of indicators are quantification, simplification, communication and decision
making. Changes in a civil engineering works over time and the development of changes in relation to
stated objectives and targets should be monitored with the help of indicators.

vi © IS0 2023 - All rights reserved
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When developing and selecting indicators, the starting point is the identification of the main users and
user needs. Sustainability indicators for civil engineering works are needed in decision-making by
several stakeholders, such as:

— public bodies and policy makers;
— investors, owners and promoters;
— planners, developers and designers;

— governmental and non-governmental organizations (considering interest groups both at national

d o1 11 1N
arnrtratcotaricveTry,

— |manufacturers of products;

— |contractors;

— |operators and maintainers;

— |users and other stakeholders who are given service by the infrastructure; and
— |local residents.

An pxample of utilization of indicators for decision support in the 'selection of alternatives 1s provided
in Annex E.

Sustainability indicators, as well as sets and systems of indicators, for the specification, assessment and
representation of the contribution of a civil engineering“works to sustainable development dan be used
in many ways. For example, among others, their application can support the following:

— |design and decision-making process(es) during the planning and design stage of a civil gngineering
works (e.g. incorporation in the design ofisustainable material, technologies, processeg and other
components);

— |development and application of asséssment methods and certification systems;

— |specification and verification of environmental and social requirements in the |context of
procurement;

— |indicating the civil engineering performance (e.g. marketing);

— |measuring, monitoring or evaluating the performance and achievement of sustainability objectives
over the differentlife cycle stages of the civil engineering works;

— |identifying_ €ritical trends, both positive and negative, in the development and operatfion of civil
engineefing works;

— |accepting responsibility for impacts on the environment and the society;

— rnprncnnfnfinn of activities and results in the context of rncpnncihi]ify towards the economy,

environment and society (e.g. sustainable development reporting).

NOTE The monitoring and evaluation of objectives can contribute to the continual improvement related to a
specific or group of civil engineering works.

Aspects and impacts are the basis of the framework for the development of sustainability indicators
for assessing the sustainability performance of new or existing civil engineering works, related to their
design, construction, operation, maintenance, refurbishment and end-of-life. The indicators developed
from these sets of aspects and impacts provide measures to express how the performance of a civil
engineering works contributes to sustainability and sustainable development. The indicators developed
based on these sets represent aspects of civil engineering works that potentially impact on issues of
concern related to sustainability and sustainable development.

© 1S0 2023 - All rights reserved vii
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The object of consideration in this document is a civil engineering works, a part of the civil engineering
works or a combination of several civil engineering works.

This document is one in a suite of International standards dealing with sustainability in buildings and
civil engineering works, which includes ISO 15392, ISO 21929-1, ISO 21930, ISO 21931-1, ISO 21931-2,
along with the terminology of sustainability in buildings and civil engineering works defined by
ISO/TR 21932. The relationship among these International standards is shown in Figure 1.

1S0/TC 59/5C 17 Environmental Social Economic Technical Functional
aspects aspects aspects aspects aspects
Principles 1S0 15392 General principles
ISO/TS 12720 Guidelines on the application of ISO 15392
T T g g e e e S o o o o A= ::f‘
ISO/TR 21932 A review of terminology
T ) sl S A — - —
_______________________ E—
IS0 21929-1 Framework for the development of indicators - Part 1: Buildings
I T oo o oo oo oo o o= =1
IS0 21928-2 Framework for the development of indicators - Part 2: CEW
Buildings IS0 21931-1 Framework for methods of assessment of the environmental, social
(Parts 1) and economic performance of construction works as a basis for sustainability
assessment - Part 1: Buildings
+ T I ey ayfum — oy o=z ::f‘
IS0 21931-2 Framework for methods of assessment of the environmental,
Civil engineer|ng | social and economic performance of construction works as a basis for
works, CEW sustainability assessment - Part 2: Civil engineering works
(Parts 2) T — —— r-—————————— F— 1
IS0 20887 Design for disassembly and adaptability - Principles, requirements and guidance
IS0 16745-1+ 2 Carbon
metric of an existing building
during use stage
- Part 1: Calculation,
reporting, communication
- Part 2: Verification
IS0 21678 Indicators and benchmarks - Principles, requirements and
guidelines
Products IS0 22057 Data templates
for the use of environmental
product declarations (EPDs)
for construction products in
building information
modelling (BIM)
1S0 21930 Core rules for
environmental product
declarations of construction
products and services
Figure | — Suite of rélated international standards for sustainability in buildings and civil
engineering works
Figure 2 illustrates how the assessment of the environmental, economic and social performances|fits
within the[coficept of the sustainability assessment of a civil engineering works.
viii © IS0 2023 - All rights reserved
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Sustainability Assessment of Designed or As-Built
or Existing Civil Engineering Works

Communication of:

ENVIRON-

MENTAL

ECONOMIC

Results from the Assessment of the defined
indicators for:

* ENV SOC
assessment assessment

ECON
assessment

Provides Technical Characteristics and Functionality
of the Civil Engineering Works

Technical performance + Functional performance

client’s brief

Additional Functions
Not included in

Functional Equivalent
Technical Characteristics &
Functional Characteristics

Functional Equivalent
Technical Characteristics &
Functional Characteristics

Additiona‘njtmctions
Not-inclugled in

[client's brief

A Y
ENV, SOC, ECON Require Qg;(f‘;om Client's Brief

or Regulations, or th}i\ rties expectations

r=—n

Brief

Environmental, Social and/or Economic requirements for; the Civil Engineering Works I

Requirements from Client's

Third parties expectations
and needs

Regulatory Requirements

NOTE The outer box with the thick dotted line represents the area within the scope of this document.

Figure 2 — Concept of sustainability assessment of civil engineering works

Ind]cators related to technical and-functional performance are beyond the scope of this|document.
Technical and functional characteristics are taken into account here by reference to the|functional

equiivalent, which also forms@basis for comparison of the results.

This document supportsthe development of indicators as a basis for quantification of the c¢ntribution
of the assessed civil engineering works to sustainable construction and sustainable development.

Thifrd parties’ expegtations and needs include those from societal, NGOs and local communities.

Envlironmental;social and/or economic requirements for the civil engineering works (balsed on the
cliept’s brief;as part of third parties’ expectations and needs or imposed by regulation) aref taken into
accpunt. Fhus, they are part of the communication and included in the report . However, they are not

ass¢ssed.

This document adapts general sustainability principles for civil engineering works and follows the
principles set out in ISO 15392 and, where appropriate, is intended to be used in conjunction with, and
following the principles set out in, ISO 26000, ISO 14040 and the family of International Standards that
includes ISO 14020, ISO 14021, ISO 14024 and ISO 14025. Where deviation occurs, this document goes
beyond the requirements of these standards.

© IS0 2023 - All rights reserved
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Scope

5 document establishes a set of common aspects and impacts for all typologies of civil e
ks, and identifies core sets of environmental, social and economic aspects and impac
blogy of civil engineering works defined.

common core set of aspects and impacts described in this dectiment are applicable t
ivil engineering works. In addition, this document describes)specific core sets of a
acts for different typologies of civil engineering works< (industrial process infra
ar infrastructures; dams and other fluvial works; maritime works; public spaces; and
ineering works not contained in the previous typologies).

fainability indicators regarding civil engineering works.

5 document does not provide guidelines;for the weighting of indicators or the aggi
pssment results.

Normative references

following documents are réferred to in the text in such a way that some or all of th
Ktitutes requirements of (this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

1996-2:2017, Acoustics — Description, measurement and assessment of environmental nois
brmination of sotnd pressure levels

2631 (all patts), Mechanical vibration and shock — Evaluation of human exposure to
ation

14020, Environmental statements and programmes for products — Principles and general re

ngineering
ts for each

o all types
Epects and
structures;
other civil

ther, the document gives rules for establishing agsystem of indicators and describes how to use

egation of

Pir content
pplies. For
[s) applies.

e — Part 2:

Wwhole-body

quirements

ISO

14040 Environmental manaaement— Life cucle assessment — Principles and framework
k4 v J 4 r J

ISO

15392:2019, Sustainability in buildings and civil engineering works — General principles

ISO 15686-1:2011, Buildings and constructed assets — Service life planning — Part 1: General principles

and

framework

ISO 15686-2, Buildings and constructed assets — Service life planning — Part 2: Service life prediction
procedures

[SO 15686-5:2017, Buildings and constructed assets — Service life planning — Part 5: Life-cycle costing

ISO 15686-7, Buildings and constructed assets — Service life planning — Part 7: Performance evaluation
for feedback of service life data from practice
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ISO 15686-8, Buildings and constructed assets — Service-life planning — Part 8: Reference service life and

service-life

3 Term

estimation

s and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

IEC El¢

31
airport
area conta

[SOURCE: I

3.2
area of inf
area or co

ctropedia: available at http://www.electropedia.org/

ning an airfield and facilities for handling passengers and cargo

SO 6707-1:2020, 3.1.3.12]

luence
nbination of areas surrounding a civil engineering works (3.6) that can be affected

changes t¢ their economic, environmental or social conditions bjy<{the civil engineering wo

operations

Note 1 to en
and its life
works itself]

3.3

throughout its life cycle (3.23)

cycle stage. As an overall approach, the area of influenge‘is usually limited to the civil enginee
and its immediate surroundings and neighbourhoods,

avoided emissions

emissions
or good pr

3.4
built envi}

hat are not produced (are avoided) as‘a‘result of the implementation of voluntary initiat
\ctices

'onment

collection ¢f man-made or induced physical objects located in an area or region

Note 1 to
external wd
considerati

[SOURCE: I
3.5

civil engin
work of col

entry: When treated asya whole, the built environment typically is taken to include buildi
rks (landscaped areds);’infrastructure (3.20) and other construction works within the area u
n.

SO 21929-1:2011, 3.7, modified — Note 2 to entry has been removed.]

eeringwork
nstructing civil engineering works (3.6)

vith
Irks’

fry: The area of influence is variable and dependent on the.ciyil engineering works project, its location

ring

ves

ngs,
der

[SOURCE: I
3.6

SO0 6707-1:2020, 3.5.1.3]

civil engineering works
construction works comprising a structure (3.40), such as a dam (3.9), bridge, road (3.35), rail-transit
(3.30), runway, utilities, pipeline (3.28), or sewerage system (3.38), or the result of operations such as
dredging, earthwork (3.11), geotechnical processes, but excluding a building and its associated site

works

[SOURCE: I

S0 6707-1:2020, 3.1.1.2]
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3.7

system boundary

set of criteria specifying which unit processes are part of the specific analysis of a civil engineering
works (3.6)

[SOURCE: ISO 14044:2006, 3.32 modified — Reference to “a product system” has been replaced by “the
specific analysis of a civil engineering works”; note 1 to entry has been removed.]

3.8
construction work
activity of forming a civil engineering works (3.6)

[SOPRCE: ISO 6707-1:2020, 3.5.1.1, modified — The alternative term "construction, US"janf note 1 to

entry have been removed; "activities” has been changed to "activity"; "construction-workd" has been
chapged to "a civil engineering works".]

39
dam
barfier constructed to retain water to raise its level, form a reservoir, or reduce or prevent flooding

[SOPRCE: ISO 6707-1:2020, 3.1.2.22]

partially enclosed or sheltered area of water where vessels may be moored or docked, used fpr shipping

[SOPRCE: ISO 6707-1:2020, 3.5.1.6, modified — The alternative terms "excavation" and "work, US" have

chafacteristic of civil engineering works (3.6), part of works, processes or services related fo their life

endrgy efficiencCy
megsure of enérgy use against a baseline

EXAMPLE An energy efficient lamp which produces the same amount of light as a conventiorjal lamp but
useg up€ot75 % less energy to do so.

3.1%
environmental aspect

characteristic of civil engineering works (3.6), part of works, processes or services related to their life
cycle (3.23), that can cause change to environment

[SOURCE: ISO 15392:2019, 3.13, modified — “construction works” has been replaced by “civil
engineering works”.]

©1S0 2023 - All rights reserved 3
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3.15

external costs

costs associated with an asset that are not necessarily reflected in the transaction costs between
provider and consumer and that, collectively, are referred to as externalities

Note 1 to entry: These costs may include business staffing, productivity and user costs; these can be taken into
account in a life-cycle cost (3.24) analysis but are to be explicitly identified.

[SOURCE: ISO 15686-5:2017, 3.1.6]

3.16
impact
the result ¢f a change or existing condition that may be adverse or beneficial

[SOURCE: ISO 15392:2019, 3.17]

3.17
impact category
class reprgsenting an economic, environmental or social issue(s) of concern (aréas of protection|) to
which anallysis (assessment) results may be assigned

Note 1 to ¢ntry: Issues of concern can involve either impacts (3.16) or aspects related to the economy/ the
environmerlt or the society.

[SOURCE: SO 21929-1:2011, 3.15, modified — Note 2 to entry has heen'removed.]

3.18
indicator
quantitatiye, qualitative or descriptive measure representative of one or more impact categories (3.JL7)

Note 1 to enftry: Periodic evaluation and monitoring using iridicators can show direction of any impact (3.16)
[SOURCE: ISO 21929-1:2011, 3.16, modified — Noté.2 to entry has been removed.]

3.19
indirect indicator
indicator (3.18) that does not express the subject of interest directly or only expresses it in a proxy way

3.20
infrastrudture
civil engingering works (3.6)_pdrt of the civil engineering works or combination of several ¢ivil

engineeri:f works
r

Noteltoe
works.

y: In this doctment, the term "infrastructure” is sometimes used as a synonym for civil engineefring

Note 2 to eptry: Use of the preferred term, infrastructure, is derived from the definition of civil engineefing
works in [SQ 15392.

3.21
stakeholder

interested party

person or organization that can affect, be affected by, or perceive itself to be affected by a decision or
activity

EXAMPLE Customers, communities, suppliers, regulators, non-governmental organizations, investors and
employees.

[SOURCE: ISO 21931-1:2022, 3.5.6]
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3.22

issue of concern
aspect(s) of the economy, the environment or the society that can be impacted by civil engineering works
(3.6), goods or services

EXAMPLE

Asset value, cultural heritage, resources, human health and comfort, social infrastructure.

[SOURCE: ISO 15392:2019, 3.3 — The preferred term to designate this concept has been changed from
‘areas of concern’ to ‘issue of concern’ and the admitted terms removed. “Construction works” has been
replaced by “civil engineering works”.]

3.28

life
all g

Not
Not
cycl
diffi
[SO

3.24

life
cos
req

[SO
3.2

linear infrastructure

Civi

fromn one specific point to an end point

Not
(3.2

3.2
per]
obs
con

Not

[SO
eng

cycle
onsecutive and interlinked stages in the life of the object under consideration

e 2 to entry: For consideration of economic impacts and economic aspects (3:12), in terms of ¢
e comprises all stages from construction to decommissioning. A period of analysis (3.27) can be
brent from the life cycle, see ISO 15686-5.

URCE: 1SO 15392:2019, 3.19]

Lcycle cost
of an asset or its parts throughout its life cycle«(3:23), while fulfilling its performd
hirements

[JRCE: ISO 15686-1:2011, 3.11, modified — The\abbreviated term "LCC" has been remove

D

engineering works (3.6) characterized by its length, that transfers persons, materialg

e 1 to entry: It includes civil engineering works such as roads (3.35), rail-transits (3.30), bridg
B) or channels.

-

D
formance

struction servicein fulfilling (to fulfil) required functions or intended use conditions

in€exing works”.]

e 1 to entpy: Pérformance in this context pertains to functional and technical requirements in usg.

b 1 to entry: For consideration of environmental impacts and environmental aspects'(3.14), the life cycle
comprises all stages, from raw material acquisition or generation of natural resourcescto‘end-of-life.

sts, the life
hosen to be

nce (3.26)

4]

or energy

es, pipelines

erved (or predicted) behaviour of a civil engineering works (3.6), construction product or

h

JRCE;>JSO 15392:2019, 3.20, modified — “construction works” has been replacedl by “civil

3.27
period of analysis
period of time over which life-cycle costs (3.24) or whole-life costs (3.44) are analysed

Note 1 to entry: The period of analysis is determined by the client.

[SOURCE: ISO 15686-5:2017, 3.3.6]

3.28
pipeline
long continuous line of pipes, including ancillary equipment, used for transporting liquids or gases

[SOURCE: ISO 6707-1:2020, 3.1.2.30]
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3.29
primary energy resource
energy resource that has not been subjected to any conversion or transformation process

[SOURCE: ISO 6707-3:2022, 3.6.22, modified — The word “energy” has replaced by "energy resource".]

3.30
rail-transit
national or regional transport system for guided passage of wheeled vehicles on rails

[SOURCE: ISO 6707-1:2020, 3.1.3.3, modified — The term has been changed from "railway" or "railroad,
US" to "railFtransit™]

3.31

recovery
waste (3.43) treatment operation that serves a purpose in replacing other resources or prepares waste
for such a yse

3.32

recycling
recovery (4.31) operation by which waste (3.43) materials are reprocessed ifité products, materials or
substances

Note 1 to enftry: This can be done by “upcycling or high-level-recycling or re¢yeling in closed cycles” or "low-1¢vel-
recycling ojdowncycling in open cycles”.

3.33

resilience
ability to 1fesist, adapt to, or quickly recover from a potentially disruptive event, whether naturdl or
manmade |n order to maintain or restore the intended service

3.34

re-use
operation by which products or components:previously used are used again, without reprocessing, as
products, thaterials or substances

3.35
road
way mainly for vehicles

[SOURCE: ISO 6707-1:2020, 3:1:3.1]

3.36
secondaryf energy source
energy soyrce recevered from a previous use or from waste (3.43) which substitutes primary endrgy
sources

3.37
set of indicators
non-structured list of indicators (3.18)

[SOURCE: ISO 21929-1:2011, 3.30]

3.38

sewerage system

system of sewers and ancillary works that conveys the contents to a sewage treatment works or another
place of disposal

[SOURCE: ISO 6707-1:2020, 3.3.4.40, modified — The alternative term "sewage system, US" has been
removed.]
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3.39

social aspect

characteristic of civil engineering works (3.6), part of works, processes or services related to their life
cycle (3.23) that can cause change to society or quality of life

[SOURCE: ISO 15392:2019, 3.14, modified — “construction works” has been replaced by “civil
engineering works”.]

3.40

structure
civil engineering works (3.6) having an organized combination of connected parts designed to provide
sonje measure of rigidity

subktances or objects that the original holder has disp65sed of or intends to or is required to flispose of
Note 1 to entry: In this document, this concept is not eonfined to hazardous waste.

Not¢ 2 to entry: Adapted from the Basel Convention on the Control of Transboundary Movements of Hazardous
Wadtes and Their Disposal (22 March 1989), Atticle 2 Definitions, Item 1. The wording has been sithplified and
the reference to national law as the basis for;any requirements has been removed.

[SOPRCE: ISO 21929-1:2011, 3.37]

whole-life cost
all significant and relevant initial and future costs and benefits of an asset, throughout its life cycle
(3.43), while fulfilling the performance (3.26) requirements

[SOPRCE: ISO 15686-5:2017, 3.1.14, modified — The abbreviated term "WLC" has been remdved.]

3.45
whole-life-costing
methodology for systematic economic consideration of all whole-life costs (3.44) and bengfits over a
perlod-of analysis (3.27), as defined in the agreed scope

Note 1 to entry: The projected costs or benefits may include external costs (3.15) (including, for example, finance,
business costs, income from land sale, user costs).

Note 2 to entry: Whole-life costing can address a period of analysis that covers the entire life cycle (3.23) or (a)
selected stage(s) or periods of interest thereof.

[SOURCE: ISO 15686-5:2017, 3.1.15, modified — Note 3 to entry has been removed.]
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4 General rules for sustainability indicators development and its framework

4.1 General

There are several issues that shall be considered when expressing or describing an assessment of
the contribution which a civil engineering works has on achieving sustainability and sustainable
development with the help of indicators.

Indicators are quantitative, qualitative or descriptive measures representative of one or more impact
categories or classes of economlc env1ronmenta1 or soc1a1 issues of concern, to Wthh ana1y51s
(assessme ) < ] : :

When ass
the use of
the civil e
impacts di
indicators

NOTE )

the aspect
or recycled
impacts, as

‘luse of material resources” can be used to measure the surplus of exeavated material that is re

on site, instead of taken to landfill. This indicator can address/ecenomic, social and environm
Hetailed below.

Econo

ic impacts: The higher the excavated surplus material 4s.réused on site, instead of being tak

landfilll the less will be the filling material that the project needs to purchase for its construction. The r¢use
of matgrial on site also decreases the transport of raw madterial to the site and the transport of surplus

constri
an imp

Enviro
on site
reducti
the eny
to air 4

ction materials to landfill, and it consequently reduces the fuel consumption. All these effects have
brtant economic impact for the project.

Fials
the
ises
ons
the

imental impacts: On the one hand, the reduction of borrow pits by reusing the surplus mate
minimises the consumption of soil resources and the dust generation. On the other hand,
on of waste taken to landfill reduces:thé need of space for this activity and consequently minim
ironmental impact on natural habitats. As well, the reduction of transport reduces the emiss|

enviro

Social
landsca
which
exampl

There are
sustainabi
the design
take corre

I—I:
impacts: The reuse of excavated materials on site reduces the space needed for landfills. This av

nd, in the long term, the depletion of non-renewable sources like fuel. These examples show
ental impacts that can be addressed through the potential indicator.

pids

ing;
are

pe modification and térritory segregation. The excavated materials can be reused for land level
ncreases the useful.surface area that can be for instance beneficial for agriculture uses. Thesg
es of social impacts)which can be addressed through the potential indicator.

its
tin

some techni€al design specifications that can affect the civil engineering works and
ity. For éxample, selecting one- or two-layer porous pavements instead of dense aspha
stage 6f-a road can be used to reduce tyre road noise. This may avoid or reduce the neef to
Ctive measures for noise abatement, such as noise barriers or sound insulation in the[use

stage, and

niay affect the values of several indicators of economic, environmental or social impact when

comparing

Guidelines

it to other alternatives.

on the selection of materials, products and systems can be given as practical

recommendations, aiming to favour a certain type of technical measure. Practical recommendations
depend in any case on geographical and technological circumstances. The degree of implementation of
these measures, which are either defined as a design alternative or adopted as a preventive measure
or good practice, can be used as an indicator to assess the sustainability of the civil engineering works.
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4.2 Life cycle approach

The character, quality and availability of relevant information are all dependent on the life cycle stage
of the civil engineering works. This document applies the life cycle stages as defined in the ISO 21931
series. In the life cycle of a civil engineering works, the following stages should be considered.

— Product stage: covers the period from “cradle” (extraction of natural resources) to the factory “gate”
(before the products are transported to the site). It includes:

— natural resources extraction and/or harvesting;

— UdISport,
— manufacturing and all upstream processes from cradle to gate.

Deslign and procurement are included in the construction process stage. When considering activities
such as site investigation or archaeological studies, which are undertaken duringplanning, prjocurement
or design stages, their impact shall be considered in the construction process‘stage.

— |Construction process stage: covers the transportation of products tothe Site and the periId between
the point of time when construction work starts and the point whenthe civil engineeripg works is
“ready” to be used or to give its service to the related community. It includes:

— on site extraction;
— transportation to and on the site;
— construction of the civil engineering works.

NOTE1 The pre-construction stage can be considered within the construction process stage: on-physical
progesses before construction, preliminary studies,tests, acquisition of land/site and design.

— | Use stage: covers the period in which the civil engineering works is used or gives its segvice to the
related community. It includes:

— use;
— operation and management;

— maintenance and repair;

— replacement;

— refurbishiment.

— |End of life stage: covers the stages that occur during the end-of-life process. It includes:
— , @ecommissioning, deconstruction and demolition;

—~ transport;

— processing for reuse, recovery and/or recycling of construction materials;
— disposal of construction material;
— relandscaping.

NOTE 2  Impacts and benefits during and beyond end of life stage (reuse, recovery and recycling, as well as
exported utilities) can be expressed as additional information.

Beyond the system boundary of the assessment two parts should be considered: the potential resources
for future use including reused products, recycled materials and energy recovery, and the benefits and
loads of exported energy or other utilities.

©1S0 2023 - All rights reserved 9
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In the different life stages of a civil engineering works, the indicators may need to be considered
differently. Indicators addressing the same issues may, therefore, initially relate to values predicted at
the planning and design stage, while during the construction or use stage, indicators addressing that
same issue of concern may be based on measurements or inquiries.

NOTE 3  For example, the sources of the data needed for the quantification of material supply change over time
depending on the life stage of the civil engineering works, since during the design stage and at the beginning of
the works, most of these data are predictions obtained from the construction project, literature, estimates or
experts’ views, whereas during the construction and use stage the quantity of materials used can be calculated
with solid data, gathered from self-records, measurements, invoices, accounting systems or delivery notes.

Figure 3 illustratestheorgamizatiomrof thedifferent stages ir the tifecycte of acivitengimeerimgwor ks,

which should be considered in the assessment.

CIVIL ENGINEERING WORKS ASSESSMENT INFORMATION

SUPRLEMENTARY INFORMATIPN
BEYOND THE CIVIL ENGINEER|NG
WORKS LIFE CYCLE

CIVIL ENGINEERING WORKS LIFE CYCLE INFORMATION

A0 Al1-3 A4-5 B1-8 C1-4 D
PRE- CONSTRUCTION BENEFITS AND LOADS BEYOND
PRODUCT
CONSTRUCTION stage PROCESS USE Stage ENDSg';e”FE THE SYSTEM BOUNDARY
stage stage
D1
A0 Al A2 A3 A4 A5 Bl B2 B3 B4 BS c1 c2 3 c4

Net Flows from
Reuse - Recycling - Energy
Recovery - Other Recovery

Use
Maintenance
Repair
Replacement
Refurbishment

D2

B6 | Operational energyise

De-construetion
Transport

Exported Utilities
(e.g. Electric Energy, Therma
Energy, Potable Water)

and/or energy recovery
Disposal

B7 | Operational'water use

Land and associated fees/advices
Raw material supply
Transport
Manufacturing
Transport
Construction - Installation process

i

Waste processing for reuse, recycling

B8 User's utilisation

Figure 3 [— Display of modular information for the different stages of civil engineering works’
assessment

4.3 Area of influence

Civil engingering works affect a specific area throughout its life cycle; this spatial area over which|the
civil engineering works has significant economic, environmental or social influence is called “grea
of influende”. Since the area of influence is variable and dependent on several factors, such as|the
civil enginpering work typology, its location, the affected sustainability indicators and the life cycle
specific stdge, determining the area of influence is an important step when performing a sustainabllity
assessment of civil engineering works.

For determining the area of influence of a civil engineering works, it is necessary to define the beginning
and end of this area. Given that the area of influence is not always limited to the civil engineering works
itself or some set distance from this area, the area of influence shall be defined for every typology of
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civil engineering works and for each of the dimensions of sustainability: environmental, social and
economic.

NOTE1 For example, the area of influence related to land use, in general, is localized and restricted to the
civil engineering works itself and immediate surroundings, whereas the area of influence related to releases of
pollutants to a water body can be limited to a single river or stream, but can extend many miles downstream.
Additionally, the spatial boundaries of the construction process stage normally include the civil engineering
works area and immediate surroundings, and the socioeconomic regions supplying workers, whereas the spatial
boundaries of the use stage include the civil engineering works itself and surroundings, the areas affected by
emissions and effluents of the civil engineering works’ use and the socioeconomic regions supplying workers.

NOTE=2 Thadafinitionoftha cnatial baoyndariacic 2 mart ofthao cuctam bhaoundarg dofinition
+Hr—r +—He-aeHHHHeR-0++tRe-SpatdrBotRadt HS-a-paFetRe-SySstembodhRaary-ae HHHoR-

Indjcators have a relationship to both the concerns of the stakeholders and the overall assessment goal.
The selection of the relevant set of indicators shall reflect the concerns of stakeholdéris-and|the proper
replesentation of the assessment goal.

4.4| Civil engineering works typologies

Thg development and use of indicators require the classification of civillehgineering works |n different
typplogies, such as:

— |industrial process infrastructures;
EXAMPLE 1 Waste disposal, sewerage, nuclear plants, car§factories, quarries, water treatmgnt systems.
— |linear infrastructures (including above and below ground);
EXAMPLE 2 Roads, pipelines, rail-transits, electgical transmission lines under the sea, runwdys, bridges.
— |dams and other fluvial works;

EXAMPLE 3 Dams, locks, cofferdams, dredging, aquifer recharge.
— |maritime works;

EXAMPLE 4 Electrical transmission lines under the sea, harbours, dredging, breakwater, wharves.
— |public spaces.
EXAMPLE 5 Parks,airports, stadiums, railway stations, earthworks, landfill, public realm wqrks.

Civ]l engineering werks’can be considered within one or more typologies. Consideration shall be given
to alll appropriatedndicators for the identified typologies.

EXAMPLE 6 . CGanals can be considered as a linear infrastructure as well as a fluvial works.

In the case'of a civil engineering works that does not fit very well into any of the five typologles defined,
eitherbecause it is different or because it is a combination of several, the typologies that best fit the one
under_éonsideration shall be selected, and the indicators of all those selected shall be considgred.

NOTE This includes some multifunctional and cross-typology infrastructures.
4.5 General principles and relationship to other relevant standards

4.5.1 General principles and procedures

In addition to the requirements of this document, the principles and procedures set out in ISO 15392,
ISO 14040 and the ISO 14020 family of standards shall apply. The principles set out in ISO 26000 should
also be taken into consideration, where appropriate. Where this document provides more specific
requirements than these standards, such specific requirements shall be followed.
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ISO 15392 presents six objectives for applying the concept of sustainability to buildings and civil
engineering works and at the same time promoting sustainable development. These are:

— improvement of the construction sector and the built environment;

— reduction of adverse impacts while improving value, where impacts as well as value may be judged
against any combination of the three primary aspects of sustainability;

— stimulation of a proactive approach;

— stimulation of innovation;

— decou;l»ling of economic growth from increasing adverse impacts on the environment and/or socilety;

— recondiliation of contradictory interests or requirements arising from short-term andlong-term
plannipg or decision.

4.5.2 1S 15392 — General principles of sustainability in building construction

ISO 15392|lists nine general principles applied to reach the objectives for applying the concept of
sustainability to civil engineering works. These general principles are:

— continpal improvement;
— equity|
— globalfthinking and local action;

— holistif approach;

— involvément of stakeholders;

— long tgrm consideration and resilience;
— resporsibility;

— risk mpnagement;

— transparency.

Sustainability indicators providea'means for taking into consideration the different principles related
to sustaingbility and aid in the’implementation of these principles.

4.5.3 IS0 14000 — Management systems standards

The ISO 14000 family of standards are intended to address the implementation of environmeptal
ent systems within organizations to help them manage the environmental impacts of their
operations| Régarding the ISO 14020 family of standards, the overall goal related to environmeptal
declarations-and claims is to encourage the demand for, and supply of, those produ goods land
services) that cause less stress on the environment, through communication of verifiable and accurate
information that is not misleading, thereby stimulating the potential for market-driven continuous
environmental improvement. ISO 14040 on life cycle assessment (LCA) provides one of several
environmental management techniques (e.g. risk assessment, environmental performance evaluation,
environmental auditing, and environmental impact assessment) and might not be the most appropriate
technique to use in all situations. LCA typically does not address the economic or social aspects of a
product, but the life cycle approach and methodologies described in ISO 14040 can be applied to these
other aspects.

4.5.4 IS0 26000 — Social responsibility standard

ISO 26000 presents guidance on social responsibility relative to organizations and is intended to assist
organizations in contributing to sustainable development. It describes seven high-level underlying
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general principles related to social responsibility that an organization should respect and address,
which includes:

[tal
con

Ina
whe
con
and

NOT
NOT

diffi
con

4.6

The
eng
issy
the

Ind

accountability;

transparency;

ethical behaviour;

respect for stakeholder interests;

respect for the rule of law:

respect for international norms of behaviour;
respect for human rights.

so identifies lower-level principles specific to several core subjects (issues),such as, the en
sumer issues and community development.

ssessing the contribution of civil engineering works projects to sustajnable developmer
n these different standards and their principles apply vary and depend on the issue of co
Sideration. It also depends on the goods and services (products) used, and the differe
decisions that the various stakeholders use or undertake, daring the life cycle of the bui

ideration and the application and/or purpose of asséssments of the environmental performance

Requirements for the development of indicators

development of indicators for the specification and assessment of the contribution of a
ineering works to sustainability.-and sustainable development requires knowledge abc
es of concern, the dimensions ahd complex interdependencies of sustainability in gener
be are applied to civil engingéring works.

cators shall be:
relevant: able to accomplish the goal of the intended use of the stakeholders;
simple: presenting information in an easily understandable way to the different users of|

valid: objéctive, verifiable and reproducible and based on available and affordable st3
data andunethodologies, whenever possible;

infermative: imparting knowledge and reflecting information which can have an influen

|

Vironment,

t, how and
cern under
t activities
ding.

E1 ISO/TS 12720 provides guidelines on the application ofthe general principles described im ISO 15392.
E2 The purpose of any sustainability assessment of abuilding is influenced by the specific §cenario and
brent stakeholders involved. ISO 21931-1:2022, Annex'B, provides guidance on the intended uge, life cycle

bf buildings.

given civil
ut the key
bl and how

indicators;

indardized

e or effect;

sensitive and responsive: detecting changes in the system;

reliable: giving the same result on successive trials (measurements under the same circumstances).

Information about an indicator shall include the following:

©IS

nomenclature;

a definition, comprising a general description and the underlying definitions and concepts, including

a formula or expression when possible;

unit of measurement (where applicable).
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In addition, the indicator should also contain the following:

method of measurement, including the status of the methodology against recognized standards;

potential impact on one or more issues of concern, classifying these issues under environmental,
economic and social aspects;

datarequired to calculate the indicator, including data availability, reliability, accuracy, data sources
and limitations of the data;

organisations and/or responsible people involved in the development of the indicator;

justifigation, describing the necessity of including this indicator in the core set and @iy
references and recognized standards related to the indicator, plus additional reading and source
infornjation;

ring
s of

main aj
have a

spects of the indicator, pointing out the themes to which it is related and thos€-on which it|can

significant influence, including its relationship and links to other indicatofs,

ris
t be

The set of indicators shall be developed such that double counting is avoided. However, if an indicat
relevant tolmore than one dimension of sustainability and accounted for accordingly; this should no
regarded als double counting but represents a multi-effect approach.

4.7 Framework of sustainability indicators

4.7.1 Gelneral

lor
[OT'S

A sustainability indicator is a quantitative or qualitative medsure related to economic, environments
social aspects. Generally, indicators have numerical values. However, in cases where relevant indica
cannot be measured with quantitative data then qualitative descriptions shall be used.

EXAMPLE
developmery

A qualitative description can be that improved transportation would lead to econgmic

t.

A sustaina hen

developed,

bility indicator shall be linked to.at least one of the three dimensions of sustainability. W
a set of indicators shall include the aspects and impacts described in this document.

When som

e aspects are not congidered or are excluded from consideration, the reasons for quch

omission o.[

The sustai
on the topi
within onl
social issug

NOTE1 |
of land reqy

exclusion shall be clearly explained and justified.

ability indicators'shall be organized within the three dimensions of sustainability, depenc
c where they fithest. This does not mean that the indicators should be considered exclusi
y one dimension; on the contrary, they can have effects on economic, environmental

s of congern.

or instance, the hypothetical indicator that can be developed under the name “Land take” (total
ired\for the civil engineering works), categorised in the aspect “Land use changes”, has an oby|

ling
Vely
and

hrea
lOus

influence op_the environmental conditions, since it affects the use of natural resources, and the surrounfling
biodiversity and ecosystem. However, it has also economic and social linkages; because the act of taking land
for a civil engineering development has a direct cost for the investors and promoters, it can affect the economic
value of the nearby properties, it can lead to relocation of communities that lived in this land or to relocation of
economic activities or it can change the cultural heritage either damaging it or rising its value through protection
measures.

There are two types of sustainability indicators: direct indicators, which refer directly to the subject
of interest they have been developed; indirect indicators, the development of which may be necessary,
because the subject of interest cannot be measured directly or for ease of use. When used, indirect
indicators shall have an evident connection with the subject of interest.

NOTE 2  Water quality can be expressed through different water quality factors. For example, the extent of
eutrophication can be reflected either directly, through measures of the phosphate and nitrate contents of the
water, or indirectly, through the amount of fertilizers, measured in terms of N or P, consumed in the nearby areas.
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All life cycle stages of a civil engineering works shall be considered in the development of the indicators
and their measurement (calculation) methods. When some stages are not considered or are excluded
from consideration, the reasons for such omission or exclusion shall be clearly explained and justified.

NOTE 3

justified to exclude the impacts from the original construction process stage.

For example, when indicating the environmental performance of existing infrastructures, it can be

The indicators addressing the issues of concern over the entire life cycle shall, as a minimum, maintain

the

distinction of:

product stage (including materials extraction, transport and manufacturing);

The
on 4
eng
life

Thi
wol

typ

The
Dep
not

Asp

4.7

Env
rela
foll

construction process stage;
use stage;
end-of-life stage.

assessment of the economic impact of civil engineering works should, whenever possibl
i whole-life costing approach, and therefore consider all costs occurring/in the life cycle
ineering works. For consideration of economic impacts and economie-aspects, in terms @
cycle comprises all stages from product stage to end-of-life stage.

5 document provides a set of aspects and impacts common to all the typologies of civil e
ks, but there are also some specific aspects and impacts defined as core for each
plogies.

core set of aspects and impacts are those for whigh indicators shall always be develop
ending on the case, specificities, location, etc., soine other indicators based on aspects a
included in the core set of aspects and impactsishall be developed.

ects and impacts as defined in Annex A shall be considered.

2 Issues for the development of environmental indicators

ironmental indicators relate to~the environmental aspects of civil engineering wo
ted impacts. When developing a system of environmental indicators of civil engineering
bwing environmental impacts and aspects shall be taken into consideration:

water management;
energy management;
material management;
wasteananagement;

emissions to environment (air, water and soil);

e, be based
of the civil
f costs, the

ngineering
one of the

bd, at least.
hd impacts

'ks and to
works, the

noise, vibrations and light impacts (emission and obstruction);
landscape changes;
ecosystem health;

land use changes.

NOTE The use of methods that support the consideration of environmental aspects, such as:

service life assessment methods;
environmental assessment methods;

energy-efficiency assessment methods; and
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— procurement and commissioning methods;

can demonstrate the rigour with which environmental issues have been considered within the design process.

This can be

used as a qualitative additional indicator.

4.7.3 Issues for the development of social indicators

Social indicators relate to the social aspects of civil engineering works and to related impacts.

The following social aspects shall be considered for developing a system of social indicators of civil

engineerin

g works.

— Accesgjibility: access to nature and access to basic services, i.e. users shall be able to aceess
servicg the civil engineering works is providing (water or energy supply, mobility seryices, €

That
assets

— Adapt3

— Populg
influern
live in
their li
floode

— Job creé
compo

—  Cultur
archasd

— Stakeh

— Human rights.

— Risks
advers
retain
works
in soci
of a st1
areas i
the su
the vilj
in ord
increa

— Health|

eans that the infrastructure shall be functional and easy to use. However, there'are s
in civil engineering works that need to be inaccessible, to avoid incidents.

ibility.
tion system: changes in the number and distribution of inhabitantsyliving in the area

an area because of the associated improvements and value increase or make people lg
ving areas to settle in other regions. A resettlement happens; for instance, when a locatia
 to build a dam.

ation: working population in the areas of influence of:the civil engineering works and t
sition, considering different target groups like local, nrinorities or women employees.

hl heritage elements: aesthetic or cultural cohcerns, such as preserving historica
ological sites, value of nearby properties.

older involvement, including education,training and literacy.

hind resilience: robustness and resilience of the infrastructure, i.e. durability, resistanc
e conditions (climate change; natural disasters like fire or earthquakes, terrorism, e
ng function,i.e.in case of disaster or afteraterroraction carried outagainstacivil enginee
it shall have mechanisms’to restore its function and value in a short period, so that norma
bty is re-established!\The redundancy of structural safety is directly related to the resilig
ucture. Infrastructure effects on users’ health and safety: the further away from populg
h gas pipeline is\ocated, the fewer will be the effects on the health of the people who liv
'rounding area,in the case of a gas leak the greater the distance to a railway track, the
rations willbe felt by nearby residents; if a road is designed with stricter outline parame
br to aveid its wandering through a natural protected area, the number of accidents 1
e.

and comfort: health and safety of population affected, including construction workers.

the
tc.).
hme

s of

ice of the civil engineering works. The civil engineering works cameither attract people to

ave
nis

heir

or

P to
tc.);
[ing
lity
nce
ted
e in
less
fers
may

— Impacts on the neighbourhood.

— Maintenance and maintainability.

— Sourcing of materials and services.

— Social equity.

Also, process-related issues can be used to indicate the social aspects of new construction or
refurbishment.

NOTE Some examples of process-related subject matters that can be used to indicate the social impact of
construction process include:

16
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co-operation with the people who are benefiting from the infrastructure services and the nearby residents;

consideration of users' needs in the design and construction process;

ability to support social cohesion in the process, by considering the different social groups of users and their

special needs or by making use of local labour.

4 Issues for the development of economic indicators

Economic indicators relate to the economic aspects of civil engineering works and to related impacts.

The

folloving iccmine chall o copmcidarnd cwobhan davalosing o cuoctnia AL Acapmaais 1 dioat

ors of civil

eng

5.1

The
eng
of c
are

TOTTO VY IS roSat S oStralr o COTISTaCT CO W irCT TV CTOpTITS o Oy ot UT CCOTIOTIIIC IIIoIcatT

ineering works:
life-cycle costs;

direct costs, such as cost of water and energy supply, cost of material acquisition, cost of]
measures, cost of waste management;

direct benefits, such as operating income from a toll road or finanecial‘benefits receive
government;

external costs;

indirect economic effects: for instance, the monetary valie loss or increase of the areas
by the civil engineering works, due to noise levels, air pollution, landscape changes, tou
access, installation of solar panels or integration of local businesses;

effects on local economy: for instance, the selected infrastructure alternative can bod
in one area, since its communications or suppli€s are more efficient, or it can cause rut
depopulate, making these social groups mofe vulnerable;

sustainable funding;

social internal rate of return.

Set of aspects and impacts

General

development of‘indicators for the specification and assessment of the contribution of a
ineering works,to sustainability and sustainable development requires knowledge abou
pncern, the-dimensions and complex interdependencies of sustainability in general, and
applied.torivil engineering works.

preventive

d from the

influenced

[ism better

st tourism
al areas to

given civil
F the issues
how these
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Common core set
of aspects and
impacts

Specific set of core
aspects and impacts
for Industry

Set of aspects and impacts

Set of aspects and impacts

Set of aspects and impacts

This docur
of sustaina
as the bas

engineerinig works. It also provides a core set of aspects and impacts)within the whole set that s

Figure 4 — Core sets of aspects and impacts

hent establishes a set of aspects and impacts as well as its relatierto the three dimens

s for the development of indicators for assessing the sustainability performance of

ons

bility (environmental, economic and social). These aspects anid impacts should be taken

ivil
hall

be developed when assessing the sustainable performance of a civil engineering works (see Figur¢ 4).

When devdloped, the sustainability indicators should be:

— essentjal from the viewpoint of assessing the contribution of a civil engineering workg to
sustainability and sustainable development;

— relevant for both new and existing civil engineering works.

Indicators |shall represent the aspects of a civil éngineering works that have a potential impact on

issues of concern. The issues of concern releyant to a civil engineering works should be categorised in

the followihg three dimensions of sustainability:

— enviro'[:mental protection of climate stability, natural resources and ecosystems;

— econoipic costs and value creation;

— social |ssues of health and“wellness, safety, quality of life, population and community and cultpral
heritage.

The sustaihability indicators shall be developed considering the influence of the issues of concern and

the aspect

5.2 Desg

and impacts listed in 4.7.2 to 4.7.4.

‘ription of environmental aspects and impacts

5.2.1 Ge

neral

5.2.2 to 5.2.10 describe the aspects and impacts which shall be considered for developing a system of
indicators for assessing the environmental pillar of sustainability performance of new or existing civil
engineering works. When some of them are not considered or are excluded from consideration, the
reasons for such omission or exclusion shall be clearly explained and justified.

5.2.2 Water management

The water used in civil engineering works can be provided from the following sources: surface water
(including water from wetlands, rivers, lakes and oceans), groundwater, rainwater, municipal water
supplies or wastewater. Indicators used to assess freshwater consumption should include quantity
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(such as the total peak annual or average annual consumption of consumptive and non-consumptive
fresh water), as well as quality (such as decrease of water quality).

For this category, the following aspects are considered:

Consumptive use of fresh water.

Indicator: the amount of water used by the civil engineering works during construction and to
perform and to maintain its functions, as well as the end of life, and not returned to the same water
catchment area.

eql from the

environmental product declaration (EPD).
The value shall be expressed in m3 according to the relevant scenario(s).

Non-consumptive use of fresh water.

Indicator: the amount of water used by the civil engineering works, during construction and to
perform and to maintain its function(s), as well as at the end of life, and Yeturned to the 4ame water
catchment area with similar quality.

Water scarcity.

Indicator: deprivation potential (deprivation-weighted Jwater consumption) (m3 [world eq.
deprived).

The value shall be expressed in m3 according to the relevant scenario(s).
NOTE The values for this indicator come from, the asset level.

EXAMPLE 1  Decrease of water in m3 released’ from a dam to produce electricity.
Water flooding.

Indicator: effectiveness of measures adopted against excess flows (number of days with excess
flows over the acceptable limit).

Decrease of water quality (physical and chemical characteristics) as a result of its use py the civil
engineering works.

Water quality shallbe measured throughout specific parameters depending on local conjtext.
The following{parameters shall be measured or calculated:
— disselved oxygen;

—  tetal suspended solids;

—) pH;

— biochemical oxygen demand;
— turbidity.

Some others may also be required depending on the local context, such as temperature, total faecal
coliforms, phosphates, nitrates, heavy metals.

In case of significant temperature variation, information shall be given. The information on water
withdrawal may be obtained from water meters, water bills or calculations derived from other
available water data.

Depending on the typology of the civil engineering works, changes in the water regime due to
the construction work should also be measured. This could include changes from fluvial system
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5.2.3 Enjergy management

to lacustrine system in dams (in terms of volume), changes in the mean volumes of river water
(in terms of volume), changes in the water table level (in terms of volume and depth) or length of
flow affected by diversions. The information sources could be previous published studies or direct
measure campaigns.

Calculation of the decrease of water quality (physical and chemical characteristics) as a result of
its use by the civil engineering works shall be done by calculating the volume of freshwater that is
required to obtain similar physicochemical characteristics to the original (such as to assimilate the
load of pollutants based on natural background concentrations and existing ambient water quality
standards). It shall be expressed in m3.

EXAMHBLE 2 The theoretical amount of water in m? required to dilute the total quantity of runoff-wjater
collect¢d by the drainage system of a highway to achieve water applicable quality standards.

In casq of significant temperature variation, information should be given.

The use offenergy resources refers to the total energy required by the civil engieering works. This
aspect is measured by indicators related to the use of energy, specifying direct and indirect soufces
of energy dqr renewable and non-renewable energy sources. The energy aspects and impacts which|are

used for ddfining the indicators are classified in four areas as follows:

a)

b)

20

Energy sources

— Total non-renewable primary energy resources (primary-energy and primary energy resoufces
used as raw materials) (M], net calorific value).

— Total renewable primary energy resources (primary energy and primary energy resoufces
used as raw materials) (M], net calorific value):

— Ngn-renewable secondary energy sources) (such as electricity, heating and cooling, stdam,
nuclear energy or other forms of imported energy) (M], net calorific value); and

— Rgnewable secondary energy sourges (such as solar, wind, geothermal, hydro energy, and
bitmass based intermediate energy) (M], net calorific value).

Measufement (calculation) in the design stage is generally accomplished by evaluating the endrgy
flows Huring the entire life.cycle, whereas measurement in the construction and use staggs is
normallly accomplished by-evaluating the energy flows caused by the different activities, normfally
through energy suppliers’invoices.

The toftal energy eonsumed by the civil engineering works during construction can be repofted
separdtely but shall'be considered in the whole life cycle approach.

— Ddgpletionof abiotic resources - fossil fuels.

Inflicator: abiotic depletion potential (ADP-fossil fuels) for fossil resources (M], net calorific
value)

Demand side management (DSM)

— reduction of peak energy capacity requirements via DSM (MW);

— reduction of over-all consumption via DSM (MWh);

— flexibility of consumption via DSM (able to shift to off peak periods).

NOTE 1 Flexibility of consumption is the ability to modify demand behaviour to reduce the
required energy system capacity.

Energy efficiency: ratio between useful energy output over total energy input.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=c2cdef458c43b3f8653880563222f802

IS0 21928-2:2023(E)

NOTE 2  Efficiency addresses input-output efficiencies but also can include energy qual

ity such as

flexibility, power factors and thermal grades. Flexibility of the energy system is the extent to which it can

modify energy production in response to need.

d)
contributions (MW).

5.2.4 Material management

Generation and storage: on-site energy generation/recovery, co-generation, energy storage

Indicators related to the consumption of raw materials should be developed as they relate to depletion

of natural resources. The consumption of such resources can result from the production

of building

profucts, as well as the construction, use and subsequent deconstruction of the civil enginee
Respurce use indicators include purchases of materials and sub-assemblies (inputs), stock

'ing works.
[ variation,

and waste generation (outputs). If appropriate, indicators related to the consumption ¢f recycled

respurces in the construction work should be developed, due to the potential to mihimise th
of natural resources.

The use or reuse of material resources, either virgin or recycled, shall be described in a dis
form. Whilst the use or recycled resources is one potential indicator, it is-equally important
recyclability, that is, the extent to which materials in civil engineeringiworks can be reused,
recpvered at end-of-life.

NOT
(asy

Res
use
pot

E1 Some reference material types used in civil engineering‘works are concrete, bitumino
halt), aggregates, soil or steel.

purce depletion may include an abiotic resource depletion approach which encompassg¢
of non-renewable and renewable abiotic resources. The indicator for abiotic resourc
bntial is a measure of the decrease in availabilityof said resource compared to a referend
Toxjc substances should also be considered, andindicators related to it, developed.

NO1
gov

E2 The preferred method to develgp )these indicators is based upon the work of a
ernmental bodies and a consensus process.

Ind|cators concerning environmentally sustainably managed materials should also be devel

A npaterial inventory shall bescompleted disaggregating them into detailed material typ
congrete, bituminous products/(asphalt), aggregates, soil or steel.

e depletion

hggregated
Lo consider
Fecycled or

s products

s both the
e depletion
e resource.

lithoritative

bped.

bs, such as

Origin, source, place of extraction, production, and transport of material is also important and shall

be dlescribed. Reused\materials shall account for both materials originating on site and off
Virgin materials may-also have its origin in the work site, in the nearby or far away from it
of ufse.

Indjcators related to the total amount of materials are used as they relate to depletion
respurces, The use of material resources, either virgin or recycled, shall be described in a dis
form within these categories:

site, if any.
5 end point

of natural
hggregated

virgin material (kg);
recycled material (kg);
recyclable material (kg);
non-recyclable material (kg);

reused material (kg).

NOTE 3  Recycled material origin can be “upcycling or high-level-recycling or recycling in close
“low-level-recycling or downcycling in open cycles”.

© IS0 2023 - All rights reserved
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The amount of materials in each material category originating on site and reused on site shall also be
described.

EXAMPLE On site material reclaim. The amount of bulk materials reclaimed in the construction site (within
the civil engineering works bounds). Valuation can be expressed in m3; e.g. amount of excavated materials used
as embankment in the same road; e.g. amount of on-site recycled asphalt reused for the new pavement.

NOTE4  Some categories of materials to be considered are:
metal materials;

non-metallic mineral materials;

fossil epergy materials (e.g. plastics, bituminous products);

biomasfs-based materials;

non-fogsil resources (ADP-elements (abiotic depletion potential) kg Sb eq.).

5.2.5 W3jste management

ous
be

An indicatpr which measures the production of the total amount of hazarddus and/or non-hazard
wastes genjerated by the civil engineering works as a result of using materials resources should

included. T|
as constru
of waste i

he generation of such waste can result from the production ef construction products, as
Ction, use and subsequent deconstruction of the civil engineering works. The total amc
cludes all wastes (hazardous and non-hazardous) to disposal, as well as the materials

vell
unt
for

reuse, for rlecycling or for energy recovery off site.

hazard

ous waste disposed (kg);
non-hgzardous waste disposed (kg);

radioaftive waste disposed (kg);

components for re-use (kg);
materials for recycling (kg);
materials for energy recovery (notbeing waste incineration) (kg);

exportled energy (M] for each,energy carrier).

5.2.6 Enissions to environment (air, water and soil)

5.2.6.1 (eneral

and
tem

The indica
their effect
quality.

ors developed under this aspect should reflect the total emissions to local environment
s,on\air, soil and water, by describing the changes to, climate, human health and ecosys

5.2.6.2 Emissions to air

Indicators related to emissions to air should provide information on the total emissions of different
gases and particles that have a potential impact on climate change or environmental pollution. These
emissions can be calculated from accounting data and defaults and from direct emissions measurements
or can be estimated using published emission factors.

Although each project shall decide which emissions to air it will measure and report per its local
context, infrastructure typology and boundaries; significant emissions to air to measure include: NO,,
SO,, CO, NH3, persistent organic pollutants (POP), volatile organic compounds (VOC), hazardous air
pollutants (HAP), stack and fugitive emissions and other standard categories of air emissions identified
in regulations.
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Ozone depletion should also be calculated and reported. It will be studied the disappearance of
stratospheric ozone and the potential formation of tropospheric ozone (due to the reaction of VOCs,
NOx in the presence of strong insolation).

Particularly important for some civil engineering works are the dust (particulate) emissions. An
indicator should be established reflecting the calculation, simulation, or measurements of the annual
particulate matter emissions. The information can be drawn from direct emissions measurements,
calculated from accounting data and defaults, or estimated using published emission factors. Control
methods for industrial sources include the use of dust collectors, such as cyclones or bag filters, and
total or partial enclosure of potential dust sources, such as conveyors, where the measurements can be

rea

ized

NO1
The
rece

predlicted effects. For such small-scale sources, concentrating on good practice dust mandgement

like

The
pot

NO']
fluo
and
met

E1 There are two general types of dust measurements: dust deposition and total suspended

iving environment. In some cases, dust monitoring is not appropriate, given the scale and Signifi
y to be more beneficial.
Construction works contribute to PM (particulates), through the following pathways.

NOTE 2  Inthis context, PM refers to the direct loads to the workers afpdthe neighbourhood. G
is calculated in the environmental assessment.

Construction process.

EXAMPLE 1 Diesel trucks used for transport from and\to‘the construction site; milling an
concrete; using glass or stone wool insulation.

Operational energy use during the use phase.

EXAMPLE 2 PM generated by the burning offossil fuels for power generation, oil fired boiley
woodstoves and diesel driven engines/generators.

User’s utilization.

EXAMPLE 3  PM generated by cars\wising a motorway.

Demolition works and transport during the EoL phase.

EXAMPLE4  Crushing(ndemolition sites and waste incineration.
greenhouse gases (GHG) emissions should be measured and reported separately d
bntial to impact climate stability.

E3 The main” GHG emissions are: carbon dioxide (CO,), methane (CH,), nitrous oxide (
rocarbons-(HFCs-a group of several compounds), per fluorocarbons (PFCs-a group of several
sulphurhexafluoride (SF¢). To help delineate direct and indirect emission sources, ISO 14064-
hodology.

NOTI

particulate.

chosen methods are related to the scale and significance of the environmental effects and'sensitivity of the

cance of the
measures is

obal impact

1 drilling in

s, coal fires,

ie to their

N,0), hydro
fompounds)
| provides a

E4) To calculate the amount of GHG emissions per source, some of the following methoc

lologies are

indicated as an example:

©IS

direct measurement (e.g. continuous online analysers);
calculation based on site specific data (e.g. for fuel composition analysis);
calculation based on default data;

estimations.
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As an addition to the GHG emissions, an indicator which measures the avoided GHG emissions, according
to ISO 14064-1 or equivalent, should be developed.

NOTES5  Avoided emissions are those emissions that are not produced (are avoided) by using non-emitting
technologies, by implementing good practices or by capturing and sequestering emissions from an emitting
source. Avoided emissions are calculated from a baseline that describes what the GHG emissions would have
been without the implementation of these measures.

If the emissions reductions are mandatory (derived from regulations or trading systems at international
or national levels) they shall be quantified separately from the voluntary emissions reductions.

The polluti yuld

be developpd.

Source and frequency of any potential odours caused by the civil engineering works in any.stage of its
life cycle should be considered and, if needed, indicators could be developed.

— Ozone|depletion.
Indicafor - Depletion potential of the stratospheric ozone layer, ODP (kg CEC. 1V eq.).
— Globallwarming total.
Indicafor - Global warming potential, GWP (kg CO, eq.).
— GWP from fossil carbon emissions and removals.
Indicafor - GWP fossil (kg CO, eq.).
— GWP from biogenic carbon emissions and removals.
Indicator - GWP biogenic (kg CO, eq.).
— GWP from land use and land use transformation emissions and removals.
Indicafor - GWP land use and land use trahsformation (kg CO, eq.).
— Photodhemical ozone creation.
Indicator - Formation potential of tropospheric ozone, POCP (kg Ethene eq.).

Indicators [related to emissiops\to air may provide information on the description of air quality ¢n a
given areaduring a definedperiod and quantify the amount of area affected.

5.2.6.3 Hmissions to'water

Indicators [related-t0”emissions to water should provide information on the water quality, the water
regime and the water table level, both qualitatively and quantitatively.

To determlnezthe water gualitvy-a common practice is tg use a general water gualitv index based on
1 J7 r [=) T J T

known and easily measurable parameters (such as dissolved oxygen, total suspended solids, pH,
biochemical oxygen demand, total faecal coliforms, turbidity, phosphates, and nitrates). For that,
management actions shall avoid the accidental spillage of any polluting substances (e.g. materials which
may cause pollution shall not be stored near the water environment, qualified personnel are nominated
as being responsible for the supervision of the filling of oil storage tanks). The necessary information
can be drawn from water meters, in-situ analysis, laboratory tests, parameters’ limits established in
the wastewater discharge authorisation, calculations derived from other available water data, local or
national water-related administrations sources, or research studies data.

— Eutrophication aquatic freshwater.
Indicator - Fraction of nutrients reaching freshwater end compartment, Eutrophication potential,

EP freshwater (kg PO, eq.).
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Eutrophication aquatic marine.

Indicator - Fraction of nutrients reaching freshwater end compartment, Eutrophication potential,

EP marine (kg N eq.).
Eco-toxicity (freshwater).

Indicator - Potential comparative toxic unit for ecosystems (CTUe).

The assessment of the category should cover whether management actions have been taken to avoid
the accidental spillage of any water pollutlng substances (e.g. materials Wthh may cause pollution shall

onsible for

not
the
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supervision of the filling of oil storage tanks).
6.4 Emissions to soil

6.4.1 General

cators related to emissions to soil should provide information on the-description of soil g
n area during a defined period and quantify the amount of area affected.

E1 Soil quality refers to the capacity of a soil to function withindts ecosystem and land use
1stain biological productivity, to maintain environmental quality;and promote plant and anima
Feserve its geotechnical characteristic. It can be determined based on the following measurable
th can be drawn from direct observation, photographie_interpretation, in-situ analysing
ratory tests:

visual parameters: exposures of subsoil, change in seiléolour, pounding, runoff, plant response, \
or deposition;

crusting, and compaction;

chemical parameters: measurements-0f pH, salinity, organic matter, phosphorus concentrati
exchange capacity, nutrient cycling,»and concentrations of elements that may be potential cg
(heavy metals, radioactive compounds, etc.) or those that are needed for plant growth and deve

biological parameters: measurements of micro and macro-organisms, their activity, or by-prody

cators should provide information about the amount of contaminated land (per appli
gnations) and remediated land, since it may affect soil quality, water quality, human hea
ironmental or ecoloegical receptors.

en toxic substances appear in the life cycle of the project, they shall be listed. Depend
yious quality of the soil, the pollution can be less or more harmful. Based on this level of h
rmatiomn;.scenarios shall be developed in the consideration of the risk that these substang
ontanyination of the asset shall be one of the end-of-life or refurbishment scenarios.

NO

E2 Contamination can occur as a result of civil annm-‘-rmo work activities, can have occurre

uality on a

boundaries,
I health and
barameters,
methods or

reed species

physical parameters: measurements of topseil~depth, bulk density, porosity, aggregate stabillity, texture,

ons, cation-
ntaminants
opment;

cts.

cable legal
th or other

ing on the
hrmfulness
es present.

as aresult

of prior use or activities by an unrelated entity or can also be of natural origin. In cases where contamination has
occurred as a result of prior activities, promoters and construction companies frequently conduct assessment,
risk management and/or remediation activities, which make the land suitable for existing or new purposes and
uses.

The indicators to be used are:

©IS

Soil quality.
Indicator - Potential soil quality index (dimensionless).

Eutrophication terrestrial.

Indicator - Accumulated exceedance, eutrophication potential, EP terrestrial (mol N eq.).
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Biogenic carbon.

Indicator - Biogenic carbon (C) contained in bio-based materials used in the product system under
study and remaining in landfill after 100 years since deposition (kg C).

5.2.6.4.2 Acidification for soil and water (acidification potential, AP)

This indicator measures the potential impact on the acidification of land and water resources. The
indicator’s value is estimated with the help of EPD or the life cycle assessment of the civil engineering
works by assessing the total magnitude(s) of those emissions to soil or water that potentially affect

acidificatiq

nandby pyprpqcing the resultin terms of Q()z pqnivnlpnt

In addition
the measu
or minimi

demonstrafted technology) or equipment replacement, when needed.

NOTE ]
sources. Ciy
sources of e
the emissio

Indica

EXAMH
asphalt

multiplied by, 1 minus the overall emission reduction efficiéney (ER/100).

5.2.7 Naise, vibrations and light impacts

The noise,
experience
Some pote
noise legis

models, etq.

Regarding
disturband
— Distur

Indica

The social

Acidification.

to the measurement of the acidification potential, it is also important to take intp.accd
'es that are implemented in the different civil engineering works stages in ordero-prey
be acidifying emissions, such as the purchase of machinery with BADT (best avail

'he sulphur dioxide present in the environment is emitted from natural as well-asffom anthropog
il engineering works can emit this pollutant, especially on the basis of the energy use, when|
hergy are fossil fuels and when there is no efficient de-sulfurization. Oneefthe main consequenc
h of this substance into the environment is acidification of soil and waterrésources.

or - Accumulated exceedance, acidification potential AP\(mol H+ eq.).

LE Estimated emissions of SO, in kg (m) is calculated multiplying the activity rate, tonng
produced (A) multiplied by the emission factor, kg ofcSO, per tonne of asphalt produced (EF)

vibrations and light impacts on the _biosphere caused by the civil engineering work
d by users are represented by indicators based on calculations, simulations or measureme
htial data sources can be acousti¢ studies, environmental impact assessment, noise m
ation with local allowed noise levels or competent administration’s studies, light studie

the environmental performance of the civil engineering works, the indicator descr
e on ecologically impertant groups of species from the civil engineering works.

bance because/0fnoise, vibrations and light impacts on ecological species.
or — Area (in?) of ecologically disturbed habitat.

mpaect'of the civil engineering works performance is described in 5.3.

5.2.8 La

unt
rent
hble
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s of

s of
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5 Or
nts.
hps,
S Or

bes

hdscape changes
g

The indicators included in this aspect should represent and evaluate the changes in the aesthetic effects
of the landscape, townscape and cityscape due to the civil engineering works. Some data sources
for developing this information can be maps, plans and photographs of the surrounding area, field
survey, videos, photomontages aided by computer-generated models, quantifiable data, annotations,
information about distinctive landscape components, landscape features (topography, geology,
drainage and vegetation) and visual receptors, local plans and planning documents from the planning
authority.

Although the magnitude of the visual impact still proves to be a subjective assessment to a large degree,
the created indicator should be as technical and objective as possible.
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Visibility, visual intrusion of the infrastructure and the obstruction it can produce, and overshadowing
should also be considered and, if needed, indicators should be developed.

5.2

5.2

The indicators developed under this aspect provide ‘information about the changes in
professes and services in the areas of influence of the@ivil engineering works.

NOTE1 The main ecosystem service categories ares

To
an

So

chapge of<ah*area and the ecological connectivity that may have been eased or impeded t
civil engineering works.

5.2

Permanent occupied land area (m2).

Land surface occupied by the asset or that can’t be used for anything different from the asset itself.

EXAMPLE1  Theland occupied by a rail-transit with two lanes includes the surface physically

occupied by

the railway itself, and the space in between. It also includes the service area in which no different activities

from railway (maintenance, security, etc.) is allowed.

EXAMPLE 2 The land occupied by a dam includes the dam itself and the surface occupied by the reservoir.

It shall be expressed in m2.
Temporary land occupation.

Land surface occupied by the temporary works for construction, maintenanee, demolit
addition to the asset itself.

It shall be expressed in m2 per month.
9 Ecosystem health

9.1 General

regulating services: regulation of biophysical€onditions, biotic environment or against hazards;
air quality regulation, climate regulationthoderation of extreme events, erosion prevention, ma
soil fertility or biological control;

provisioning services: provision df food and beverages, raw materials, energy, medical resou
resources or ornamental resources;

cultural services: spiritual or)aesthetical value, recreation and tourism;

supporting services: existence of biodiversity at the level of species, genes, ecosystems and land

rovide informatien on the availability and use of ecosystem services, clear, consistent, ¢
quantified ecplogical change indicators should be developed.

ion, etc., in

ecosystem

for example,
ntenance of

ces, genetic

Kcapes.

omparable

e specific,indicators related to ecosystem health that shall be considered are the biodiversity

hrough the

9.2 Ecosystem services changes

The biodiversity of species, genes, ecosystems or landscapes can be measured by different indicators
such as:

To

number of animal and vegetal species located in the system boundaries;

types of landscape which are partially affected by the infrastructure;

change of the number and extension of the habitat areas affected by the civil engineering works.

create an accurate and reliable indicator, factors as the magnitude (number of species or size of
ecosystem areas), the connectivity and the quality of the affected habitats and species, the extinction
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risk of the species, the conservation status or the protection status of the specie or ecosystem shall be

considered

It can also be interesting to develop indicators for measuring some ecosystem services which are made
available for the civil engineering works’ area of influence. This may include:

the protection from avalanches, rock falls and debris fall through vegetation on steep slopes;
the carbon sequestration;

the natural supply of ground and surface water usable as drinking and process water;

the yi

the na

The inforn
environme
affected sp

5.29.3 K

The indica
and shall b

protec
metho
and th

non-pt

5294 K

This aspec
through th

Indica

Indica

Indica

EXAMPLE

5.2.10 La

jld of wild animals and fish for commercial use;

the refpewable energy sources;

ural supply of pollination and biological pest control; among others.

hation may be obtained from the competent local administrations, published literat
ntal impact assessment, previous field study reports and site’s recerds regarding
ecies.

iodiversity change

ors developed under this aspect shall provide informatignabout the changes in biodiver
e reported as areas, in m? and biodiversity before and-after, expressing:

ted areas affected and if the impact is positive or negative according to the scientific ba
Hology regulated or recommended by the relevartit authorities, within the system bounda
e area of influence;

otected areas with biodiversity quality changes.

cological connectivity (landscapeconnectivity)

e landscape for flora and fauna.

or: length of the barrier.effect.

or: number of natural corridors crossed.

or: measures.applied to avoid the barrier effect.

Average distance between passages for wildlife in a road crossing a protected area.

nduse changes

Lure,
the

Sity

sed
ries

[ expresses the degree to which civil engineering works facilitates or impedes the movenpent

Land use ¢

i : T 1 : 1 1 : £ 1 TRS | - : 1 1 1 n
IIdIIgCS IISIUT LI PIOJELL DOUIIUATICS TOI UIC CIVILD CIIZITIICCT TS WOITKS UCVEIUPIICIIL. DU

ing

the life cycle of the civil engineering works, land use changes should be taken into account. For instance,
there is a temporary need of auxiliary areas in the construction process stage, whereas these areas are
no longer needed in the use stage.

For the development of indicators, the previous use of the land should also be considered, including the

following.

Non-previously developed land: natural and semi-natural land, which has never been developed

for any artificial use (known as greenfield land). It may include agricultural land (arable land and
permanent crops; pastures and mixed farmlands), forest and woodland and other (open spaces with
little vegetation, wetlands, water bodies). Some of these areas can be also protected areas, which
are established by its Governments and various organisations. If this is the case, the proportion of
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protected areas used for the civil engineering works should also be used as an indicator, since that

has a potential impact on the related biodiversity and ecosystems.

Previously developed land: land that has been previously developed (this should include brownfield

land). This land may be available for development and includes previously developed land now
vacant, vacant buildings, remediated land, derelict land and buildings, previously developed land

or buildings currently in use and allocated in local plan or with planning permission and

previously

developed land or buildings currently in use with redevelopment potential but no planning allocation

or permission.

Indicators for changes in land uses and land’s economic value should also be developed.

NOT
con
site

E The indicator developed with the consideration of the previous land use measures the-%
uming of greenfield areas through the reuse of brownfield and derelict areas, refurbishment
5 and re-development of existing built environment.

Ind
the

cator: Surface of land that changes its previous use because of the civil enginéering work
land is occupied by it or because of its influence). It is expressed in m2.

5.3| Description of social aspects and impacts

5.3/1 General

5.3 to 5.3.15 describe the aspects and impacts which shall'be considered for developin
of indicators for assessing the social pillar of sustainability performance of new or ex
engineering works. When some of them are not considered or are excluded from conside
reasons for such omission or exclusion shall be clearly‘explained and justified.

5.3]2 Accessibility

Acc
infn]
and

bssibility considers the ability of all u§érs and stewards (e.g. operators and maintain
astructure to access the services pravided by civil engineering works, as well as access
the effect on the ability of people‘te-continue to access the existing services.

Acc
use
to 4
for

pssibility assesses the provisions included in the civil engineering works to facilitate ac
of its facilities and services\(e.g. electrical systems - switches, circuit breakers, access of
ship in a harbour, payment systems on toll bridges and motorways, etc., where relevar
1sers as for employees:

Accpssibility for peaple'with additional needs (e.g. wheelchair users, the blind and partially 3
heafing impairedf{and those with other types of physical, mental or cognitive impairment
parpnts with children in pushchairs, elderly people) whether as employees, users or for
publlic (whereyappropriate) shall be considered and measures describing how this has bee
shall be partof the assessment. This shall only be excluded when justified, for example, as n

by jegulations or the client’s brief.

voidance of
using infill

s (because

b a system
isting civil
ration, the

ers) of the
to nature,

Cess to and
bassengers
t) as much

ighted, the
conditions,
he general
n achieved
bt required

designing the civil engineering works, so that measures to ensure the accessibility for people wit

ulted when

h additional

needs are taken into account in the project. In addition, it is presupposed that national and/or local laws that
set the minimum requirements and the guidelines for designing urban spaces that met the criteria of universal
accessibility are considered.

When planning and designing a civil engineering works, itis important to ensure that access is available
to as many different relevant users as possible. Users considered in this clause are those different from
the main intended users of the civil engineering works according to the client's brief.

When designing the civil engineering works, appropriate measures shall be planned in order to ensure
a safe access for relevant users to the facility and its nearby and related infrastructure and in order to
avoid possible obstructions. However, there are some assets in civil engineering works that need to be
inaccessible, in order to avoid accidents.
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Access to the services provided by civil engineering works shall include the consideration of different
issues such as:

— user’s affordability (toll charges, electricity charges, price of water, equity of financial mechanisms,
etc);

— servicelevel (including, for example, reliability, punctuality, distances, quality of the water provided,
electricity assurance, frequency).

Connectivity is used to assess the ability to transit across and around the infrastructure. Civil
engineering works are usually large projects that imply land take, temporarily as well as permanently.
Obstructiofror hindering of access to Nature and recreational areas, to existing and proposed routes for
pedestrianls, cyclists and other relevant users, or to other nearby populations can occur.

Connectivity is often measured in “travel time”. If “source” and “target” are defined in an-approprijiate
way, this [indicator can also be used to assess fragmentation of settlements caused by hew
infrastructures. It shall be defined for all participants in public space (including pedestrians) and all
relevant functional relations.

NOTE 2  ‘Bource’ and ‘Target’ can be urban centres, significant local facilities andj/or places of interest [that
might be difectly affected by the development of the civil engineering works.

The indicators included in this aspect relate also to the changes of people’s-@pportunity to access a good
quality natiural environment, due to the construction of the civil engineering works.

A civil englneering works can either improve or worsen the ease:0f access to natural green areas, sjnce
it can havelinfluence on the natural environment’s quality or size’and on the distance from population
centres to hature.

—e

Access to rfature should be measured by indicators which*report the extent of accessible natural green
space or the percent of population with access to greefspace within the civil engineering works area
of influencg.

Potential spurces of information used for the.indicators could be geographic information systems ({IS)
datasets of competent environmental local'administrations, national or regional databases, publighed
inventorieg of accessible green areas, published maps of soil land cover types or previous field qtud
reports angl site’s records.

For this category, the following aspetts shall be considered when relevant:
— Inclusive access.

Indicator: provisions.included in the civil engineering works to facilitate access to people With
disabilities (suchgas provision of appropriate tactile, visual and audio wayfinding systems;|the
numbgr and proportion of allocated car-parking for users with additional needs relative to|the
total number<of'parking places provided: the number of kerb ramps to facilitate the use of asset).

Indicator:yuser’s affordability such as toll charges, electricity charges, price of water or equitly of
financratecanisms:.

— Access to basic supplies provided by the civil engineering works.

Indicator: service level including reliability, punctuality, distances, quality of the water provided,
electricity assurance and frequency.

Indicator: changes of people’s opportunity to access a good quality natural environment, including
access to natural green areas (extent of accessible natural green space or the percent of population
with access to green space within the civil engineering works area of influence).

Indicator: net change in the utility supply (measured by comparing the number of inhabitants that
have access to each relevant basic supply before and after the construction of the civil engineering
works).

30 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=c2cdef458c43b3f8653880563222f802

These indicators shall be reported (as appropriate) in modules A5 and B1.

5.3

The adaptability considers the characteristics of the civil engineering works that allow it to b
to rhake it suitable for potential future needs or alternative or complemeéntary uses (e.g. ¢
motorway or creation of a new access, new terminal for an airport).

To
acc

For
con

EXA

(e.g

Thd
ass
ass

NO71I
are

performance,;and which can be reassessed at the time of a change in the technical and functional req

For
nurn

IS0 21928-2:2023(E)

Any changes in the costs for inhabitants or municipalities of this basic supplies shall be taken into

account in the economic assessment.
Connectivity.
Indicator: the ‘travel time’ from a defined “source” to a defined “target”.

Indicator: fragmentation of settlements.

Indicator: design features incorporated that enable transit for all relevant users (such as %
pedestrian over/under passes) including points allowing safe and easy access around or across the

1 . 1 N sy .
CIvViIl bllslll\,bl 1115 VVUI NS, VVILIT al}l_}l UlJl Iattc onsuas\,.

3 Adaptability

measure the adaptability, indicators which describe redundancy in load-bearing

the assessment of adaptability, the civil engineeringlworks’ ability to accommodat
sidered:

technical changes;
change of use;
complementary uses;

external events.

lifts).

scenario for adaptation-shall specify what potential adaptations are to be taken into acd
bssment of the civil-engineering works, if relevant. The assessment shall report how th
pssment may be adapted according to the aspects listed above.

E Adaptdbility can also offer advantages in economic and environmental performd

assessed asypart of the initial assessment of economic performance and assessment of en)

thedaspect “adaptability of the civil engineering works”, the following indicator can be ¢
\ber of measures of the civil engineering works to accommodate technical changes, cha

ssibility/demountability, reconfiguration and, in general, flexibility, should be developed.

e modified
bnlarging a

b capacity,

p

e shall be

MPLE For pipes and cables (or\prestressing/anchoring tendons) adaptability can relate to the provision
of space for additional pipes and cables required for a change of use and provisions for possible futur

P equipment

ount in the
e object of

nce, which
Fironmental
uirements.

onsidered:
nge of use,

complementary uses and external events.

The following are examples that can be cited for measures to provide for an increased adaptability:

ease of demolition/demountability of the civil engineering works including construction elements,

pipes, cables etc,;

redundancy in load-bearing capacity;

provision of space for additional lanes, terminals, pipes or cables required for expansion;

over dimension of the civil engineering works to allow the growth of the external facilities;

provision for future change of use (a railway converted into highway or cycleway);
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— alternative or complementary uses during the expected service life of the civil engineering works.

This list of

examples is not intended to be exhaustive.

The results of these indicators shall be reported in module B1.

NOTE 2

For further information on design for disassembly and adaptability, see ISO 20887.

5.3.4 Population system

The indicators included in this aspect should evaluate the changes in the way the land is used, due to

the civil eq]
land’s econ
civil engin

Indicator:
because of

The civil e
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from the p

Some chan
works may
associated
regions. A
indicators

NOTE 1

or involunt
changes of
integration,

Involur

econonpic displacement (chariges of assets or access to assets that leads to changes of income source
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acquisi

Volunt
displac
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II;E

fion that results in their displacement.

gIneering Works. These changes can lead elther to a revaluation or to a depreciation of
omic value, which consequently affects the population living in the areas of influence of
bering works.

humber, or if unavailable an informed estimate, of people resettled directly.of indire
the civil engineering works. Resettlement is either physical or economic.

ngineering works can either attract people to live in an area becatse of the associg
nts and value increase or make people leave their living areas to(séttle in other regi
y, other indicators related to the changes in the territorial relation system of the
works’ areas of influence should be developed.

11so be changes in the population centre distribution (e.g. diSappearance of population c

ppulation in another centre).

ges in the number of inhabitants living in the.ar€as of influence of the civil enginee
occur (the civil engineering works can either attract people to live in an area because of]
improvements and value increase or make people leave their living areas to settle in of
resettlement happens, for instance, when-a“location is flooded in order to build a dam)
bn that issue should be developed.

ivil engineering works can result in the-displacement and resettlement of people. Whether volun
ry, potential impacts can include changes of productive land, changes of employment and inc
housing, changes of access to ¢ommon resources and public services, and social fragmentatio

tary resettlement refers\both to physical displacement (relocation or changes of shelter) an|

of livelihood as a result of project related land acquisition). Land acquisition includes both outy
Kes and/or expropriation of property and purchases of access rights such as rights of way. Resettlen
dered involuptary when affected individuals or communities do not have the right to refuse

ryresettlementrefersboth to physical displacement (relocation or changes of shelter) and to econ
ement (changes of assets or access to assets that leads to changes of income sources or mear

individua

odasaresult of project related land acquisition). Resettlement is considered voluntary when affe

e
looded area needed when building a dam, creation of new population centre or resettlenTen
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The data can be obtained from time series, statistics, aerial photographs, land use maps, databases
with interpretations of urban extent, transportation routes, water features and other important land
uses, social surveys, land and properties market or local and national administrations.

5.3.5 Job creation

The short and long-term employment effects as a result of a civil engineering works should be
demonstrated by indicators such as the proportion of workers, suppliers or subcontractors employed
directly or indirectly by the civil engineering works, the type and number of jobs influenced as a result
of a better or worst access, etc.
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It includes the provision of employment by the civil engineering works and considers employment
structure: working population in the areas of influence of the civil engineering works and their
composition (taking into account different target groups like local, minorities or women employees).

The data can be obtained from sample surveys and statistics of the employed and unemployed
population of a certain area, carried out by the local or national labour administration.

When addressing job creation, the following indicators shall be considered:

— number of people to be employed;

type-ofemployees{ioeatornotiocal);

— |number of local disadvantaged people to be employed.

Scope and criteria used in the assessment shall be reported.

Locpl people are defined as permanent residents of the relevant territory.

These indicators shall be reported (as appropriate) in the pre-construction stage (modufle A0), the
conktruction process stage (modules A4-A5), the use stage (modules-B1-B8) and the end df life stage
(C1{C4).

It can be differentiated the high, medium and low skilled jobs, and the long- and short-term jgbs created.
Thelocal disadvantaged people may include but are not limited to:
— |women;

— |people at risk of social exclusion, in particular,young people of working age in difficult sjtuations;
— |persons with disabilities;
— |unemployed jobseekers, in particular those who are long term unemployed in the local community;

— |people detained in prison near thecivil engineering work.

5.3/6 Cultural heritage

Thip aspect should include\indicators that report the number and value of cultural heritage elements
affdcted due to the civil engineering works. Both the level of effect from the civil engineering works on
the|cultural or historicelement, and its protection category should be considered.

On [this matter,gultural heritage elements should be classified according to its social and political
significance, scientific significance, historical significance, education and economic signfficance or
aesthetic significance.

NOTE At the Convention Concerning the Protection of the World Cultural and Natural Heritdge, cultural
heri|tage is defined to include the following:

— monuments: architectural works, works of monumental sculpture and painting, elements or structures of an
archaeological nature, inscriptions, cave dwellings and combinations of features, which are of outstanding
universal value from the point of view of history, art or science;

— groups of buildings: groups of separate or connected buildings which, because of their architecture, their
homogeneity or their place in the landscape, are of outstanding universal value from the point of view of
history, art or science;

— sites: works of man or the combined works of nature and man, and areas including archaeological sites which

are of outstanding universal value from the historical, aesthetic, ethnological or anthropological point of
view.
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Created values and effects of the civil engineering works on cultural heritage elements and aesthetic or cultural
concerns, such as preserving historical or archaeological sites, value of nearby properties, safety and public

health, shou

Id be considered as indicators.

Indicator: number and value of cultural heritage elements affected due to the civil engineering works.

5.3.7 Stakeholders’ involvement

This aspect should include indicators that reflect the engagement and participation of relevant
stakeholders, individuals and communities in the decision-making process and their levels of
satisfaction with the civil engineering works. It also includes education, training and literacy of the

relevant stpkeholders.

Users’ accgptance of the infrastructure and satisfaction with the civil engineering works shouldals

considered
NOTE N
acceptance
understand
acceptance
The follow
a) Involv

— idg

—  idq

— idq

— when and how the end users are involved;

— id¢
Indica
b) Involv
— id¢

pr
ro

— when and how theother stakeholders are involved;

— id¢ntification ‘of the end users’ needs related to education, training and literacy.

Indica

and indicators related to it should be developed.

(the assessment of the levels of public support), community acceptance (the“identification
ng of the dimensions underlying the social controversy at the local level) and stakehold
[social acceptance by key stakeholders and policy makers).

ng issues should be addressed.

bment of end users and consideration of their needs

bntification, characterization, and involvement of the future end users and their needs;

entification of the demographic features and other gharacteristics of the end users;

entification of the end users’ needs, desires, values and requirements;

entification of the end users’ needs related to education, training and literacy.
or: consideration of end user’s ifivolvement and their needs (yes or no).
bment of stakeholders otherthan end users

entification of other key'stakeholders [e.g. the neighbours, local authorities, local associati
pfessionals (service providers and operators)], their level of importance, influence, and t
€

or;consideration of stakeholders (other than end users) involvement and their needs (ye

b be

ocial acceptance can be focused in three main areas, depending on the considered users: pyblic

and
er’s

bNS,
heir

S Or

no).

c¢) Management and resolution of contradictions or conflicts among the opinions of the stakeholders

Indicator: Existence of a procedure for management and resolution of contradictions or conflicts
(yes or no).

d) Satisfaction of users and other affected parties

— how and when the satisfaction of the users is determined and assessed (e.g. predicted result of

su

rveys on visual comfort and/or post use evaluation);

— how and when the satisfaction of the other stakeholders will be determined and assessed.

Indicator: degree of satisfaction of affected parties.
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Improvement actions and lessons learned for future projects

e)

Indicator: number of documented lessons learned.

The management process for collecting and evaluating the information should be consistent with, and

support the assumptions and scenarios used in, the assessment.

5.3.8 Human rights

To measure the effects of civil engineering works on human rights, applied indicators

should be

consistent with the spirit and intent of the United Nations Universal Declaration of Human Rights; the

Intgrnational Labour Organization (ILO) Declaration on Fundamental Principles and Righ
whére applicable to business; and other applicable international principles, including theg
Primciples on Security and Human Rights.

NOTE1 The Universal Declaration of Human Rights (UDHR) was drafted by represeitatives w
legall and cultural backgrounds from all regions of the world, the Declaration was-proclaimed by
Natfons General Assembly in Paris on 10 December 1948 (General Assembly resolution 217 A) a
starjdard of achievements for all peoples and all nations. It sets out fundamental human rights to be
protected and it has been translated into over 500 languages.

NOTE 2  Adopted in 1998, the ILO Declaration on Fundamental Principles and Rights at Work
commits Member States to respect and promote principles and rights in four categories, whether
have ratified the relevant Conventions. These categories are freedom of association and the effective
of the right to collective bargaining, the elimination of forced or éompulsory labour, the abolition of
and|the elimination of discrimination in respect of employmentand occupation.

NOTE 3 The Voluntary Principles (VPs) on Security d@nd Human Rights documents provide
companies in developing practices that maintain the safety and security of their operations whilg
the fhuman rights of those who come into contact with security forces related to those operatio
inclpde provisions defining the following expectations:

companies regularly engage with host gevernments and local communities regarding security
practices;

security forces act in a manner consistent with UN Principles on the Use of Force and Firea
Enforcement Officials and the {UN.Code of Conduct for Law Enforcement Officials, including thd
force needs to be proportionatto the related threat;

companies have mechanisnis for the reporting and investigation of allegations of improper actior
security forces hired. by the company;

companies have mechanisms to report alleged abuses by public security forces in their area of op|
to encourage,andmonitor progress of investigations.

Ind]cator: number of failures to comply with relevant standards or declarations of human ri

5.3]9 AResilience
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5.3.9.1 General

Resilience is considered as it relates to safety and security of a civil engineering works, as well as
adaptation to climate change. Indicators should describe if risks are assessed and what probability
of occurrence is given on a specific location. To measure the resilience of a civil engineering works,
indicators shall be developed which describe the ability to resist, adapt to, or quickly recover from a
potentially disruptive event, whether natural or manmade, in order to maintain or restore the intended
service.

In regard to safety and security, safety and condition indexes are useful indicators.

Several indicators related to adaptation to climate change shall be developed.
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For the addressing of resilience, the following aspects shall be considered:

ability

fire an

provis

structural stability;

to resist, adapt to, or quickly recover from consequences of climate change;

d traffic accidents);

personal safety and security against intruders and vandalism;

ons to resist ;\dnpf to or qnirk]v recover from interruptions of Qllpp]v of utilities

ability to resist, adapt to, or quickly recover from accidental actions (e.g. earthquakes, explosions,

NOTE ]
specified in

Measurem

linimum requirements for loads resulting from wind, snow, earthquake and explosions arée ust
national design codes and regulations.

bnt in the design phase is accomplished with the help of expert assessment and/or simula

of the structural design. Measurement in the in-use stage should take place with the help of ex]

assessmen

5.3.9.2 §

Stability a
resistants
and also oj

Indicator: s

dq

J

NOTE
indexes are

Dam s4
or cons
affecte

Road s
parameé

Harboy
it total
materi

5393 (

5.3.9.3.1

The aspec
loadings e

I and/or simulation.

tructural stability

painst loading expresses the ability of the civil engineering works to provide a safe
[ructure that has a potential impact on the safety for the users of the civil engineering wq
the ability to maintain or quickly recover the operabilitgof the asset.

afety indexes.

afety indexes can vary depending on the civil enginéering works typology. Some examples of t
as follows.

fety index: generally measures the risk of breakage of the dam derived from an incorrect de
truction. Each dam is associated to a risk.¢ategory, depending on the population and main sery
1 as well as the material and environmental damages caused by the breakage.

hfety index: generally measures the)probability of accident in certain areas, taking into acc
ters, such as number of curves ornumber of slope changes.

r safety index: usually measutés the probability of the sea water to rise above the dock and to b
y or partially, considering parameters, such as risk of life losses, population affected or value o
] losses.

onsequences,of climate change

General

ally

fion
bert

and
rks

lese

kign
ices

unt

eak
the

[s relating to climate change are the resistance (strength, deflection, stability) aga
ceeding the currently regulated i

frequency
etc.

All the relevant parameters shall be assessed for the required service life and/or the reference study
period of the civil engineering works. They should account for projected changes in conditions based on
proper climate change models applicable to the geographic region in question. The model used shall be
reported together with the upper and lower limit values for the parameters as predicted by the model.

NOTE The assessment includes the effects of climate change, taking into account any adverse or beneficial
change in projected peak values for weather-loadings (rain, wind, snow, solar radiation) specified in scenarios.

The effects caused by climate change can vary dependent on the location of the project. Therefore, a
location-specific assessment shall be carried out.
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Two different types of effects shall be included into the assessment:

a)

b)

Infrastructures such as hridgpq and dams are often dpqignpd for service lives in excess of 1

Risks resulting from hazards and extreme weather events:

— the probability of occurrence of different events dependent on the intensity and the

location;

— the behaviour of a civil engineering work exposed to a determined set of extreme events.

Future changes of impacts: altered conditions in the future, such as possible changes of wind and

snow loads, the amount of rain and higher sea levels.

00 years. It

sha
pos

For

Esp
pha
per

to jopin and split system components should be addressed.

5.3

For
levd

1 be considered that the design conditions used today may not be applicable in future,
Kible altered conditions in the future should be included into the assessment.

two types of future changes an analysis of the changes of impacts should take place.

Changes of the probability of occurrence of extreme event and changes of their intensity.
can be used as input parameters for an adapted consideration of risk explained above.

Changes of “regular” loads used for the design such as higher wind; 'snow and rain loads

ecially for the second aspect the adaptability of the civil engineéring works is crucial. In
se possible strategies should be run through. Thereby, strategies addressing the po
form structural changes, to enhance the load carrying capacity, to activate adaptive capa

9.3.2 Consideration of risk

the civil engineering works, an evaluation ofithe probability of occurrence for differer
Is should be performed for the following types of events (hazards):

rain;

wind effects, sand and dust storms;
hail;

SNow;

flood;

temperature yariation;

droughts;

sea leVel, waves and coastal effects;

glacier, geological impacts and changes to permafrost;

Therefore,

[he results

the design
5sibility to
bilities and

t intensity

wildfires.

NOTE See Annex C for a discussion on classification and evaluation of risks.

Indicators: measures adopted for each one of the climate aspects considered.
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5.3.9.3.3 Aspects to consider

To consider the resilience of the civil engineering works to climate change, indicators for the following
aspects shall be developed:

38

Rain effects

This aspect relates to the capacity of the civil engineering works to resist, adapt to, or quickly
recover from the effects of predicted peak rainfall for the region in question in terms of water
tightness, load bearing capacity/water removal capacity.

Mea

Win

sul . . 6 el l,l Y ! :

in
in
re

d ¢

This a
recove

Mea

Hail

sul
in

pr

improve aerodynamics (smoothnessor shape) ofthe civil engineering works and the surroung

ar
pr
pr

This a

recove

Measu

in
pr
pr

f'reased capacity to discharge water (sufficient dimensions of ground drainage);
'reased clearance below bridges;

nforced foundations for pillars inside rivers.

ffects, sand and dust storms

Epect relates to the capacity of the civil engineering works to ré€sist, adapt to, or qui
r from the effects of predicted peak wind loads for the region in~question.

Ires against higher wind loads may include, but are not limited to:

‘rease structural resistance;

pvention of the detachment of elements;

ba;
bvention of dust accumulation;

ptection of users and neighbours:

cpect relates to the capacity of the civil engineering works to resist, adapt to, or qui
r from the effects of predicted hail.

res against hail may-include, but are not limited to:

'rease surfacderésistance;
pvention of the detachment of elements;

ptection measures for vulnerable parts;

Ckly

ling

Ckly

pr

Tection Measures for peopie and other devices (cars, etc.)-

Snow and ice

This aspect relates to the capacity of the civil engineering works to resist, adapt to, or quickly
recover from the effects of predicted peak snowfall and ice formation in terms of loading, water
tightness, safety for the region in question. Extra consideration may be required in areas that
currently have no snowfall but can in the future.

Measures against variations in snow and ice formation may include, but are not limited to:

— increased or adaptable structural resistance (safety factor);

— increased dimensions of drainage systems;
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— features that enable the management of snow and ice on the civil engineering works;

protection of users and neighbours.

— Flood

This aspect represents relates to the capacity of the civil engineering works to resist, adapt to, or
quickly recover from the effects of predicted intensity and frequency of flooding.

Measures against flooding may include, but are not limited to:

flood barriers (permanent or removahle);

adequacy of surface and storm water management (drainage and handling);
provision of sacrificial flooding areas;

ease of reinstatement after flooding;

protection of users and neighbours.

NOTE Protection of users and neighbours’ measures can includé-alert systems in case
extreme events.

— |Temperature variation

This aspect relates to the capacity of the civil engineering works to resist, adapt to,
recover from the effects of long and short-term temperature variations, as well as cha
temperature averages and extreme values.

Measures against temperature-stress may inglude, but are not limited to:

preventing evaporation;
vegetation;
colour and reflectiveness of suirfaces;

consideration of thermial‘behaviour including that of expansion loops and materia
(with criteria suchas-thermal expansion coefficient, ductility or brittleness);

adaptive cooling.or heating;

protection-ofusers and neighbours.

— |Droughts

This_aspeéct relates to the capacity of the civil engineering works to resist, adapt to,
recover from the effects of droughts.

pf floods or

or quickly
hges in the

s selection

or quickly

N 3 4 4 1t : | A | Lot +1a abtad &
vVitdoulrto Clscllll-)l. vvditl Stdl Lll._y lllCl_y ITICIUULT, DUt a1 T 11Ul TTHTILCU LU,

dams;
waterproofing;
water recycling;

measures to reduce water demand of the civil engineering works.

— Sealevel, waves and coastal effects

This aspect relates to the capacity of the civil engineering works to resist, adapt to, or quickly
recover from the effects of both extreme sea level and mean sea level raise, waves, storm surges,
tsunamis and other coastal effects.
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For those sea phenomena a broad range of measures can be considered, such as:
— elevated structures;

— sea barriers;

— drainage measures;

— additional sea related protection measures (e.g. antichloride protection);

— erosion protection techniques;

— artificial reefs and breakwaters;
— manage retreat;
— prptection of users and neighbours.
— Glaciet, geological impacts and changes to permafrost

This appect relates to the capacity of the civil engineering works to resist, adapt to, or qui¢kly
recovelr from the effects of glacier, geomorphological and geological impdets.

A brodd range of measures can be considered against glacier, geormorphological and geological
impacts such as:

— copsideration of mass land movements in the design;
— drpinage to guide ice melts;
— land slide protection;
— snpw sheds;
— prptection of users and neighbours.
— Wildfires

This appect relates to the capacityof the civil engineering works to resist, adapt to, or qui¢kly
recover from the effects of wildfires.

A broad range of measurescan be considered against wildfires such as:
— finebreaks;
— water reserveirs;

— prptectionof users and neighbours.

5.3.9.4 Ipeidental actions

The aspects relating to incidental actions assess a civil engineering works' resistance (protection/
strength/deflection/stability/ safety) against incidental loads deriving from one-off events, e.g.
earthquakes, explosions, fire and traffic impacts and their consequential effects (such as projectiles,
toxic gases, breaking glass).

In general, the assessment of measures in this category represents performance above that required
by regulation and should consider the country in which the assessment takes place. Depending on the
location, design and the functional requirement of the civil engineering work, not all parameters are
relevant.

The evaluation should use an ordinal scale with classes or a more comprehensive classification or
calculation method if exists. The scale to be defined for intensity depends on its type. For example,
for earthquakes the Richter magnitude scale is commonly used. Sources of data related to the location
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specific exposition of the civil engineering works can be hazard maps, regional threat assessments,
weather data, risk mapping projects, etc.

The civil engineering works shall be assessed for the aspects listed below.

Mass movements

This aspect indicator represents the resistance of the civil engineering works against mass

movements and their consequential effects which shall be considered if relevant.

Provisions for increased resistance to mass movements may be:

— catchment basins;

— retaining walls;

— slope stabilization.
Earthquake resistance

This aspect indicator represents the resistance of the civil engineering works against e
and their consequential effects, which shall be considered if relevant.

Examples of provisions for increased resistance to earthquakes'may be:
— increased structural stability;

— installation of dampers or other comparabléimeasures that ensure flexibility
resistance.

Explosion resistance

hrthquakes

and shock

This aspect indicator represents the resistance of the civil engineering works to explosions and

their consequential effects.

Examples of provisions for increased resistance against explosions may be:
— increased structural stability;

— avoidance of explogive’gases;

— provision of refuges.

Fire performance’for inside or outside events

This aspect-indicator represents the performance of the civil engineering works in
fire pretection in the event of a fire and in restricting its consequential effects. The pi

providing
otection is

considered in respect of people in and around the civil engineering works, of the surroundings, and

offire damage to the built asset (e.g. through the loss of the civil engineering works or pa
aperiod of time and/or displacement of employees).

rts of it for

Provisions for increased fire performance that are over and above the regulatory requirements,

may result from considerations of property protection, interruption to the use of a civil e

ngineering

works and of adverse impacts on health from fire. Examples may include, but are not limited to:

— higher fire resistance classes or other measures included in the design to improve the load

bearing capacity, integrity and/or insulation performance;
— improved access and facilities for fire fighters;

— improved design of the means of escape (including consideration of people with
needs);

© IS0 2023 - All rights reserved
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— installation and/or enhancement of fire detection and alarm systems using approved
components and approved competent persons for the design, installation and maintenance;

— installation and/or enhancement of fire extinguishing systems using approved components and
approved competent persons for the design, installation and maintenance;

— installation and/or enhancement of smoke control systems using approved components and
approved competent persons for the design, installation and maintenance;

— optimisation of the size of smoke and fire compartments;

H 4 | | | s AN Lich A3 £ £3 1 S 43 £l 3 b
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prevailing regulations;

— usk of fire engineering approaches to optimise the design of the construction works-and [fire
prptection systems;

— prptection of vulnerable areas outside the civil engineering works (e.g.Censuring enough
distance).

In addjtion to consideration of the above technical measures, an emergeney action plan covefing
the regulatory requirements, as well as the above aspects where relevant;should be made available
to facility managers, employees and communicated to visitors and other occupants as appropripte.

— Traffigincidents (collisions)

This aspect indicator represents the resistance of the civil engineering works against traffic
incidents (i.e. collisions of vehicles with the civil engineering works) and their consequerjtial
effectd, which shall be considered, if relevant.

Provisjons for increased resistance to traffic incidénts may include, but are not limited to:
— prpvision of physical barriers;

— strengthening of areas which may bé-atrisk.

5.3.9.5 HRersonal safety and security:against intruders and vandalism

This aspect addresses the capacity of the civil engineering works to resist forced access and delibefate
damage as|well as to satisfy the/users need to feel safe and secure.

EXAMPLE Examples of provisions for increased safety and security against intruders and vandalism
include:

— expert pnalysis anddmplementation of recommendation during the design stage;
— barrierfs andsystems to act against deliberate intrusion:

— h

—-

ghisecurity perimeter barriers;

— alarm and surveillance systems, preferably linked to the police or other approved agents;
— well-illuminated pathways with clear lines of sight;
— motion-sensitive illumination;
— resistance of the civil engineering works to protect against vandalism/arson:
— graffiti-resistant surfaces;

— secure waste-storage to minimize risks of vandalism/arson.
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9.6 Security against interruptions of utility supply

The capacity of the civil engineering works to maintain its functions and services in case of interruptions
of utility supply (e.g. water supply, energy, communications) shall be considered.

Provisions made for increased security against interruptions of utility supply may include, but are not
limited to:

— the presence of back-up equipment for heating and power supply (e.g. generator, photovoltaics,
uninterruptible power supply, supplementary chimney provisions for emergency heating systems);

5.3

Thi
on 1
the
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need;

measures to use services manually in case of interruption of power supply.

10 Health and comfort

5 aspect should include indicators that measure the impacts caused by the civil enginee
he health, comfort and well-being conditions of the population living in the areas of i
civil engineering works. It should also include indicators that describe the implemer

monitoring of prevention and/or mitigation measures to reduce thesnuisance caused.

Issu
cha

es such as time savings due to civil engineering works (e.g{shorter travel time, access to
Facteristics of visual comfort (e.g. adequate lighting, colour of road surface); characterist

quallity; health and safety of construction workers and. prebability of accidents (e.g. due td

cur

Infy
dev]
on

dist
wit

es on a road) should be considered and indicatorsrelated to them, developed.

astructure effects on users’ health and safety should also be taken into account and|
eloped. The further away from populated areas a gas pipeline is located, the fewer will be|
the health of the people who live in the-surrounding area relative to gas leaks. The
ance to a railway track, the less the vibfations will be felt by nearby residents. If a road

h stricter outline parameters (e.g. narrower lanes, narrower verges, tighter radii in curve

to avoid wandering through a natural\protected area, the number of accidents may increase

Infq
rep

rmation concerning this subject can be obtained from surveys, research, complaints, and
brts. The following aspects ¢an be considered.

Workers’ health and-eomfort

This aspect includes the following indicators for the protection of the health and comfort
in the outdoor environment:

Indicator: provision (number and quality) of sanitary and rest facilities.
Indiecator: protection of workers against the potential adverse effects of:

solar radiation;

5 in case of

ring works
nfluence of
tation and

Fesources);
cs of water
numerous

indicators
the effects
breater the
s designed
ps) in order

monitoring

of workers

extreme heat and/or cold;
other radiation effects in the environment (e.g. radon in tunnelling);

construction processes or working conditions.

Indicator: design of the civil engineering works in order to allow a more comfortable and safe

construction and maintenance.

— number of lost days because of an occupational accident or disease;
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— number of employees’ accidents with sick leave.
Characteristics of air quality

Air quality depends on a wide range of factors: e.g. the types, quantities of materials, and where
they are situated in civil engineering works, number and types of vehicles (e.g. motor vehicles,
trains, aircraft) using the asset, and typology.

For addressing air quality, the following indicators shall be considered:

Indicator: the concentration of recognised pollutants (such as Ozone, CO, NO, and SO, and
a ] A ot o oo od o cbatad jm o olio hrief-considerine the

~ MLV 2 = aaa = a a
O C w, )

oncentrations; and

minimum and/or maximum threshold values of those c
Indicator: measures to protect workers and users against the adverse effects of the above,

NOTE1 The valuation can be by simulation (before construction) or monitoring (durjug construction,
use and deconstruction).

Acoustic characteristics

The aspect of acoustic characteristics depends on the sound level, reverberance period and sopnd
attenuption. Both airborne and impact sound adds to the sound level,»The acoustic performgnce
shall take into account different types of use and sources of noise,

To addlress impacts on employees (including for construction workers during construction,
maint¢nance repair replacement refurbishment and deconstruction) and/or the general public
(wher¢ appropriate) the following indicators shall be considered:

Indicafor: sound levels after insulation and other measures adopted against impact and sounds
from the civil engineering works [dB(A)];

Indicator: sound levels after insulation from,sounds from outside the civil engineering works pnd
other measures adopted (e.g. from traffic, aicplanes or adjacent civil engineering works) [dB(A);

<

NOTEZ Low frequency noise and vibrations can have a serious effect on the quality of life of those affefted
by therp. Sources of low frequency noisé are many and varied but are often industry related. Examplgs of
possible sources are pumps, boilers,theavy industry, electrical installations, amplified music, wind fafms,
fans, vgntilation plant, blasting, read,/rail, sea and air traffic.

Charagteristics of visual comfort

For employees (incliding construction workers during maintenance repair replacenpent
refurbjshment andhdeconstruction) and/or the general public (where appropriate) aspectf of
visual|comfort (the amount of daylight, the amount and quality of artificial light, protection
againsf sunlighit and the visual connection with the ‘outside world’ or with other parts of the ¢ivil
engingering-works) shall be considered.

To address aspects of visual comfort in the outdoor environment the following indicators shall be
considered:

Indicator: the amount (coverage) and quality of artificial light for lighting (e.g. in tunnels, on station
platforms, quaysides) and floodlighting (e.g. for car parks, sports facilities and outdoor activity
centres).

Indicator: protection from glare for users.
Additional impacts indicators

The following additional impact indicators may also be considered:
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— Human toxicity, cancer effects

Indicator: potential comparative toxic unit for humans (CTUh)
— Human toxicity, non-cancer effects

Indicator: potential comparative toxic unit for humans (CTUh)
— Particulate matter emissions

Indicator: potential incidence of disease due to PM emissions (incidence of disease)

5.3

5.3

For

5.3

Visyial impacts include several-different aspects, the following indicators shall be considered:

Ind
cou

Ind
infq]

Ind
obs

— lonizing radiation, human health

Indicator: potential human exposure efficiency relative to U235 (kBq U235 eq))
11 Impacts on the neighbourhood

11.1 General

these category impacts on the neighbourhood, the following aspeéts shall be considered
visual impact;

glare/overshadowing;

noise;

shocks and vibration;

emissions to outdoor air, soil and water;

changes of microclimate;

other impacts on the neighbourhogdd.

11.2 Visual impact

cator: visibility (“zone of visual influence” or “zone of visual intrusion”) - a GIS-bast
hting the “number,of points” from which an infrastructure can be seen.

cator: visudlHntrusion - a GIS-based analysis of all private areas that can be se¢
astructure!

cator:,0bstruction of viewpoints — a GIS-based analysis of situations where a desira
fructed by an infrastructure.

bd analysis

n from an

ble view is

5.3.

For

11.3 Glare/Overshadowing
addressing glare and overshadowing the following indicators shall be considered:

Glare from artificial lights

Indicator: the projection and illuminance (lux) from the object of assessment at night and whether

it is continuous or intermittent.

Indicator: the presence of (e.g. blinking, flashing, coloured) lighting causing irritation, loss of

concentration, etc.

Indicator: Glare emitted during the civil engineering works use (e.g. lights coming from vehicles

circulating in the opposite direction).
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Sun glare

Indicator: Glare emitted from a civil engineering works surface, e.g. caused by exterior materials

with a

high reflectivity.

Indicator: Glare from sudden transitions (e.g. way out from tunnels)

Overshadowing

Indicator: overshadowing area with adverse effects on the neighbourhood (expressed in m?2).

Indica

For: nvprchqdnwing hours of shade on npighhmlrc with adverse effects (PYprPccpd in hon

s).

NOTE
of the f

For each of]
reference

5.3.11.4 N

Dependent
infrastruct
disturbandg
effects (ne

For addres

Indica

Indica

Indica

The meas

NOTE
information

When the 4
be conside
works:

intern
acoust

extern|

|

There are different methods to estimate overshadowing which have been developed for‘ana

the above indicators the selected basis of design chosen shall be briefly statedtogether
o supporting documents.

[oise

on the type of civil engineering work noise and vibrations ¢an cause massive effects
ure users, the neighbourhood, communities and the public.Noise and vibrations can lea
es of individuals exposed to sources like traffic or construction activities. Secondly, harn
bative impacts on human heath) can result if a long-terin exposure arises.

King noise impact on the neighbourhood, the following shall be considered:
or: emitted noise pressure level [measured inik,, dB(A)].
or: peaks of noise [measured as L;j, dB(A)}}and their evolution during the service life ter

or: noise pressure levels at the receiver’s side.

es shall be made in accordance(with ISO 1996-2:2017, Annex B.

not specified for sound-emitting appliances and devices, direct measurements can pro
on the sound pressure levels,

|ssessment is made on the basis of a design, the following aspects of the construction shg

il sound insulation (on the source itself);
ic characteristics of the materials or the design;

Al noise barriers.

red for their potential to contribute to control of noise emitted from the civil engineef

ysis

erformance of photovoltaic modules. Some of these are based on 3D-visualisation modelsof-the lpuilt
enviropment (GIS-based).

vith

on
d to
hful

1.

vide

uld
ng

—-

For each of the above technical solutions the selected basis of design chosen shall be briefly stated

together w

ith reference to supporting documents.

5.3.11.5 Shocks and vibration

To address

shocks and vibrations the following indicators shall be considered.

Indicator: shocks and vibrations emitted from the civil engineering works, evaluated in accordance

with the IS

0 2631 series.

Indicator: shocks and vibrations levels at the receiver’s side.
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11.6 Emissions to air, soil and water

Emissions of pollutants to air, soil and water are covered in the environmental assessment, however

emi

ssions from civil engineering works can have an impact directly on the neighbourhood.

To address emissions and the possible adverse impact on the neighbourhood, the following issues shall
be considered:

dust and smoke;

odour;

The

The
rep

water;
heat.
report shall describe the source and frequency of any potential nuisance caused by the §

level of controllability of emissions shall be considered for each impact“mentioned in
Drt.

Systems for controlling the emissions from the civil engineering wotks

Indicator: Is there a system for controlling the emissions fronr'the civil engineering wi
noj.

Dust and smoke:

To address emissions of particulates, e.g. dust;and smoke to outdoors the possible advs
of the following on the neighbourhood shallbe described:

Indicator: levels of dust and measures‘against it.
Civil engineering works may contribute to PM through the following pathways:

NOTE1 This indicator is for consideration of the direct loads on the neighbourhood. Glob
calculated in the environmental assessment.

— Construction precess

EXAMPLE 1 Diesel trucks used for transport from and to the construction site; milling
in concrete;using glass or stone wool insulation.

— Operation and maintenance activities

EXAMPLE 2 PM generated by the burning of fossil fuels for power generation, oil fired
fires, woodstoves and diesel driven engines/generators.

bove.

the above

brks? [yes/

If yes, the system shall be briefly stated together with'teference to supporting documentgs.

rse impact

bl impact is

and drilling

boilers, coal

Hear’c il o4 oo

b)

©IS

EXAMPLE 3  PM generated by cars using a motorway.
— Demolition works and transport during the EoL stage.

Indicator: Levels of smoke and measures against it.

EXAMPLE 4 Smoke generated by the burning of fossil fuels for power generation, oil fired

boilers, coal fires, woodstoves and diesel driven engines/generators.

Odours

Emissions of odours from a civil engineering works can have an impact directly on the

neighbourhood.
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2 Emissions of pollutants to air, soil and water are covered in the environmental assessment.

The source and frequency of any potential nuisance caused by the above shall be described and the
following shall be considered:

— Indicator: is there an emission of an odour? Yes/no.

— Indicator: number of persons impacted.

— Indicator: is there a system for controllability of the emission level on the Civil Engineering
Works: Yes/no. (The system shall be briefly stated together with reference to supporting

d

c) Water

Water

Haantc)

CIITCTICSy™

(e.g. whter from outflows, pipes).

Any pdtential nuisance caused by the above shall be described and the following'shall be conside

— Ingdicator: is there any water discharge? Yes/no.

— Inglicator: number of persons impacted.

— Ingicator: is there a system for controllability of the discharge: Yes/no. (The system shal
brjefly stated together with reference to supporting documents).

d) Heat

Heat o

(e.g. exhaust from cooling towers, heat pumps).

Any pqtential nuisance caused by the heat shall.be described and the following shall be conside

— Ingicator: is there any heat emission? ¥es/no.

— Inglicator: number of persons impaeted.

— Indlicator: is there a system fox controllability of the heat emission: Yes/no. (The system sha
brjefly stated together with reference to supporting documents).

5.3.11.7 (hanges of microclimate

Civil engi
surroundi

EXAMPLE
humidity b

Xeering works\may sometime influence and produce some effects on climate in
gs. These effects shall be described.

Changes in the local wind regime because of the corridor created by a road; changes in
g¢cause(of the water stored in a reservoir; temperature increases because of the heating of the

engineering works surface.

pollution from a civil engineering works can have an impact directly on the neighbourhgod.

red:

I be

utcome from a civil engineering works can haveran impact directly on the neighbourh¢god.

red:

lbe

the

the
Civil

For this aspect, the indicators shall be:

— Indicator: impact on local temperature.

— Indicator: changes in rainfall.

— Indicator: changes in wind speed.
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5.3.11.8 Other impacts on the neighbourhood
Loadings on the surroundings could also be related to the following aspects:
— Conflicting uses

Indicator: number of expected points of conflict between civil engineering works users
(pedestrians, cyclists, car drivers, etc.) or users of public spaces (e.g. children, elderly people).

— Quality of space

NQTE A numberofinfrastructurescanbe consideredas pnhlir‘ spaces and their n‘nalify canbe evaluated

with methods from urban planning.

Indicator: space quality index according to a specific urban planning method.

The method used to calculate the space quality index shall be specified and clearly stateld.

5.3]12 Maintenance and maintainability

Thip aspect assesses the consequences on users, neighbours and neighbourhoods of the mpintenance
activities (including planned repair, replacement and refurbishment) needed to retaip the civil
englineering works in a state in which it can perform its requiredfunctions or to restore itfs technical
performance when a fault occurs. Maintainability is influenced by the quality of design, cohstruction,
the[accessibility of the infrastructure structure and services) and the quality of the maintefance plan.
Addressing maintainability shall take into account the frequency and duration of maintephance, and
shoft, medium- and long-term effects of this on:

— |Safety for users and neighbours during maintehance.

Indicator: quality level of safety measures (considering those measures that reduge risks or
separate risks from neighbours beyond-the legal requirements).

— | The usability of the civil engineeringiworks while maintenance tasks are being carried put, (e.g. as
aratio of expected maintenanceduration causing disruption to days of normal use).

Indicator: average number.of.downtime hours during maintenance.

The assessment shall be baSed on the estimated service life as determined in accordance wjth specific
rulgs of product standards and shall take into account rules and guidance given in ISP 15686-1,
ISO[15686-2, ISO 156867 and ISO 15686-8, and relevant scenarios.

5.3]13 Safety/security

Thip indicatorexpresses the measures adopted in order to avoid injuries or to increase the s¢curity and
safgty ofiwerkers, users and neighbours.

For|workers the indicator shall be:

Indicator: additional measures over the regulation that increase the personal safety and decreases the
possibility of incidents.

EXAMPLE1 Temporary safety barriers protecting the working area or use of chips in helmets to locate
workers in a specific dangerous area.

For users, this indicator relates to the secure use of the infrastructure.

Indicator: additional measures over the regulation that increase the user’s safety and decreases the
possibility of incidents.

EXAMPLE 2  Abetter layout of a road, or a well-illuminated tunnel decreases the possibility of accidents.
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5.3.14 Sourcing of materials and services

This aspect shall include indicators of the responsible sourcing and traceability of products and

services.

For addres

sing sourcing of materials and services the following aspects shall be considered:

— Information concerning responsible sourcing of materials:

Indicator: compliance with the following standards, declarations, codes or specifications:

a) materials’ prndn(‘finn-

b) sa

raw material origin (e.g. certification) from the point of extraction or harvest ofthe
materials including processing and transport (trade routes);

implementation of environmental management systems (e.g. according t@-1SO 1400
equivalent).

fety performance from start to finish of the materials’ production:

[SO 45001 or equivalent).

¢) human rights - compliance with social responsibilities (e.g{ ILO Declaration on fundame

pr

d) tr

— Sourci
Indica

a) sa

nciples and rights at work, ISO 26000 related to the human resources):
legal situation of the company, employees, contractors and subcontracted personnel;
social conditions applying to the workplace.

iceability:

characteristics.
ality management/control:

implementation of quality' management systems (e.g. according to ISO 9001 or equival
and factory production control.

hg of services:
or: complianc€ with the following standards, declarations, codes or specifications:

fety performiance from start to finish of the service supplied:

equivalent).

Faw

| or

implementation of occupational health and safety management.systems (e.g. according to

htal

management procedures ensuring the traceability of materials supplied and respecfive

bnt)

implementation of health and management systems (e.g. according to ISO 45001 or

b) compliance with social responsibilities (e.g. ILO conventions, ISO 26000 related to the human
resources):

legal situation of the organization providing the service, its employees, contractors
subcontractors;

and

social conditions of the workplace and transportation to and from work as well as

accommodation of workers.

c) traceability;

d) management procedures ensuring the traceability of the services supplied;
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quality management/control:

— implementation of quality management systems (e.g. according to ISO 9001 or equivalent)

and factory production control.

f)

environmental management/control:

— implementation of environmental management systems (e.g. according to ISO 14001 or

equivalent).

This may be demonstrated by third party certification schemes which meet the scope and issues

5.3

Thi
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sho

Ind

NO1
for
part
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infn]
EXA
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supplied by the manufacturer/supplier.

15 Social equity

5 aspect assesses the consequences on social equity of new or existing €iyil engineer
ressing social equity shall take into account three important dimensions+the recipienf
ething-; the item -what is distributed-; and the process -how the distnibution is carrig
Ft, medium- and long-term effects of this influenced or caused by the.civil engineering w

cator: number of measures adopted in order to increase equity-during life cycle.

E Measures can relate to areas such as gender equality, poventy alleviation, access to trainin
bqual work, equal access of vulnerable people, including people with disabilities and indigenous
icipate in decision-making, etc.

cator: percentage of most disadvantaged population with access to services pi
astructure.

MPLE
dvantaged population. Or Disadvantaged population accessing the service divided by the tota
ssing the service.

Description of economic dspects and impacts

1 General

) to 5.4.7 describe the-aspects and impacts which shall be considered for developin
hdicators for assegsing the economic pillar of sustainability performance of new or ex
ineering works.®When some of them are not considered or are excluded from conside
bons for such.emission or exclusion shall be clearly explained and justified. Net present va
annual equivalent values (AEV) used as economic indicators shall be determined by aj
s and guidance given in ISO 15686-5. Annex B provides guidance about cost and revenue

2. “Life-cycle costs

nformation

ing works.

-who gets
d out-, and
brks.

g, equal pay
peoples, to

ovided by

It can be expressed as disadvantagéd population accessing the service divided lpy the total

population

b a system
isting civil
ration, the
lues (NPV)
pplying the
categories.

The following indicator shall be used when addressing the economic sustainability performance of the

civi

| engineering works.

Indicator: net present value or annual equivalent value of the total costs for:

a)
b)

c)

©IS

before use stage (modules AQ-A5, Table B.1);
use stage (modules B1-B7, Table B.2);
end of life (modules C1-C4 and D, Table B.3).
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5.4.3 External costs

The assessment can include (but are not limited to):

users of the civil engineering works that is not covered by revenues.

neighb

ourhood of the civil engineering works.

Indicator: net present value or annual equivalent value of total costs and benefits generated for the

Indicator: net present value or annual equivalent value of total costs and benefits generated for the

Indicator: net present value or annual equivalent value of total costs and benefits related to changes

on the

NOTE1 |
benefits for

NOTE 2

EXAMPLE
maintenand

Examples
allow the f;

engineerinlg works or environmental impacts).

Potential s

intern

buildiggs and energy) and international and national guidélines for the calculation of external cd

baland

own ¢
and cal

model
nation

NOTE3 [

air qua
soil fer

provisi
resour

other needed data (for example traffic data like daily traffic);

. . ] 4=l LR | - - 1
CIHVIIUHITITIIT CLAUSTU Uy LT CIVII TIIGHITTIH TS VWUIL'RS.

or infrastructures in the traffic system, changes in traveling time are often considered as\cost
the user.

hanges in the environment can be evaluated with the concept of ecosystem service$;

For a road there can be costs of operational handicaps and accidents causéd by constructio
e works, quality deficits and service disruptions as externalities.

bf external costs are environmental damage costs (some countriés have cost factors
hctoring of CO, related costs or health related costs resulting frem the construction of a

burces of information used to create the indicators can be:

htional studies on external costs (normally divided ifthe fields: road, rail shipping, aviaf

e sheets and bills from manufacturers, suppli€rs, subcontractors, etc.;

bnstruction’s management invoices, delivery notes, historical records, accounting syst
lculations and estimations from the financial department;

ing techniques, e.g. application of traffic models;
h1 standards or studies Onexternal costs/benefits.
cosystem services afe,also externalities. The main ecosystem service categories are:

ity regulation /elimate regulation, moderation of extreme events, erosion prevention, maintenan
Lility or biolegical control;

bning.services: provision of food and beverages, raw materials, energy, medical resources, ger
es.or ornamental resources;

S or

n or

that
ivil

ion,
sts;

EINS

regulatling services: regulation of biophysical conditions, biotic environment or against hazards; for exanpple,

be of

etic

cultur

suppor

il . e 1 deloordes 1 1 o 14 .
ISCTI VILTS. D}Jll ItUdI Ul dACTSLIITLILAL Vv4dlutl, 1TLITALIUIL dllU LUUT 15111,

ting services: existence of biodiversity at the level of species, genes, ecosystems and landscapes.

5.4.4 Effects onlocal economy

Indicator: net present value or annual equivalent value of total income generated by construction
operation and end of life of the civil engineering works that is spent for locally supplied production
factors (labor, energy and natural resources).
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Income can include revenues generated by goods and services provided by the civil engineering works
as well as public funding (e.g. by taxes and subsidies).

NOTE For infrastructures in the traffic system, changes in accessibility are (partly) represented by the
indicator “external costs and benefits for users”.

5.4.5 Sustainable funding

Indicator: ratio of net present value of total income generated by operating the civil engineering works
and net present value of total life-cycle costs.

5.4J6 Social internal rate of return
Intdrnal rate of return is the value of discount factor which makes the NPV equal to zero.
Indjcator: social internal rate of return.

Socjal internal rate of return is based on NPV calculation integrating external.costs and bengfits.

5.4/7 Management mechanisms

Indfcators related to management mechanisms provide information related to those |actions or
professes that minimise the probability of negative impacts‘or maximize the achievenjent of the
intgnded performance of the civil engineering works, as wéllas those that help to obtain data of the
different phases.

Indfcator: management systems implemented in eaclyjphase of the life cycle of the civil gngineering
wortks (construction, operation, etc.).

Thif indicator describes relevant managemefit procedures resulting from the implemé¢ntation of
stapdards such as ISO 14001; ISO 9001; ISO,45001 and ISO 26000.

EXAMPLE1  WATER: the category covers-whether management actions have been taken to avoid tHe accidental
spillage of any water polluting substanees\(e.g. not to store materials which can cause pollution negr the water
environment).

EXAMPLE 2  TOXIC SUBSTANEES: Toxic substances appear in the life cycle of the project are listed. Depending
on the previous quality of the seil, the pollution can be less or more harmful, and based in this information,
scerjarios can be developed-~Déecontamination of the asset can be one of the end of life or refurbishmept scenarios
accqrding to SEVESO directive.

EXAMPLE 3  COMPLAINT PROCEDURES: during construction phase to ensure that neighbourhodds have the
possibility to address’the work site and express any possible damages or annoyances and to obtain afresponse.

6 [Development of a system of sustainability indicators

6.1L_General

This document provides guidance and rules for establishing individual as well as a set or sets of
indicators, which are used either separately or together to indicate various aspects of civil engineering
works that contribute to sustainability and sustainable development.

Focussing on one indicator or only a few indicators can be helpful for users to define objectives
or monitor progress towards certain goals or objectives in a non-structured way. However, it is not
intended by this document to use any such individual or group of indicators as a basis to assess the
contribution of a civil engineering works to sustainability or sustainable development, and it neither
gives guidelines for the weighting of indicators or the aggregation of assessment results. The users of
sustainability indicators are responsible for developing the rules for aggregation, when and where it is
considered appropriate.
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The simultaneous assessment of environmental, economic and social aspects with help of relevant
indicators requires the establishment of systems of indicators specific for each case, based on core
indicators that shall be developed taking into consideration the aspects and impacts described in the
previous clause. Sets of indicators should be organised to allow the inclusion of a broad representation
of sustainability aspects while being relevant to the stakeholders’ perspectives.

When establishing a set of indicators for a civil engineering works, the whole set of aspects and impacts
of this document shall be considered. If any aspect and impact is not considered for the development of
indicators, this shall be declared. In addition, if the aspect and impact is considered core for the specific
typology of the civil engineering works, a justification shall be provided if it is excluded.

Additionalfcase specific aspects and impacts can be considered, and indicators developed in addition to
the ones spjecified in this document.

The use of a system of indicators helps to implement several the general principles described in
[SO 15392 This is reflected as follows:

— consideration throughout the civil engineering works’ life cycle of the different aspects relatef to
the cote set of indicators provides an instrument for ‘long term consideration”by the different ugers
for ‘coptinual improvement’ and monitoring, while ‘involving stakeholders

— consideration of all the different individual indicators within the core sét of indicators embodiedthe
principle of a ‘holistic approach’;

— considgration of several the different individual indicators within the core set of indicators reflgcts
expregsion of social, economic and environmental responsibility involving ‘global thinking with
local aftion’;

— consideration and compliance with the guidelines.and requirements described in this clduse
regarding the core set of indicators ensures the ‘trahsparency’ of the process;

— consideration of several different individual,indicators within the aspects and impacts relatefl to
‘socialfinclusion and acceptability’ show concern as it relates to improved ‘equity’.

6.2 Rulgs for developing a system of'indicators
Developing a system of indicators consists of:
— choosipg relevant indicators;

— developing and/or finding suitable methods and information to measure the values of individglual
indicators, whether positive or negative.

The choice of relevant’indicators depends on the needs of stakeholders, decision-making bodies,|the
civil enging¢ering works and its (local) context and the availability of information.

The other ftepnis to gather information and use the relevant methods to assign values to the sele¢ted
indicators.

— First, the data shall be collected and translated into a homogeneous measurement system, which is
suitable for the selected indicators (e.g. establishing value ranges, so noise between 70 dB and 80 dB
may be translated into 1, 2, 3, etc.).

— Second, weighting may be applied, to state the relative importance of the selected indicators in the
indicator system.

The choice of suitable methods will be limited by their availability as well as their applicability relevant
to the users’ needs.
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The following general requirements for developing a system of sustainability indicators within the
abovementioned aspects and impacts for civil engineering works shall be respected.

— The system of indicators shall contain indicators that are quantitative, qualitative or descriptive
measures representative of one or more of the essential (core) environmental, economic and social
impacts and aspects of a civil engineering works.

— The process of selection, development and application of indicators and the qualitative, quantitative
or descriptive methods of assessing individual indicators shall be transparently reported.

— When developing a system of indicators, these core indicators shall be complemented with some
additional indicators depending on the typology of the civil engineering works. For instance, if a
building is part of a civil engineering works (e.g. an airport), relevant indicators of 70 21929-1
should be included as additional indicators in the system used for the assessment:

— |The selection ofindicators that are not defined as core indicators in this document'shall bg motivated
by, and explained regarding, both the local and global context, as appropriate:

NOTE When developing a system of indicators to be used in a single céuntry, the infrastfucture and
construction of which is regulated by common construction regulations, it(can be that some inglicators are

adequately covered by existing regulations, considering the general viewpaojnts of sustainability and|sustainable
dev¢lopment.

6.3| Usability of sustainability indicators

To be usable, an indicator shall be accompanied by an explanation that describes how to|assign the
valye of the indicator. Indicators also should have a source of information that provides the basis on
which the value of an indicator is calculated.

With indicators being used to simplify and communicate complex information, they are useflul for:
— |assessment (e.g. against stated target.values);

— |diagnosis (e.g. to point out affecting factors);

— |comparison (of alternatives, based on a defined method of assessment);

— |monitoring (e.g. the change over time).

NOTE1 Intended uses af 3 system of indicators for assessing overall sustainability can include:
— |evaluation of options for

— design and-Construction of a new civil engineering works,

— theanalysis of the performance of an existing infrastructure,

— A improving operation of an existing infrastructure;

Ada&Ciguning for wate ol oo d ol vl ant doiagtba nca o d oo ot a0 P2
eSSt TR e o T etrorrea T erar oSt au et uStantmateeiatee-5tage;

— the deconstruction and disposal at the end-of-life stage;
— use as the basis for benchmarking;
— communication to third parties.

Weighting of indicators and aggregating of results is sometimes applied in practice, either implicitly
through the choice of indicators or explicitly through the application of weights. As the aggregation
of results typically relates to subjective value choices, and as there are no commonly agreed methods
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for weighting, clear and transparent documentation should be provided where weighting methods are

applied.

NOTE 2  This document does not otherwise address subjects related to weighting of indicators or aggregation

of results.

6.4 Users of indicators

The application of indicators may vary according to users, the related needs of those users, and
application stage. When developing indicators, one should be aware about the context of their intended

application
monitoring
object and

The follow
varies frof
indicators.

— Public

Public
requir

), the stakeholder's scope, the decision-maker’s scope, the stage(s) of the life cycleof]
the availability of information.

h one country to another, which can affect how these different parties uséythe diffe

bodies and policy makers

bodies and policy makers can use indicators to state and show sustainability-reld

sustainability-related performance of civil engineering works. Administrative bodies can r¢

incent
object

— Invest

Indica
requir
design|
indicaf
and sul

ves to certain indicator-related performance aspects,possibly in line with their pg
ves.

brs, owners, promoters and facility managers

ors help investors, owners, promoters and fagility managers to state sustainability-rels
bments and objectives. Indicators and related methods help to show the conformity off

ors in marketing plans to show the centribution of the civil engineering to sustainab
stainable development.

— Non-g¢vernmental organizations (considering interest groups both at national and at local leve

Asac
the so

fial and environmentalepercussion of a civil engineering works, in order to make act

and allegations.

— Plannd

Indica
as usd
specie
choser

rs, developers and designers

ors aid planminig and design by identifying critical aspects related to sustainability, 3
of resqui'cés, socio-economic repercussions or effects in the related ecosystems
5. Thiscensures that the designer can recognise the design features that may influence
indicators. Using indicators and corresponding assessment methods and tools allowsg

compalrison of alternative designs and verifying conformity of a design against stated objectivd

The context relates to the field of application (assessment, diagnosis, comparison,

the

ng are examples of user needs for sustainability indicators. However, the role of'stakeholdlers

fent

ted

bments on infrastructures. Administrative bodies can alsorutse indicators to evalgiate

late
licy

ted
the

or the construction with stated requirements. Owners or asset managers can also apply

lity

1)

bmmitted part of society these organizations need instruments like indicators to evalgate

ons

uch
and
the

for

©n

— Manufacturers of products

Production processes should focus on sustainability requirements. Therefore, indicators and
related methods help manufacturers of products to state that their production processes fulfil
these requirements.

— Contractors

Contractors should be aware of stated sustainability-related requirements for the civil engineering
works in terms of indicators. In addition, contractors can apply sustainability indicators to monitor
the construction process.
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Operators and maintainers

Sustainability indicators provide parameters for monitoring the use and maintenance stage of the

infrastructure and can help in the decision-making process of these users.
Users and people who are given service by the infrastructure

Sustainability indicators provide parameters for monitoring the use stage of the infrastr

ucture, the

transparency in the communication with society and analysis of the infrastructure’s contribution

on it, and the user’s satisfaction concerning the infrastructure.

7

7.1

Thd
rep
and|

of importance to the content of the report/communication,

Thd
the
sha

7.2

The
infd

Rep

AN 1 P | 1 | 4
INCar oy 10Car TCSTUCITCS

Sustainability indicators should enable the evaluation of the compliance cwith
requirements (regarding public health), as well as the effect that the civil engineering
have over the population density, or amount working opportunities in the area,

Reporting and communication

General

indicators developed considering the aspects and impacts specified in this docume
brted and can be communicated. The report relates to thé final document result of the ¥
the communication relates to public dissemination of the{result. Both shall contain any i

basis of the aspects and impacts considered, andswhy they have been taken or not intg
transparency and traceability of information used and therefore the reporting and com
| be accurate, verifiable, relevant and not misleading or deceptive.

Information on the report

information shall be presented in;sufficient detail to allow the reader to estimate the qu
rmation.

orting shall include (but is hot limited to) the following information and/or assumptions
identification of civil'engineering works (address, etc.);

purpose of develeping a set of indicators (intended use and scope);

client;

name and’/qualification of the developers of the set;

point'of the civil engineering work’s life cycle where the indicators are applicable;

nuisance
works can

ht shall be
vorks done
hformation

account is
munication

ality of the

regarding:

date of development;

General information on the object of assessment shall include (but is not limited to) the following
information:

©IS

functional equivalent:

civil engineering works type (e.g. dam or road);

relevant technical and functional requirements (e.g. the regulatory and client’s specific

requirements);

pattern of use (e.g. vehicles/year);
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— additional functions considered;

— required service life;

— reference study period considered.

It may also

EXAMPLE

include other civil engineering works information.

Technical type of the civil engineering work; year of commissioning; year(s) of refurbishment.

7.3 Statement of boundaries, scenarios used and additional functions considered in the
assessment

For the ciy

il engineering works under consideration the relevant assumptions and scenarios taken

into account shall be described or referenced in the report. The additional functions addressed shall be

declared a

7.4 Datg

Data sourc

7.5 Com

7.5.1 Ge

well.

| sources

es, references, type and quality of data used shall be reported.
munication of assessment results

neral

If the results are to be communicated, to any entity beyond the client, they shall be made as clearly and

simply as 1
The comm
— identif
— purpo
— major
— client;
— name 3
— point g

— date of

ossible.

inication shall include the following information:

ication of civil engineering works (addré€ss, etc.);

e of developing a set of indicators:(intended use and scope);

hssumptions and considerations;

ind qualification of the)developers of the set;

development;

— functi¢nal equivalent:

—  CiyV

ril-éngineering works type (e.g. dam or road);

f the civil enginéering work’s life cycle where the indicators are applicable;

— relevant technical and functional requirements (e.g. the regulatory and client’s specific
requirements);

— ad

ttern of use (e.g. vehicles/year);

ditional functions considered;

— required service life;

— reference study period considered.

For each indicator that is included, and if a value is provided for it, the measured value or measures
shall be stated together with reference to relevant documentation.
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The set of indicators developed for a civil engineering works shall cover the whole set of aspects and
impacts of this document. If any aspect and impact is not considered for the development of indicators,
this shall be declared in the communication. In addition, if the aspect and impact is one of the core ones
for the civil engineering works typology, a justification shall be provided.

If an indicator was not developed for any aspect and impact, this shall be stated with a reference “IND”
(indicator not developed). A reference to the full list of aspects and impacts shall be provided in the
report and in the communication. This can be provided by a printed list, an URL list or by any other
way. If core aspect and impacts are flagged as “IND”, the report and the communication shall explain
why.

Respults shall be presented separately for all the civil engineering works life cycle stages and ihformation
modlules. Results for different scenarios and for different additional functions shall |be| presented
sepprately. In order to facilitate future decision making, results of alternatives with different additional
funttions shall be presented in parallel with the base case (current client’s brief), presentipg only the
reldgvant differences between them.

7.5)2 Simplifications and additional remarks

Thg communication of results shall be based on and be limited to the-report in accordance with this
document, but it may be simplified according to the following rules:

— |if some aspects and impacts do not have accompanying indicators, this shall be reported as IND
(indicator not developed);

— |if some modules are not included it shall be reporte@d\as MNI (module not included);
— |the communication may be limited to a selectiotiof indicators.

Anyf of the previous options shall be justified.
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Annex A
(normative)

Core indicators by civil engineering works (CEW) typology

A.1 Environmentalindicators

Tables A.1 fo A.9 contain a relation between environmental indicators and the CEW typologies:

Table A.1 [— Relation between CEW typologies and the indicators for water managemeént (5.4.2)

: |74
e s e e Linear infra- other flavial r{f%:l'(‘;‘e :::)cli;s:
tures works
QUANTITY X O «x X
Consumptiye use of fresh water X X
Non consuthptive use of fresh
water
Water scargity X
Water floodling X X
QUALITY X N X X X
Dissolved dxygen X X
Total suspgnded solids X X X X
pH X
Biochemicdl Oxygen Demand X X X
Turbidity X X X X
Others X

Table A.2 — Relation between'CEW typologies and the indicators for energy management

(5.2.3)
= L Linear infra- DETTIG NG Maritime | Publjc
ENERGY MANAGEI‘Q@‘ cess infrastruc- other fluvial
structures works spaces
= tures works

Total renewable primary energy
resources ([primaryenergy and < < <
primary enfergyresources used as
raw materials)
Total non-renewable primary
energy resources (primary energy < X < <

and primary energy resources
used as raw materials)

Renewable secondary
energy sources

Non-renewable secondary energy
sources

Abiotic depletion potential
(ADP-fossil fuels) for fossil re-
sources
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TG Y0 Linear infra- DTG Y] Maritime | Public
ENERGY MANAGEMENT cess infrastruc- other fluvial
structures works spaces
tures works
Reduction of peak energy capacity < <
requirements via DSM (MW)
Reduction of over-all consumption < . < <
via DSM (MWh)
Flexibility of consumption via
DS M-{able-to-shiftte-offpeal %
perfiods)
Ratfio between useful energy out-
. X X
pufjover total energy input
On{site energy generation/recov-
ery|
. X X
co-generation, energy storage con-
tributions (MW)
Table A.3 — Relation between CEW typologies and the indicators for material manggement
(5.2.4)
Industrial pro- . ) Dams and . .
MATERIAL MANAGEMENT cess infrastruc- Linear ﬂ}g other fluvial BT | i
structures works spaces
tures (R works
Virgin material X X
Redycled material X X X
Redyclable material
Noi-recyclable material X
Reysed material X
Table A.4 — Relation between CEW typologies and the indicators for waste management (5.2.5)
N Industrial =
pro . . ) Dams and . .
WASTE MANAGEMEN O cess infrastruc- [HICE T TV other fluvial eI | I
structures works spaces
al tures works
Hazardous waste dispaséd X
Nomn-hazardous waste-disposed X X X
Radioactive waste disposed
Corpponentsdor're-use
Materialsfor recycling
Materials for energy recovery (not
bei hgwaste inrinnrnfinn)
Exported energy

Table A.5 — Relation between CEW typologies and the indicators for emissions to environment

(5.2.6)
Ll e Linear infra- i 20 Maritime | Public
EMISSIONS TO ENVIRONMENT | cess infrastruc- other fluvial K
tures structures works works spaces
Emissions to air X X
Depletion potential of the strato-
spheric ozone layer, ODP
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Table A.5 (continued)

EMISSIONS TO ENVIRONMENT

Industrial pro-
cess infrastruc-
tures

Linear infra-
structures

Dams and
other fluvial
works

Maritime
works

Public
spaces

Global warming potential, GWP
(kg CO, eq.) SUM (GWP fossil +
GWP biogenic + GWP land use)

GWP fossil

GWP biogenic

formation

GWP land yse and Iand use trans-

Formation

potential of tropo-

spheric ozdne, POCP

Emissions

to water

freshwater
Eutrophica
water

(kg PO, eq

Eutrophic*tion aquatic freshwa-
ter: Fractign of nutrients reaching

end compartment,
Fion potential, EP fresh-

Fraction of]
freshwater

(kg N eq.)

Eutrophicqtion aquatic marine:

nutrients reaching
end compartment, Eu-

trophication potential, EP marine

ecosystems

Eco-toxicity (freshwater): Po-
tential Conjparative Toxic Unit for

(CTUe)

Emissions

to soil

‘g

Soil qualit

y: Potential soil quality

index (dim¢nsionless)

cumulated [Exceedance, Eutrophi-

Eutrophication terrestrial: Ac-
cation poteEtial, EP terrestrial

Biogenic caIrbon (9]

Acidificatibn for soil and w;té@

Acidificatipn: Accumulated Ex-
ceedance, Acidification potential
AP

vibrations and light impacts (5.2.7)

Table"A.6 — Relation between CEW typologies and the indicators for noise,

NOISE, VIBRATIONS AND LIGHT
IMPACTS

Industrial pro-
cess infrastruc-
tures

Linear infra-
structures

Dams and
other fluvial
works

Maritime
works

Public
spaces

Disturbance because of noise,
vibrations and light impacts on
ecological species
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Table A.7 — Relation between CEW typologies and the indicators for landscape changes (5.2.8)

L0 U LI Linear infra- Pl Maritime | Public
LANDSCAPE CHANGES cess infrastruc- other fluvial
structures works spaces
tures works
Permanent land occupation:
Land surface occupied by the X X X
asset
Temporary land occupation:
Land surface occupied by the tem- X
porary works
T4ble A.8 — Relation between CEW typologies and the indicators for ecosystem‘health (5.2.9)
Industrial pro- . . Dams and o .
ECOSYSTEM HEALTH cess infrastruc- LbCEIFIbTE e other fluvi )fla(arltlme ulilisg
structures works spaces
tures worksOy
Chgnges in ecosystem services X X
Biddiversity change X X X
Prdtected areas affected
Noi-protected areas with biodi-
verpity quality changes
Ecqlogical connectivity (Land- 2 <
scape connectivity)
Degree to which CEW facili-
tat¢s or impedes the movement
thrpugh the landscape for flora
and fauna
Table A.9 — Relation between CEW typelogies and the indicators for land use changess (5.2.10)
I trial pro- q q Dams and or c
LAND USE CHANGES cess'infrastruc- | Lin€arinfra- | oo o fuvial | Maritime | Public
. structures works spaces
tures works
Surfface of land that changes its
prejvious use because of the CEW < <
(belcause the land is occupied by it
or hecause of its influence)
A.2 Social indicators
Tabjes A0 to A.23 contain a relation between social indicators and the CEW typologies.
— (5.3.2)
Industrial pro- . . Dams and . .
ACCESSIBILITY cess infrastruc- LIS I e other fluvial ML | TG
structures works spaces
tures works
Inclusive access
Provisions included in the civil
engineering works to facilitate X X
access to people with disabilities
User’s affordability such as toll
charges, electricity charges, price
. ; . X
of water or equity of financial
mechanisms
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Table A.10 (continued)
Industrial pro- . . Dams and - .
ACCESSIBILITY cess infrastruc- IR IT 35 other fluvial LEnlTE | AL
structures works spaces
tures works
Access to basic supplies pro-
vided by the civil engineering
works
Service level X
Changes of people’s opportunity
to access a peed-guatityraturat <
environmeht, including access to
natural grelen areas
Net changelin the utility supply
Connectivity
Travel timg X
Fragmentation of settlements X
Design featjures incorporated
that enable|transit for all relevant X X
users
Table A.11 — Relation between CEW typologies and the indicators for adaptability (5.3.3)
Industrial pro- c c Q\‘ Dams and - -
ADAPTABILITY cess infrastruc- LT mﬁs&' other fluvial N e
struc works spaces
tures works
Number of measures of the CEW
to accommgdate technical chang- <
es, change ¢f use, complementary
uses and external events.
Table A.12 — Relation between CEW typologies and the indicators for population system (5.3.4)
In ial pro- . . Dams and . .
POPULATION SYSTEM c frastruc- L LT other fluvial WETHLING || LT
structures works spacps
PR tures works
Number of people resettled
voluntarily|or involuntarily and < <
directly or jndirectly because of
the CEW
Table A.13 —Relation between CEW typologies and the indicators for job creation (5.3.5)

A)

JO

L&sﬂmm

Industrial pro- . . Dams and "
ot p Linear infra- . Maritime | Publjic
cessinfractruc nfhev fluvial
structures works spaces
tures works

Number of people to be employed

local)

Type of employees (local or not

Number of local disadvantaged
people to be employed
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Table A.14 — Relation between CEW typologies and the indicators for cultural heritage

elements (5.3.6)
Industrial pro- . . Dams and - .
CULTURAL HERITAGE ELE- . Linear infra- . Maritime | Public
MENTS cess infrastruc- structures other fluvial works spaces
tures works p
Number and value of cultural
heritage elements affected due to
the civil engineering works
lvement
! Industrial pro- . . Dams and > .
$TAKEHOLDERS INVOLVE- . Linear infra- . aritime|| Public
MENT cess infrastruc- structures other fluvial orks spaces
tures works nql_-)’ p
Corpsideration of end users’ in-
volyement and their needs
Corpsideration of stakeholders
(other than end users) involve- X X X X X
meht and their needs
Exitence of a procedure for
mahagement and resolution of
contradictions or conflicts
Degree of satisfaction of affected
parjties
Number of documented lessons
learned
Table A.16 — Relation between CEW:typologies and the indicators for human rightg (5.3.8)
In sgl’\lal pro- - - Dams and - -
HUMAN RIGHTS ce&lfrastruc- Linear infra other fluvial Maritime|| Public
5 structures works spaces
\, - tures works
Numnber of failures to comply
with relevant standards or décla-
ratjons of Human Rights
Table A.17 —Relation between CEW typologies and the indicators for resilience (|5.3.9)
Y\S~ lndu_strlal Pro- iy inearinfra- DA anfi Maritime|| Public
@ IENCE cess infrastruc- other fluvial
structures works spaces
tures works
Str ugyﬁ(?fstability
Safnfyindepc X X X X
Consequences of climate X < < X <
change
Measures adopted for each one of
the climate aspects considered
— Rain effects
— Wind effects, sand and dust
storms
— Hail
— Snow and ice
— Flood
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Table A.17 (continued)

RESILIENCE

Industrial pro-
cess infrastruc-
tures

Linear infra-
structures

Dams and
other fluvial
works

Maritime
works

Public
spaces

Tempe

rature variation

Droughts

Sea level, waves and coastal
effects

Glacier,

geological impacts

and chingesto permafrost

Wild fires

Future cha
altered con
such as pog
and snow |
rain and hi

hges of impacts:
ditions in the future,
sible changes of wind
ads, the amount of
bher sea levels

Incidental

actions

-O

Mass move

ments

Earthquak(

P resistance

Explosion 1

esistance

Fire Perfor
outside eve

mance for inside or
nts

Traffic acci

dents (collisions)

against in{
ism

Personal spfety and security

ruders and vandal-

Measures @
civil engine
forced acce
age as well
need to fee

f the capacity of the
ering works to resist
ss and deliberate dam-
as to satisfy the users
safe and secure

Security af
of utility s

painst interruptions
pply

>

Provisions
security ag
utility supg

made for increased
pinst interruptions.of

ly

Table /

(5.3.10)

\.18 — Relation between CEW typologies and the indicators for health and comfort

X~

HEALT

HAND COMFORT

Industrial pro-

. Linear infra-
cess infrastruc-

structures

Dams and
other fluvial

Maritime
‘Arnrks

tures

works

Publiic

Workers’ health and comfort

Number and quality of sanitary
and rest facilities

Protection

effects

of workers against the

potential environmental adverse

nance

Design of the CEW in order to
allow a more comfortable and
safe construction and mainte-

Characteristics of air quality
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