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1 Life Cycle Assessment
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Fig. 1. A map of the water supply network in Baharestan city, showing the locations of the PRVs
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Fig.2. Overview of Baharestan water supply system
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Table 1. The trend of population changes and reduced per capita water consumption of end-users based on
different scenarios
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Fig. 3. System boundary in life cycle assessment

Wb ) Culd Oygo i I b posee Gloj 3 odd ad)S
Ly gl 53 &8 )05 (2195 b g esd 41 Sl &b ladlgd oo @i
e b 53 o) ol o (gt g sl s ol e
bil slr 5k 390 Jolye sl oad Bl o 485 5lai )3 550
el o 03,9l ¥ S5 )3 Ol w95 4t sladly) consls il 45>
&S NFU) (oo,Shas a5l
V5] il pitw (6o ye g dalllae CBia b cunlito b g o o0l

LCA 55y 5 295 9 55929 0w sl

S5 o6 Sas dolg cpsls 3850 )0 00l (i yxi diold g LBub 4 gl b
u]u)md.uuiu.:nbobg)hmom‘y)]o)lﬂw‘@]u&)m
sboS 4 coles 55 g okd Ol @i a8 3)lg (e 0 (3255 (6 e

) 0d 0> J)?DU d)*a.n

1 Functional Unit

4.4

ol o oy50 Bl (gibposy Abye 3 s Ol @i
Jeo doanl b )5 (Brae dlge I (5.5 Cuwppd ang (V) Jold b))
055 LAt (¥) s oyt 6 > 55l Bpae T eble ¢ Ji5
i) (1) 5 Shar w5 O jg8 4S8 (lame Sl o
Copde Calw Jlosl & dag b calisee (slagy lw s jlae &l il
tujlase Sl byl Sloj ojl sl (Ol 2508 Laslpd 5> Lt
Jls) oS b 0)90 bl b ST 5 cglie calisee (glagy i >
G5 jye dalllas pl Bun 4 dogi b sl oad a3 5\l > (VYO
S ol B by 5 Sl o] glacuy bawgs (55,0 B e Jolis
ol S bl > e ylpese dlope > JB 5 o> g el
el o jlaichpo 4SS g jley plans jes & bl p cSlo

a0 oy eyd 0 Cawl odd ol LS VS 0 piee e



FAVY B YT doxin Vo) o Ve 0)los @F 0,93 638 ool (3lpas (i 4y

Sale3T g s P

|
|
|
syt Jo [EPPV°S1 T
|
|
|
/

Sl 500 502 “

F Y

o8 J=o 4y Joo

s 452 sl oo @ ————

Gl

\
! \
' \
' \
' \
| \
' \
! \
i !
| "
' \
: I Qlﬁn.,.'i' ‘ |

\
' |
' \
' |
| }

Ol 399 85ed > Bl 3 Sl 32 ) dolpe F JSS

Fig. 4. Process for assessing the life cycle of pipe failure in water distribution network

g ol 005 50 clawl 4Y (ol g 8 e 4 clusly Jsl
sskte & sl oAl dgyedy (95 oo 4y JUal | Ly sloaz])d )
el Glid claodls 4 Ol wjgi aSis iSu 3 dnlus Cavypd ags
s GAr9a5 b preni Aiojl g Am3 (o0 £ ASd 3 oS (oSS
3y50 4Sud Gilogi b g (il I alols @il g 5ks 5)50 Jo> alols
AFR5 gl JLo) Ao ¥ (slmodls Loy 5 5 3y90 ledbl cnl 5L
Cawd & liwylop pes OB g Of S s 5l 38l s (VWAA 5 VYA
@S ol g68y e 5l S SleMbl pas 4 dngi b ol ool
WE S L5, b b 0yed sl B VAR Jlo 5l canis 6L ¢

Ll 00

S5 &) (b s aplis Lo VY=Y
Soor e S (551 ol 5 Sloms ot (sing el i )3
Shoy ol 53 o3l 3y90 (g5l lue DS oo B o3kl 340

G5 Gpan e cpizmed Caol o S js cels SlglKo A0 Ly ya

(LCY) pmganlow Jdos -y —¥ -y
S Ol S Dbl ln pY Glazg g sdgyy (ol
Srglges ooy SKaS L (laanlyd g dlge Jlie lgic ) i
dope r boye 39290 5l e i cnl 4 Ngd o (oS 0
W as G Ol @i A g Sley el (5)URSS 5 )0
(ole @l sl o ML 5 O €815 5l 5l 5,00 (slaodls
5L 5 el oMo sl sal oy 4 e jl il g aaslas

A5 ool Al 3 cleedly o5l s sl Ecoinvent 3.5 ool

St Ol @i a8 anlow o —Y-Y-Y-)
o by g b Ol ig b )bpepe dbye
Sygo 3350 il 0d el Ol 5 Ol mje5 4 slaaly)
ol o g Lol 0nd 56 (slacdlin] &Y il o caml
o blod (elann] b ol oas 48,5 Jlai 15 G ya 4 bgrye Slles
oo 55y S dadlgd Gag b g (9] dhog ()li> ol dnlw )

¥4y



Fayy b ya.¥ asao NF-) Jl.w N Q)Lo.w O 0)9d ‘)MS)M‘ LJ‘)""C L;\»._\.\.Q(a 4.:).;“_»

(Ol loe WS g Of &8 23) YAV Jlo ;3 ola aoy g jloy 00! (5551 B e .Y Jga

Table 2. Energy consumption of pumping station and well pump in 1397 (Baharestan Water and Sewerage Company)
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Fig. 5. Comparing phases of scenario 2 using the ReCipe midpoint method
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Fig. 6. Comparing phases of scenario 5 using the ReCipe midpoint method
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Fig. 8. Comparing scenarios 4 and 5 using the ReCipe endpoint method

e ¥
oS sl U Gy il ol 4y Lol (sl (Sl 51 Lslis i ko
oo il (sl 0 a5 (6 500d (galae 10 g0 S &
G gladiz 511y (glod S i g Cute Slad o g5 4 4ty Lo
Copdo Calww Jlosl s jlasme Il adllas pl 50 2005 ol jor 4
Jols s T @5 9 ol e g Ol 058 bilpd )3 b
390 Sy Aoy 3 Ol 35 45 g ol ol Sloay ol
Cope ilie (Slagy )l (Ban cpl & ey sl )55 (o)
5 Do e e ol Sygo 4y ojted 3 Ol e ials g Lad
B pao jl gols Cawypd G g a5 VIO Jlo BIYAY Jlo 5l cne iy
Bpan Slawlors jl g A ad U8 9 Joo g adlg) jooss (5551 9 2lgo
gl 53 & (sladly) Cunsls £33 5 (B pan clin] o (55
@y il b)) SIMAPTO I38le 5 ) eolital | s Ly
Olyl 58,5 a5 50 Cuenl oniad ol gl IS job & .0 plosl ls
@38 i > Ol 3908 Ll )3 )i Cupss Conlew sl
A3 o i ol .ol osd 483 0apdl (LS Slalllae j> 4 canl
G5 Gy ply ¥ L5 a5 il g il e &l &5
Al Cuonl @y Sl 1 gyl jd 4> ST .l (gl om0 dlsyo 40

Slyygh g (g b &8 ol lad 0dd o)Ll (65 51 B pan s jlaie

Y410

ol 0a 0d)gl O 5 ¥ (clag s Sbl ISl awslie A S5
S Lalyd 5 lis o e Caliw D51 b sl jasuiio 457 jgbo sl
BAYAY Jlo JIF o pliw 53 diboo (2250 gyl 55 SLL I
plosl O pjor a8 1> Ol dgueS sl b 45 jLié o pe 48 VFVD Lo
¢yl CanSld g i (655 Bpas azer Liulj8l e ay Conl 0as
gyl (olo5 o 53 e st D Sl hunilacme I
Lol
addllas ol 45 oS sl Ll oD 09,5 UL 3l 09,5 oy Seree
2 Shb all sl ool Hlade ccuol dtwd cpl & sleio SIS oy iy
Onomed ool +[8¥ MPpt 5 «/AY MPt 55 40 ¢ ¥ slag, b
2 gl Gy alde SLl Gl 1Ky clag)S )5 gyl iy
ol Ll CoMs 09,5 31 205 L] podlie a8 ol oD @l il 09,5
5 it LSy (Sloj ol Ll 5l 93 10 450 5 ¥ (gg)ls > By
S90S ool pd 53 )Lt o e b Jlos! pas g Jlos! )3 o)l coglis
B o)l ply VYD Loyis ¥ (o995l )3 SLL il £ game ccunl
Lol o e Cunlow D8] Cuso @l Sl sdind Hlis adge (pl .l
a0l D9 Laylys () Hlid Copie jledlil b oS balys O
1y s jlasme )b & Canl o aily 3 208 Ol g (655l Bpan ] &5



Yayy b ya-Y axio N JL» N O)LM OHY 0y9d ;)....s)fol ul)a..c L;.u,\...@(c :b).uu

Application of the social cognitive theory, Urban
Climate, 39 (2021) 100935.
[3] S.K. Sharma, K. Vairavamoorthy, Urban water demand
management: prospects and challenges for the

developing countries, Water and Environment Journal, 23(3)
(2009) 210-218.

[4] D. Sauril, Lights and Shadows of Urban Water Demand
Management: The Case of the Metropolitan

Region of Barcelona, European Planning Studies, 11(3)
(2003) 229-243.

[5] H. Safarpour, M. Tabesh, S.A. Shahangian, Social
Impacts Assessment of Water Demand Management

Policies on Wastewater System by Using SLCA Method,
Amirkabir Journal of Civil Engineering, 53(12)

(2022) 9-9.

[6] M. Stavenhagen, J. Buurman, C. Tortajada, Saving water

in cities: Assessing policies for residential

water demand management in four cities in Europe, Cities,
79 (2018) 187-195.

[7] C.L. Cheng, Study of the inter-relationship between

water use and energy conservation for a building,
Energy and Buildings, 34(3) (2002) 261-266.
[8] S.A. Shahangian, M. Tabesh, H. Safarpour, A Review of

the Conceptual Framework of the Interactive

Cycle and Modeling Process Used in Urban Water
Management, Iran-Water Resources Research, 16(3)

(2020) 63-79.

[9] S.A. Shahangian, M. Tabesh, M. Yazdanpanah, How can

socio-psychological factors be related to

water-efficiency intention and behaviors among Iranian

residential water consumers?, Journal of
Environmental Management, 288 (2021) 112466.

[10] H. Safarpour, M. Tabesh, S.A. Shahangian,
Environmental Assessment of a Wastewater System

under

Water demand management policies, Water Resources

Management, 36(6) (2022) 2061-2077.
[11] S.A. Shahangian, M. Tabesh, H. Safarpour, M. Khashei,

b S a3 jLassl 5 AAY a8 83,8 ol (sladdlas 3 55 (VO]
5 05 (slodie (5551 1S G plsis 4 oy s &S b
b ] snis a5 s 0 (g5l 0lilS Bpae slaisy S
dy90 yes &9 8 olaisl gladlg) o0l Hlan canSlls > 4
B polie by aSis casls 5 cdlawl s jlase ] adlls
<Y gl 5 0 ol SF (ol S0 4 gjlae 5T
Sl lie (Sloj ojl b lagyjliw 13 105 ©yle 4y 090 ) (go)lw
Sl ol )3 awl (65508 st jlause ST ()l yiST T G yume L
Sl sl Jlo & (85 S5 b g 039 oS IS e S,
Copde bl Jlasl b > Lold § Cumes inli8l b 23k 090
DB g Sl ggdge cnl b (Il ranjlase )b (e LS
i (st jlaoe Gl Gials ) O Lol copie glacul
el (5 S e i 4 Lol o i3 |y (s T @ 9 el
Cawl (ol rcawlbus ol 3551 51 rols wyp ylS sl (sou0 ]
53 oA Lg)g]é.oq dalow Caoypd 38> Sledbl LS waly8 o5es opl 5o

Doy wnlgs ookl bl g e o] lidss (¢ly adlllas oyl

PR

Oyl e 5 Gladio il OIS o O <83 5l alsg o,
5 G cnl ploml o () s & (Sl oz BT g )
Do o )08 o SuiS cdbgype leMbl by 48 L]

Xl
[1T S.A. Shahangian, M. Tabesh, M. Yazdanpanah, T.
Zobeidi, M.A. Raoof, Promoting the adoption of
residential water conservation behaviors as a preventive
policy to sustainable urban water management,
Journal of Environmental Management, 313 (2022) 115005.
[2] S.A. Shahangian, M. Tabesh, M. Yazdanpanah,
Psychosocial determinants of household adoption of

water-efficiency behaviors in Tehran capital, Iran:

Y5



Fayy b ya.¥ asao NF-) Jl.w N Q)Lo.w O 0)9d g)....s)m‘ LJ‘)""C L;\»._\.\.Q(a 4.:).».._»

[20] K. James, Godlove, C.E. and Campbel, S.L, Watergy:
Taking Advantage of Untapped Energy and

Water Efficiency Opportunities in Municipal Water Systems,
Washington, DC, 2002.

[21] R.a.S. Goldstein, W. Smith, U.S. Electricity
Consumption for Water Supply & Treatment—The Next

Half Century, Electric Power Research Institute, Water &
Sustainability, 2002.

[22] J.R. Stokes, A. Horvath, Energy and Air Emission
Effects of Water Supply, Environmental Science &

Technology, 43(8) (2009) 2680-2687.
[23] Q. Xu, Q. Chen, W. Li, J. Ma, Pipe break prediction

based on evolutionary data-driven methods with

brief recorded data, Reliability Engineering & System
Safety, 96(8) (2011) 942-948.

[24]J. Stokes, A. Horvath, Life Cycle Energy Assessment of
Alternative Water Supply Systems (9 pp),

The International Journal of Life Cycle Assessment, 11(5)
(2006) 335-343.

[25] T.P. Hendrickson, A. Horvath, A perspective on cost-

effectiveness of greenhouse gas reduction

solutions in water distribution systems, Environmental

Research Letters, 9(2) (2014) 024017.

[26] International Standard, ISO 14044: Environmental

Management - Life Cycle Assessment - Life Cycle

Impact Interpretation, International Standard Organization

Geneva, Switzerland, 2006.

[27] W. Mo, Q. Zhang, J.R. Mihelcic, D.R. Hokanson,

Embodied energy comparison of surface water and

groundwater supply options, Water Research, 45(17) (2011)
5577-5586.

[28] A. Murray, A. Horvath, K.L. Nelson, Hybrid Life-Cycle

Environmental and Cost Inventory of Sewage

Sludge Treatment and End-Use Scenarios: A Case Study

from China, Environmental Science &
Technology, 42(9) (2008) 3163-3169.

[29] R. Renzoni, A. Germain, Life Cycle Assessment of

Water: From the pumping station to the wastewater

Yary

M. Abbasi, Presentation of the Integrated and

Comprehensive Framework in Assessment of Water Demand

Management Policies, Journal of Water and
Wastewater Science and Engineering, 5(4) (2020) 16-23.
[12] S. Shahangian, Tabesh, M., Mirabi, M, Numerical

investigation of leakage from steel pipes submerged

in water based on the experimental results of non-submerged
pipes, Journal of Hydraulics, 11(4) (2017) 29-
44,

[13] A. Marunga, Z. Hoko, E. Kaseke, Pressure management

as a leakage reduction and water demand

management tool: The case of the City of Mutare, Zimbabwe,

Physics and Chemistry of the Earth, Parts
A/B/C, 31(15) (2006) 763-770.
[14] P.J. Skipworth, A. Cashman, A. Saul, Whole life costing

for water distribution network management,
Thomas Telford, Thomas Telford, 2002.

[15] R. Pilcher, S. Hamilton, H. Chapman, D. Field, B.
Ristovski, S. Stapely, Leak Location and Repair:

Guidance Notes, International Water Association, Specialist

Group on Efficient Operation and

Management of Urban Water Distribution Systems, Water
Loss Task Force, 2007.

[16] E. Gomez, R. Del Teso, E. Cabrera, E. Cabrera, J.

Soriano, Labeling Water Transport Efficiencies,
Water, 10(7) (2018) 935.
[17] J. Liu, G. Yu, D. Savic, Deficient-Network Simulation

Considering Pressure-Dependent Demand,

Sustainable Solutions for Water, Sewer, Gas, and Oil
Pipelines, Beijing, China, (2011) 886-900.

[18] A. Pathirana, EPANET?2 desktop application for pressure
driven demand modeling. In Water

Distribution Systems Analysis, Tucson, Arizona, 2011.

[19] A. Lambert, M. Fantozzi, Recent developments in

pressure management, in: International Water

Association Conference Water Loss 2010, Sao Paolo, Brazil,
2010.



Yayy b ya-Y axio N JL» N O)LM OHY 0y9d ;)....s)fol ul)a..c L;.u,\...@(c :b).uu

[39] E. Lyons, P. Zhang, T. Benn, F. Sharif, K. Li, J.
Crittenden, M. Costanza, Y.S. Chen, Life cycle

assessment of three water supply systems: importation,

reclamation and desalination, Water Supply, 9(4)
(2009) 439-448.

[40] R.G. Raluy, L. Serra, J. Uche, Life Cycle Assessment of
Water Production Technologies - Part 1: Life

Cycle Assessment of Different Commercial Desalination

Technologies (MSF, MED, RO) (9 pp), The

International Journal of Life Cycle Assessment, 10(4) (2005)
285-293.

[41] S. Pishyar, H. Khosravi, A. Tavili, A. Malekian,
Desertification Risk Mapping based on Water

Resources Degradation using Multi Criteria Decision
Making, Case Study: Kashan, Journal of Water and

Soil Science, 21 (2018).

[42] A. Gohari, S. Eslamian, A. Mirchi, J. Abedi-Koupaei, A.
Massah Bavani, K. Madani, Water transfer

as a solution to water shortage: A fix that can Backfire,
Journal of Hydrology, 491 (2013) 23-39.

[43] S. Ratnasiri, C. Wilson, W. Athukorala, M.A. Garcia-
Valifias, B. Torgler, R. Gifford, Effectiveness of

two pricing structures on urban water use and conservation:

a quasi-experimental investigation,

Environmental Economics and Policy Studies, 20(3) (2018)
547-560.

[44] L. Corominas, D.M. Byrne, J.S. Guest, A. Hospido, P.
Roux, A. Shaw, M.D. Short, The application of

life cycle assessment (LCA) to wastewater treatment: A best

practice guide and critical review, Water
Research, 184 (2020) 116058.
[45] A. Gallego-Schmid, R.R.Z. Tarpani, Life cycle

assessment of wastewater treatment in developing
countries: A review, Water Research, 153 (2019) 63-79.

[46] SimaPro, SimaPro manual for methods, in, February of

2020, https://simapro.com/.

treatment plant (9 pp), The International Journal of Life
Cycle Assessment, 12(2) (2007) 118-126.

[30] E. Friedrich, Life-cycle assessment as an environmental
management tool in the production of potable
water, Water Science and Technology, 46(9) (2002) 29-36.

[31] R.K. Herz, A. Lipkow, Life cycle assessment of water

mains and sewers, Water Supply, 2(4) (2002)
51-72.

[32] Y.R. Filion, H.L. MacLean, B.W. Karney, Life-Cycle
Energy Analysis of a Water Distribution System,

Journal of Infrastructure Systems, 10(3) (2004) 120-130.

[33] K.R. Piratla, S.T. Ariaratnam, A. Cohen, Estimation of
CO2 Emissions from the Life Cycle of a Potable

Water Pipeline Project, Journal of Management in
Engineering, 28(1) (2012) 22-30.

[34] N.T. Hancock, N.D. Black, T.Y. Cath, A comparative

life cycle assessment of hybrid osmotic dilution

desalination and established seawater desalination and

wastewater reclamation processes, Water
Research, 46(4) (2012) 1145-1154.
[35] S. Angrill, R. Farreny, C.M. Gasol, X. Gabarrell, B.

Vinolas, A. Josa, J. Rieradevall, Environmental

analysis of rainwater harvesting infrastructures in diffuse

and compact urban models of Mediterranean

climate, The International Journal of Life Cycle Assessment,
17(1) (2012) 25-42.

[36] T.K. Das, Evaluating the life cycle environmental

performance of chlorine disinfection and ultraviolet

technologies, Clean Technologies and Environmental Policy,
4(1) (2002) 32-43.

[37] S. Lundie, G.M. Peters, P.C. Beavis, Life Cycle
Assessment for Sustainable Metropolitan Water

Systems Planning, Environmental Science & Technology,
38(13) (2004) 3465-3473.

[38] R.G. Raluy, L. Serra, J. Uche, Life cycle assessment of

desalination technologies integrated with

renewable energies, Desalination, 183(1) (2005) 81-93.

¥arA



FAVY B YR F docio VF) Jlo Ve 0)loud F 093 ¢S ool (lpos ouokito & pis

WH—V
ol.‘>5)L..o.| Oli».a.u." ‘_g))a‘ dfa.ag uT (:v)a.: 45...;» CA......S»J 9 uJLQ.wT )l5 5\5 GHMJ)JQJLA u‘f‘ MJLQ.QV lS \ (_ngJiw )b

Sl 00 oo)ng 5\" A ‘slAjJ)LM.AJ B ‘Sal.a.a “—“)—" 03;).‘44)‘

o AR

e
L

B sy o5 o i

T
B o
P e
o RO
TR e e
R SRR

T Y
PO i e i i
o AR
TR M e e
EETE e Y

[
/
2
2
/
2
/
2
/
/
/
2
:4‘
/

AN
RN SNSRI SISNIISINN
£ AR

B ol> 5 5l oSl (53,

L QL.
&S
.go‘b'.o .\c:b'

) 692 b o ReCipe g 5l oolasw! U (Sl Wiyl og,S s 5l a3 amg lin ) JSCi
Figure 1. Comparing phases of scenario 1 using the ReCipe midpoint method
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Figure 4. Percentage of each scenario's impact on midpoint indicators by the ReCipe method
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