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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.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Concrete is a material that is indispensable for the construction of infrastructure including civil
structures and buildings. Massive amounts of resources are used for construction of this infrastructure
and large amounts of concrete rubble are generated when these structures are demolished. Concrete
can therefore be regarded as a material having a critical impact on the formation of a recycling-based
society from the aspect of not only resource consumption but also future waste generation. Meanwhile,
a significant amount of COy, a greenhouse gas, is discharged from activities related to architecture and
civil engineering. Various documents indicate that the concrete sector is emitting 5% to 10 % of the

globhal CO 3 2 tructures.
On [th nt role in
solying recycling and global warming problems. Consideration has to also be given to-the ¢mission of

air

invgntory analysis (LCI) and life cycle assessment (LCA). LCl and LCA’has to be conducted under the same
congditions. In other words, it is important to clearly define a range of time and space for assegsment, and
qualntitatively grasp the types and amounts of resources, energy, constituents, and components input
intq the range, as well as the products and structures output as a result of activities withir] the range,
and also the byproducts, waste, and other releases diseharged. As shown in Figure 1, th¢ boundary
between the system under assessment and the outertegion is referred to as ‘system boupdary,” and
thelinput/output data transferred between the assessment system and the outer region is feferred to
as ‘inventory data.” When conducting LCI and L€A, a system boundary has to be defined, an(ﬁ inventory
data has to be quantitatively developed. ISO<13315-2 provides fundamental rules for definfing system
boundaries and acquiring inventory data.

I System boundary I

Entire lifecycles or respective stages of the life cycles of concrete & concrete structures

Production of constituents Inventory data (Output)l_
Production of concrete
Transportation of constituents or concrete Products, Structures
Inventory data (Kiput) Execution of a concrete structure Byproducts, Waste substance
Operation of a concrete structure with environmental impact
Resources & Energy Maintenance of a concrete structure
Materials &Components Remedial activity of a concrete structure

Demolition of a concrete structure
Transportation of concrete waste
Recycle or disposal of concrete waste

Figure 1 — System boundary and inventory data
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Environmental management for concrete and concrete
structures —

Part 2:
System boundary and inventory data
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3

For
the

3.1
dat

boundary between the region, within which data shall be collected, and another region

3.2
inp

respurces;ehergy, materials, or components which enter a product system

Scope

5 part of ISO 13315 provides a general framework, principles, and requirements reld
brmination of system boundaries and the acquisition of inventory data nedessary for cd
cycle assessment (LCA) of concrete, precast concrete, and concrete structures.
Normative references

following documents, in whole or in part, are normatively referenced in this docume
rences, the latest edition of the referenced document (irfeluding any amendments) applig
13315-1, Environmental management for concrete and-concrete structures — Part 1: Gener(

14025, Environmental labels and declarations —<Iype Il environmental declarations — Pr
redures

14050, Environmental management — Vocabulary

Terms and definitions
the purposes of this document, the terms and definitions given in ISO 13315-1 and ISO
following apply.

A collection boundary

ut

ted to the
nducting a

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated

s.
I principles

nciples and

14050 and

3.3

mv

= N
CIILUT y Udtd

set of items that should be considered in an LCA and the corresponding quantitative measurements

3.4
life

cycle inventory analysis

phase of LCA involving the compilation and quantification of inputs and outputs, for a given product
system throughout its life cycle

3.5

output

products, byproducts, emissions to air and water, wastes, and other releases which leave a product
system
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3.6
system bo

undary

boundary between the system under assessment and the outer region, specifying which unit processes

are part of

3.7

a product system

unit-based inventory data
inventory data per unit quantity in time, mass, length, area, volume, etc.

4 System boundary

4.1 Gen

When cond
Demarcati
compariso
When the ¢
from the sy

For systen
should be 3

bral

bn of a system boundary means defining the range of consideration for the,assessment.
n among multiple alternatives, the system boundary shall be the same for all alternati
cquisition of inventory data are difficult or cost-constrained, the target’data can be exclu
r'stem boundary, but the exclusion should be expressly indicated.

boundary demarcation, the life cycle stages and geographical system ranges to cons
ppropriately defined.

The syste

to-grave bgisis and shall precisely describe what is included in the following activities: productio
cement, water, additions, admixtures, and aggregates, which ate’constituents of concrete; produc
of reinfording steel; production of concrete; construction.‘of concrete structures; use of conc
structures| demolition of concrete structures; reuse of concrete members; recycling and disposa

demolishe

Itis not ne
the produg
use, demol

When expl
is deemed

Activities
structures

4.2 Con

boundary of concrete and concrete structures shall bedased on a cradle-to-gate or cra

concrete.

Cessary in principle to include in the system boundary the environmental impacts relate
tion of equipment/machinery necessary for the production of concrete or the construct
tion, and recycling of concrete structures.

citconsideration of environmental impactsrelated to the production of equipment/machiy
hecessary, care shall be takento eliminate double counting or omissions.

ndirectly related to _the/production of each material or to the construction of conc
such as sales/administration, might have to be included in the system boundary.

stituents

4.2.1 Ce

ent

boeundary related to the production of cement is generally expressed in Figure 2.

ucting an LCA of concrete or a concrete structure, its system boundary shall be demarcalted.

For

Ves.

ded

der

dle-

h of
fion
rete
I of

d to
ion,

ery

rete

of clinker;

transp
transp

transp

ortation of the fuel necessary for the production of clinker;
ortation of byproducts;

ortation related to waste-derived fuels;

all of the processes of material/fuel treatment, calcination, and finishing of cement;

the process of additional treatment to byproducts used for the production of clinker;
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— the process of additional treatment to waste-derived fuels for the production of clinker;

— transportation of cement from cement plants to supply stations (SS).

NOTE1 The material/fuel treatment process includes crushing and adjustment of the materials/fuels.
NOTE 2  The finishing process includes clinker crushing and addition blending.

The system boundary for the production of cement shall not include transportation of cement from SS
or cement plants to the place of use.

I
c
£ 8
s|| 88| E
Natural = 5 2 2
resources Byproducts © Kol g o
(Limestone, (Slag, coal ? %5
clay, etc.) ash, etc.) <

System boundary
I-Data collection fTJuarrying Trans. ) :
j boundary I . & § & I
| al
. 1 Releases
[ Electricity H | Raw materials processing | 1 (CO,, etc.
I+ Crushing ! 1
[E’—I—» : *  Pre-homogenization : I
1 | = Raw meal grinding | Trans.g Intermediate
[ Fuels 1 y ! Waste i > treatment plant
I Tans  _________ l _________ . I Final digposal sites
Alternative fuels | ——J——— Clinker production in kiln : P : 1
(Tires, plastics, Trans.| (Trans) | . prgheating | P 1
biomass, etc.) 1 : «  Pre-calcining : A=A 1
1 |+ Burning fuel | i 25 1
1 RS, & R [ i :E & i 1
L RS S NN
1 : Finish and storing process : : éﬁ : 1
1 | + Cooling I 2:3 ! 1
1 |« Grinding : PEZ 1
1 : «  Blendifg | P38 1
1 |+ Storing : i 38 i 1
I : *  PRacking | : q"’,% : 1
_______________________________ 4 =] .
I 1 2z 1
: B
I Cement P 1
R IR L
Trans. A 4
SS
Trans.
A4 A4
User
NOTE Activities related to sales/administration and/or other related activities in plant operation might have

to be considered.

Figure 2 — System boundary of cement production

4.2.2 Additions and admixtures

The system boundary related to the production of additions and admixtures is generally expressed in
Figures 3 and 4, respectively.

© ISO 2014 - All rights reserved 3
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The system boundary for the production of additions and admixtures shall include the following:

NOTE
the system

transportation and storage of raw materials;

transportation of fuels necessary for the production of additions and admixtures;
physicochemical treatment of raw materials at addition and admixture production plants;
transportation of waste to intermediate treatment sites and/or final disposal sites.

Since the combinations of raw materials for concrete admixtures widely vary, it is advisable to define
oundary based on whether the raw materials are supplied at the expense of the user or the sup

lier.

Transportz
included in

Byproducts
(Granulated
blast furnace

tion of additions and admixtures from their production plants to the place of use shalliiot be
the system boundary.

Electricit

Utility

Fuels

ailn

—_————

Products

(Ground granulated blastfurnace
slag, fly ash, silica fumg, limestone

1
1
: powder, etc.)
1
1

slag, byproduct
Natural gypsum
resources desulfurized
(Limestone, gypsum, coal
silica stone, ash, silica
gypsum, etc.) fume, etc.)
Trans.
System boupdary
[ - —— - -
1 Data collection Trans. Storage
1 boundary | Storage |

Intermediate

Activities related
to sales/
administration
Other related
activities in plant
operation

A 4

treatment plant
Final disposal sit¢s

Ral
R

* (O, etc.)

NOTE Yy,
to be consid

ered.

Trans.
v

User

Figure 3 — System boundary of additions

\ctivities relatédto sales/administration and/or other related activities in plant operation might have
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Industrial products
(rosin, cornstarch,
caustic soda,
calcium hydroxide,
naphthalene, sulfuric
acid, formalin,
sodium hydroxide,
methanol, ethylene

oxide, methacrylic Byproducts
acid, etc.) (Black liquor,
etc.)
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System boundary
I Data collection Trans. Storage :
i boundary Storage I
——————————————————————— Trans. | Intermediate
Electricit ' : : '
Y 1 : Physical/Chemical treatment >—>@ i > treatment plant

1 b 1 Final digposal sites

Utility l e |
1 : Activities related : : Releases
I Trans. Ar-entraini t water-reduci ; administration ~ z
1 (Air-en ranmngI agent, water-reducing : Other related i 1
1 agent, superplasticizer, etc.) i activities infglant | 1
1 ; operation i 1
1 R ! 1
1 1
o ] ——————————— T ——— -

Trans.
y
User
NOTE Activities related to sales/administration-and/or other related activities in plant operation might have
to b considered.

4.2
Thd
Thd

3 Aggregate

Figure 4 —System boundary of admixtures

mining and transportation of natural resources;

all processes related to the production of aggregate;

transportation of fuels necessary for the production of aggregate;

system boundary for the production of aggregate shall include the following:

system boundary related’'to the production of aggregate is generally expressed in Figures

transportation of waste generated in the process of aggregate production to intermediat

| 5,6,and 7.

treatment

The system boundary for the production of aggregate shall not include the following:

plants and/or final disposal sites.

— transportation of crushed concrete and byproducts necessary for the production of aggregate;

— transportation of aggregate from aggregate production plants to the place of use.

© IS0 2014 - All rights reserved
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Natural resources
(Sand, gravel, rock, etc.)

System boundary
I Data collection Quarrying :
i boundary ! Trans. I
Electricit T T T T T T T TT T TTT T T Trans. | Intermediate
Y 1 : Production of aggregate | > Waste i > treatment plant
1 : *  Crushing | 1 Final disposal sites
tility + Screening ! 1
| | mmm ;
1 I+ \Washing - Activiti lated . 1
Fuels J—l—» O to sales/ : 1 > {‘ggazﬁ)
I Trans. l» ! administration 1 zo
1 i+ Other related i :
1 . i tivities in plant |
1 Fine aggregate/Coarse aggregate ; :g::;l[ie;nm plan , 1
1 R i 1
1 1
e ———————————

NOTE 4

to be considered.

Trans.
v

User

Crushed concrete

Trans.

Figure 5 — System boundary of natural resource-derived aggregate

\ctivities related to sales/administration and/or other related actiyities in plant operation might have

System boyndary

NOTE
to be considered.

I Data collection :
| boundary il 1
. 1 Tt TR T T | Trans, | Intermediate
Electrici :’—|' | Production of aggregate : » Waste 1 » treatment plant
— 1 |« Crushing : 1 Final disposal sit¢s
Utility :’—:—» |« Screening I e, :
. [ ;

I e (Washing) I !« Actvities related | 1 Rel
Fuels :’—|—' S ——————— ! i to sales/ i i > (Cega‘zz )

| Trans. 1 ! administration : 1 2=

1 i + Otherrelated i 1

: Recycled fine aggregate/ i gcg\g't?:n'n plant ! :

I Recycled coarse aggregate E,_,_,_,_,p_,_,_,_,_,_,_,_,_,_s 1

1 1

S U SRR |

Trans.
A
User

Activities related to sales/administration and/or other related activities in plant operation might have

Figure 6 — System boundary of recycled aggregate
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Byproducts
(Slags)
Trans.
System boundary

1 Data collection :

1 boundary il 1
o T | Trans. | Intermediate

Yy I : Production of aggregate }—»@ 1 > treatment plant
— I |+ Crushing ! 1 Final disposal sites

- Screenig . !

1 ; tifasting) : i
———————————————————— | i »| Releasés

1 Trans. 1 o I (COetC.)

: : Activities related : 1

I Byproduct-derived fine : tac;sr:ilr?i:i ation ; :

1 aggregate/ . i« Other related : 1

1 Byproduct-derived coarse i activities in plant | i

: aggregate i operation i |

I PSR

Trans
A 4
User
NOTE Activities related to sales/administration and/or other related activities in plant operatio} might have
to bp considered.

4.2

Thd
mef

4.3
The

expressed in Figure 8.

NO']
The

4 Other materials

Figure 7 — System boundary of-byproduct-derived aggregate

system boundary related to the:production of other materials such as non-metallic flibres, non-
allic fibre-reinforced plastics, etc./shall be appropriately set.

Reinforcing and presStressing steel

system boundary related to the production of reinforcing and prestressing steel i$ generally

E Relevantstandards such as ISO 14404-1 and ISO 14404-2 can be used.
system botindary for the production of reinforcing and prestressing steel shall include th¢ following:

tranSportation of raw materials;

transportation of fuels necessary for the production of reinforcing and prestressing steeél;

all processes related to the production of reinforcing and prestressing steel;

transportation of waste generated in the process of reinforcing and prestressing steel production to
intermediate treatment plants and/or final disposal sites;

transportation of reinforcing and prestressing steel from plants to supply stations (SS).

Transportation of reinforcing and prestressing steel from the production plants or SS to the place of use
shall not be included in the system boundary.

© ISO 2014 - All rights reserved 7
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Natural
resources Byproducts
Trans.
System boundary
| Data collection | Trans. Storage :
1 bounda Storage
I r'!“"'“““"“-"““-l : Intermediat
. T ntermediate
| Production of reinforcing & | > Waste ey » treatment plant
: prestressing steel ! 1 Final disposal sites
[omy L |Prestessingste [
1 ; et 1
1 : FrotivitosTetated— -
! ! 1 .| Rel
Fuels II Trans * ! administration | I "l (CO,, etc.)
I ) Reinforcing & prestressing i Other related i |
I steel ! activities in plant | 1
I i operation i 1
I Trans. fomimimm :
Trans. ) 4
SS
Trans.
A Y
User
NOTE Activities related to sales/administration and/or other related'activities in plant operation might lhave
to be considered.
Figure 8 — System boundary of reinforcing and prestressing steel
4.4 Formwork, falsework, and machinery

— transplortation of natural résources;

— transpprtation of fuels necessary for the production of formwork/falsework components

machinery;

— all professesTelated to the production of formwork/falsework components and machinery;

boundary related to the production of formwork/falsework components and machinery is

boundary for the production of formwork/falsework components and machinery shall

and

— transppofttation of waste generated in the process of the production of formwork/falsework

compo

— transportation of formwork/falsework components and machinery from their production plants to

supply stations (SS).

The system boundary for the production of formwork/falsework components and machinery shall not

include the following:

— transportation of formwork/falsework components and machinery from their production plants or

SS to the place of use;

— transportation of byproducts used for production of formwork/falsework components and

machinery.

© ISO 2014 - All rights reserved
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&

Natural Industrial
resources products Byproducts
Trans.
System boundary
—— ] —————— T ————— ] —— - - - -
1 Data collection Trans. Trans. Storage
I boundar Storage Storage
Y v v _ y _

-_————

Electricity ! Production of formwork/falsework

: components & machinery

A

Utility

Intermediate
treatment plant
Final disposal sites

Activities related

Fuels to sales/

administration

| (CO,, et
Other related

Formwork/falsework components &

Releases

)

machinery activities in plant
operation

..........................

NOT

tob

4.5

Thd
Thd

Tra

boundary:

Trans.

Trans.

User

E
b considered.

Figure 9 — System boundary of formwork/falsework components, and machin

Concrete

system boundary for the productiovof concrete shall include the following:
transportation and storage of-constituents;

transportation of fuels nécessary for the production of concrete;

all processes related tothe production of fresh concrete;

in-plant treatnienit of waste generated in the production/supply process of cor
transportation of such waste to intermediate treatment plants and/or final disposal sitg

hsportation/of concrete from production plants to the place of use shall not be included in

Activities related to sales/administration and/or other reldted activities in plant operatio} might have

Py

system boundary related to the produgtion of concrete is generally expressed in Figure [10

crete and
S.

the system
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Additions and
| Cement | | Water | Aggregate | admixtures
System boundary
—— o ——— o ————— ] ———————————— - -
Data collection Trans. (Trans.) Trans. Trans. 1
I b d Storage (Storage) Storage Storage l .
| boundary vy T __y __ " _ v _ - 1 Intermediate
. | >
Electricity I Production of concrete Sludge Waste ———q treatment plant
1 | Measuring : 1 Final disposal sites
| N
il Batch
1 : . M?x?néng I Reusable water and :
1 [T | Aggregates H Rel
............................... g pRas
Trans. - b |
Aotivith Lotod-toaatan

administration
Other related activities in
plant operation

Ready-mixed concrete

NOTE

4.6 Pred

The syste
The syste
transp
transp
all pro

in-plar
transp

in the
concre

Transportz
the system

A
to be consid

]

Trans.

A

Construction sites
Precast concrete plants

ered.

Figure 10 — System boundary of concrete production

ast concrete

boundary for the production of precast cericrete shall include the following:
ortation and storage of constituents;

ortation of fuels necessary for thejproduction of precast concrete;

cesses related to the production of fresh concrete;

t treatment of waste._generated in the production/supply process of concrete
ortation of such wasteto intermediate treatment plants and/or final disposal sites;

production of precast concrete, the placement, consolidation, curing, and demouldin
te.

tion of precast concrete from production plants to the place of use shall not be include
boundarty.

boundary related to the production of precast,concrete is generally expressed in Figurg 11

\ctivities related to sales/administration and/or other related activities ifvptant operation might have

and

=]

of

D

d in

10

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=721328528762301c104945938d019841

1SO 13315-2:2014(E)

Ready-mixed concrete |

Reinforcing & Additions and
prestressing steel | Forms | | Cement | | Water | | Aggregate | admixtures
System boundary
o ———— [ —— o ————— - - -
1
I Data Trans. Trans. Trans. Trans. Trans. Trans. Trans.
I collection Storage Storage Storage Storage :
1 bounda —_ Yy | S - o Intermediate
— 1 K | Production of concrete Waste —— I treatment plant
| Measuring | d | Final disposal sites
: : - Batching : Reusable wat P 1
ili *  Mixing eusable water an
| — !
1 o 1 Aggregates
T 1
| o e s e = . TR
fetc.
1 Trans. | Production of precast concrete | 1 R
«  Placing (Form assembly, arrangement of reinforcement)
1 : | I
«  Curing
| .
1 | + Demolding : T :
__________________________________ 4 N
1 L H Activities related to;
1 I H sales/ administration | 1
i+ Other related [ |
1 | Precast concrete | ' actvitiesinplant I\, <7
1 ! operation ! 1
LU © YO B !
U YU iy PR
Trans.
‘ Construction sites ‘
NOTE Activities related to sales/administration and/or other related activities in plant operation might have

to bp considered.

Figure 11 — System boundary of precast concrete production

4.7| Execution of concrete structures

4.7]1 Composing items
Thesystem boundary related to the gxecution of concrete structures is generally expressed i} Figure 12.
Thd execution of concrete structures is composed of
— |earthwork and foundationm work,

— |formwork,

— |reinforcement work,

— |concretingivork, and

— |waste treatment.
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Form panel, timbers,
form ties, etc.

| Ready-mixed concrete |

Heavy equipment | | Scaffolding | | Piles | Reinforcing & Precast concrete
and machinery materials prestressing steel
System boundary
[ ———— T ————— T ———— o ———— T ———————— - -
Trans. Trans. [Trans.| Trans. Trans. Trans.| Trans. l
I Data Storage Storage 1
I collection FTTTT T T 3
1 boundary : Earth work process | 1
T ey 4 1
1 !
CTT T T T T T T p 1
" 1 I Foundation work process | Solid waste
Utility 1 | | +  Dust 1
1 L «  Waste water 1
_______________ v «  Used form
Fuels e : +  Steel waste 1
1 - | Form work process | «  Concrete waste 1
NP T T 1
! =
1 | Reinforcement work process | Yvasgotl'{:?ggf nt [ Intermediate
- I gu"i?g : l Segregation (| treatment plant
: : Azge,f:gnng | |+ storage of waste | 1 Final disposal sites
| L
I e T - I
[ .y I
| ' K |
| Concrete work process \ 1 Rel
I I« Placement and consolidation of ready-mixed concrete | I (CO,, etc.)
1 : «  Form removal and curing of concrete |
1 e Placement of precast concrete : 1
I S 1
I T it l
I i * Activities related to sales/ administration i |
I i+ Other related activities in“plant operation i 1
limimicie i ic e e il e R et im ittt m = 1
L N N — |
Reinforced concrete structure
NOTE Activities related to sales/administration and/or0ther related activities might have to be considdred.

Figure 12 — System boundary of execution of concrete structures

4.7.2 Earthwork and foundation work

The systemp boundary related to the earthwork and foundation work shall include the following:

assem

and fo

4.7.3 Formwoerk

bly of scaffoldingmaterials for earthwork and foundation work;

transportation of scaffolding/materials, piles, and other materials to the construction site;

transplortation, storage, and operation of heavy equipment and machinery necessary for earthw
indatior\work.

ork

The system boundary related to the formwork shall include the following:

— transportation of scaffolding, form panels, timbers, form ties, and other materials to the construction

site;

— transportation, storage, and operation of heavy equipment and machinery necessary for formwork.

4.7.4 Reinforcement work

The system boundary related to the reinforcement work shall include the following:

— transportation of reinforcing and prestressing steel to the construction site;

— cutting, bending, and assembly of reinforcing and prestressing steel;

12
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— transportation, storage, and operation of heavy equipment and machinery necessary for the
execution of reinforcement work.

4.7.5 Concreting work
The system boundary related to the concreting work shall include the following:
— transportation of concrete and precast concrete;

— placement, consolidation, curing, and form removal of concrete;

— |Installation and jointing of precast concrete;

— |transportation, storage, and operation of heavy equipment and machinery necessaty,for|concreting
work.

4.7/6 Waste treatment

Theg system boundary related to the treatment of waste generated during the execution ¢f concrete
stryctures shall include the following:

— |collection, segregation, and storage of waste;

— |transportation of waste to intermediate treatment plants@and/or final disposal sites.
4.8| Use of concrete structures

4.8]1 Composingitems
The system boundary related to the use of concrete structures is generally expressed in Figiire 13.
The use of concrete structures is compaosed-of
— |operation, and

— |maintenance and remedial dctivity.

System System
boundary boundary
U
se
P T Tt ATTTT I
+ End phase of '
5 Ekecution of Operation | ! concrdte and
' cgncrete > L g '
' ' ; - : concrgte :
. structures "™ | |Ma1ntenance | """ |Ma1ntenance | ------ ' structyres ‘
Remedial | Remedial Remedial | || T
ATHVItY ATHVItY ATHVItY

| Releases (CO,, etc.) |

NOTE1 When remedial activities are addressed, the system boundary can collectively include all remedial
activities or can be individually defined for each remedial activity.

NOTE 2  The input of CO3 into the system can be considered.

Figure 13 — System boundary of use of concrete structures
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4.8.2 Operation

The system boundary for the operation of a concrete structure shall include the operation of any
equipment installed in the concrete structure and contributing to the fulfilment of its function.

4.8.3 Maintenance and remedial activity
The system boundary related to the remedial activities is generally expressed in Figure 14.

The system boundary for the maintenance of concrete structures shall include the operation of vehicles
and machinery necessary for maintenance.

The systeJl boundary for the production of materials, members, and equipment/machinery necesgary
for remedigl activities shall be defined according to 4.2 to 4.6.

Raw materials, parts,

products
System boyndary

Data collection Trans. :

| boundary il 1
- 1 [Tttt Tt ! Trans. | Intermediate
Electrici |—>: ! Maintenance / Remedial activity i > Wasté : > treatment plant
*  Repair Final disposal sitg¢s
I
Utility :’—I—v | +  Rehabilitation | 1 P

1 ! Refurbishment | 1
I [+ R [ ' I |

Trans. e Renovat!on \ : (CO,, etc.)
1 | Conversion |
1 : *  Retrofitting [ 2 1
1 | Strengthening : : Activities related 1
1 : «  Protection against corrosive agents, (d) ! to sales/ : 1
1 RPN, | administration |
1 i *  Other related [ |
1 ! activities in plant ;|
1 i operation |
S R S S U U R

A 4
Use of’concrete structure
NOTE Activities related to.$dles/administration and/or other related activities might have to be considdred.

Figure 14— System boundary of maintenance and each remedial activity

4.9 End[phase of concrete and concrete structures

4.9.1 Composing items

The end phase of concrete and concrete structures is composed of
— demolition,

— intermediate treatment, and

— final disposal.

4.9.2 Demolition work

The system boundary related to the demolition work is generally expressed in Figure 15.
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The system boundary for the demolition of concrete structures shall include the following:
— transportation and operation of heavy equipment and machinery;

— transportation of releases such as explosives;

— transportation of fuel;

— storage of waste generated from demolition work;

— transportation of waste to intermediate treatment plants and/or final disposal sites.

Concrete structure, Heavy equipment
concrete member and machinery

System boundary

R
1 Data collection Trans.

I' boundary v Storage

1

r === |
- | Trans.
Electricity }_I_.I : Demolition work :—@
- [ttt itnls ettty !
Utility

1 r

Intermediate
> treatmerjt plant
Final disposal sites

Fuel !« Activities relateddo sales/ ! | Rel
uets 1 Trans i administration ; *| (CO,, etc.

1 ' !« Other related activities in !
1 i plant operation :
I L T N
1

1 Trans

\ 4
Demolished concrete
NOTE Activities related to sales/administration and/or other related activities might have to befconsidered.

Figure:15 — System boundary of demolition work

4.9{3 Intermediate treatment
The system boundary'related to the intermediate treatment is generally expressed in Figurd 16.
The system boundary for intermediate treatment shall include the following:
— [storage of accepted waste;

— | dperation of heavy equipment and machinery;

— storage of waste generated from intermediate treatment;
— transportation of waste to final disposal sites.

Transportation of products produced by intermediate treatment shall not be included in the system
boundary.
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Demolished
concrete Waste
Trans. Trans.

System boundary

Utility

Final disposal sites

Fuels

Trans. | N ucti ]

"| related plants

Rel

1 Data collection Storage Storage :

: boundarx _____ S T I

- | Trans. |
Electricity | | R
| Waste trgatment — Waste 1 >

1 | Crushing | 1

1 L J !

1 J| Recycled L)

:’—I' products ]

I Trans. 1

1 PSR ! 1

1 !« Activities related to sales/ administration : !

1 : Other related activities in plant operation ; T

.................................................... ; 1

1
- 1

* (CO,, éte.)

NOTE Activities related to sales/administration and/or other related activities in plant operation might lhave

to be considered.

4.9.4 Final disposal

The syste:I
The syste

storag

Figure 16 — System boundary of intermediate4reatment

boundary related to the final disposal is generally-expressed in Figure 17.
boundary for final disposal shall include the following:
b of accepted waste;

operatiion of heavy equipment and machinery necessary for final disposal.

Waste
Trans.
System| boundary
_----------------------------------I
I Dataccollection Storage 1
1 boundary 1
1 R, A, I
Elegtricity ’ r Final disposal : 1 »| Rel
1 | i 1 "1 (CO,, etc.)
I _____________________ J
RS =
I e s m s mmm s s sy
Fud 1 : Activities related to sales/ administration ! :
ugs i+ Other related activities in plant operation !
p-leos e B |
' ;

NOTE

16

The input of CO; into the system can be considered.

Figure 17 — System boundary of final disposal
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5 Inventory data

5.1 General

Inventory data necessary for calculating environmental impacts generated from activities carried out
within a system boundary according to Clause 4 shall be acquired and calculated.

NOTE The activities include production of concrete materials, production of concrete and precast concrete,
execution of concrete structures, use of concrete structures, demolition of concrete structures, and all or part of
the life cycle of concrete structures.

Invéntory data include the following:

— |data on the types and amounts of resources, energy, materials, and components’inpput into the
system boundary;

NOTE Byproducts of other industries used as resources, energy, and material$\are included

— |dataonthe types and amounts of constituents of concrete, concrete, concrete products, afd concrete
structures output from the system boundary;

— |data on the types and amounts of environmental impact releasges, such as COz and NOy, Qyproducts,
and waste output from the system boundary.

NOTE The absorption of COz into concrete and the reddetion of energy consumption by tHermal mass
effect can be considered.

Dir¢ct and indirect input and output should be considénred separately as inventory.

Thg amounts of resources and energy used per unit amount of concrete constituents, concretle, concrete
profducts, or concrete structures produced, aswell as the amounts of environmental impa¢t releases,
byproducts, and waste discharged per unit,amount thereof, shall be calculated as unit-based inventory
datj.

NOTE Unit-based inventory data aye hecessary for the comparison of environmental impacts amdng products
and|structures and will be very useful information when producing a similar product or structure py a similar
method or process in the future.

Inveéntory data shall be objective, transparent, and reproducible. In order to accurately acquire and
calqulate such inventory data, it is desirable to conduct actual condition surveys and trial experiments
regarding resources,.energy, materials, and components to be input, products and strucfures to be
profduced, and envirenmental impact releases, byproducts, and waste to be output. However,unit-based
invé¢ntory data aedquired and calculated in the past under the same conditions can be utilized {f available.
Alsg, reliable unit-based inventory data can be used, if available, with the consent of interested parties.
Thg means;conditions, and information sources of the acquisition of inventory data and the palculation
of unit-based inventory data shall be expressly indicated in writing,.

Resplirces and energy input as raw materials and fuels shall be classified according to whether they are
natural or byproduct- or waste-derived. AISo, resources and energy shall be classitied into recyclable
and unrecyclable.

When the amounts of environmental impact releases generated using certain resources, energy,
materials, or components are expected to be negligible with respect to the total amount of environmental
impact releases generated within a defined system boundary, the calculation can be omitted. However,
the uncalculated items and reasons for omitting calculation shall be expressly indicated.

When multiple products are produced in a single system boundary, the environmental impacts to be
borne by each product shall be reasonably prorated according to the proportions of production, economic
value, etc. Also, when using byproducts from other industries or when supplying byproducts to other
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industries, the environmental impacts can be prorated by a method agreed upon with those industries.
The method of proration shall be expressly indicated.

NOTE ISO 14044 can be used for the proration.
5.2 Constituents

5.2.1 Cement

Direct input includes the following:

— exhaugtible natural resources used as raw materials of cement production;

— byproduct- or waste-derived resources used as raw materials of cement production;
— raw mapterials and fuels input for production of purchased clinker;

— fossil fuels used in kilns;

— alternative fossil fuels used in kilns;

— biomass fuels used in Kilns;

— fuels used in other than kilns;

— wasteyvater input into kilns;

— purchdsed electricity used for cement production.

Indirect input includes the following:

— purchdsed electricity used in other than cementproduction;

— fuels ipput into the production and processing of fossil-derived fuels;

— fuels ipput into the processing of alternative fossil fuels and biomass fuels;
— fuels ipput into third parties’ transportation for input and output.

Direct output includes the following:

— outpuf| from calcination ef.carbonates used for cement production;

— outpuf from combustion of organic carbon contained in raw materials used for cement productjon;
— outpuf from kilircombustion of fossil fuels;

— output fromkiln combustion of alternative fossil fuels;

— output fram kiln combustion of biomass fuels:

— output from combustion of fuels used in other than Kilns;

— output from combustion of carbon contained in wastewater input in cement production;
— noise, vibration, and odorous smell generated from cement production;

— dust generated from cement production.

Biomass fuel can be considered to be nearly carbon neutral. The utilization of biomass fuel and the
releases from that should be reported.

NOTE1 Fuels used in other than kiln include those necessary for the operation of thermal process facilities,
vehicles, HVAC (heating, ventilating, and air conditioning) equipment, etc.
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NOTE 2  When wastewater is thrown into Kkiln, it is not normally regarded.

Indirect output includes the following:

5.2

Dir

output from generation of external power used at cement plants;
output from external clinker production when clinker is purchased and crushed in-house;
output from the production and processing of fossil-derived fuels;

output from the processing of alternative fossil fuels and biomass fuels;

output from third parties’ transportation for input (raw materials, fuels, etc.) and outpit (cement,
clinker, etc.).

2 Additions and admixtures

ect input includes the following:

exhaustible natural resources as raw materials of addition and admixture production;
byproduct- and waste-derived resources as raw materials of addition and admixture prpduction;
raw materials for additions and admixtures as industrial products;

purchased electricity used for additions and admixture‘production;

fossil fuels used for addition and admixture production;

alternative fossil fuels used for addition and admixture production;

biomass fuels used for addition and admixtute production;

fuels for in-house power generation to‘be used for addition and admixture production.
rect input includes the following:

purchased electricity used in other than addition and admixture production

fuels used in other thapaddition and admixture production;

raw materials andAulels used for production as industrial products;

fuels used for,production and processing of fossil-derived fuels;

fuels usedifer processing of alternative fossil fuels and biomass fuels;

fuels tised for third parties’ transportation for input and output.

bct-output includes the following:

solid waste generated from addition and admixture production;

liquid waste generated from addition and admixture production;

output from combustion of fossil fuels used for addition and admixture production;

output from combustion of alternative fossil fuels used for addition and admixture production;
output from combustion of biomass fuels used for addition and admixture production;

output from combustion of fuels for in-house power generation used for addition and admixture
production;

noise, vibration, and odorous smell generated from addition and admixture production;
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— dust generated from addition and admixture production.

Indirect output includes the following:

— output from generation of external power used at addition and admixture production plants;
— output from combustion of fuels used in other than addition and admixture production;

— output from combustion of fuels used for production of industrial products;

— output from combustion of fuels used for production and processing of fossil-derived fuels;

— outpuf from combustion of fuels used for processing of alternative fossil fuels and biomass fuelf;

— output from combustion of fuels used for third parties’ transportation for input and output.

5.2.3 Aggregate

Direct inpyt includes the following:

— exhaugtible natural resources used as raw materials of aggregate production)
— byprodluct- and waste-derived resources used as raw materials of aggregate production;
— purchdsed electricity used for aggregate production;

— water ised for aggregate production;

— fossil fluels used for aggregate production;

— alternative fossil fuels used for aggregate production;

— biomass fuels used for aggregate production;

— fuels for in-house power generation to be used for aggregate production.
Indirect input includes the following:

— purchgsed electricity for uses other'than aggregate production;

— fuels used in other than aggregate production;

— fuels ulsed for production.and processing of fossil-derived fuels;

— fuels ulsed for processing of alternative fossil fuels and biomass fuels;

— fuels uised for thiyd parties’ transportation for input and output.

Direct output,ineludes the following:
— solid W

— wastewater generated from aggregate production;

— output from combustion of fossil fuels used for aggregate production;

— output from combustion of alternative fossil fuels used for aggregate production;

— output from combustion of biomass fuels used for aggregate production;

— output from combustion of fuels for in-house power generation to be used for aggregate production;
— noise, vibration, and odorous smell generated from aggregate production;

— dust generated from aggregate production.
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Indirect output includes the following:

5.2
Dir
5.3
Dir

output from generation of external power used at aggregate production plants;

output from combustion of fuels used in other than aggregate production;

output from combustion of fuels used for production and processing of fossil-derived fuels;

output from combustion of fuels used for processing of alternative fossil fuels and biomass fuels;

output from combustion of fuels used for third parties’ transportation for input and output.

4 Other materials

Reinforcing and prestressing steel
ect input includes the following:
exhaustible natural resources used as raw materials of reinforcingand prestressing steel

byproduct- and waste-derived resources used as raw materials of reinforcing and p
steel production;

purchased electricity used for reinforcing and prestressing steel production;
fossil fuels used for reinforcing and prestressing steel production;

alternative fossil fuels used for reinforcing and prestressing steel production;
biomass fuels used for reinforcing and prestressing steel production;

fuels for in-house power generation‘te be used for reinforcing and prestressing steel prd
rect input includes the following;:

purchased electricity usedtin other than reinforcing and prestressing steel production;
fuels used in other than-reinforcing and prestressing steel production;

water for producitrg/granulated blast-furnace slag;

sand for producing cast metal;

fuels usedyfor production and processing of fossil-derived fuels;

fuels\ised for processing of alternative fossil fuels and biomass fuels;

ect and indirect input and output related to other materials shall be appropriately ¢ensidered.

roduction;

restressing

duction.

fuels used for third p:lrh'pc' h'qncpnrfnh'nn for inpnf and output

Direct output includes the following:

solid waste generated from reinforcing and prestressing steel production;

wastewater generated from reinforcing and prestressing steel production;

output from combustion of fossil fuels used for reinforcing and prestressing steel production;

output from combustion of alternative fossil fuels used for reinforcing and prestre
production;

ssing steel

output from combustion of biomass fuels used for reinforcing and prestressing steel production;
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output from combustion of fuels for in-house power generation to be used for reinforcing and
prestressing steel production;

noise, vibration, and odorous smell generated from reinforcing and prestressing steel production;

dust generated from reinforcing and prestressing steel production.

Indirect output includes the following:

output from generation of external power used at reinforcing and prestressing steel production
plants;

wasteyvater generated from production of granulated blast-furnace slag;
waste pand generated from production of cast metal;
output from combustion of fuels used in other than reinforcing and prestressing steel’productipn;

output from combustion of fuels used for production and processing of fossil-derived fuels;

output from combustion of fuels used for processing of alternative fossil fuels and biomass fuelf;

output from combustion of fuels used for third parties’ transportation*for input and output.

Information provided by reinforcing and prestressing steel manufactiirers can be used as invenfory

data on reipforcing and prestressing steel.

5.4 Formwork, falsework, and machinery

Direct inpyt includes the following:

Indirect inputdincludes the following:

22

exhaugtible natural resources used as raw materials for production of formwork, falsework, pnd
machiIery;

byprodluct- and waste-derived resources.as raw materials for production of formwork, falsewprk,
and machinery;

industfial products used as materials for production of formwork, falsework, and machinery;
purchased electricity used for'production of formwork, falsework, and machinery;

fossil fluels used for production of formwork, falsework, and machinery;

alternative fossil fuels used for production of formwork, falsework, and machinery;

biomass fuels used for production of formwork, falsework, and machinery;

fuels for in-house power generation to be used for production of formwork, falsework,and machinfery.

purchased electricity used in other than production of formwork, falsework, and machinery;
fuels used in other than production of formwork, falsework, and machinery;

raw materials and fuels for production of the industrial products;

fuels used for production and processing of fossil-derived fuels;

fuels used for processing of alternative fossil fuels and biomass fuels;

fuels used for third parties’ transportation for input and output.
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