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ABSTRACT
Although growing urbanization has its perks, there are also certain problems which this rapid mode of
development poses. There is an increased burden on the natural resources makes it imperative for us, as a
society to formulate measures to tackle this issue. In order to satisfactorily analyze the situation, it is important
that proper quantification of the utilization and generation of natural resources is carried out. This report
focuses on one of the vital parameters found universally in almost all the processes, may it be natural or
manmade. An important parameter, ‘Water Footprint’, which is indicative of the appropriation of water
resources, expressed as a function of water consumed and polluted. This report is based on the concept of
‘Water Footprint’ and discusses the methodologies used to evaluate this value of water footprint, which is
generally reported as (m3/ton). In addition to this, the report provides an assessment of a number of major
industries and their water usage, to provide a pragmatic view of the water footprint calculation. Lastly, the
review aims at explaining the importance of water footprint using a few case studies and aims at providing
improved understanding of this concept with an ultimate view of better management of the world freshwater
resources.
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INTRODUCTION

Components of Water Footprint

As far as the current scenario is concerned, due to the
increasing burden on the natural resources, mainly as a cause
of increasing population, rapid urbanization and growth of
industries, it has become imperative to assess the available
natural resources and come up with a valid approach to
analyze the same. There is an urgent need for effective and
sustainable use of the world’s limited resources. This report,
thus, reviews the utilization of water, a limited resource for a
number of different industries and thereafter, tries to describe
the same, using an important concept, known as the ‘Water
Footprint’.

The water footprint available has been classified into three
components on the basis of its sources and applicability. The
segregation of water footprint into these three components
gives a better assessment of the process and the principal
areas of water utilization and appropriation.

The Water Footprint of any process is a quantified data which
acts as an indicator of the amount of water utilized through
the quantification of the amount of water consumed and
polluted. The objective of this report is to explain the
approach undertaken for obtaining the water footprint for
different industries. The industries which have been included
in the review have been carefully chosen after considering
the various aspects involved and also the wide range of its
applicability coupled with its relevance to the modern
world.

I. Blue Water Footprint
The Blue Water Footprint is the water that has been primarily
been sourced from the natural water resources, mainly, the
surface water and groundwater sources, which are further
incorporated, either directly, if it is utilized in a chemical
reaction or indirectly, if it is either evaporated or incorporated
into the end-product(s) or by-product(s). In totality, the Blue
Water Footprint for a process is the amount of water
abstracted from the natural reserve, which is either the ground
or surface water that does not return to its source from which
it was initially sourced.
II. Grey Water Footprint
It is imperative to maintain certain quality standards and
environmental norms for any process to be approved. A
certain quantity of water is needed to assimilate these
pollutants in order to neutralize them. The amount of water
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thus required is attributed to as the grey water footprint. The
grey water footprint varies from process to process and it
basically is quantified after the quality standards are met. In
totality, the Grey Water Footprint is the quantity of water
required to minimize the pollutants in order to achieve the
quality, which is as per environmental standards.

II. Methodology
In order to effectively determine the water footprint, a general
water balance is used. For simplicity, the green and blue
water footprints are integrated into one while grey water is
accounted separately. A Block Diagram (Fig.1)for any
process is considered as follows:

III. Green Water Footprint
The Green Water Footprint refers to the water pertaining to
the storage units of plants. The word ‘green’ pertains to that
stored in the root zone of soil. This water is then either
transpired, evaporated or is directly incorporated by plants.
The Green Water Footprint is generally higher in case of
industries obtaining its input feed directly from soil or trees.
It has relevance to agricultural, horticultural and forestry
products.
Approach and Methodology
I. Approach:
In order to review the water footprint of any bulk chemical
process, a general approach is used. The fixed step by
step procedure is then applicable to any operation or
process with minor modification on case to case basis.
The approach is as follows (Frietas et al. 2017):

Fig. 1. Framework for Water Footprint Assessment
Mathematically, it is accounted as follows:
WFAàB= WFsup + WFenergy -WFrecycle
Here, the term WFAB represents the net water footprint of
the bulk chemical process, WFsup is the water footprint
involved in the supply conditions, mainly in the raw materials,
WFenergy is the water footprint of the integrated energy
operations and WFrecycle is the water footprint of the recycle
content (if any).

1. Setting Goals and Scope: This involved defining the
boundaries of the operation and set explicitly the
underlying assumptions and methodologies for the review.
Also, the goal of carrying out the review is set. For
instance, the aim could either be to obtain numerical data
or the other aim could be to propose improvements and Grey water is separately accounted in the assessment and
reported along with the blue water footprint. The individual
modify the process accordingly.
2. Water Footprint Accounting: Water Footprint is water footprints are calculated using different procedures,
accounted based on the standard concepts of Material which are explained later in the review and varies from case
and Energy Balance Computations. Moreover, certain to case basis.
external factors (apart from the water footprint due to In this review, a number of industries have been considered
chemical reactions)such as energy contributions are and are individually discussed with the required assessment
procedures and also, its environmental implications. In
considered.
3. Water Footprint Sustainability Assessment: The conclusion, practical case studies have been provided in order
numerical data is assessed and proper conclusions are to look at the practical aspects of the same.
drawn from the same. Certain techniques are then used IIA. CHAIN SUMMATION APPROACH
to extrapolate the data and then ascertain whether the The method used to evaluate the net water footprint in the
process is sustainable.
formation of a product takes into account the individual
4. Water Footprint Response Strategies: To tackle the process steps, and their individual water footprints which
problems faced and in a move to improve the sustainability, have a cumulative water footprint for the total
response strategies are devised and then put into action. process(Hoekstra et al. 2009).
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The calculation of water footprint using the chain summation The step-wise accumulation follows a very rigorous approach
approach is straightforward. It is evaluated using the formula: in evaluating the water footprint of the production process.
The advantage of this method over the former is that this is
1kWFproc [ ]
applicable to even a single output system. Mathematically, it
WFprod [p] 
P[p]
is carried out as follows:
Here, WF [ p] is the net water footprint of the production
proc
process, with WFprod [ p ] , being the individual water footprint
contributions from the individual k steps (m3/hr) and P[p]

being the production quantity of the product (ton/hr).
Although this method is elegant and simple, this cannot be
universally extrapolated to all practical situations, as in reality,
the process would be a MIMO (Multiple Input Multiple
Output Process). Thus, a more generic approach, known as
the Stepwise accumulation approach was developed to
calculate the water footprint of bulk chemical processes.
IIB. STEP-WISE ACCUMULATION APPROACH
The step-wise accumulation approach is a much detailed
method and has a wider range of applicability. Consider a
process with y input streams, from 1 to y and z product
streams from 1 to z (Hoekstra et al. 2009). The approach
followed is as follows (Fig.2):

This equation calculates the Water Footprint of the entire
process
in terms of
, which is the water
, which
footprint of the individual input streams and
is the water footprint involved in the process mechanism that
helps convert the input streams to product streams. The two
additional parameters which are needed to be taken into
and
, which are the product fraction
account are
and value fraction respectively.
They both are defined as follows:
The product fraction for the process is defined as the ratio
of the quantity of product
to the quantity of input
material
, expressed in kg/kg or ton/ton.

Fig.2.Water Footprint for a process using Step-wise accumulation approach (Hoekstra et al. 2009)
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On the other hand, the value fraction is an external param- Table 1. Maximum allowable concentrations for pollutants
eter which takes into account, the economic aspects of the (Canadian Council of Ministers of the Environment 2013,
process. Mathematically, it is defined as follows:
European Environment Agency 2005, European Economic
Community 1975, European Commission 2008)
Contaminant

Thus, the value fraction for a product p, is nothing but the
fraction it contributes to the net price value of the process
output.
The values of product fractions can be safely imported from
standard literature but the value of value fraction depends
on the market trends, and thus is known to fluctuate.

Ammonia
Nitrate
Nitrite
Phosphorous
Arsenic

Estimation of Grey Water Footprint
For estimating the grey water footprint of any process, there
is a standard protocol which is followed. The value depends
on a number of factors, but in principal, it only depends upon
the inlet and outlet stream conditions (Franke et al. 2013)
In order to calculate the overall grey water footprint, those
of individual contaminants must be calculated separately. The
Grey Water Footprint (GWF) is, thus calculated as follows:

Chlorine
Chloride
Reactive
Chlorine
species
Cyanide
Fluoride
Iron
Lead
Mercury
Uranium
Zinc

Maximum allowable
concentration (mg/L)
19 unionized NH3-N*
13000
60 NO2-N
4-100(varies on trophic
index)
5 (pH<6.5)
100 (pH>6.5)
11
120000
0.5

5
120
300
2.5
0.026
15
30

Where, L is the pollutant load entering the water body (kg/
s), Lcritical is the critical load (kg/s) and R represents the runoff
of a water body (m3/s).The critical load is mathematically Apart from the maximum allowable concentrations for
evaluated as follows:
different contaminants specified by the environment
protection bodies, maximum values for additional water
quality parameters are as follows:
Table 2. Maximum allowable values for water quality
Where, Cmax is the ambient water quality standard, which is parameters (European Economic Community 1975)
issued by the environmental authorities and varies from
Water Quality
Maximum
pollutant to pollutant. Cnat is the natural background
Parameter
Allowable Value
concentration for the receiving water body. This simplifies
Total Suspended
25 mg/L
the GWF calculation to:
Solids (TSS)
Chemical Oxygen
30 mg/L O2
Demand (COD)
Biological Oxygen
3 mg/L O2
The estimation of the critical load is much simpler for a point
Demand (BOD)
source of pollution. However, in case of diffused sources of
water pollution, the estimation is much more tedious. This The Natural Background Concentration (Cnat) varies from
case to case basis. However, in absence of local data, there
involves consideration of additional parameters such as
(leaching run-off fraction), which is the fraction of applied is a standard specified set of values (Chapman 1996). The
values for the most commonly encountered particles are as
chemical substances reaching the water body.
follows:
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Table 3. Natural Background Concentrations (Chapman, to the processing of the wood pulp. The framework for
1996)
quantifying the water footprint is different from the standard
procedure of calculation.
Contaminant
Natural Background
This manufacturing process has a close integration with the
Concentration (g/L)
natural resources. Due to this, the green and blue water
Ammonium
0.015
footprint is reported collectively in literature. The water
Nitrate
0.1
footprint is based on a number of factors of consideration.
Phosphate
0.01
Mathematically, the water footprint of supply is split into two
Arsenic
1
major parts, the water footprint at the forestry stage and the
Iron
50
other being, the water footprint at the industrial stage, which
Nickel
0.4
is evaluated mathematically as follows: (Van Oel & Hoekstra
Lead
0.04
2010)
Zinc
0.2
Potassium
1
Chloride
3.9
Sulphate
4.8
Bicarbonate
30.5
ETa
Actual
Evapo-transpiration
rate
Industrial Water Balance
(mm/year)
Ywood
Wood yield from the forest (m3/ha/year)
There is an ever increasing demand for water needed for
fwater
Volumetric fraction of water in freshly
industries per year. Moreover, there is an additional burden
harvested wood
on the natural resources due to the effluents being discharged
f
Wood to paper conversion factor
paper
into the water bodies. There is a need for robust water
(m3/ton)
accounting and monitoring. Apart from this, it is also
frecycling
Fraction of pulp derived from recycled
necessary that there is an optimum operation for all processes
paper
in the industries to ensure maximum yield. (Tuana et al.
E
Evaporation in production process
2016)
(m3/ton)
The key concept of material balances is applied effectively
R
Water contained in solid residuals
to the industrial water usage. The governing equation is:
(m3/ton)
P
Water contained in products (m3/ton)
where
and

indicates a change in the stored volume, with

Estimating Water Footprint Usage:

being the input and output volumes of water..

In this review, rough estimates are made for the

This report, thus takes into account a few industries which
are most commonly encountered in mundane life and whose
relevant data is easily obtainable. This report takes into
consideration the Pulp and Paper industry, Cement industry
and the Textile Industry. The methodology for water footprint
assessment of these industries has been mentioned in detail,
supporting them with relevant quantified date and explanation
at every stage.

and the values are then compared with
literature. Let us consider the following case:
In USA, Printing and Writing Paper is produced using
Eucalyptus leaves which are grown in the Tropical Regions.
In order to estimate the water footprint of the same, certain
sets of calculation are performed using values obtained from
literature.

It is observed that the water footprint depends upon the type
of trees, growth environment and also, the desired type of
In case of Paper Production, water is utilized in different paper to be produced.
steps of the production process, right from growing wood
Pulp and Paper Industry
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ETa
Ywood
fwater
fpaper
frecycling

Actual Evapotranspiration rate
(mm/year)
Wood yield from the forest
(m3/ha/year)
Volumetric fraction of water in
freshly harvested wood
Wood to paper conversion factor
(m3/ton)
Fraction of pulp derived from
recycled paper

1730

on the quality of effluents and the subsequent water reserves
which are polluted.

16

Cement Industry

0.4
3.5
0.31

One problem which needs immediate attention is to allocate
resources effectively and ensure proper water utilization in,
particularly dry areas. The cement manufacturing process
involves consumption of huge amounts of water and also
vast amount of energy supply, which in places contributes to
the total net water footprint of the manufacturing process.

Substituting in the Equation (1)

We thus obtain,

With a boost in technology and rapid urbanization, the need
for Cement and other construction related products has
increased rapidly. Due to the increased public awareness
regarding environmental degradation and protection, many
recent studies have been focused on alleviating these
problems.

3

= 1173.59 (m /ton)

This value obtained is in line with that in the literature, which
is 1081 (m3/ton). Thus, we have established a framework of
estimating the water footprint due to forestry in case of the
manufacturing process of the Pulp and Paper industry.
Accordingly, the values of
estimated and are accounted for.

have been

Generally, the grey water footprint is not accounted for paper
productions. This is because, due to advance purification
techniques employed, the pollution of water resources is
miniscule. Moreover, there is a dearth of quantifiable data

In order to quantify the data and established a universal scale,
the water footprint of the cement production is measured as
the amount of fresh water, directly used for producing one
ton of cement. This water, does not take into the account the
quantity used for recirculation and other internal purposes.
The factors which affect this water footprint are the type of
process used and the equipment used. For instance, a much
modern technology and equipment can help in minimizing
the overall quantity of water used. Although the capacity of
plant is also a contributing factor, it is often neglected as it
does not affect the measurements to a massive extent.

Fig.3. Cement Manufacturing Process and Water Utilization (Bosman 2016)
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This method of ‘Direct Water Consumption’ also has its
limitations. This approach does not take into account the
water used for supplying energy, which is a factor worthy of
consideration. This contribution is known as the virtual water
footprint. A comprehensive approach is thus developed,
taking into account both these contributions. It depends on
case to case basis, whether the chain summation approach
or stepwise accumulation is preferred (Hosseinia &
Nezamoleslami 2017).
Cement Manufacturing Process
The cement manufacturing process mainly includes three main
steps: extraction & pre-processing of raw materials, pyroprocessing, grinding & mixing. The steps are further explained
in greater detail (Bosman 2016).
The first step in the production process, which is extraction
and pre-processing of raw materials, involves extraction of
raw materials such as limestone and earthy particles such as
sand, clay and gypsum amongst others. This step utilizes
energy during the methods employed for extraction and also
in grounding the limestone. After this step, process water is
used for washing the limestone in order to make it robust for
pyro-processing.
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MATHEMATICALAPPROACH
A fixed methodology is followed in order to evaluate the
water footprint of cement manufacture. Mathematically, it is
expressed as follows (Gu 2015):

These are the equations which are involved in estimation of
the water footprint of the production process. Here, WF
represents the net water footprint, which is contributed
through DWC (Direct Water Consumption) and VWC
(Virtual Water Consumption).
In order to evaluate the VWC, the energy requirement is
normalized. Here, FEE represents the Fuel Energy
Equivalent; F is the actual amount of fuel used and HHV,
being the Higher Heating Value, also known as the Gross
Calorific value. These values vary for the type of fuel being
used for energy generation. The water footprint is also
reported as water intensity (m3/ton) as a substitute for the
same. The water intensity is an important parameter as the
value for F changes with the type of fuel used. The water
intensity of Natural Gas was found to be 9.251 L water per
m3 of natural gas (Mekonnen 2014). Similarly, the water
intensity for Heavy Fuel Oil was estimated at 30.725-62.5
L of water / L of heavy oil (Williams 2013).

Pyro-processing in an energy-intensive step. During pyroprocessing, the limestone extracted is made to react with the
clay to form a clinker. A clinker is a hard lump, typically the
size of a marble. This process takes place at a very high
temperature, and thus, process water is used for cooling of
the clinker. The amount of energy utilized is variable, as it The other aspects of the virtual water footprint were quantified
depends on the amount of moisture content in the limestone based on empirical data. The transportation water footprint
and other raw materials and the type of oven used.
was calculated to be 0.16-0.33 L/Km for petroleum based
The ultimate step involves mechanical operation on the vehicles and 0.18-0.26 L/Km for gasoline based vehicles
clinker. The clinker is first mixed with around 4-5% gypsum (King, 2008). The electricity water footprint was estimated
and then finely ground. This process is equally energy to be 0-0.768 m3 GJ-1, based on the mode of electricity
intensive, although it does not utilize process water.
generation (Mekonnen 2014).
Table 4. Sources of Water Footprint in Cement ManufacTable 5. Virtual Water Footprint estimates for Cement
turing Process
manufacture
Process
Process Energy Products
step
Water
Input
Parameter
Water Intensity
Extraction 
Limestone,

Natural Gas
9.251 L/ m3
& PreClay
Heavy Oil
30.725-62.5 L/L
processing
Transportation
0.16-0.33
L/Km (Petroleum)
PyroClinker


0.18-0.26 L/Km (Gasoline)
processing
Electricity
0-0.768
m3 GJ-1
Mixing & 
Cement

Grinding
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Textile Industry

which is a raw material for monoethylene glycol, is produced
from ethane, which is in itself obtained from the refinery.
Similarly, p-xylene, which acts as a raw material for
terephthalic acid, is produced from naptha, another product
obtained from the refinery.

The cloth manufacturing industry is one of the few industries
which have a heavy impact on the world economy. An
estimated 10000 liters of water is required in order to
produce one kilogram of cotton fabric (Mekonnen &
Hoekstra, 2010). The use of water is ubiquitous in every Subsequently, the reaction of monoethylene glycol and
step of the process, with its supply chain relying heavily on terephthalic acid contributes to the net water footprint of the
process. Subsequently, the product formed undergoes
the availability and the quality of the water resource.
It is necessary to attain sustainability in the textile industry, Polymerization and then is taken through mechanical steps
mainly due to principal reasons: The ever-growing demand such as spinning, threading, cutting, etc to form the finished
of manmade fibers, those being polyester and viscose; the product. These mechanical steps also contribute to the water
limitations in increasing the manufacturing of cotton and other footprint.
The blue water footprint for polyester occurs during the
In this assessment, both the polyester and viscose water manufacturing process only. Otherwise, the other contribution
of blue water footprint is negligible. On the other hand, the
footprint have been discussed in much greater detail.
grey water footprint is much higher due to a number of
Polyester
sources.
The polyester manufactured is mainly of two types, those
GREY WATER FOOTPRINT FOR POLYESTER
being the filament form and the staple form. The filament
form is a long, continuous strand of fiber used to produce The Grey Water Footprint for Polyester is very large in
smooth fabrics. On the contrary, the staple form is generally magnitude and in comparison to the blue water footprint.
short and is easier to fuse with other fibers. The basic fiber The principal reason for this is that the due to the grey water
processing involves a condensation polymerization reaction contribution in all the four stages of production.
between terephthalic acid (C 6 H 4 (CO 2 H) 2 ) and For the oil exploration phase, the water which is brought to
the surface in addition to the oil and gas, which is termed as
monoethylene glycol ((CH2OH)2) (Frietas et al. 2017).
‘Produced Water’ is one of the largest effluent streams. The
Produced water contains large amount of impurities such as
traces of heavy metal, volatile hydrocarbons and toxic
compounds. Although the produced water is not a desired
product, it can be used to maintain the required level, and
thus, a sufficient pressure in a reservoir. The treatment of
produced water requires additional treatment and thus,
additional financial reserves.
natural fibers.

As far as the grey water in case of the other three stages,
namely, refinery, fiber production and mechanical operations
are concerned, there are fixed parameters to track the quality
of the grey water. The most commonly used parameter is:
COD (Chemical Oxygen Demand), however, other
parameters
such as BOD (Biological Oxygen Demand), lead
Fig.4. Steps in production of Polyester fibers (Frietas et al.
Concentration and benzene concentration are also used.
2017)
In case of the water utilization in the production process,
there are four key areas of water requirement. Initially, the
crude oil extraction contributes to the water footprint involving
activities from drilling explorations to the oil production.
Secondly, water footprint is also accounted for ethane and
naphtha production. As shown in Figure 3, the ethylene oxide,

The analysis of grey water footprint for polyester is useful in
identifying the key areas where the maximum water is being
utilized and thus, strategies are to be formulated to improve
the water footprint efficiency. The two main contributors to
the grey water footprint are in the oil exploration and refining
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phase. In order to reduce the water footprint, following Unlike Polyester, Viscose manufacture involves the green
water footprint component, due to the water associated in
practices are adopted (C&A Water Footprint Manual):
The Produced water, during oil exploration must be treated the wood production phase. Although the green water
before disposing it off. This would reduce the grey water, footprint is negligible as compared to the grey and blue water
due to produced water, which is one of the main contributors footprints, it is essential to maximize the efficiency of the same.
A desired efficiency would thus help in achieving the goal of
to the net value.
land sustainability.
The wastewater treatment facility should be improved. An
investment in this facility in the refinery and petrochemical The Blue Water Footprint is substantially higher for Viscose
production as the inlet feed has high concentrations of zinc.
stage will help in reducing the water footprint.
Blue Water Footprint is also accounted in case of Pulp
Many other strategies are being currently formulated to make
Production and Yarn Production. The wood processing stage
the polyester production, more environment friendly as
does not contribute to the blue water footprint.
opposed to its current nature.
As there is a substantial quantity of zinc in the effluents, the
Viscose Fiber
grey water footprint for the same is much higher than the
The Viscose is derived from cellulose. This fiber is made blue water footprint, similar to the polyester manufacturing
from natural resources and its raw materials mainly include process. Also, as the source is wood, the water footprint is
wood, derived from hardwood and softwood forests or other in connection with nutrients such as nitrogen and phosphorous.
sources such as cotton and bamboo. The fiber production The use of pesticides and insecticides also contribute to the
uses the ‘Viscose Process’. The logs of wood which are cut net water footprint.
into smaller pieces undergo purification and separation. In
CONCLUSION
order to increase the purity of the pulp which is obtained,
the process of cold caustic separation is used. The cold The term ‘Water Footprint’ is an extremely important term
caustic separation involves washing and cleaning of the brown and has applicability to a number of avenues. Sustainability
pulp. This pulp is then mixed with specialty chemicals which has different facets with its widespread impact seen in terms
act as bleaching agents and then undergo mechanical of economic, environmental and social impacts. Proper
processes such as pressing and then subsequently dried assessment of the water footprint helps in analyzing the
sustainability of a water basin. The grey water footprint, if
(Frietas et al. 2017).
below a certain value, would prove to be sustainable as it
would follow the environmental standards. The assessment
of sustainability of a river basin is done in four
steps:(Hoekstra, Chapagain, Aldaya, & Mekonnen, 2009)

Fig.6. Benefits of Water Footprint Assessment in finding
sustainability of a water resource (Hoekstra et al.2009)
Water Footprint and Location
The global water footprint for production and consumption
of water is shown in Fig. 9. From the figure, we can thus
infer that the water footprint varies as per the location. A
limitation in evaluating the water footprint is the nonFig.5. Production Process for Viscose Fiber (Frietas et
homogeneity. The data cannot be considered as uniform and
al.2017)
thus the analysis should be based on a case to case basis.
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Fig.7. Global Water Footprint Trend (1996-2005) (Mekonnen & Hoekstra 2011)
Although there is non-uniformity in the water footprint across Table 7. Crop Coefficient for White Radish (Cha et al.
the world, if the sample area is restricted to an area which 2011)
could be properly evaluated with proper assumptions, the
Crop
concept of water footprint plays a major role in formulating Specifications
Coefficient
response strategies to environmental problems which have
Spring
Season
White
Radish
1.2
been mentioned later in the report.
Autumn
Season White 1.12
The proper assessment of water footprint has also helped Radish
solve practical problems and helped in increasing production. Alpine
Region
White 0.95-1.2
A prime example of this is that of white radishes in Korea. Radish
Proper study was carried out in evaluating the water footprint Facility White Radish
1.25
for the white radishes cultivated during different seasons in
Korea. The results obtained were tabulated and then proper The results of the study showed that the autumn season white
inferences were drawn from the same. The study helped the radish was much more competitive with respect to water
producers in choosing to cultivate a different type of efficiency as compared to the other cultivation types. Thus,
cultivation and type as a means of working on a water- this proved sufficient evidence for the decision makers to
efficient process. The crop coefficient is an important cultivate the ideal cultivation type as per the season. This
parameter in the assessment of water footprint, which is an particular case study thus shows that, water footprint
assessment can help in choosing water-efficient processes,
amalgamation of crop transpiration and soil evaporation.
thereby making it more sustainable.
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Frietas, Z. M. G. Zhang and R. Mathews. 2017. Water
Footprint Assessment of polyester and viscose and
The concept of water footprint is not as widespread as the
comparison to cotton. Water Footprint Network , 3other parameters which are used in judging the efficiencies
4.
and effectiveness of the bulk chemical manufacturing
processes. However, it is observed that, this concept of water Gu, Y. X. 2015. Calculation of water footprint of the iron
and steel industry: a case study in Eastern China. Journal
footprint is easy to assimilate and work upon. The water
of Cleaner Production 92: 274-281.
footprint assessment should be considered as a prerequisite
in the procedure for judging the sustainability of a process. Hoekstra, A., A. Chapagain, M. Aldaya, & M. Mekonnen
Thus, a concise study of the water footprint of any process
2009. Water Footprint Manual 32-35.
and its economic and ecological implications can be extremely
Hosseinia, S. M. & R. Nezamoleslami. 2017. Water
useful in applying more efficient and less tedious response
Footprint and Virtual Water Assessment in Cement
strategies.
Industry: A Case Study. Journal of Cleaner Production
Acknowledgements
DOI:10.1016/j.jclepro.2017.11.164.
I am thankful to Dr. P.K.Ghosh, who served as my guide King, C. W. 2008. Water Intensity of Transportation. ACS
during this project of reviewing the water footprint.
Publications .
Moreover, I am also thankful to my alma mater, Institute of
Kyounghoon Cha, M. Son , H.Hong, S. An and S.Part.
Chemical Technology for the opportunity of working on this
2011. Method to assess water footprint, a case study
project.
for white radishes in Korea. International Soil and Water
References
Conservation Reasearch 5:151-157.
Bosman, R. 2016. Water footprint of widely used Mekonnen, M. H. 2014. Water footprint benchmarks for
construction materials-steel, cement and glass.
crop production: A first global assessment.
University of Twente, Enschede, The Netherlands.
Ecological indicators, 46.
Road Ahead

Canadian Council of Ministers of the Environment. 2013. Mekonnen, M. M. & A. Y. Hoekstra. 2010. The green,
Canadian water quality guidelines for the protection
blue and grey water footprint of crops and derived crop
of aquatic life.
products. Value of Water Research Report Series No.
47. Delft, The Netherlands , UNESCO-IHE.
Chapman, D. 1996. Water quality assessments: A guide
to the use of biota, sediments and water in Mekonnen, M. & A. Y. Hoekstra. 2011. The green, blue
environmental, Second Edition. UNESCO/WHO/
and grey water footprint of production and consumption.
UNEP.
Value of Water Research Report Series No. 50.
European Commission. 2008. Environmental quality
standards in the field of water policy. Directive 2008/
105/EC of the European Parliament and of the Tuana, P. T., M. T. Dunga, P. T. Ducb & H. M.Trangb.
2016. Industrial water mass balance as a tool for water
Council .
management.
Elsevier Publication, 17-18.
European Economic Community. 1975. Quality required of
surface water intended for the abstraction of drinking Van Oel, P. & A. Hoekstra. 2010. The green and blue
waterfootprint of paper products:Methodological
water in the Member States. Council Directive 75/440/
considerations and quantification. UNESCO-IHE.
EEC .
European Environment Agency. 2005. Gross nutrient balance Williams, E. S. 2013. Water in the energy industry: An
introduction. Retrieved from www.bp.com/
(CSI 025).
energysustainabilitychallenge.
Franke, N., H. Boyacioglu, & A. Hoekstra. 2013. Grey
Water Footprint Accounting. UNESCO-IHE.

