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water trade in the cement industry in Iran. In this paper, the virtual water
trade between Iran and 68 countries importing cement from Iran and 40
countries to which Iran has exported cement was investigated. The time
period of the current research was from 2001 to 2018. The results showed
that the virtual water export of cement was 15.385 x 108 m3/yr. The total
virtual water export of cement was calculated to be 276.940 x 10°® md,
Virtual water imports of cement are 0.147 x 108 m3/yr. Iran is a net exporter
of virtual water. For the production and export of cement in Iran, 70% blue
water and 30% gray water are used.
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40 countries to which Iran has exported cement
was investigated. The time period of the current

Introduction

Water is a natural source that is necessary for
human and environmental  development.
However, the accessible water is limited. It is
estimated that world consumption of water to be
increased by 35% until 2050 which can lead to
water scarcity in  many countries. After
agriculture, the industry is one of the main water
consumers in Iran. One of the main water
consumer industries is cement production.
However, no study is conducted on virtual water
trade of the cement industry in Iran.

In this paper, virtual water trade between Iran
and 68 countries importing cement from Iran and
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research was from 2001 to 2018.

Material and Methods

Virtual water trade between Iran and countries
that exported cement to Iran is calculated from
multiplication of volume of cement trade (ton) to
virtual water content of it (m3/ton). Virtual water
import is estimated by multiplication of volume
of imported product to virtual water content of
that product. Total virtual water import for all of
the products is obtained by sum of virtual water
import of those products according to Eq. 1

VWI = 7i1=1 Z;nzl VWC” X WL] (1)
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Virtual Water of Cement

Where VWI is total virtual water import (m3)/,
VW(C;; is virtual water content for the desired i
product from country j, and Wj; is weigth of the
product i from country j.

Total virtal water export to other countries is
calculated from Eq. 2

VWE = ¥, Z§'=1 VWCsi X Wy (2)

Where VWE is total virtual water export (mq),
VWC;; is virtual water content for i"" product
from Iran (m%ton), and W is the weight of the
exported product.

Finally, the net virtual water flow in m®yr is
obtained according to Eq. 3

NVWF = VWI — VWE (3)
Where, NVWE is the net virtual water flow.

For calculation of blue and grey virtual water
imports, Eqgs. 4 and 5 were used, respectively.

Blue VWI = ¥i, X7 Blue WF;; X W;; (4)
Grey VWI = Yi Y7L, Grey WF;; X Wj; (5)

Accordingly, blue and grey virtual water export
were calculated by Egs. 6 and 7, respectively.

Blue VWE = ¥, Zﬁ-zl Blue WFg; X Wy, (6)
GreyVWE = ¥, Z§-=1 Grey WFy; X Wy, (7)

Results

Fig. 1 shows the water footprint for cement
production in Iran and other countries. In this
figure, VW, GWF, and BWF are virtual water,
grey water footprint, and blue water footprint,
respectively. For production of 1 ton cement in
Iran 2.126 m® water is consumed in average in
which 1.496 m?® is blue water, and 0.63 m? is
green. In contrast, for production of 1 ton cement
in the world 1.8 m® is consumed in average in
which 0.86 m® is blue water and 0.94 is grey.
Therefore, Iran consumes more blue water
compared to the world average. Blue water is
scarce and is more expensive than the grey one.
Since in Iran blue water is limited, it is needed to
substitute blue water by the grey one. Using
wastewater or storing rain water can be a
solution to reduce blue water consumption.

Table 1 lists the import and export of cement
virtual water in 2001-2018 interval. Total cement
virtual water export of Iran is 276.940x10° m?
which can be classified to 194.874x10° m? blue
water and 82.066x10° m® grey water. Total
virtual water import of Iran in this period is
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2.650x10° m3. 1.266x10° m® is related to blue
water and the remaining 1.384x10% m? is related
to grey water. These results show that Iran has
been a net exporter of virtual water. The net
expeort of virtual water is 274.29x10° m?,
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Fig. 1 Water footprint of cement production in: a)
world and b) Iran

Asian countries are the largest importes of virtual
water from Iran. 83% (230.962x10° m®) of the
expoert is to Asia, 10% (28.080x10° md) to
Europe and 7% (17.807x10° m®) to Africa. In
this period no export is observed to America. In
addition to Export, Iran has a limited import of
cement virtual water. Iran has imported cement
virtual water from Asia (68%) and Europe
(32%). This shows that geographical location and
distance between countries is important for the
virtual water trading.

During 2001-2018 Iran has stablished trade
relations with 68 countries. Iraq with 55.87%,
Afghanistan with 11.91%, Kuwait with 10.50%,
Turkmenistan with 5.40% and Qatar with 3.79%
are the largest importer countries from Iran. Iraq
is the largest virual water importer. As a result of
long wars in lraq, its structures and
infrastructures need huge rebuilding. Therefore,
Irag has become one of largest importers of
cement in the area. In Europe, Azerbaijan
(70.78%), Russia (18.38%), Bulgaria (3.35%),
Armenia (2.46%), and Spain (1.79%) are the 5
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largest virtual water importers from Iran.
Bangladesh (37.93%), Egypt (25.11%), Somalia
(11.14%), Tanzania (93.80%), Mozambique
(8.36%) are the largest importers of virtual water

from Iran. Based on these results itcan be stated
that most virtual water export from Iran has

occurred for nearby countries.

Table 1 Virtual water import and export of cement (m®)

Virtual water import

Virtual water export

Year

BWF GWF TWF BWEF GWF TWF
2001 4,083 1.719 5.802 0.004 0.004 0.008
2002 1.884 0.793 2.678 0.006 0.006 0.012
2003 1.272 0.536 1.807 0.041 0.045 0.086
2004 1.550 0.653 2.202 0.158 0.173 0.331
2005 2.457 1.035 3.491 0.344 0.376 0.719
2006 0.856 0.361 1.217 0.377 0.412 0.789
2007 0.663 0.279 0.942 0.165 0.180 0.346
2008 0.869 0.366 1.234 0.099 0.108 0.207
2009 8.171 3.441 11.611 0.010 0.011 0.021
2010 11.392 4.797 16.189 0.009 0.010 0.020
2011 14.448 6.084 20.533 0.006 0.007 0.013
2012 18.903 7.961 26.864 0.006 0.007 0.013
2013 25.382 10.689 36.071 0.008 0.009 0.017
2014 26.045 10.968 37.013 0.007 0.008 0.015
2015 18.978 7.992 26.971 0.005 0.006 0.011
2016 19.147 8.063 27.210 0.006 0.006 0.012
2017 18.934 7.974 26.908 0.010 0.011 0.021
2018 19.841 8.355 28.196 0.004 0.005 0.009
Total 194.874 82.066 276.940 1.266 1.384 2.650

Conclusions Data Availability

In this paper, the aim was to investigate the water
footprint and virtual water trade of cement in
Iran and other countries. According to analyses,
the following conclusions can be drawn:

1. Iran is the net exporter of virtual water cement.

2. 70% of consumption and virtual water export
in Iran is blue and the remaining is grey.

3. Asian countries are the largest exporter and
importer of cement virtual water to Iran.
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The raw/processed data required to reproduce
these findings cannot be shared at this time as the
data also forms part of an ongoing study.
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Table 1 Volume and value of cement trade in Iran
Export Import
Year Queintities \(/ngg Quelntities \(/ngg
(ton) 1000) (ton) 1000)
2001 2729071 48398 4364 3291
2002 1259500 32812 6687 3674
2003 850125 33791 47542 5514
2004 1035929 44474 184110 12879
2005 1642107 75697 399706 30168
2006 572496 31782 438286 25873
2007 443316 27172 192015 18831
2008 580649 57999 115134 13451
2009 5461658 637793 11705 8003
2010 7614935 557256 10912 8964
2011 9657849 706191 7366 6727
2012 12635950 996362 7277 6639
2013 16966566 1105202 9371 8400
2014 17409846 885533 8337 7164
2015 12686083 678741 6206 4800
2016 12798514 433906 6405 4653
2017 12656559 429868 11776 8660
2018 13262389 382837 5071 4190
Total 130263542 7165814 1472270 181881

slom oo Jloel Lo lajpa YNF LS Y- F
Sy 9t goliatdl alize sl iy ;o (Alolline
Wl (6 St 0 S )0 lew Sl psls
whoeiig s LY YA JLu Ly Jlo el
Oloa—w I8 lg s oy il 005 A >g0
Jw 1 aS g sbas .l Cly on 00 S Al
Ay HeiS 5o Hle—w Sl o guJga SY 8
0375 10y 1y (o35 e Slans I8y oliman il
Yeof Jw o Glamw Slojlg lin oy 5 e o]
Obow—w Sliolo Yoo fF Jlw jlas .l 00,95 8,

0y Olimee GaySeS ame VA Jlow jo g asl tals
, assls Lz Ahmadi and Karimi (2015) ..l
Jsl 4y ol o plerw Cai o VI Jlw Jo b
g Sledbl 5 La,ll cplpls ol sogs Lis jo Slyolo
lyols 5 ady anng l Glis edione plow @l
ol g i Lo a S ojls ol o lew
Lo o Sllo (53] g5z o) Jl5Sean
Olosmws Slojlg 3 ggazma g Yo 0, L YVFD

Al e Yo 5Ll < /VAD

Environment and Water Engineering

Sls,ls Grey VWI 5 T o5lme T ls,ls Blue VWI
Grey WFjj  Blue WFjj (m3yr) S5 63lxe of
My eSOl gl s @l ol shey s
I S18)ls Jsyaze 59 Wij «(MPMtON) J ;545 50 1 Jpammo
Hekmatnia et al. ) asb o I, j=) oYY (tOn) j 55 5

(2020

Blue VWI = ¥i_; YL, Blue WF;; X Wy; ()

©) GreyVWI = ¥i_, YL, Grey WEF;; X W;;
Gk 3 58 6B 5 o e o Sl e
Blue VWE (Lulg, cpl jo aul cavsas (V) ¢ (8) Lalg,
&3l o Slolo Grey VWE 5 T s5lxe o ol
Grey WFi 5 Blue WFi .asb e (M3Yr) sl
55 oadiadgi | Jpame 628 5 o ©f s, oi oy
oyl 5l ead jolo T Jpame 39 Wik «m3fton) 1,
log,] & SYgame a5 loyeiS |, K=V VY K jgasa
Wibee Slhole OYgame saimsjlis N g 0ed oo jolo

(Hekmatnia et al. 2020)

Blue VWE = Y7L, 3% , Blue WFy X Wy, ()

Grey VWE = Z?ﬂZﬂ-:l Grey WFg X Wy, (V)

ooliiwl (A) alal, 5l g5lme o Sl jole o, amle sl p
Sl STV M3 Slslo 35, VEWE (A) alal, jo .0
5 M) s5lxe ol @lpslo JS TVWE «(Dollar/m?)
aibe (Dollary  Jspame olypolo 35,0 Js TVI

(Hekmatnia et al. 2020)
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Fig. 1 Water footprint of cement production in: a) world and b) Iran

2 iSOl 5l solatul Cad 048 aw b ~l).;‘ N
3 oolaiwl drwgd Cawl azlge op s gl ale Coogase

L olp! el @ azgr Lol ialiél o

) oolazwl S U‘)b g_)] G)L.uopé L: 9 &_A)L.oLS u]

g 7ly dde Wilg o Gt

Slg 3 @l e a2 o0 (i T o) gy S
Sz gt 4 S 1l 50 lerss
T ST SLFA 5 Sl T 5 70T lasw oulss sl
T Y s adsi gl ol o i oo ooliciul
oS ST T T g oo oolil (6,28 O 51/
S8 6 S Ol @ Cans 650 s B anie g

Lio o .l sYL

(M) Sloss 530
Table 2 Virtual water import and export of cement (m®)

u." C.')‘O)ls 9 C)‘)QLO Y Jj”

Year

Virtual water import

Virtual water export

BWF GWF TWF BWF GWF TWF
2001 4.083 1.719 5.802 0.004 0.004 0.008
2002 1.884 0.793 2.678 0.006 0.006 0.012
2003 1.272 0.536 1.807 0.041 0.045 0.086
2004 1.550 0.653 2.202 0.158 0.173 0.331
2005 2.457 1.035 3.491 0.344 0.376 0.719
2006 0.856 0.361 1.217 0.377 0.412 0.789
2007 0.663 0.279 0.942 0.165 0.180 0.346
2008 0.869 0.366 1.234 0.099 0.108 0.207
2009 8.171 3.441 11.611 0.010 0.011 0.021
2010 11.392 4.797 16.189 0.009 0.010 0.020
2011 14.448 6.084 20.533 0.006 0.007 0.013
2012 18.903 7.961 26.864 0.006 0.007 0.013
2013 25.382 10.689 36.071 0.008 0.009 0.017
2014 26.045 10.968 37.013 0.007 0.008 0.015
2015 18.978 7.992 26.971 0.005 0.006 0.011
2016 19.147 8.063 27.210 0.006 0.006 0.012
2017 18.934 7.974 26.908 0.010 0.011 0.021
2018 19.841 8.355 28.196 0.004 0.005 0.009
Total 194.874 82.066 276.940 1.266 1.384 2.650
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Fig. 2 Spatial distribution of virtual water trade of cement: a) exports and b) imports
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Table 3 Virtual water export of cement to partner countries 2001-2018 (m®)

Country VW Country VW Country VW Country VW
Afghanistan 27497063 Djibouti 7547 Kuwait 24248508  South Africa 65836
Angola 45807 Egypt 4472237 Kyrgyzstan 21149 Spain 502295
Area Nes 21517 Eritrea 168673 Lebanon 213 Sri Lanka 208899
Armenia 691258 France 128 Madagascar 893 Sudzr:)itzn)efore 227
Australia 16931  Free Zones 69342  Mozambique 1488393 Sﬁ;’;ﬁ{gb 663
Azerbaijan 19875693 Szﬁ?l‘;:‘n 202 Myanmar 2917 Tajikistan 1477755
Bahrain 68268 Gambia 110286 Nepal 344 Tanzania 1590101
Bangladesh 6754532 Georgia 357279 Netherlands 206 Thailand 285
Belgium 338 Germany 576 Oman 3471709 Togo 94097
Benin 55 Ghana 399150 Pakistan 7125340 Tunisia 421
Bulgaria 939911 Guinea 33353 Philippines 5345 Turkey 115744
Cameroon 53150 India 1455817 Portugal 390905 Turkmenistan 12477128
Central
African 476 Indonesia 47 Qatar 8755797 Ukraine 3159
Republic
China 653513 g 120047771 _RUSSIAN - giegp,  UNitd Arab o gp00
Federation Emirates
Comoros 13645 Kazakhstan 3694308 Saudi Arabia 3089656 KLiJnng;Eie:m 41317
Congo 189052 Kenya 124862 ~ Serbiaand 253 Uzbekistan 776868
Montenegro
Denmark 2 Korea, 36561 Somalia 1982967 Yemen 280719
Republic of
Olows ilome Dl 2lojly @ Loye GBI sz 50 vy (4 gla 0o 5l less sslome o s ls =F Jsas

BT AAY AN )58 b o (6l Koy (gla, 58 ;|
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Table 4 Virtual water export of cement from partner
countries 2001-2018 (Mm?®)

Country VWI Country VWI
Armenia 0.212 Netherlands 0.011
Austria 0.049 Norway 0.000
Azerbaijan 0.001 Oman 0.000
Belgium 0.006 Pakistan 0.069
Canada 0.002 Philippines 0.085
China 0.852 Poland 0.000
Croatia 0.004 Russia 0.000
Czech Republic  0.000 Saudi Arabia 0.002
Denmark 0.000 Singapore 0.001
France 0.082 Spain 0.002
Free Zones 0.077 Sweden 0.000
Germany 0.003 Switzerland 0.027
India 0.108 Syria 0.000
Indonesia 0.075 Taipei, Chinese 0.224
Irag 0.003 Thailand 0.000
Italy 0.000 Turkey 0.374
Japan 0.000 Turkmenistan 0.003
Korea, United Arab
Republic of 0.028 Emirates 0.339
Kuwait 0.001  United Kingdom  0.004
Morocco 0.001 Uzbekistan 0.007
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