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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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ISO 21053:2019(E)

Life cycle analysis and recycling of ductile iron pipes for
water applications

1 Scope

This document specifies the evaluation method of life cycle analysis of ductile iron pipes used for water

applicatiomsasspecified TS0 2531t anmd 15016631

Stud
to bd
main
cyclg
spec
decis

Infor

es on economic and environmental impacts are important for utility decision-makers
lance budget concerns over immediate and long-term needs across acquisition, op4
tenance, and planned end of life. For authorities and engineers designing pipeline syst
cost analysis serves as a tool to study various scenarios to determine theiright soluf
fic conditions and community values, as well as to provide the necessary data to su
ions.

mative annexes are included in this document as a compilation of reference and conser

(pumping cost, leakage incident rate, etc.).

2 Normative references

The
cons
undg

ISO 4

3
Fort
[SO 4
— 1
— 1

3.1
life ¢
LCC
cost

following documents are referred to in the text.in such a way that some or all of t
[itutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

531, Ductile iron pipes, fittings, accessories and their joints for water applications

[erms and definitions
he purposes of this document,the terms and definitions given in ISO 2531 and the foll
nd IEC maintain termirological databases for use in standardization at the following ¢

SO Online browsingplatform: available at https://www.iso.org/obp

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

ycle cost

bfan‘asset throughout its life cycle, while fulfilling the performance requirements

as they seek
rations and
ems, the life
ion for site-
pport those

sual factors

heir content
applies. For
hts) applies.

bwing apply.

ddresses:

3.2

acquisition cost
all costs included in acquiring an asset by purchase/lease or construction procurement route, excluding
costs during the occupation and use or end-of-life phases of the life cycle of the constructed asset

[SOU
3.3

RCE: ISO 15686-5:2017, 3.1.1]

operation cost

total

running costs for water conveyance, including the pumping cost

Note 1 to entry: Operation costs could include rent, rates, insurances, energy and other environmental/

regul
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maintenance cost

total labour,

3.5

material and other related costs incurred to maintain pipelines

end of life cost or revenue
total of costs or fee for disposing of an asset at the end of its service life (3.7) or interest period, including
costs resulting from pipeline dismantling, waste disposal and revenue from material recovery

3.6

period of analysis

period of ti
Note 1 to ent
[SOURCE: I

3.7
service life

lLiala LiL L falD 10 Lol 1€ i 1 |
ICTUVCI VVIIIUII lle b]blc CUSLS LJ-LJ Ul VWIIUITTIIITU CUSLS dI'T aucu_y.)cu
Fy: The period of analysis is determined by the client.

0 15686-5:2017, 3.3.6, modified — "life-cycle" has been replaced with "life cy¢le".]

total life of pipelines in use from the point of construction to the end of life

3.8
residual va
value assign

[SOURCE: IS
3.9

flue
ed to an asset at the end of the period of analysis (3.6)

0 15686-5:2017, 3.3.8]

discount rate

factor or rat
timestoac

Note 1 to ent
[SOURCE: IS

3.10
leakage in
number of

3.11

e reflecting the time value of money that is-used to convert cash flows occurring at diff
mmon time

y: This can be used to convert future values to present-day values and vice versa.

0 15686-5:2017, 3.3.1]

ident rate
ipe bodies’ damages or, water leak per unit length of pipeline

nominal diameter

DN
alphanumer
purposes

[SOURCE: IS
diameter"; N

ic designation of size for components of a pipework system, which is used for refer

0,2531:2009, 3.20, modified — The term has been changed from "nominal size" to "nor

brent

ence

ninal

otes 1 and 2 to entry have been removed ]

4 Basic concept of life cycle cost

4.1 Definition of life cycle cost

The life cycle cost is calculated using Formula (1) as a sum of not only the acquisition cost but also total
costs including the operation cost such as the electric power usage cost of the pump operation, the
maintenance cost such as the leakage cost, and the end of life cost or revenue. Annex B shows scenarios

of LCC with

CL :CA

two different pipelines.

+Co+Cy +Cg

(0
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C;, s thelife cycle cost;

C, isthe acquisition cost; it includes the pipe material cost, construction cost and designing/sur-
vey cost;

Co isthe operation cost; it includes the pumping cost;

Cy is the maintenance cost; it includes the leakage cost, repair cost, etc.;

radtlo doflf 4 13 Lo d o s | 4 d 1 £ir o€ 1
4 E IO LIIU CITU UT TITU CUSLT UL TUVUITUL, TUITICIUUT S LIIT ulD}JUDal cuoLdiIlu pULlItIiit vurl'1 C\'_y\fll g-

4.2 | Calculation method

The life cycle cost is calculated using Formula (2) to (4) by totalizing all the costsvima period of analysis.
Costfin the future is converted into a current value using a discount rate. In a ¢ase where the evaluation
periqd is not just the same as multiples of the service life, the residual valuesis deducted from the life
cycld cost.

Case|lt,<t,

wLZCA"‘i Cor+Cmye _CAX(tm_tn)/tm

¢ : . )
=\ (A+r) (1+r)™m™
Casel2t, =t
tm(C.. +C C
¢ =C, +z 0f 7 =Mt |, E (3)
S+t (1+r)tm
Case|3t, <t,<2xt,
t
C 0 CopkC c CaX(2%xt, ., —t t
(‘L:CA-’_ A +Z 05t M,t + E _ A ( m n)/ m (4)
(1+r)fm  Soa+nt (1+r)m (1+r)n
where

¢, isthe life €ycle cost;
i is the-time in year;

iSthe period of analysis;

i is the service life:

C, istheacquisition cost;

Co,; is the operation cost in the tth year;
Cy,; is the maintenance cost in the tth year;
Cg is the end of life cost or revenue;

r  isthe discount rate.

© IS0 2019 - All rights reserved 3
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acquisitipn cost
operatioh cost
maintenance cost

end of life cost or révenue
time in year

cost
LCC

2t X

Figure 1 — Image of life cycle cost
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Breakdown of life cycle cost

5.1 Acquisition cost

The acquisition cost is calculated using Formula (5) as a total of the pipe material cost, construction
cost, and designing/survey cost.

where

5.2

The yearly operation cost is calculated using Formula (6) as the pumping cost such as the el
usagp cost of the pump operation. Details of the computation about the pumping cost a
Annégx A.

where

The yearly maintenance-cost is calculated using Formula (7) as a total of the leakage cost, le
cost,|repair cost, andothérs maintenance cost.

(5)

'y Is the acquisition cost;
4lp s the pipe material cost;
4l is the construction cost (pipe laying cost, trenching cost, backfilling dest etc.);

4l is the designing/survey cost (all the studies useful for the project).

Operation cost

(‘O,t = OP,t

o, is the operation cost in the tth year;

Qp, is the pumping cost in the tyear.

Maintenance cost

Cvye =My TMp, + Mg, +Mg,

bctric power
re shown in

(6)

hk detection

(7)

is the maintenance costin the tth year;

M, , isthe leakage cost (cost of water losses) in the t'h year;
My, is the leak detection cost in the tt™h year;
My, is the repair cost in the tth year;

M,, isother maintenance costin the tth year.

The yearly leakage cost is calculated using Formula (8) as a total of water loss costs due to leakage and
pipeline cleaning during damage.

© IS0 2019 - All rights reserved
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Dy is the damage ratio, in incident numbers per kilometre per year;
P, isthe total pipeline length, in km;
Ly is the water leakage volume, in cubic metres per incident;

Ve is the water volume for cleaning, in cubic metres per incident;

Up is the unit price of water supply, in currency per cubic metre.

5.4 End (f life cost or revenue

The end of life cost or revenue is calculated using Formula (9) as a total of the pipeline‘dismantling cost
and the waslte disposal cost, deducting the revenue from material recovery.

where

Cp s the end of life cost or revenue;

Ep s the pipeline dismantling cost;

Ey, is the waste disposal cost;

Egp is the revenue from material recovery.

Material redovery is considered to be applicable only to ductile iron pipes.

6 Key drivers for life cycle costreduction

The following key drivers can be highlighted:

— Leakage: Strong material-properties and flexibility of joints contribute to prevent the legkage
incident on buried ductie iron pipes. Annex C proposes examples of statistical values of incjdent

rate per kilometre.

— Durability: A sefvice life of 100 years is commonly recognized for ductile iron pipes buried in §isual
conditigns. However, the service life can be reduced or increased considering the nature of the pipe
coatingfand the local soil conditions.

— Conveyauw Lapat,it_y. For=a given nmomtimat-diameter,ductite-iron pipesare dul_y dcaigucd with a
larger internal diameter in order to reduce the head loss on energy pumping and the operation cost
such as the electric power usage cost. Annex A shows that the internal diameter is a more influent
factor on the head loss than the surface roughness coefficient.

— Recyclability: Excavated iron pipes can be reused as a raw material to manufacture new ductile
iron pipes. Benefits of lower-cost production can be expected in a case where natural resources are
used, allowing the disposal cost to be reduced.

The development of new methods of laying (re-use of excavated soils for backfilling, narrow trench,
etc.) can also contribute to reducing the construction cost.

6 © IS0 2019 - All rights reserved
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Characteristics - _ Effect on LCC

Low leakage incident rate

Material: high strength, high impact resistance,
long-term stability

Pipeline: Joints are flexible and can absorb ground Long service life
subsidence

Long-term durability Low maintenance cost

High aIticoTToSTo peT formmance of materiatitsett
actual achievement of long-term usage in pipelines

Optimum water conveyance capacity

Larger internal diameter than other pipe materials |:> Laty Operation cost
with the same nominal diameter
Recyclability
] |:> Low end of life cogt
Recyclable as a raw material

Figure 2 — Key drivers for LCC reduction
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Annex A
(informative)

Pumping cost

A.1 Pumping cost

Pumping copts increase with the electricity price and pipe aging (dependent on pipe service life)} The
pumping cost is calculated using Formula (A.1).

Op ; =(Ex365,25xY, )x(1+ y, ) (A.1)

where

Op, is the pumping cost in the tth year;
E  is the daily pumping energy, in kilowatt hours per day;
Y, isthe price of electricity, in currency per kilowatt hour;

Yo Isthe pumping energy increase, in percentages pexyear;

t  isthetimein year.

A.2 Daily pumping energy
The energy flaily required for pumping is calcilated using Formula (A.2).

E=y—XQXH xd

(A.2)
hefr et
where
y isthe unit weightof pumping liquid, in kN/m3, defined as y=9,81;
Q s the flow rate, in m3/s;
H isthe total head, in m;
hgg is the hydraulic efficiency (Set as default 70 %);
eqfr 1s the electricity efficiency (set as default 70 %);
d isthe daily pumping duration, in hours per day.
A.3 Total head (H)
The required pump head, called total head, is calculated using Formula (A.3).
H=H,+H, + Va® | 1000x(Py=P) (A.3)

2xg Y

8 © IS0 2019 - All rights reserved
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where

H, isthe actual head, in m;
H, isthe total head loss, in m;
V4 is the flow velocity, in m/s;

g isthe gravitational acceleration, in m/s?, defined as g = 9,81;

4 Is the pressure exerted on the discharge water surface, in MPa;

s 1s the pressure exerted on the suction water surface, in MPa.

The [total head loss is calculated using Formula (A.4). The head loss is the<hydraulic [energy loss
essentially caused by the water viscosity and its friction against the pipe wallssThe effectiJ an increase
in the energy consumption in a pipeline.

The Parcy formula is the general formula for the calculation of the friction head loss of the pipeline H,,.

2
Ht:Hp+H0:j><L+HO:SZXA—XQS><L+H0 (A.4)
e xgxly
where
Hp is the friction head loss of the pipeline, in m;

, Isthe head loss of the pipeline except ferfriction head loss, such as due to bend, valve, flowing
into pipe, etc., in m;

j|  is the hydraulic gradient, in mym;
1 isthe pipeline length, in m;

is the head loss coefficient determined using the Colebrook-White formula (dimengionless);
@ is the flow rategin-am3/s;

I, is the interfialpipe diameter, in m.

The internal diameter is a more influent factor on the head loss than the head loss coefficient A.

The Colebrook-White formula [see Formulae (A.5) and (A.6)] is used for determining the head loss
coefi|icient A.

L=—2><log 2,51 + k (A.5)

Ja Rex«[A  3,71xIp

Re:i (A.6)
X Ip XU

where

© IS0 2019 - All rights reserved 9
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Re isthe Reynolds number (dimensionless);

k  is the equivalent pipe surface roughness, in m (see Table A.1);

Q isthe flow rate, in m3/s;

u is Kinematic viscosity of the fluid at the operating temperature, in m2/s — here the fluid con-
sidered is water and the kinematic viscosity is set to 1,01 x 10-6 m?2/s.

In the Colebrook-White formula, the first term in the logarithmic function corresponds to the portion of
the head loss due to the liquid's own internal friction acting upon itself. The second term corresponds

to the porti
ideally smoq

rad 1 1 11 1.1 1 e - L 1 1. L | - 1 . 1l _Cl Va N ol
PII O LIIC TICAU 1055 CausSCU Dy UIC 1TICLIOIT O LIS ITYUIU- agdIIISTU LIC PDIpE Wdll (K ="U 1 pr an

th pipe).

Table A.1 — Equivalent pipe surface roughness of ductile iron pipe

Pipd material Type of lining Equivalent pipe surface roughness k
(mm)
Blast furnace slag cement mortar 0,03
Portland cement mortar 0503
Ductile iron o
Polymeric lining
0,005
(polyurethane, epoxy, polyethylene)
NOTH1 See Reference [6].
NOTH2 kis not equal to the height of the surface imperfections; it is'a theoretical concept relating to the
surfage roughness.

10
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Annex B
(informative)

Scenario of LCC with different pipelines

Figure B.1 shows scenarios of LCC with two different pipelines.

Althgug € initial cost of pipeline A 1S Nigher, its
becalise of the low operation/maintenance cost and long service life.

YA

can pecome lower

an that tor pipeline B

|
X
Key
1 ipeline A
2 iipeline B
X ime in year
Y 1CC
NOTH See Table B4«
Figure B.1 — Scenarios of LCC with different pipelines
Table B.1 — Comparison of the two pipelines
Pipeline A B
Pipe material cost High Low
Operation cost and maintenance cost Low High
Service life Long Short
Cost of recycling Low High

© IS0 2019 - All rights reserved
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Annex C
(informative)

Leakage incident rate of ductile iron pipes

C.1 Water leakage evaluation

Water leaks

are, in most cases, one of the main focus points of the total cost of ownership (TCO

environmental life cycle assessment (LCA) for water pipes. However, very few models for the-calcul

of water led

installation

Traditionall

Wy N =

where

Wy 19

Qin
Ty

Ty =(Q;

where Qi

It is general
defined and

TN :TN

where r; is {

We can the

increase rat

increase rat
of r, of 0,59

i9

i9

ks exist today, this parameter is highly variable and depends on the pipeimdteria
process, the age and length of the pipeline, among others.

y water leak for a given year (N) is calculated using Formula (C.1) and (C.2).

Din XT

the water leak for a given year (N);
the flow rate entering the pipe system, in m3/s;

the leak rate for a given year (N) and it is calculated as follows.
n _Qout )/Qin

s the flow rate at the end of the pipeé system, in m3/s.

[ly accepted that the leak rate‘increases over time; the leak increase rate can therefo
the following Formula (€13) can be established.

1 x(1+r,)

he leak increase'rate, in %.

refore assume that water leaks increase exponentially each year depending on the

b should be used by default.

e. The'doctoral thesis of Thomas HendricksonlZl gives several possible values for the
e dépénding on the type of materials used to build the water pipe system. An average Y

and
htion
, the

€1

(C.2)

re be

(C.3)

leak
leak
ralue

C.2 Example of leakage incident rate of ductile iron pipe network

C.2.1 General

Studies on water network reliability and durability of pipe materials have developed very significantly
in the recent years worldwide. However, it is difficult to give universal values of reliability of the water
networks. It is therefore chosen to present some examples published in the literature highlighting the

actual perfo

rmance of ductile iron networks.

Ductile iron pipes have strong material properties and flexibility of joints, and it has been verified that
the leakage incident rates caused by pipe bodies’ damages or water leak from joints are extremely low.

12

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=f339ef465b1b834bc686b49c3cca8e82

	Foreword
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Basic concept of life cycle cost
	4.1 Definition of life cycle cost
	4.2 Calculation method
	5 Breakdown of life cycle cost
	5.1 Acquisition cost
	5.2 Operation cost
	5.3 Maintenance cost
	5.4 End of life cost or revenue
	6 Key drivers for life cycle cost reduction
	Annex A (informative)  Pumping cost
	Annex B (informative)  Scenario of LCC with different pipelines
	Annex C (informative)  Leakage incident rate of ductile iron pipes
	Bibliography

