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Preface

This report presents two main results of the German-Iranian research cooperation “/IWRM Zayan-
deh Rud”, concerning the Industry sector in the Zayande Rud catchment. The first part of this doc-
ument presents and justifies data on industrial water consumption in the whole catchment area.
The data have been composed by inter 3 GmbH in order to serve as a database for the Water Man-
agement Tool developed by DHI-WASY. Hence, an important goal of the report at hand is to deliver
comprehensible overview on industrial water use and data for the water management tool. Addi-
tional information on the industrial sector in the catchment may be found in Raber and Mohajeri
(2017). The potential benefits and constrains forimplementation of a collective approach for more
resource efficiency “the Eco Industrial Park Concept” is being presented in form of a case study in
the Zayandeh Rud basin.

After a (1) short summary, the (2) structure of the database will be presented briefly, followed by a
discussion of (3) large industrial units, (4) industrial settlements and zones as well as (5) industrial
agriculture, being closed by (6) conclusions and (7) recommendations. In the last chapter (8) and
the second segment of this report, the case study on the “Eco Industrial Parks” approach is beeing
presented.
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Summary

1. Summary

The use of water resources in the Zayandeh
Rud catchment is characterized by water use
of different stakeholders. Next to the agricul-
tural and urban sector, industry is consuming
a proportion of the surface- and ground water
resources of the Zayandeh Rud catchment.
Thisreport focuses on theindustrial water con-
sumption.

The study is based on data received by close
collaboration with (1) local institutions like:
Regional Water Company, Water and Waste-
water Company, Industrial Organization and

Industrial Settlement Organization, as well
as (2) Interviews with large Industrial Units
and quantitative Questionnaires sent to the
largest industrial water consumers and (3) lit-
erature review of the Reports on water con-
sumption in the Zayandeh Rud catchment of
Zayandab Consultancy Co. (2009) and Yekom
Consultancy Co. (2013a and b).

Data presented in this report is selected and formatted according to available data and
the specific requirements of the IWRM research project. The database is limited to the
most relevant industries from an integrated water management perspective which com-
prises over 13.000 industrial units. Hence, the document has following characteristics in
comparison to other works on industrial water use in the Zayandeh Rud catchment:

- Only the largest industrial water consumers with defined water extraction points are
included in the report, in order to serve the Water Management Tool of the IWNRM
Zayandeh Rud research project as a database;

- Figuresonwater consumption of the largest industrial units are based on their current
water consumption instead of the water extraction licenses which these units hold;

- Future increasing water demand of large single industrial units in the most cases is
assumed to be managed by the application of modern technology and wastewater
recycling, and not by increased water extraction from fresh water sources. Neverthe-
less, water extraction will increase in a few cases as discussed in two future scenarios

in Chapter 3.1.3.

-~ Future water consumption of small industrial units is based on the information of
the Industrial Organization that new industrial development will be restricted to the
already existing industrial settlements. Consequently, the existing settlements can
only be developed to maximum capacity. This approach does not take into account
requests from investors posed to the Regional Water Company for new water licenses
(approximately 500 M m*/a) which are not approved yet.
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The figures in this report cover the most rele-
vant industrial water consumers, which are
over 13.000 industrial units in the Zayandeh
Rud catchment. We find that the total indus-
trial water consumption in the catchment is
approximately 200 M m3/a (reference year:
2006) including 48 M m?/a industrial agricul-
ture water consumption (reference year 2012).
Next to a large quantity of small industries,
with only little share of the overall water con-
sumption, few large water consumers, mainly
from the metal, petrochemical and power gen-
erationsector, have avery high water consump-
tion. Giving consideration to the diversity of
Industrial Units in the catchment, we divided
the industrial water consumers in the follow-
ing four groups:

The 30 largest single industrial units with
a unit consumption larger than 500.000
m>/a, which have a share of approximately
60% of the total industrial water consump-
tionin the catchment;

Over 10.000 small and medium sized
industrial units are clustered in 29 large
industrial settlements and zones. Each
is expected to have a consumption larger
than 500.000 m?/a in the year 2025. These
industries account for approximately 15%
of the industrial water consumption in the
basin.

About 3.000 small scale industries within
Isfahan municipal boundaries are supplied
with approximately 10 M m®/a by the Water
and Wastewater Company with a propor-
tion of approximately 5% of the industrial
water consumption in the basin.

Industrial agriculture with livestock and
poultry farms, aquaculture and green-
houses account for about 25% of the indus-
trial water consumption in the basin.

Large single industrial units and the indus-
trial settlements and zones are presented
separately since the respective data sources,
analysis and management followed differ-
ent concepts. The water consumption of small
industries within Isfahan municipal bounda-
ries are expected to be stable for the next years
and are not presented in detail in this report.
These smallindustries as well asindustrial agri-
culture are supplied mainly from the drinking
water network of the Water and Wastewater
Company; hence there might be overlaps with
the water balance of urban water use.

The report presents the selected industries
with a set of interlinked data. Furthermore,
the origin of the data and taken assumptions
are discussed.
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Structure of data base

2. Structure of data base

Foreachanalyzed unit,informationis collected
and merged togetherinatablein the appendix.
The head line of the data table (Table 1) shows
the type of collected data which are presented
briefly in the following (from right to left). In
the data table for industrial settlements, addi-
tionally the currently build and total surface of
the industrial settlements is given (see chap-
ter 4).

2.1. Specification onindustrial unit
or settlements/zone

The name for each industrial units and settle-
ments/zones is given. To each industry unit, a
number is linked in order to identify the indus-
tries on the mapsin chapter 3 and 4.

2.2. Water Source and extraction
points

Specificationson the locations of water extrac-
tion points for three possible water sources:

- Surface water (SW);
- Ground water (GW);

- Watersupplied by the Water and Wastewa-
ter Company (WW).

The coordinates of the locations are given in
the UTM (Universal Transverse Mercator) coor-
dinate system and are all located in UTM Zone
39N.

Next to the coordinates, the current, main
water source is given in the column “Water
Source” for each industry.

2.3. Water withdrawal in different
years

The water extraction with a certain volume
per year (m®/a) is given for the different water
sources (surface water, ground water, supplied
water by Water and Wastewater Company) for
three different years:

Table 1: Structure of data table in the appendix (Abbreviations: WW= Water and Waste Water Company; GW= Ground Water; SW=

Surface Water).
Withdrawal | Withdrawal “('rllt::'::rv; :
(2025) (CLAGED) Water source and extraction point Specifications
[m?/a] [m’/al wet year)
[m®/a]
Wastewater | Location of Surface
Co. the Wells/ water
extraction Companies | extraction o
point (UTM) (UTM) point (UTM) | 5 ° 5
= = = A £ 2
S 3 &2 8323582 2|z gl |%| 5 E
© © © © © © = =
= c £ £ p= £ °
T T |®T BT |®%T T|=
(o] o o o o o
sl 88| ¢8| ¢8| s
=< > =< > = >
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Structure of data base

- Normal & Wet year: current, climatically normal year with
the reference year 2006;

- Dry Year: Typical dry years with little rainfall as for example
2010-20171;

- Prognosticated year in the future with an estimated nor-
mal & wet reference year in 2025. For large single industries
two scenarios for future water consumption exist, which are
introduced in chapter 3.1.3.

The quantities of water extraction from different sources could not all be based on meas-
ured data, since the coverage of installed water meters is not sufficient. Instead, a mix of
methods as interviews, review of water licenses and calculation of extraction capacities
as justified in the analogous passages in the text has been applied to collect the relevant
data.
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Large industrial units

3. Large industrial units

In close collaboration with the Regional Water
Company the 30 largest industries have been
selected to be included in the database (see
Figure 1). Each selected industry consumes cur-
rently a minimum of approximately 500.000
m>/a. All selected large industries together con-
sume approximately 114 M m*/a freshwater.

The selected 30 industries with high water con-
sumption are presented in the figure below.
Four of these industries are named “other
industries” and their location is not given.
These virtual industries have been placed in
collaboration with the Regional Water Com-
pany in order to represent not accounted for
large water users in the catchment.

The Regional Water Company transferred data
on name and address of all industries. In addi-
tion, the GPS coordinates for eight companies
(Mobarakeh Steel Co., Esfahan Steel Co., Poly-
acryl Iran, Synthetic Fiber raw material, vegeta-
ble oil Industry Golbahar, Sepahan cement Co.,
Sarooj Cement Co. and Baresh Co.) have been
communicated, are not displayed in this ver-
sion of the report.

3.1. Datasources and assumptions
In the research project IWNRM Zayandeh Rud,

the main module “Water Management Tool”
requests several detailed data on industrial

Figure 1: Water consumption patterns of selected large industrial units in the catchment area (reference Number in brackets)
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water consumption to operationalize the
model of the management tool. Next to exact
locations for the withdrawal point from each
water source, the tool requires a monthly
water withdrawal rate for each industrial unit
during wet and dry years for the past 10 years,
as well as a prognosticated scenario for water
extraction in the year 2025.

In the following, the data sources and assump-
tions taken to provide the requested data are
presented. The assumptions are taken based
on our knowledge of the situation in Zayan-
deh Rud catchment and should be verified by
the Iranian institutions. The understanding of
the water consumption patterns is based on
provided data and communication with the Ira-
nian Institutions as well as quantitative ques-
tionnaires and interviews with specific Indus-
tries. Quantitative questionnaires have been
sent to the industrial units with the highest
water consumption. Unfortunately, only 12 rel-
evant industries out of 22 Industries replied,
and the questionnaires were often incom-
plete. Consequently, the questionnaires only
helped to gain a better understanding of water
and wastewater management practices of the
industrial units.

Information obtained by Interviews with
selected Industries (Mobarakeh Steel Com-
pany, Esfahan Steel Company, Polyacryl Iran
and Isfahan Sugar Co.) gave detailed informa-
tion on water and wastewater management of
these units.

3.1.1. Current water consumption

The current surface and ground water con-
sumption of the large industries are estab-
lished, based on the water licenses transmit-
ted by the Regional Water Company, which are
formatted in yearly water extraction.

During Interviews with the largest industrial

water consumers, it has been found that three
companies: Mobarakeh Steel Company, Esfa-
han Steel Company and Polyacryl Iran, use
together currently approx. 24 M m>/a less water
than their licenses permits. Furthermore, the
Regional Water Company communicated that
the consumption of the Power Plant Islamabad
is with 12 M m?/a twice as high as their original
water license.

Duetothelimitations of received primary data,
the following assumptions are taken based
on our understanding of industrial water con-
sumptionin the catchment.

Requested monthly water withdrawal rates
for the selected industries are not known. We
assume that industry units have a constant
water demand over the whole year (no sea-
sonal variations) and that water use was con-
stant for the past 10 years.

Drinking water supply for workers of indus-
trial units, are already included in the calcula-
tions of the urban water sector, hence not con-
sidered in the industrial water balance and not
further discussed in this report. Water sup-
plied to small industries within the boundaries
of Isfahan municipality are assumed to be con-
stant and only represented in the overall con-
clusions (Chapter 6).

During dry years, the Water and Wastewater
Company provides water only temporary to
the four mentioned industrial unitsin the time
where they don’t have access to surface water.
All other industrial units use the same sources
and amounts of water as they do in wet years.
The overall water consumption of all industries
is constant during wet and dry years.

Based on our questionnaires and interviews
we learned that industrial waste water vol-
umes and disposal are very complex and unex-
plored topics. Due to collected information
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we assume that no significant amount of
wastewater is being produced in large indus-
trial units and emitted to the water circle. All
waterisusedin the production process or used
in green space irrigation within the industrial
unit. Consequently, we assume no wastewater
is being recycled in the water balance.

3.1.2. Current water sources

Possible sources of water are:
Surface water;

Extracted directly from the Zayandeh
Rud river;

Extracted from one of the irrigation
canal networks;

Extracted from shallow wells close to
theriver, marked as bank filtration;

Groundwater from industrial wells;

Water supplied by the Water and Wastewa-
ter Company.

The quantitative distribution of surface water
and ground water extraction are specified
by the water licenses communicated by the
Regional Water Company.

By collaboration with the Regional Water Com-
pany and Water and Wastewater Company,
it was found that during dry years, five large
industries (Power Plant Islamabad, Isfahan Qil
Refinery, Shahid Montazeri Plant, Petrochem-
cial Co. and Pegah Dairy Industries) compen-
sate a temporal lack of surface water access by
water supplies from the Water and Wastewa-
ter Company.

Also the coordinates for the water extraction
point from the Zayandeh Rud River have been

transmitted for the four largest companies:
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Mobarakeh Steel Co., Esfahan Steel Co., Power
Plant Islamabad and Isfahan Oil Refinery.

To specify the locations of different sources of
water extractions, the following assumption
have been taken.

Four locations for surface water extraction
have been communicated by the Regional
Water Company. Toidentify the points of water
extraction for the otherindustrial units, a Geo-
graphical Information System (GIS) with shape
files of the location of river and irrigation sys-
tems in combination with the identified loca-
tions of the industries was used. The following
approach and assumptions are taken to define
the locations of water extraction points:

Surface water extraction from the riverand
canals are as close as possible to the indus-
trial unit;

Ground water extraction is done from wells
located in the area of the industrial unit
itself;

The locations of wells used for bank filtra-
tion are next to the River and as close as
possible to the industrial unit;

The extraction point belong to the Water
and Wastewater Company was observed
and detected with GPS device during our
experts field visits to the region;

The location of two units supplied by
the Kashan Pipe are located at the water
extraction point (headwork) of the Kashan
Pipe (at the dam) and accounted for as sur-
face water.

3.1.3. Future water consumptionin 2025

Future industrial water consumption in the
year 2025 is strongly dependent of the global



and regional socio-economic and political
development. Furthermore, the disposability
and development of regional water resources
and management of the relevant stakeholder
are a key factor for possibilities to settle new,
waterintense industriesin future.

As a result of the scarce water resources in the
catchment, new industrial development is cur-
rently limited. New industrial developments
areonly exceptionally permitted though a com-
plexadministrative process between Industrial
Organization and Regional Water Company,
which has to be approved by a regional commit-
tee of authorities (Committee # 24).

During the research of the IWRM Project and
constant communication and exchange with
the Iranian partners, two different scenarios
for future water consumption of large single
units have been established. The two scenarios
share a large part of the set of assumption but
comprise some differences which result in 107
M m?/a variance in future water consumption.

The first scenario represents the view of inter
3 and the IWRM research project. The outlook
is based on a moderate expansion of new large
industries, due to limited freshwater resources
and moderate economic growth in the region.

The second scenario reflects the perspective
of the Regional Water Company, based on
regional and national development plans. The
outlook assumes a stronger increase of water
consumption of some existing industries as
well as settlement of additional new large
industries than the German colleagues in the
first scenario.

In the following, both scenarios and assump-
tions are presented. The differentiation of the
two scenarios can also be found in the overall
conclusion in chapter 6. In the conclusions of
this chapter, only Scenario 1is discussed.

Scenario 1 (inter 3)

For the water extraction forecast for 2025, the
research team assumes that in general no addi-
tional large industries will settle in the basin
and withdraw water from the current water
balance of the Zayandeh Rud catchment. Cur-
rently existing extraction licenses will not be
increased until 2025. Disregarding the general
assumption, the following four exceptions are
taken into consideration:

In interviews with the industrial organiza-
tion it was supposed that four new large
steel and petrochemical industries are to
be developed in the eastern part of the
catchment. These Industries are expected
to consume together around 30 M m3/a
in 2025, but their location and sources of
water extraction are unknown yet;

Due to current limited production capacity,
the Isfahan Oil Refinery will be expanded
significantly. This will more than double
the freshwater extraction with an increase
of approx. 17 M m?/a;

Due to population growth and increased
industrial activities all power plants will
increase their water consumption with
at least 10% by 2025. This applies also for
the already increased consumption of the
Power Plant Islamabad. The Shahid Mon-
tazeri Plant is directly connected to the
Isfahan Qil Refinery and will increase its
capacity and water consumption by almost
60%, equivalent to the expansion of the
oil refinery. All development factors will
increase the water consumption of power
plants by 2 M m*/ain total;

The three in chapter 3.1.1 mentioned com-
panies (Mobarakeh Steel Company, Esfa-
han Steel Company and Polyacryl Iran) that
currently use less water than their license
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permits them; will reach extraction up to
full license capacity in 2025.

Scenario (Regional Water Company)

For the water extraction forecast for 2025, the
Regional Water Company also expects that
most of the existing extraction licenses will
not be expanded until 2025. Nevertheless, an
increase of water extraction and new develop-
ment for the following cases is predicted:

12 new large Industrial units will be devel-
oped within the Zayandeh Rud Catchment
with a total annual water consumption of
98 M m?/a.

The four largest single industries (Mobar-
akeh Steel Company, Esfahan Steel Com-
pany, Power Plant Islamabad, Isfahan
Oil Refinery) will consume 2025 in total
approximately 39 M m>/a water more than
their current license permits.

Due to current limited production capacity,
the Isfahan Oil Refinery will be expanded
significantly. This will more than double
the freshwater extraction with an increase
of approx. 20 M m?, which is 3 M m?/a more
than expected in Scenario 1;

Due to population growth and its direct
connection to the Isfahan Oil Refinery and
the Said Montazeri Plant, the power plants
Islamabad and Sahid Montazeri Plant
are expected to be expanded by 2025 and
increase their combined water consump-
tion by 11 M m*/a.

3.2. Conclusions
Currently the total water withdrawal of the

selected large industrial unitsis 114 M m’/a.
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Figure 2 shows a map section of the Zayandeh
Rud Catchment. The current water consump-
tion of large industrial units is split in four
classes, from < 1M m?/a to > 10 M m*/a, which
are represented in different sized and colored
circles on the map (see legend on the left side).
Urban Settlements, the River and Irrigation
Canals as well as the Zoning of the Catchment
are also displayed on the map.

The map displays the locations of the large
industrial water consumers (grey circles) with
their reference number (red number) in the
industry list in Figure 1 and the appendix. The
map shows that the major water extraction
is located upstream of Isfahan City along the
Zayandeh Rud Riverorirrigation systems which
have their headworks there. It is to be noted
that the Borkahr irrigation system, which is
located north-west of Isfahan city, is missingin
the map.

Analyzing Table 3one canseethatcurrently the
dominant industrial sectors of the large indi-
vidual industries are steel, petrochemical and
chemical industries as well as power plants.
Regarding the consumption of the large water
consumers in Table 2 one can see that the four
largest water consumers (Mobarakeh and Esfa-
han Steel Company, Power Plant Islamabad
and Isfahan Oil Refinery) consume 70 M m®/a,
which is over 60% of the water consumption of
large industries. Table 3 also shows that water
extraction for the steel and particularly the
petrochemical sector in Scenario 1is expected
to grow till 2025. The total water consump-
tion is expected to rise at 65% till 2025 to 187
M m?/a.

The map in Figure 2 shows which Industrial
units are expected to grow till 2025 according
to Scenario 1. To the map that is shown and
explained in Figure 1, a green figure is added.



Large industrial units

Figure 2: Location and classes of current water consumption (grey circles) of large industrial water consumers (red reference num-

ber to industry list) in the catchment

Table 3: Current and future water consumption of industrial sectors according to Scenarios

Petro-chemical Building

Sector of water consumption and Chemical Material
Current M m?/a
consumption % of total water
0, 0 0, 0
(2006) extraction (114 M m?/a) 47% 15% 12% 3%
Future- M m3/a 89 53 16 3
consumption
(2025) % of total water 0 0 0 0
Szenario 1 extraction (187 M m>/a) 48% 28% 9% 2%
Future M m’/a 151 89 25 3
consumption
(2025) % of total water
. extraction (294 M 1% 0% % 1%
Szenario 2 m3/a§ 9 51% 30% 9% °
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This green number is the expected percental
growth of water consumption till 2025 of the
industrial unit (grey circle) where the num-
ber is written on top. The map shows that few
large industries that extract water upstream of
Isfahan city are expected to grow moderately.
In scenario 2 mainly the same industrial units
will grow, but to a higher degree. The complete
data table including expected growth till 2025
for large individual industry of both Scenarios
can be found in the Appendix.

Regarding the sources of water, currently
(2006) only nine large industrial units rely
mainly on ground water and 21 companies rely
mainly on surface water. The total groundwa-
ter consumption of large industries is only 14
M m?/a, which is around 12% of the total 114
M m?/a water extraction. The current surface
water consumption of large industries is 100
M m?/a (88% of total consumption). Regarding
Figure 4 one can see that the largest industries
withdraw water directly from the Zayandeh
Rud River. It should be noted that the Borkhar
Canalisdirectly fed from the “Nekroabad Canal
left” and has only one extraction point from
the Zayandeh Rud River.

In Scenario 1, the total water withdrawal of
large industries is expected to grow up to 187
M m?3/a by 2025. The four new industrial devel-
opmentsin the east part of the catchment (see
chapter: 3.1.3) are expected to have a total con-
sumption of about 30 M m?/a, whereas the
source is unknown yet and not included in the
following table. For the already established
industries, the water sources are expected to
develop towards higher surface water use. In
the forecasted water withdrawal scenario in
2025, ground water is expected to stagnate at
approximately 14 M m?/a and water supplied
by the Water and Wastewater company will
riseupto10 M m?>/a. The surface water extrac-
tion is expected to grow up to 133 M m*/a (with-
out the new developments) mainly due to
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increased extraction by large industrial units
directly from the river (see Figure 4).

Analogue, the expected surface water extrac-
tion of large industry in 2025 according to Sce-
nario 2 is presented in Figure 1.4. The planned
12 additional industries with approx. 98 M m’,
water consumption are not included in the fig-
ures due to unknown water source and loca-
tion. Besides the 1772 M m*/a (without the new
developments) expected surface water extrac-
tion, the amount of groundwater and water
supply by the Water and Wastewater company
is equal to Scenario 1.

Presented figures indicate that the high water
consumption of large industries, particularly
of the steel and petrochemical segment in the
central part of the basin, are expected to grow
even furtherin the near future.



Large industrial units

Figure 3: Expected growth in water consumption of units (green number as %) on the map of location and current water consump-

tion of large industrial units (Scenario 1)

Figure 4: Sources of surface water extration in 2006 and in 2025 according to scenarios 1and 2, including percentage of total sur-

face water extraction of lage industries
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4. Industrial settlements and zones

There are industrial settlements and industrial
zones in the catchment. In the past, there have
only beenindustrial zones, which are industrial
units, clustered in one area. Industrial settle-
ments also have several industrial units in the
same area, but also have acommon administra-
tion in terms of a management board and are
handled as one legal entity in terms of distribu-
tion of water licenses etc. In future, all indus-
trial development will be placed in industrial
settlements; the only exceptions are very large
or heavy polluting units. For simplification, in
the subsequent document, the term industrial
settlement will be used for settlements as well
as for zones.

In close collaboration with the Regional Water
Company, Industrial Organization and Indus-
trial Settlements Organization, the 29 largest
and most important industrial settlements
with at least 10.000 single units have been
selected. The entities either have already high
water consumption or are expected to grow
intensively until 2025, reaching a minimum of
approximately 500.000 m>/a, water consump-
tion. Currently the 29 settlements consume
together approximately 28 M m?/a.

The following zones and settlements
were selected: Khomeinishahr, Mahmoo-
dabad, Dolatabad, Morchehkhort, Faridan,

Figure 5: Selected industrial settlement clusters with water consumption (2006)
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Se Rahe Mobarakeh, Tiran, Karvan, Esfidvajan, Oshtorjan, Najafabad1, Najafabad2, Jey, Segzi,
Kohpayeh, Harand, Varzaneh, Ezhieh, Meimeh, Alavijeh, Dehagh, Large north Isfahan settlement,
Komshecheh, Mohamadabad, Jarghuyeh, Chadegan, Poodeh, Tudashk and Montazeriah.

The locations of the industrial settlements have been communicated by the Regional Water Com-
pany.

Following the suggestion of the Regional Water Company we created the following five industrial
settlementsby clustering neighboring settlements: Great Area of Najafabad (Tiran + Karvan + Esfid-
vajan + Oshtorjan+ Najafabad1 + Najafabad?2), Great Area of Jey (Jey + Segzi), Great area of Harand
(Kohpayeh + Harand + Varzaneh + Ezhieh), Alavijeh + Dehagh, and Mahmoodabad+ Jarghuyeh set-
tlements.

This approach resultsin totally 18 settlements, which are displayed in Figure 5.

4.1. Data sources and assumptions

4.1.1. Current water consumption

The water demand of each settlement is calculated according to a calculation formula (Formula 1)
used and communicated by the Industrial Settlement Organization. The formula is based on the
built/developed area of theindustrial settlementin hectares. This way an estimated water demand
of the settlement with the current developed areais calculated.

The developed surface times 0,3 equals the water demand of the settlementin L/s.

Formula1

current water demand of settlement [L/s]=build surface of settlement [ha]*0,3

The above mentioned calculation is applied for each settlement without considering the branches
and other criteria for water consumption of the industries in the settlement.

No quantitative data on wastewater production or management could be included in the data-
base. However, it has been communicated by the Industrial Settlement Organization that five
industrial settlements: Mahmoodabad, Se Rahe Mobarakeh, Oshtorjan, Najafabad1 and Alavijeh,
have a wastewater treatment plant installed and constructions for a treatment plant are ongoing
in Jey industrial settlement. Until 2025, 17 industrial settlements are planned to be equipped with
awastewater treatment plant. Runoff from wastewater treatment plants are used for green space
irrigation and in Morchehkhort settlement and 50% of the treated wastewateris reused in the pro-
duction process.

The ground water extraction of each settlement is assumed and calculated according to Formula 2
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by adding the supplied surface water and urban water and subtractingit from the calculated water
demand of the settlement.
Formula 2

Ground water extraction =water demand (Formula 1)-(supplied surfacewater+ urban water)

It is assumed that no wastewater flows back to the water cycle.

During dry years the Water and Wastewater Company provides water to more industrial settle-
ments thaninnormal wet years. The overall water consumption of all industrial settlements is con-
stantindry and wet years.

The Mahmoodabad + Jarghuyeh settlement is geographically a few hundred meters out of the
catchment, but since it’s supplied by the Water and Wastewater Company, it is included in the
water balance of the Zayandeh Rud catchment.

4.1.2. Current water sources
The surface water consumption of industrial settlements is based on surface water licenses

received from the Regional Water Company.

Figures for water being supplied by urban water! have been communicated by the Water and
Wastewater Company.

The locations of surface water extraction points for Se Rahe Mobarakeh, Great Area of Najafabad
and Komshecheh where communicated by the Regional Water Company.

Analogue to large industrial units, the locations of water extraction are chosen using the follow-
ing assumptions:

Surface water extraction from the river and canals are as close as possible to the industrial
settlements;

Ground water extraction is done from wells located on the area of the industrial settlements;

The extraction point of the Water and Wastewater Company is located at the Chamaseman
Dam for drinking water extraction;

The location of the Alavijeh + Dehagh settlement supplied by the Kashan Canal are located at
the water extraction point of the Kashan line (at the dam) and accounted for as surface water.
Its coordinates are at the headwork of the canal at the Zayandeh Rud River.

1. Thewaterisusually treated and diverted from the urban drinking water supply network and as such called urban water.
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4.1.3. Future water consumptionin 2025

Future water consumption in 2025 was forecasted by taking the following approach.

For each settlement exists a total settlement area and a current build surface of the settlement.
With the total settlement area and the following formula, the future water demand of settle-
ments can be calculated.

Formula 3

future water demand of settlement [L/s]=total settlement area [ha]*0,3

Until 2025, all industrial settlements will develop their full surface and reach maximum water
extraction.

Analogue to large industrial units in Scenario 1, development of new industrial settlements is cur-
rently not happening since the administration is limiting new development due to water scarcity
in the catchment.

4.2. Conclusions

Figure 6 shows a map section of the Zayandeh Rud Catchment. The current water consumption of
industrial settlements is split in four classes, from 20.000 - 100.000 m?/a to 1,5 - 7 M m*/a, which
are represented in different sized and colored circles on the map (see legend on the left side).
Urban Settlements, the River and Irrigation Canals as well as the Zoning of the Catchment are also
displayed on the map.

The map displays the locations of the industrial settlements with their water consumption (grey
circles) and their reference number (red number) in the industry list in Figure 5 and the appendix.
The map shows that the settlements are distributed widely over the catchment and are not as ori-
ented along the river as large industrial units. Compared to the large industrial units shown in Fig-
ure 3, the total consumption of each displayed industrial settlement (grey circle) is smaller than
from large industrial units.

Currently the water consumption of industrial settlementsis27 M m?/a, of which about 92% (25 M
m>/a) comes from groundwater. Till 2025 all industrial settlements are expected to be fully devel-
oped which will more than double the total water consumption up to 62 M m?/a.

The map in Figure 7 shows which industrial settlements are expected to grow till 2025. A green fig-
ureis added to the map thatis shown and explained in Figure 6. This green number is the expected
percent al growth of water consumption till 2025 of the industrial settlement (grey circle) where
the number is written on top. The map shows that particularly small settlements distributed
widely in the catchment are expected to grow excessively till 2025. The complete data table for
industrial settlements and its expected growth can be found in the Appendix.
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Industrial Settlements and Zones

In 2025 groundwater is expected to account for 83% (51 M m?/a) of the total water consumption of
industrial settlements.

Figure 6: Location and classes of current water consumption (grey circles) of industrial settlements (with red reference number

to settlement list) in the catchment.

Figure 7: Expected growth in water consumption of industrial settlements (green number as %) on the map of location and cur-

rent water consumption of large industrial units.
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5. Industrial agriculture

Large agricultural production sites have been
identified by Jihad Agriculture Organization
and decided by the Regional Water Company
to beincluded in this report due to their indus-
trial water consumption patterns. Specifically,
poultry farms, livestock farms (Cattle, calves,
sheep, goats, camels), greenhouses (vegeta-
bles, nursery of flowers & ornament plants)
as well as aquaculture production sites (cold

Industrial Agriculture

and thermal water fish) are defined as indus-
trial agriculture and presented in the following
Tabel 7.

In contrast to the previously presented data,
no specific units or exact locations are pre-
sented due to missing data. Nevertheless,
water consumption of the reference year 2012
is allocated to the counties in the Zayandeh
Rud Catchment.

Table 7: Water consumption (reference year 2012) of industrial agriculture by county (source: Jihad Agricultural Organization).

Aquaculture Greenhouses Livestock

Poultry Secification

16110000

16730000

10820000

Total water Total water Total water Total water
comsumption comsumption comsumption comsumption County
(m3/a) (m3/a) (m3/a) (m3/a)

7760000 2300000 2920000 1040000 Isfahan 1
350000 190000 930000 210000 Borkhar 2
320000 560000 580000 430000 Tiran & Karvan 3
370000 10000 560000 50000 Chadegan 4
60000 1260000 640000 130000 Khomeynishahr 5
1100000 600000 760000 660000 Shahinshahr & Meymeh 6

0 590000 780000 470000 Shahreza 7

150000 20000 480000 110000 Faridan 8

3820000 30000 120000 20000 Freydoonshahr 9
370000 6390000 1080000 210000 Falavarjan 10
390000 30000 210000 120000 Lenjan 1
980000 2420000 600000 110000 Mobarakeh 12

1060000 380000 1160000 740000 Najafabad 13

0 1330000 0 0 Samiron (dehaghan) 14

4300000
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Industrial Agriculture

5.1. Data sources and assumptions

Displayed data origin from the Jihad Agricul-
ture Organization and have been transmitted
by the Regional Water Company. The received
data has not been crosschecked or modified by
our team.

The presented data are not included in the
report of the agricultural sector of the IWNRM
research project, but areincluded in this report
for the sake of completeness.

5.1.1. Current water consumption

According to the Regional Water Company,
consumption data are based on existing water
licenses and county based statistics. No infor-
mation on the amount of agricultural units or
wastewater production has been delivered.
Nevertheless, it is assumed that the single
units consume less than 500.000 m?/a, and are
by that of minorinterest for the water manage-
ment tool.

5.1.2. Current water sources

No data regarding water sources or geographic
locations of extraction points have been trans-
mitted. By communication with the Agricul-
tural Organization, all industrial agriculture
units, besides of Greenhouses, are supplied

with water from the Water and Wastewater
Company. Greenhouses cover their demand
most likely by ground water extraction.

5.1.3. Future water consumptionin 2025

For the water extraction forecast for 2025, the
Regional Water Company communicated data
on expected percental growth of the different
types of industrial agriculture. The predicted
consumption is presented in the conclusions.

5.2. Conclusions

Currently (2012), the overall water consump-
tion of different sectors of industrial agricul-
ture is 48 M m*/a. According to the Regional
Water Company, the water consumption
will raise till 2025 with 55% up to 87 M m?/a
(Table 8).

The current and expected future water con-
sumption of the industrial agriculture is sig-
nificant. Particular aquaculture and green-
houses have very high consumption patterns
and should be located and analyzed in detail.

6. Overall conclusions

Table 8: Current and future water consumption of industrial agriculture.

Aquaculture

Current water
consumption (2012)
inM m?®/a

Greenhouses

Livestock Poultry

Future water
consumption (2025)
inM m3/a

Page 20



The analyzed more than 13.000 industrial units consume currently (reference 2006) a total of
approximately 200 M m*/a, with an expected increase of consumption until 2025 of over 70% up to
347 M m*/ain the future Scenario 1. In future Scenario 2, the industrial water consumption raises
due to excessive growth of large single industries with 130% up to 454 M m*/a. Current industrial
water consumption origins to around 50% from surface water, 30% from groundwater and 20%
from urban water supplied by the Water and Wastewater Company. In 2025 this proportion of
water sources is going to stay similar. Current Industrial water consumption (reference year 2006)
of approximately 200 M m*/a in the Zayandeh Rud catchment is with 114 M m>/a to 60% done by
the 30 largestindustrial water consumers. The four largest water consumers (Mobarakeh and Esfa-
han Steel Company, Power Plant Islamabad and Isfahan Oil Refinery) alone consume with 70 M
m?/a around 35% of the total industrial water used in the basin. Steel industry is with few large
production entities the dominant water consumer in the catchment and sustains probably a large
number of industrial units as sub-contractors or subsequent processers. Steel and Petrochemical
Industries are most likely going to expand their dominance in water consumption in future (com-
pare Table 3 and Appendix). The total share of single largest industrial water users on the total
industrial water consumption is with 50% in Scenario 1 and 60% in Scenario 2 expected not to
change significantly in 2025 (Table 9). The large Industries also withdraw water mainly directly
from the river (Figure 4).

The approximately 10.000 small industrial units within settlements do with 14% not have a high
share of the current overall water consumption. Also in future (2025) small industries are expected
to increase their share only up to 18%. However, small industries share of groundwater extraction
with current 45% and future around 55% can be considered as significant. Although the share of
smallindustries extractionincreasein futureis not going to be high, the qualitative impact of their
wastewater discharge on water resources could be considerable, especially noting the fact that
most of the industrial settlements which embody the small industries, lack facilities for wastewa-
ter treatment.

The small industrial units within Isfahan Municipality are expected to have a stable water con-
sumption supplied by the Water and Wastewater Company.

Regarding industrial agriculture, it is important to gain a deeper understanding of their water use

and wastewater production, since a current and future share of 25% of the total industrial water
withdrawal is significant.

Page 21



Overall Conclusions

Table 9: Summary of industrial water consumption in the Zayandeh Rud Catchment.

Summary of
Industrial water

Withdrawal (2025)

Withdrawal (dry year)

Withdrawal (normal & wet year)

users in the Basin wWw GW SwW ww GW SW GW SwW
(m3/a) (m3/a) (m3/a) (m3/a) (m3/a) (m3/a) (m3/a) (m3/a)
10530000 | 13855000 | 163000000 | 6140000 | 13960000 | 93980000 14090000 | 99980000
Single Industrial
Units (Scenario 1)
187000000 114000000 114000000
10530000 | 13860000 | 269930000
Single Industrial
Units (Scenario 2)
294000000
Industrial 9100000 | 51650000 | 1240000 | 5400000 | 21690000 0 800000 | 24840000 | 1450000
Settlements
(Scenario 1+2) 62000000 27000000 27000000
Small Units 10000000 0 0 10000000 0 0 10000000 0 0
in Isfahan
municipality
(Scenario 142) 10000000 10000000 10000000
Industrial 56960000 | 30390000 0 31820000 | 16120000 0 31820000 | 16120000 0
Agriculture
(Scenario 1+2) 870000000 48000000 48000000
Summed up 86590000 | 95895000 | 164240000 | 53360000 | 51770000 | 93980000 | 42620000 | 55050000 | 101430000
consumption
(Scenario 1) 3470000000 199000000 199000000
Summed up 86590000 | 95900000 | 271170000
consumption
(Scenario 2) 454000000
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7. Recommendations

Recommendations regarding industrial water consumption from the perspective of the IWRM
Zayandeh Rud research project comprise the following two pillars:

Improved Monitoring

The data recordings of industrial water users should be improved in order to gain a deeper
understanding and more control of industrial freshwater consumption. The basin wide cover-
age with accurate water meters for ground and surface water extraction including a monito-
ring program would improve the database. The current database on industrial wells should be
updated.

Longtermrecordings of monthly waterconsumption and use of different water sources, should
give an understanding on seasonal consumption dynamics and exploitation of different water
sources. Future distribution conflicts in dry periods could be foreseen and appropriate distri-
bution management strategies could be developed.

The wastewater production and quality of industrial units needs to be monitored and recorded
toenableustoinclude eventual wastewater backflow in the water cycle, wastewater reuse and
water quality issues in management approaches.

Improved Collaboration

A shared database and information platform should be installed among industry and water
authorities. A common knowledge base would enable both sectors to foresee potential con-
flicts and improve coordinated planning.

Also the collaboration amongtheindustrial with the agriculture and urban water sector should
be improved. Installing new mechanisms for collaboration could increase the overall water effi-
ciency by enabling the trade and cross-sectoral use of wastewater for production purposes.

An improved collaboration and coordination amongst small industrial units within industrial
settlements could improve water and energy efficiency by trading and reusing wastewater and
heat flows among units as seen in so called Ecolndustrial Parks (EIP). See the next chapter for
the application of the concept.

Since the Zayandeh Rud Catchment is a closed basin, in general, no more water intense industry

should be settled in the Catchment. The focus should rather lie on modern water efficient industry
with high economic return and low water consumption.
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8. Case study application of the Eco-Industrial Parks (EIP) Concept

Approximately 10.000 small industrial units
in 29 settlements consume roughly half of
the groundwater extracted by the industrial
sector. Against this background, in this chap-
ter an approach is being tested and presented
with the aim to reduce the overall water con-
sumption of industrial settlements. In the case
study, the resource saving potential and pos-
sible drivers and constrains for application of
an Eco-Industrial Parks (EIP) concept are ana-
lysed. EIP is an approach to increase resource
efficiency by symbiotic sharing and reusing
production means amongst industrial units.
The focus was set on inter-industrial water
reuse, targeting substitution of fresh water
consumption and reduction of wastewater
disposal. The presented approach is delimited
from methodologies towards increasing water
efficiency within one single industrial unit as
well as approaches of water reuse amongst dif-
ferent sectors, e.g. industry, urban users and
agriculture.

The Morche Khort industrial settlement in the
north of Isfahan is one of the biggest in the
catchment and was chosen as site for the case
study. In Morche Khort, approximately 500
companies are contracted, out of which around
300 are already working in the food, metal,
mineral, textile, plastics, paper and chemical
sector (for impressions see Figure 8). The set-
tlement stretches over 582 hectares, harbour-
ing about 17,000 employees. The annual water
consumption adds up close to 4 M m?/a. Water
supply in the settlement is mainly performed
by individual wells tapping a shallow aquifer
or to a minor extend, water supply from a cen-
tral deep well. The deeper groundwater aqui-
fer has, in contrast to the upper aquifer, a good
water quality (particularly in regard to salin-
ity). Industry representatives indicate that
due to overexploitation groundwater level of
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the upper aquifer has declined by 20 m over
the past five years, and the quality has deterio-
rated (von Koerber, 2016). The industrial waste-
water is mainly used for green space irrigation,
conveyed to the central wastewater treatment
plant of the settlement or disposed by private
service providers. The Industrial Settlement
Organization is responsible for central water
supply as well as for the central industrial
wastewater treatment plant.

8.1. Introduction to the Eco
Industrial Parks Concept

The Eco Industrial Parks (EIP) Concept utilizes
the concept of industrial symbioses and origin
from the scientific field of Industrial Ecology.
It exploits the interactions between industry,
local business and the environment to improve
resource efficiency. The aim is to maximize the
sharing and multiple use of production means
like water, energy/heat and raw materials to
reduce the amount of resources consumed
and waste generated. EIP enables companies
to develop multilateral solutions of industrial
symbiosis for optimization of material and
energy flows, thereby reducing the overall envi-
ronmental footprint left by economic activity
in a region (Hein et al. 2015; Chertow & Park,
2016). Chertow (2007) defines the approach
as following: “Engaging traditionally separate
industries in a collective approach to compet-
itive advantage including physical exchange of
materials, energy, water, and by-products. The
keys to industrial symbiosis are collaboration
and the synergistic possibilities offered by geo-
graphic proximity “.

A prominent example can be found is the
municipality of Kalundborgin Denmark (Hewes
& Lyons, 2008; Massard et al. 2014), where the



Case Study application of the Eco-Industrial Parks (EIP) Concept

foundation stone for the first so-called Eco-Industrial Park was laid in the 1970s (Lambert & Boons,
2002). Typical and possible features of EIPs and industrial symbioses are (Boons et al., 2011; von
Hauff, 2012):

- Sharing of residues: Residues/wastewater from company 1 is used as raw material/resource/
process water in company 2;

- Sharing of emissions: Heat exchange between companies;

- Infrastructure sharing: Industry sites have a common water treatment, emergency power sup-
ply, rail connection, etc.;

- Sharing networks: Networks are shared through the formation of distribution networks, pro-
curement communities, etc.

Reasons for industrial cooperative action are based in the principles of circular economy, creating
win-win situations by increased resource efficiency. Drivers may be economic (monetary) advan-
tages, improved environmental sustainability and public image, reducing dependencies of exter-
nal resources and strengthening corporate cohesion (von Hauff, 2012).

Figure 8: Impressions from Morche Khort settlement (von Koerber & Raber, Site Visit, 31.7.2016).
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8.2. Application of the Eco Industrial
Parks Concept in Morche Khort

In this chapter, a systematic approach for test-
ing and evaluating resource saving potentials
for freshwater and wastewater along the EIP
conceptin theindustrial settlement of Morche
Khort is being presented.

Inthefirststep, industries tobeincludedin the
case study have been selected and surveyed.
Then industries have been characterized and
grouped according to their water consumption
and wastewater generation patterns, followed
by a development and analysis of possible EIP
scenarios.

8.2.1. Selection of industries and data
collection

At the beginning of the study in 2015, availabil-
ity of data with the industry and water author-
ities on industrial units in Mourcheh Khort
settlement regarding their actual water con-
sumption patterns has been poor, due to their
mainly decentralized water supply systems.
In close collaboration with the Industrial Set-
tlement Organization 21 industries from the
textile, metal, food, plastics, glass and stone
industries have been identified for further
investigation. Selection criteria have been (1)

high wastewater production, according to ser-
vice contracts with the wastewater treatment
plant(seeFigure9),(2)alikelinessof highwater
consumption (evaporation), even though no or
little wastewater is being disposed to the cen-
tral sewer system, (3) a maximum diversity of
industrial branches from typical industries for
the settlement and the region.

For more in depth investigation of the water
consumption and wastewater production pat-
tern of the selected industries, a questionnaire
survey and sampling campaign was carried out
bythelndustrial Settlement Organization from
May to August 2016. By spot sampling and ana-
lysing industrial wastewater, quality parame-
ters like Chemical Oxygen Demand (COD), Total
dissolved solids (TDS), Total suspended solids
(TSS), turbidity, hardness, Electrical Conductiv-
ity (EC) and temperature have been obtained.
Due to the limited number and volume of sam-
ples, the campaign yielded only in a rough
impression of water quality parameters. Due
to the absence of water meters, quantitates
of supplied, disposed and evaporated water of
relevantindustrial processes could only be esti-
mated in questionnaire based interviews with
industry representatives. The questionnaire
comprised also questions on the minimum
water quality requirements of the industry and
its processes. Unfortunately, this question did

3
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Figure 9: Selected industries for further investigation according to the highest licensed wastewater disposal contracts in Morche

Khort settlement (Industrial Settlement Organization).

Page 26



not yield usable information. Required infor-
mation on minimum quality demands for pro-
cess water had to be estimated by (1) analysing
the water quality of existing industry internal
return flows, (2) consultation of the industry
representatives on the critical water parame-
ters and (3) collaboration with German indus-
try experts.

8.2.2. Characterizing and clustering of
industries

From the collected data water balances
and substances flow sheets for the respec-
tive industries were prepared and validated
through comparison with Best Available Tech-
niques (BAT) reference documents (BREFs)
of the European Commission. For the preva-
lent small and medium-sized enterprises with
partly outdated equipment however, compara-
bility with European standards was limited or
not available in the BAT.

To systematically document collected data for
the different types of industry, the outlines
of industry specific factsheets/characteristic

papers have been developed. Next to gen-
eral data on raw materials, products and pro-
duction processes of the type of industry, the
factsheet holds data on typical quantity and
quality of water consumption and wastewa-
ter production patterns (example of indus-
trial material flow chart Figure 10). Due to the
limited database, factsheets could only be
sketched, but in a workshop with representa-
tives of the industrial organization the poten-
tial was highlighted by the Iranian partnerns,
to extend the database and use them on the
one had as benchmark for the water footprint
of different industrial branches and on the
other hand as tool to design innovative indus-
trial water supply and disposal schemes such
as Eco Industrial-Parks in Iran.

In the following step, the characterized Indus-
tries have been clustered in three classes
according to their anticipated water quality
demand and degree of wastewater pollution.
In the primary class, industries with high water
quality requirements (e.g. food industry) or
industries which produce low polluted waste-
water easy to reuse (e.g. yarn manufactures

Polyester
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|

v
Washing
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op ) Waste Water
v 20.41m3/t
20 m3/d
N Dyeing
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Fresh Water < . .
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22.76 m3/t > g 235 m3/t
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T

v
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Figure 10: Example material flows chart (focus water) of the dying workshop without qualitative parameters.
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and plastic pipe manufacturer) are assigned.
In the tertiary, the last class, industries with
expected low water quality requirements and
small volumes of wastewater production (e.g.
stone processing) as well as industry with
highly polluted wastewater (e.g. Dyeing facil-
ities and print shops) have been placed. The
secondary class of industry served as interme-
diate category. Secondary users were mainly
metalworking industries, such as producers
of domestic components or tube manufactur-
ers. In this work step the following simplify-
ing assumption had to be taken due to short-
age of data: the process with the highest water
demand determines the required water qual-
ity for the whole site and distinct water quality
requirements for minor processes (e.g. fluid for
heating boilers, water for cleaning or sanitary
wastewater) have been disregarded.

8.2.3. Development of EIP scenarios

In expert interviews the characterization and
clustering of industries have been confirmed
as valid assumptions to develop exemplary
EIP scenarios. In EIP scenarios industries are
aligned alongside a water flux, connecting the

wastewater

(low polluted) wastewater of one industry,
with the water supply of a subsequent indus-
try as presented in Figure 11. With the catego-
rization of industrial units, a connection of the
water fluxes along primary, secondary and ter-
tiary users with increasing pollution of water
ressources could be adopted. The higher the
wastewater reuse rate, the higher are savings
of freshwater and wastewater emissionsin the
industrial settlement. In the figure, partial flux
of highly polluted wastewater of certain pro-
cess leave the system but other partial fluxes
are being reused. Due to the above mentioned
poor information on water quality demand of
industries, in the following scenarios a 100%
reuse capacity of wastewateris being assumed.

By assessing different options of connecting
the clustered industries under investigation,
three principles could be derived (Figure 12). In
the figure, the coloured arrows represent the
water quality: from dark-green with very good
quality to dark red with a high pollution. The
bilateral principle connects two industries in
a simple way. The wastewater from one indus-
tryisused as process waterin anotherindustry
and then disposed as wastewater. The cascade

wastewater

—>| Industry 1

Industry 3 li

y
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13l1EMalsem

Figure 11: Example material flows chart (focus water) of the dying workshop without qualitative parameters.
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Case Study application of the Eco-Industrial Parks (EIP) Concept

principle is a sequence of the bilateral principle. The nucleus principle is an expansion of the bilat-
eral principle where the wastewater of a water intensive industry is reused by several industries
instead of one. In the nucleus principle with a large industry in the centre, also interposed waste-
water treatment seems rational.

Bilateral principle C\i Q:i
T — i —
Cascade principle —_— “‘- —_— “-I- ul-_> “.l. —_—

R
}
}
R

Cascade principle

B

B,
«P_/%_P_q«_

Figure 12: lllustration of three developed principles for EIP connections.

8.2.4. Results of EIP scenario case studies

Collected dataonindustrial water quality and quantity patterns and taken assumptions have been
modelled according to identified connection principles by flux analysis with the STAN (subSTance
flow ANalysis) software, a freeware tool for Material Flow Analysis (MFA) issued by Vienna Univer-
sity (Cencic & Rechberger, 2008). In the MFA, wastewater pollution adds up over subsequent reuse
steps. The results are presented in the following:

As an example of the rather simple bilateral principle, a polyamide fibre production was selected as
primary water user and process water supplier and connected to a dyeing workshop as consumer
of the low polluted wastewater. Representatives of the dyeing workshop stated that critical fac-
tors for the dying process are hardness and total suspended solids (TSS). Both the hardness and
the TSS of the polyamide thread wastewater are comparable low and meet the minimum require-
ments estimated by the dyeing factory. The heavily polluted wastewater of the dyeing workshop
(tertiary water user category) is not fit for simple reuse.

Tosimplify the representation of water flows in Figure 13, the freshwater supply (input) was scaled
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to100 m’/d. All other values were scaled with the same factor, which may hypothetically be reached
by connecting the several polymide fibre and nine dyeing factories located in Mourcheh Khort set-
tlement (I1SO, Site Visit Mourcheh Khort, 2016). Anyhow the connection of industries where the
wastewater of one industry meets exactly the freshwater demand of anotherin terms of quantity,

seems in practice unrealistic.

Figure 13: Example material flows chart (focus water) of the dying workshop without qualitative parameters.

The figure shows that the hypothetical connec-
tion of the polyamide fibre production and the
dyeing workshop, may yield in a reduction of
freshwater consumption of 48.5 m®/d. This sav-
ing represents approximately 33% of the total
water demand of the two industries. The use
of the wastewater from the polyamide fibre
production in the dyeing industry reduces the
total amount of wastewater generated of both
industries by about 53%. The higher percent-
ages of the wastewater compared to the fresh-
water can be attributed to the high evapora-
tion rate in the Polyamide thread factory.

In the example of the cascade principle, sev-
eral industries are successively connected (Fig-
ure 14). As above, the polyamide fibre produc-
tion was selected as primary water user. It
transfers its wastewater to a polymer-pipe pro-
duction site, which is also categorized in the
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primary category. The production of polymer
pipes is relatively robust in terms of process
water quality but requires low water tempera-
tures for cooling. Since it impairs the wastewa-
ter quality only to a minor extend, the waste-
water can be reused as process water in two
different metal industries. Both industries
have been classified as secondary users and
identified total suspended and dissolved sol-
ids (TSS&TDS), turbidity and the conductiv-
ity as critical factors for their production. The
wastewater of both primary users is evaluated
as low, so that the wastewater may be reused
as process water in both metal industries. As
a tertiary user, the stone processing and the
glass production were selected. The critical
factor for the stone processing is stated the
organic load (COD). TSS and turbidity are crit-
ical for the production of glasses. The use of
sewage from both metal processing plants may



be possible for both stone processing and glass production.

The waterinflow was again scaled to 100 m*/d. The complex, cascade-like arrangement of the indus-
tries and the associated use of the water may hypothetically save a total of approximately 56% of
the freshwater demand and approx. 83% of the wastewater generated, but seems to be challeng-

ing toimplement in practice.

Figure 14: Cascade EIP scenario case study modeled with the STAN software.

In the example of the nucleus principle, the
largest wastewater producer of the industries
under investigation, the milk powder produc-
tion, was selected as wastewater supplier. The
peculiarity of the milk powder production is its
amount of produced wastewater which is sig-
nificantly greaterthanits freshwaterconsump-
tion. Most of the wastewater is generated by
the processing of the milk. Wastewater from
the dairy industry carries high loads of organic

material and nutrients, and must therefore be
treated prior to further reuse. The first draft
of the nucleus principle with the dairy indus-
try in the centre is presented in Figure 15. The
scenario presents hypothetical freshwater sav-
ings of in total 92% and wastewater reduction
of 67%. If the volume of processed raw milk is
added to the fresh water supply, the calculated
freshwater savings still add up to 48%.
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Figure 15: Nucleus EIP scenario case study modeled with the STAN software.
Further analysis of nucleus scenario

The nucleus principle with the dairy industry in the centre was analysed more in depth. The goal
was to draft outlines of a possible wastewater treatment system and necessary infrastructure for
reuse according to the EIP principles. For this end additional data on involved industries has been
collected during asecond interview campaignin cooperation with the Industrial Settlement Organ-
ization from April to August 2017.

Table 10: Random sampled wastewater characteristics of the milk powder industry (including cheese production) and figures on
German wastewater quality of dairy industry (DWA-M 708, 2011).

Hardness

Turbidity

Prozess

tmg/t | tmg | INTUT | 0BT pus/cm) [mg/1 | (mg/1]

Cheese
production
Milkpowder
Production

174 5030 | 566 | 5430 240 670 6728 | 11,91 | 23,4 1,5 5¢<

116 3770 | 2660 | 1412 744 2< 3020 | 7,05 | 21,6 K 5¢<

Sumed
up, Total
wastewater
stream

300 4400 | 1430 | 3770 450 390 5200 10 | 22,7 1,3 5¢<

German

reference
800 - 20- 20-
figures 800 - = - - - 6-111 12
for dairy IO 100 230

processing
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According to collected data, it was found that wastewater production per m® of milk processed in
the surveyed industryisin the upper norm of 1-2 m® wastewater produced per m? of processed milk,
suggested by the German Water Association (DWA-M 708, 2011). Also the random sampled waste-
water quality of the combined cheese and milk powder production dairy facility are similar to Ger-
man reference values (see Table 10). However, the concentrations of nutrients (Phosphorus and
Nitrate) seem to be particularly low in Iran. Also after several consultations on sampling and ana-
lytical methods, the reason for this difference could not be found.

In the second survey, the geographic location of industries has been identified. The industries are
located between 800 m t02.200 mdistant with an average of 1.600 m from the dairy industry. High
costs for pipe connections, pumps and earthworks may be expected for retrofitting the EIP con-
cept with the establish nine selected industries in Morche Khort.

To determine the required reuse water quality, a choice experiment with the receiving industries
has been performed. Inaquestionnaire a (worst case) future scenario was sketched, where no more
groundwater would be available and industries need to buy alternative water resources (the higher
the quality, the higher the price) to run their processes. Six qualities of water have been offered,
with increasing purity from 1- wastewater from the dairy industry after screening, over 3- Quality
after wastewater treatment in a Membrane Bio Reactor, to 4- Quality after Nano filtration up to 6-
Quality after Reverse Osmosis (see Table 11).

Table 11: Offered water quality in choice experiment with selected industries.

Parameter Quality 1 Quality 2 Quality 3 Quality 4 Quality 5 Quality 6
COD [mg/1] 3000 1500 <30 <5 <5 <5
N [mg/Il] <5 <5 <5 <5 <5 <2
P [mg/l] 1,3 1,3 <0,3 0,1 0,1 0
TDS [mg/I1] 3770 3770 3770 1880 350 50
TSS [mg/l] 1430 600 <10 <10 <10 <10
EC [pS/cm] 5200 5200 3767 1883 550 <100
Turbidity

[NTU] 450 200 <10 <10 <10 <10
Hardness

[mg/l Cac03] 390 390 390 178 50 <10

The results of the choice experiment revealed that the participating industries demand a rather
high quality of process water (see Table 12), but are also willing to pay high prices for it (in aver-
age 0,66 €/m? for Quality 3,1,36 €/ m’ for Quality 4, 3,26 € /m? for Quality 5 and 46 € / m? for qual-
ity 6). However, in personal communication technical managers of the industrial units stated that
they don’t know the pollution tolerance of their processes and that this information needs to be
investigated by practical testing and on-site experiments. The stone processing industry did not
contribute to the survey.
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Table 12: Amount of water from different water qualities industries would demand in m*/d (choice experiment).

Parameter

Quality 1

Quality 2

Polymer Pipe

Artificial fibre

Polyamide thread

Metal household components
Dyeing workshop

Stone Processing

Glass

Metal pipe connections

Quality 3 | Quality 4 Quality 5 Quality 6

6 46

3} 100

1,5 16,5

8 43

7 16 6
18 9

2 1 15

Based onthese presumptions, apossible waste-
water treatment plant had been designed in
a Master Thesis at the University of Applied
Sciences Magdeburg-Stendal in Germany (Hen-
nig,2018) for applicationin the nucleus EIP sce-
nario.

The design assignment yielded a sequence of
treatment steps where water of different qual-
ities may be withdrawn on demand (see Fig-
ure 16). The process steps are detailed with esti-
mated costs (ideal conditions) for installation
as well as operation and maintenance in Table
13. The design was performed for two design
capacities. Capacity 1-with 300 m?/d similar to
the dairy industry in Morche Khort and Capac-
ity 2- with a higher volume per day of 1000 m?
toincrease cost efficiency. The complete design
and extensive justifications for the derived

figures may be found in Hennig, 2018. However,
considering a service lifecycle of 20 years and
4% interestrate, the costsfortreated wastewa-
ter have been estimated by cash-value-method.
For water Quality 6: 0,56 €/m’ with design
capacity 1 and 0,25€/m’ for design capacity 2
or for water Quality 3: 0,35 €/m’ with design
capacity 1and 0,19 €/m? for design capacity 2
(Hennig, 2018). Even though these figures do
not include required piping and pumps for con-
necting the facilities, prices for treated waste-
water are significantly lower than the above
identified willingness to pay. Although the pre-
sented example is purely theoretical, exam-
ples of dairy processing facility in Jalisco, Mex-
ico with 1.600 m® daily water consumption and
examples of dairy industry in Belgium show
that nearly 100% reuse is in practice possible
and economical rational (Méslang et al., 2017).

Figure 16: Treatment steps for purification of wastewater from the dairy industry and reuse in the EIP nucleus scenario

(Hennig, 2018).
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Table 13: Cost estimations on water treatment steps (Hennig, 2018).

1. Screening plant 25.818 25.818
ﬁqﬂf.'z".ﬁ ga”d 33.750 48.400
3. Flotation system 88.821 88.821
4 Membrane-Bio- 109.750 268.875
Reactor

Sludge drainage 81.860 81.860
5. Nanofiltration 12.550

6. Reverse Osmosis 61.300 89.350
Employees

Total costs [Euro] 331.989 521.264

Up 0 0
pot
2.000 2.000
3.500 8.500
2.500 3.500
5.500 15.000
2.000 2.000
1.983
6.000 11.000
10.000 15.000
33.483 57.000

8.3. Discussion of results, drivers
and constrains for practical
Implementation

The presented EIP scenarios show the result
of a theoretical analysis under given assump-
tions. Each scenario has a distinct degree of
complexity and hypothetical resource saving
potential. It can also be observed that water
conservation potential depends not only on
the complexity of linkages, but also on indus-
try specific water balances. Industries with low
evaporation losses for example, may archive
overall higher rates of fresh water savings.

The high hypothetical figures for potential
saved freshwater (up to 92%) and avoided pro-
duction of wastewater (up to 67%) by applica-
tion of EIP scenarios, should be motivation to
further investigate the potential of practical
application of a EIP design philosophy particu-
larly for the development of new industrial set-
tlements. New settlements seem privileged,

since proximity of symbiotic industries, geo-
graphic factors like landscape slope and nec-
essary infrastructure and managerial adap-
tations of participating industries should be
considered already in the planning phase for
higher cost efficiency. If EIPsareonthelongrun
more cost efficient than conventional indus-
trial settlements in Iran, cannot be answered
by this study. But rapidly declining groundwa-
ter resources increase the pressure for action
in the sector.

Drivers and constrains for implementing the
EIP design philosophy in new industrial plan-
ning has been discussed in a workshop with
planners and operators from the industrial
authorities and representatives of the envi-
ronmental sector in Isfahan, Iran. Next to
very positive feedback regarding the poten-
tials of the EIP concept in Isfahan and Iran,
the aspects below where raised and discussed.
Economic incentives, business philosophy and
image consider industries on a more individual
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level, whereas the other aspects below discuss
obstacles and transaction costs for the interac-
tion of industries.

Business philosophy: The change of busi-
ness philosophy is perceived as critical
sinceitis assumed that industries focus on
profit maximization, disregarding environ-
mental impact of their action. Environmen-
tal sustainability may be brought more to
the focus of management if (1) environmen-
tal regulations are implemented, (2) public
interest stimulates environmental friendly
products and/or (3) training and awareness
rising campaigns are implemented with
industry representatives.

Image of wastewater use: The use of waste-
water in production processes has the risk
to lead to a negative public image of the
industry and its products. The perception
of low quality and contamination of pro-
ducts may be associated with water reuse.
Awareness rising campaigns on the import-
ance and means of environmental friendly
industrial management on the general pub-
lic, may prevent the possible image loss,
and could even turnitinanimage win.

Conflicts in the exchange process: Critical
conflicts are expected in the process and
interface of resource exchange. Conflicts
amongst industries may arise for example
on fluctuations in quality and quantity of
delivered process water or failure of sha-
red infrastructure. Necessary problem sol-
ving strategies are the development of
clear and reliable responsibilities, commu-
nication channels, installations of moni-
toring equipment and adapted contract
models for industrial symbiosis. Capacity
building measures should be implemented
to increase trust and partnership amongst
participating industries and to develop
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problem resolution capacity with the park
management.

Discontinuation or failure of a linked indus-
try: Failure or decrease of production capa-
city of an industry that supplies one or
more industries with its wastewater thre-
atens the functional safety of the waste-
water users. Thisissue starts already in the
planning process of industrial settlements
since there is no guarantee that an actor
on the free marked will finally settle at the
foreseen location. Therefore, it is likely
that emergency water supply and sewage
infrastructure must be provided which
increases the overall costs.

Distance between industries: The distance
between the linked industries is a main cri-
tical factor, as infrastructure costs increa-
ses with higher pipe length. The feasibi-
lity of EIP concepts must be questioned at
longer distances. To minimize the distance
between industries, EIP linkages need to be
considered already in the planning phase
for new industrial settlements.

Data for the planning process: The cur-
rently available data on small and medium
sizes industries is considered as insuffi-
cient for the EIP planning process. A data-
base on relevant types of industries, pro-
ductions processes and industrial water
flux (quantitative and qualitative) need to
be developed, expanded and maintained
over years. The above presented concept of
industrial profiles is a practical tool to be
implemented as way towards a solid data-
base.
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This report presents two main results of the German-Iranian
research cooperation “IWRM Zayandeh Rud”, concerning the
Industry sector in the Zayande Rud catchment. The first part of
this document presents data on industrial water consumption
in the whole catchment area.The data were composed by inter 3
GmbH in order to deliver a comprehensible overview over indus-
trial water use and to provide a database for the Water Manage-
ment Tool developed by DHI WASY. In the second part of the
report potential benefits and constrains for the implementation
of a collective approach for more resource efficiency, the “Eco
Industrial Park Concept”, is presented in the form of a case study
in the Zayandeh Rud basin.
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