Case Study

dx.doi.org/10.22093/ww;j.2022.319436.3209

114

Journal of Water and Wastewater, Vol. 33, No. 4, pp: 115-132

Economic and Environmental Assessment of Drinking

Water Production with the Desalination Approach of
Desert Waters Near Playa
(Case Study: Bajestan - Central Iran)

F. Mohammadzadehl, M. R. EkhtesasiZ, S. Z. Hosseini3, H. Hashemi4, M. Allaee>

1. PhD. Candidate in Watershed Management Science, Dept. of Watershed Science & Engineering,
Faculty of Natural Resources, Yazd University, Yazd, Iran
2. Prof., Dept. of Watershed Science & Engineering,
Faculty of Natural Resources, Yazd University, Yazd, Iran
(Corresponding Author) mr_ekhtesasi@yazd.ac.ir
3. Assist. Prof., Dept. of Watershed Science & Engineering,
Faculty of Natural Resources, Yazd University, Yazd, Iran
4. Assoc. Prof,, Dept. of Water Resources Engineering & Center for
Advanced Middle Eastern Studies, Lund University, Lund, Sweden
5. Master of Earth Sciences, Managing Director & Chief of the Board of
Khorasan Razavi Water Authority, Mashhad, Iran

(Received Dec. 12, 2021  Accepted July 11, 2022)

To cite this article:

Mohammadzadeh, F., Ekhtesasi, M. R., Hosseini, S. Z., Hashemi. H. Allaee, M. 2022. “Economic and
environmental assessment of drinking water production with the desalination approach of desert waters
near Playa (case study: Bajestan - Central Iran)OJournal of Water and Wastewater, 33(4), 115-132.
Doi:10.22093/wwj.2022.319436.3209. (In Persian)

Abstract

One of the major challenges in arid regions such as Iran is the supply of water with appropriate quantity
and quality. Drought, disputes over water resources, and providing good quality and quantity water for
drinking, agriculture, and industrial sector, have forced governments to use desalination technology or
transfer water among watersheds, Water desalination is one of the solutions to providing drinking water
in Central Iran and coastal areas. Bajestan plain is no exception and has been using this method for about
16 years to provide drinking water and health for residents. Investors have recently been encouraged to
build mineral water plants in arid areas; While the socio-economic and its environmental consequences
are not yet clear. The results of this study showed that to supply fresh water from desert saline water with
EC about 7500 (ps/cm) and reverse osmosis method with a production volume of 1000 (m*/yr), the price
per liter of water is equivalent to 45.067 IRR. In this process, around 500 m* of saline water and more
than 6 tons of salt will be produced, too. This amount of salt will increase the salinity of the lands around
the pistachio fields and orchards by 2 to 3 times and decrease the yields by more than 60%. Results
showed if the bottles are not recovered, more than 18 tons of polyethylene will be produced. The
economic evaluation shows that the value of the Net Present Value Index is negative and Internal Rate of
Return is not acceptable, and the B/C is 0.46, which indicates that it is not economical to implement.
Implementation of this plan in other arid regions with these conditions will have similar results.

Keywords: Drinkable Water, Saline Water Desalination, Economic Assessment,
Environmental Effects.
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Table 1. Estimation of annual variable costs of water transfer to Bajestan, 2019

Row Descriptions Sum (IRR)

1 Electricity current expenditures 1.214.165.000
(two wells) R

2 Steering current expenditures 748.200.000
(two pumping stations) =

3 Current expenditures of repairs,
service & maintenance of valves 500,000,000

4 Total 2,462,365,000

4,530,628,482 Update costs (2019)

Source: Bajestan urban water and sewerage archive, 2019
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Table 2. Estimation of fixed costs of providing the location & facilities for establishing
the mineral water company, 2019

Row Descriptions Unit price (IRR) ‘?;lezz)‘ (mil;l;(?ltlaIlRR)
1 Production ha_ll (available) 5,500,000 360 1980
) e ol 5,500,000 300 1650
(development plan)
3 Office buildings 7,500,000 60 450
4 Facilities 5,500,000 10 55
Total 730 4135

Source: Seno Mineral Water Company, 2019

R JPURE YU LK S-S0 I ER S S DL E L
SLATAA Jlu slacad Lelul i T 51K w5 sloa 5o
(Damirchi Industrial Group, = w3 2o 5 god 5555
¢zl 2019)

! a.,\._ATY‘ ij BE) C)\J_:g."ﬁj (FRECN U'l‘ JA[SCJ&
alo> 5l Gl iy (5Lm\§$_..a> JA\_& Laol&us L‘)ﬂ_“
O i s UV s 3 e «Sslis 5 sbaol&ans
Jols 055 55 rimen (ol i Sl 5 6550 YL Lls RO
S, s o Sl Ve Gl 055 5 xS ma Foe 055
slaasn plesls sy gl g Of o g 5 L
(S5 5 S5 slaa e Jold im0 by e
el 5 i LT Sl c i bl 5 el Sl
4—‘5)[5)) C—.A)‘J.& 6‘.@0.:&)_9)3 Ja—_&_l—oojs/j &LAJ—A 56)‘)‘
s
T3y 5 o150 e 5l b Sl i s Slous sl 38—
Sl 3o s Gann O 6B Slasl Sl lags 3o 0y 25

2 Pre-Operational Expenditures (POEs)
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Table 3. Estimation of fixed costs to purchase machines & devices, 2019

Cost (million

Cost (million

Row Device type IRR) Row Device type IRR)
1 Jack Pallet 105 12 16-Nozzle tri-block 880
machine with 8 heads

ae g Opp labeling machine with

2 Ll [ ffor oo G- 170 13 a speed of 8000 bottles per 940
meter water packages hour

Fire safety and UV device for disinfection

3 i . 66 14 ; 140
extinguishing equipment and ozone production
RO water purifier
4 CCTV 120 15 (1000L/day) 644
Plumbing and electrical Polyethylene Tank
3 installation 190 16 (10.000L) 270
6 Cooling and heating 45 17 o] paclg shetug 335
machine
7 Laboratory .and workshop 35 18 Jet printer for date printing 135
equipment
vehicles 975 19 Conveyor (10 meters) 142
Furniture and office 56 20 Concrete Re§ervoir 1000
supplies (400 m”)
10 Transport 32.88 21 Semi-automatic double 930
11 Monitoring and consulting 21.92 compressor
7232.8 Total cost of machinery

(VYA JLo) e ST s 8 531005 5 5ol e 51 8 Sl 5y Slans laan o 5,51 2 - F Jsu

Table 4. Estimation of service costs, pre-operation costs & commissioning
for establishing the mineral water company, 2019

Total
Row Descriptions (million TRR)
1 Establishment of company, registration and increase of capital 20
and facilities

2 Office expenses and bills, fees and facility insurance 10
3 Expert fees 20
4 Cost of consultation and supervision 20
5 Internship and training 78
6 Experimental production 503

Total 651

Source: Seno Mineral Water Company
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Table 5. Cost of production & preparation of raw materials (preform) of bottles, 2019

Unit price Daily q Annual
ity ORR) producton MBI BRI produeion Tt st
costs (IRR) costs (IRR)
0.5L 3300 4.95 128.7 1544 .4 3884.4
1.5L 5000 7.5 195 2340 )

Source: Seno Mineral Water Company
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6 Monthly Production of Bottles (MPB)
7 Daily Productions of Bottles (DPB)
8 Price of Preforms (PPs)
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! Raw Material (RM)

2 Employee's Salary (ES)

3 Maintenance Costs (MCs)

4 Water Costs (WCs)

5 Electricity & Communications Transportation (ECT)
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Table 6. Mineral water company employee salaries, 2019

Number of Il(l;:;{l?:;e Monthly salary Monthly employee’s salary  Annual costs
employees IRR) (million IRR) (million IRR) (million IRR)
6 6 18 144 1728

Source: Seno Mineral Water Company
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Table 7. Maintenance costs, 2019

Repairman wages

Total maintenance costs

Repairman wages+maintenance

T TR costs
(million IRR) (million IRR) (million IRR)
40 704 744
Source: Seno Mineral Water Company
(VYA Jl) bl 5 G a5 5550 = A s
Table 8. Electricity and Communications, 2019
Total (million IRR)

Electricity & Communications

90

Source: Seno Mineral Water Company
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Table 9. Transportation costs, 2019

Tvoe of Number of bottles Shipping cost per bottle Yearly Total
li})ttle per shipment (million IRR) number of (million
(bottles) (CEB) shipments IRR)
05L 7200 1111 65 Cargo 520
I5SL 3600 2222 130 Cargo 1040

Source: Seno Mineral Water Company
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* Price of Water (PW)
3 Total of Annual Productions (TAPs)
6 Income

Journal of Water and Wastewater

Bottles (0.5L) = 6 X 1200 = 7200 (\Y)

Bottles (1.5L) = 6 x 600 = 3600 (\%)
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! Number of Bottles of Shipments (NBS)
2 Yearly Number of Bottles (YNB)
3 Yearly Number of Shipments (YNS)
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Table 10. Estimation of income based on bottle type, 2019
. . ) Monthly Annual
Unit Daily production . . Annual loss
Type of . . production production Total
bottles used price Hneome income income rate (million IRR)
(IRR) (milion IRR) . . (million IRR)
(milion IRR)  (milion IRR)

0.5L 15000 45,000,000 1,170,000,000 14,040,000,000 561,600,000
20,966,400,000

I5L 25000 25,000,000 650,000,000  7,800,000,000 312,000,000

Source: Seno Mineral Water Company
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TDS = 0.64 x 7500 = 4800(mgr/L)
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Table 11. Final evaluation based on economic indicators, 2019
Distribution Initial Annual selling price

costs investment cost of water per m ; .PV NPV IRR BCR
(m3/IRR) (IRR) (million TRR) (it W8S
45,067,150 449,659,287,317 20,966,400 27,474,307,883  -422,184,979,434 A Not 0.46

cceptable

oA 5 S ks olatl ez 5 Slasedsn b b S Ll
0330 ¢ 5 pals izen a8l o olan U S5 b e
Jsd B goue jlaie w36 5 o lslinn il Cawsay 51
a8 o Slacie 48 sls Glas 5 4 3 4 3 g Conad dslis 2]
T b8 Elas! s 5 gslamdl sy lis o el \ 5
Ll s b alie (iblie s 5l b anl b 4SS L ans
RC [ EP (V|

D oo Voo v a5 g3l 5 e 5 Jane o8 )
aoel g a5 il o5 VA ST G eV ey s

- \

S 0 290> 53 535 s ol (S S mREE R
S sl ) 5 S game 5 sb e sl el i S
5 T Gl 0 ol s 5 i gily 4 5
Ol B e 5 Sl S (05 e (g5l 4S5 S a5,
I3l 65Y ol 58 e 5 S a3 (ol
e shaeme 5 olaxl aladdl Cilisis il g 035, 2 612
JRIpE e3Y il s ol Sl v g gl sse3s,
533 63ben et 4 5L 0k B8 0500 2 g 5 Sl
3 aal 3 4 oa0gsia ol gt CoSIe O 50
Sl -0
PRU RS N PRV YU JCX 3F. 5 T PO IR P K ST
o=l 350 SLeMbl g s a8l gliw i OIS
Al Sas JLS s S ol ey

References

S -§
Gl oSl i sbael o Sl a5 el
ahs 5T (505 el 55 6 3loc s 4 s ool 5 L 31
loas o b bl s i byl 5 opl 5150 Oliaoy dilats
S 3 glaans (bl iad g0, ol b 5 JUsl sl
SV PETSUPLIC- S O PE (PR TS RS YO
i s b GanelaT OT g sl s ol slaan 5§
G o 45l gl Sl elaS e Lol izlos 5 05 )
G IS s s 3 Lams S i b o) il
55 slapasla b o olal 35l 4 o 5 Gins
S g (Al 035U 25 ad alls 5500 ab 350 el
4wl gl (Firoozi, 2019) csls, s aysuld
) e cadsl (1S el se b lanl 358 sla 2l
FRUN U SN ISP PR DN 5 S IR U PSS
b 2bisl pale e dubum s 4 o P b e 5,5 4l
Slaia laml o st ey o5 58 5 e 0F 0355 4 052 g3l b
Sl s A dlone b el 330 el
o] Canty s jas L

Sl s ot asls 0Lt V) sz 4 S 658 oles
Ol 4 L Ol Jlasl 5 g5baen i golal b5 5]
sLasls bl o sanaia oo Sawlal G las gl
Jaaz 45 058 plas (a4 5000 5 e s (s 2 (53 LBl

a&:_w‘ L;é.;.ﬁ L;L!.‘? L}AB u‘bjj\ L}A.;Ls:' J‘.ﬁ» GCA“‘ % bb‘b OLij

Al-Otaibi, M. & Kotwicki, V. 2009. Challenges of water management in Kuwait. In Proceedings of the 4" Joint
KISR/JCCP Environment Symposium, 169-184. Kuwait: Kuwait Institute for Scientific Research.
Aylward, B., Berkhoff, J., Green, C., Gutman, P., Lagman, A., Manion, M., et al. 2001. Financial, Economic

and Distributional Analysis. World Commission on Dams. Cape Town, South Africa.

Journal of Water and Wastewater

Vol. 33, No. 4, 2022

AR den\G ULQ.:”\‘Y’UJ:



dx.doi.org/10.22093/wwj.2022.319436.3209 hlSan 5 o3lidams 4abls

Bacro, J. N. & Chaouche, A. 2006. Incertitude d'estimation des pluies extrémes du pourtour méditerranéen:
illustration par les données de Marseille. Hydrological Sciences Journal, 51(3), 389-405.

Bajestan Water & Sewerage Department Archive., 2005. Report on Water Transfer Costs from Mansouri Plain,
First phase studies, 22-73. (In Persian)

Bajestan Water & Sewerage Department Archive., 2016. Report on Water Desalination Costs of Mansouri
Plain, 68-120. (In Persian)

Brindha, K. & Elango, L. 2015. Cross comparison of five popular groundwater pollution vulnerability index
approaches. Journal of Hydrology, 524, 597-613.

Cai, L., Wang, J., Peng, J., Tan, Z., Zhan, Z., Tan, X., et al. 2017. Characteristic of microplastics in the
atmospheric fallout from Dongguan city, China: preliminary research and first evidence. Environmental
Science and Pollution Research, 24(32), 24928-24935.

Cho, Y., Easter, K. W. & Konishi, Y. 2010. Economic evaluation of the new US arsenic standard for drinking
water: a disaggregate approach. Water Resources Research, 46(10), W10527.

Damodaran, A. 2012. Investment Valuation: Tools and Techniques for Determining the Value of Any Asset. John
Wiley & Sons, Inc., Hoboken, New Jersey.

De Giglio, O., Quaranta, A., Lovero, G., Caggiano, G. & Montagna, M. T. 2015. Mineral water or tap water? an
endless debate. Annali di Lgiene, 27(1), 58-65.

Delpla, 1., Jung, A. V., Baures, E., Clement, M. & Thomas, O. 2009. Impacts of climate change on surface water
quality in relation to drinking water production. Environment International, 35(8), 1225-1233.

Damirchi Industrial Group., 2019. Design, Construction and Food Industry Machinery, https://damirchi.com/.
(In Persian)

Deputy of Technical Affairs-Office of Technical Affairs and Development of Criteria., 1998. Guide to the
Application of Engineering Economics in Water Resources Development and Management Projects,
Planning and Budget Organization Pub., Tehran, Iran. (In Persian)

Devarakonda, S. 2019. Calculating the economic viability of corporate trainings (traditional & elearning) using
benefit-cost ratio (BCR) and return on investment (ROI). International Journal of Advanced Corpotate
Learning (iyAC), 12(1), 41-57.

Doria, M. F. 2006. Bottled water versus tap water: understanding consumers' preferences. Journal of Water and
Health, 4(2), 271-276.

Fantin, V., Scalbi, S., Ottaviano, G. & Masoni, P. 2014. A method for improving reliability and relevance of
LCA reviews: the case of life-cycle greenhouse gas emissions of tap and bottled water. Science of the Total
Environment, 476, 228-241.

Firoozi, M. 2019. The Most Practical Financial Accounting Terms, https://www.chetor.com/163684. (In Persian)

Fuhrer, G. J. 1999. The Quality of Our Nation's Waters: Nutrients and Pesticides, 1225. US Geological Survey.

Garfi, M., Cadena, E., Sanchez-Ramos, D. & Ferrer, 1., 2016. Life cycle assessment of drinking water:
comparing conventional water treatment, reverse osmosis and mineral water in glass and plastic bottles.
Journal of Cleaner Production, 137, 997-1003.

Ghaffour, N., Missimer, T. M. & Amy, G. L. 2013. Technical review and evaluation of the economics of water

desalination: current and future challenges for better water supply sustainability. Desalination, 309, 197-207.

Journal of Water and Wastewater NS 5 Ol dlore

Vol. 33, No. 4, 2022 VO Jlo f oles MY o, p0

12



dx.doi.org/10.22093/wwj.2022.319436.3209 b PbolST ] gl | sy jlano g (claiil )

Hosseini Zafarabadi, S. S., Nafarzadegan, A. R. & Vaqarfard, H. 2020. Evaluation of the development of
unconventional water resources (saline and saline lips) in the west of Hormozgan province. Journal of Desert
Ecosystem Engineering, 9(29), 75-88. (In Persian)

Kang, D. & Lansey, K. 2012. Dual water distribution network design under triple-bottom-line objectives.
Journal of Water Resources Planning and Management, 138(2), 162-175.

Lee, S. & Kim, J. H. 2020. Quantitative measure of sustainability for water distribution systems: a
comprehensive review. Sustainability, 12(23), 10093.

Lionello, P., Malanotte-Rizzoli, P. & Boscolo, R. 2006. Mediterranean Climate Variability. Developments in
Earth and Environment Sciences, Elsevier. Amsterdam, The Netherlands.

Mukhopadhyay, A., Akber, A., Al-Awadi, E. & Burney, N. 2000. Analysis of freshwater consumption pattern in
Kuwait and its implications for water management. International Journal of Water Resources Development,
16(4), 543-561.

Oskounejad, M. M. 1996. Engineering Economics or Economic Evaluation of Engineering Projects, Publication
of Amirkabir University of Technology, 7" Edition, 195. Tehran, Iran. (In Persian)

Papong, S., Malakul, P., Trungkavashirakun, R., Wenunun, P., Chom-in, T., Nithitanakul, M., et al. 2014.
Comparative assessment of the environmental profile of PLA and PET drinking water bottles from a life
cycle perspective. Journal of Cleaner Production, 65, 539-550.

Pasqualino, J., Meneses, M. & Castells, F. 2011. The carbon footprint and energy consumption of beverage
packaging selection and disposal. Journal of Food Engineering, 103(4), 357-365.

Patrick, M. & French, N. 2016. The internal rate of return (IRR): projections, benchmarks and pitfalls. Journal of
Property Investment and Finance, 34(6), 664-669.

Qazal Soflou, A. A. 2016. Investigation of some technical and economic aspects of desalination and transfer of
sea water to the central regions of Iran. Journal of Water and Sustainable Development, 3(1), 130-130.

Riccardini, F. & ISTAT, R. 2014. Sustainability of wellbeing: the case of BES for Italy. Presentato Alla XII
Conference Quality of Life ISQOLS, Sustaining Quality of Life Across the Globe, Free University Berlin.
Germany.

Romano, N., Nasta, P., Bogena, H., De Vita, P., Stellato, L. & Vereecken, H. 2018. Monitoring hydrological
processes for land and water resources management in a Mediterranean ecosystem: the Alento River
Catchment observatory. Vadose Zone Journal, 17(1), 1-12.

Schymanski, D., Goldbeck, C., Humpf, H. U. & Fiirst, P. 2018. Analysis of microplastics in water by micro-
Raman spectroscopy: release of plastic particles from different packaging into mineral water. Water
Research, 129, 154-162.

Seno Mineral Water Company. 2019. Report on Construction Costs of Mineral Water Company, 1-125.
(In Persian)

TechnicalAffairs and Development of Management Criteria and Planning Organization of the Country. 2002.
Guide to Recognizing the Economic and Social Impacts, Valuation and Economic Justification of Water
Resources Development Projects. Islamic Consultative Assembly Research Center, 1-85.

Technical-economic report of the plan to separate drinking water from the health of Bajestan city., 2014.
Khorasan Razavi Water and Sewerage Company, 5036-410663 /1, 2-8.

Journal of Water and Wastewater ONSb 5 of dxe

Vol. 33, No. 4, 2022 VP Jlo o oled FY 00



dx.doi.org/10.22093/wwj.2022.319436.3209 OlSen 4 08fjuare dabls

\vY

Vaccaro, J. J. 1992. Sensitivity of groundwater recharge estimates to climate variability and change, Columbia
Plateau, Washington. Journal of Geophysical Research: Atmospheres, 97(D3), 2821-2833.

Wang, L. & Lin, L. 2007. A methodological framework for the triple bottom line accounting and management of
industry enterprises. International Journal of Production Research, 45(5), 1063-1088.

Zou, Q. & Liu, X. 2016. Economic effects analysis of seawater desalination in China with input—output

technology. Desalination, 380, 18-28.

This work is licensed under a Creative Commons Attribution 4.0 International License

UMUJUT@
\f‘\ dl-w tf DJL»\:' XY 092

Journal of Water and Wastewater

Vol. 33, No. 4, 2022

W





