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a  b  s  t  r  a  c  t

As  all  human  water  use  is  ultimately  linked  to final  consumption,  it  is  interesting  to  know  the specific
water  consumption  and  pollution  behind  various  consumer  goods,  particularly  for  goods  that  are water-
intensive,  such  as  foodstuffs.  The  objective  of  this  study  is  to  quantify  the  water  footprints  of  soy  milk  and
soy  burger  and  compare  them  with  the  water  footprints  of equivalent  animal  products  (cow’s  milk and
beef burger).  The  study  focuses  on  the  assessment  of  the  water  footprint  of  soy  milk produced  in a  specific
factory  in  Belgium  and  soy  burger  produced  in  another  factory  in  the  Netherlands.  The  ingredients  used
in  the products  are  same  as  real products  and  taken  from  real case  studies.  We analysed  organic  and
non-organic  soybean  farms  in three  different  countries  from  where  the soybeans  are imported  (Canada,
China,  and  France).  Organic  production  reduces  soil evaporation  and  diminishes  the grey  water  footprint,
ultimately  reducing  the  total  water  footprint.  The  water  footprint  of  1 l  soy  milk  is  297  l, of which  99.7%
refers  to  the  supply  chain.  The  water  footprint  of  a 150  g soy  burger  is 158  l, of  which  99.9%  refers  to
the  supply  chain.  Although  most  companies  focus  on just  their  own  operational  performance,  this  study
shows  that  it is  important  to  consider  the  complete  supply  chain.  The  major  part  of the  total  water
footprint  stems  from  ingredients  that  are  based  on agricultural  products.  In  the  case of  soy  milk,  62%  of

the total  water  footprint  is due  to the soybean  content  in  the  product;  in the case  of soy  burger,  this  is 74%.
Thus,  a detailed  assessment  of soybean  cultivation  is  essential  to  understand  the  claim  that  each  product
makes  on  freshwater  resources.  This  study  shows  that  shifting  from  non-organic  to  organic  farming  can
reduce the  grey  water  footprint  related  to  soybean  cultivation  by 98%.  Cow’s  milk  and  beef burger  have
much larger  water  footprints  than  their  soy  equivalents.  The  global  average  water  footprint  of  a  150  g
beef burger  is  2350  l and  the  water  footprint  of 1  l  of  cow’s  milk  is  1050  l.
. Introduction

Given that severe freshwater scarcity is a common phenomenon
n many regions of the world, improving the governance of the

orld’s limited annual freshwater supply is a major challenge,
ot only relevant to water users and managers but also to final
onsumers, businesses and policymakers in a more general sense
UNESCO, 2006). About 86% of all water used in the world is to
row food (Hoekstra and Chapagain, 2008). Therefore, food choices
an have a big impact on water demand (Steinfeld et al., 2006;
e Fraiture et al., 2007; Peden et al., 2007; Galloway et al., 2007).

n industrialized countries, an average meat-eater consumes the
quivalent of about 3600 l of water a day, which is 1.6 times more

han the 2300 l used daily by people on vegetarian diets (assuming
he vegetarians still consume dairy products; Hoekstra, 2010).

∗ Corresponding author. Tel.: +31 534854466; fax: +31 534855377.
E-mail addresses: a.e.ercin@ctw.utwente.nl (A.E. Ercin), Maite.Aldaya@unep.org
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470-160X/$ – see front matter © 2011 Elsevier Ltd. All rights reserved.
oi:10.1016/j.ecolind.2011.12.009
© 2011  Elsevier  Ltd.  All  rights  reserved.

Fresh water is a basic ingredient in the operations and sup-
ply chains of many companies. A company may  face multiple
risks related to failure in properly managing freshwater supplies:
damage to its corporate image, the threat of increased regulatory
control, financial risks caused by pollution, and inadequate fresh-
water availability for business operations (Rondinelli and Berry,
2000; Pegram et al., 2009). The need for the food industry to take a
responsible approach towards the sustainable use and conservation
of fresh water is therefore vital.

The ‘water footprint’ is an indicator of water use that looks
at both direct and indirect water use by a consumer or producer
(Hoekstra, 2003). The water footprint is a comprehensive indi-
cator of freshwater resources appropriation, which goes beyond
traditional restrictive measures of water withdrawal. The water
footprint of a product is defined as the total volume of fresh water
that is used directly or indirectly to produce the product. It is esti-
mated by considering water consumption and pollution in all steps

of the production chain (Hoekstra et al., 2011). The blue water foot-
print refers to consumption of blue water resources (surface and
ground water) along the supply chain of a product. ‘Consumption’
refers to the loss of water from the available ground and surface

dx.doi.org/10.1016/j.ecolind.2011.12.009
http://www.sciencedirect.com/science/journal/1470160X
http://www.elsevier.com/locate/ecolind
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Fig. 1. Production-chain diagra

ater in a given catchment area. It includes evaporatranspiration,
ater incorporated into products and return waters to another

atchment area or the sea. The green water footprint refers to con-
umption of green water resources (rainwater). The grey water
ootprint refers to pollution and is defined as the volume of fresh-
ater that is required to assimilate the load of pollutants based on

xisting ambient water quality standards.
This paper analyses the water footprints of soy milk and soy

urger and compares them with the water footprints of two equiva-
ent animal products (cow’s milk and beef burger). For this purpose,

e first identified the production-chain diagram of 1 l of soy milk
nd of 150 g soy burger. We  also indicated the relevant process
teps with substantial water footprints. The study focuses on the
ssessment of the water footprint of soy milk produced in a specific
actory in Belgium and soy burger produced in a specific factory in
he Netherlands. The soybeans used in the manufacturing of the
oy products in these two countries are imported. The study starts
ith the assessment of the water footprint of soybean cultivation

n Canada, China and France, three of the actual source countries,
ifferentiating between the green, blue and grey water footprint
omponents. Different types of soybean production systems are
nalysed: organic versus non-organic and irrigated versus rain-fed.
ext, the water footprint of each of the final products is assessed

ased on the composition of the product and the characteristics of
he production process and producing facility. Finally, we compare
he water footprints of soy products with the water footprints of
quivalent animal products.

Fig. 2. Production-chain diagram of a 150 g so
soy milk produced in Belgium.

2. Method and data

In order to estimate the water footprint of soy milk and soy
burger, first we identified production systems. A production sys-
tem consists of sequential process steps. Figs. 1 and 2 show the
production system of soy milk and soy burger, respectively. These
production diagrams show only the major process steps during the
production and the inputs for each step that are most relevant for
water footprint accounting. They do not show other steps in the
life cycle of the products like transportation, elevation, distribution,
end-use and disposal.

Taking the perspective of the producer of the soy milk and soy
burger, the water footprints of the soy products include an oper-
ational and a supply-chain water footprint. The operational (or
direct) water footprint is the volume of freshwater consumed or
polluted in the operations of the producer of the soy products. It
refers to the fresh water appropriated during the production of the
soy products from their basic ingredients: water incorporated into
the products, water evaporated during production processes and
the volume of water polluted because of wastewater leaving the
factory. The supply-chain (or indirect) water footprint is the vol-
ume of freshwater consumed or polluted to produce all the goods
and services that form the input of production of the business. Both

operational and supply-chain water footprints consist of two parts:
the water footprint that can be directly related to inputs needed
in or for the production of the product and an overhead water
footprint. The overhead water footprint refers to freshwater use

y burger produced in the Netherlands.
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hat in first instance cannot be fully associated with the produc-
ion of the specific product considered, but refers to freshwater
se that associates with supporting activities and materials used

n the business, which produces not just this specific product but
ther products as well. The overhead components of the opera-
ional and supply-chain water footprints are excluded from this
tudy as they are negligible compared to the total water footprint
or food-based products (Ercin et al., 2011). Additionally, the water
ootprint related to transport of materials and energy used during
roduction are excluded from this study as they are negligible com-
ared to the total water footprint for food-based products (Ercin
t al., 2011).

The supply-chain water footprint is composed of the water
ootprints of ingredients (e.g. soybean, sugar, maize, and natu-
al flavouring in the case of soy milk and soybean, maize, onion,
aprika, carrots for soy burger) and the water footprints of other
omponents (e.g. bottle, cap, labelling materials, packaging materi-
ls). The list of ingredients and amounts used in the soy products are
aken from real case studies (Tables 1 and 2). For the soy milk, the
oybean is supplied from two different farms that cultivate organic
oybean: a rainfed farm located in China and a rainfed farm located
n Canada. In the production stage of the soy milk, a mix  of soybeans
rom these two farms is used, according to a ratio of 50–50. For the
oy burger, soybean is supplied from three non-organic farms: a
ainfed farm located in Canada, a rainfed farm located in France,
nd an irrigated farm in the same region in France. A mix  of soy-
eans from these farms is used in the soy burger, according to a
atio of 50/25/25.

The water footprints of different ingredients and other inputs
re calculated distinguishing between the green, blue and grey
ater footprint components. The water footprint definitions and

alculation methods applied follow Hoekstra et al. (2011).  In order
o calculate the water footprint of the soy products, we first calcu-
ated the water footprints of the original materials (raw materials)
f the ingredients. The water footprint of agricultural raw materials
crops) is calculated as follows:

The green and blue component in water footprint of crops
WFgreen/blue, m3/ton) is calculated as the green and blue compo-
ents in crop water use (CWUgreen/blue, m3/ha) divided by the crop
ield (Y, ton/ha).

Fgreen/blue = CWUgreen/blue

Y
(1)

he green and blue water crop water use were calculated using the
ROPWAT model (Allen et al., 1998; FAO, 2009a).  Within the CROP-
AT  model, the ‘irrigation schedule option’ was applied, which

ncludes dynamic soil water balance and tracks the soil moisture
ontent over time (Allen et al., 1998). The calculations were done
sing climate data from the nearest and most representative mete-
rological stations and a specific cropping pattern for each crop
ccording to the type of climate. Monthly values of major cli-
atic parameters were obtained from the CLIMWAT database (FAO,

009b). Crop area data were taken from Monfreda et al. (2008); crop
arameters (crop coefficients, planting date and harvesting date)
ere taken from Allen et al. (1998) and FAO (2009a). Types of soil

nd average crop yield data were obtained from the farms (Table 3).
oil information was taken from FAO (2009a). All collected data are
sed as inputs for the CROPWAT model for calculation of crop water
se.

In the case of the Chinese organic soybean production, organic
ompost mixed with the straw of the crop and the waste of livestock
as applied. 50% of the soil surface was assumed to be covered by
he organic crop residue mulch, with the soil evaporation being
educed by about 25% (Allen et al., 1998). For the crop coefficients
n the different growth stages this means: Kc,ini, which represents

ostly evaporation from soil, is reduced by about 25%; Kc,mid is Ta
b
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Table 2
Water footprints of raw materials and process water footprints for the ingredients and other components of 150 g soy burger.

150 g of soy burger Raw material Amountd Source Water footprint of raw
material (m3/ton)a

Process water footprint
(m3/ton)b

Fractions for products useda

Green Blue Grey Green Blue Grey Product fraction Value fraction

Ingredients
Soybeanc Soybean 25 France + Canada (non-organic) 1860 130 795 0 0 0 0.64 0.95

Maize  Maize 4 Turkey 646 208 277 0 0 0 1 1

Soy  milk powder Soybean 4 USA 1560 92 10 0 0 0 0.57 1

Soya  paste Soybean 4 USA 1560 92 10 0 0 0 3.75 1

Onions  Onions 4 Nether-lands 68 5 18 0 0 0 1 1

Paprika  green Peppers green 5 Spain 39 3 37 0 0 0 1 1

Carrots  Carrots 2 Nether-lands 57 3 18 0 0 0 1 1

Other  components
Sleeve (cardboard) Wood 15 Germany 616 0 0 0 0 180 1 1

Plastic  cup Oil 15 Sweden (raw) – Germany (process) 0 0 10 0 0 225 1 1

Cardboard box (contains 6 burger packs) Wood 25 Germany 616 0 0 0 0 180 1 1

Stretch  film (LDPE) Oil 0.5 Sweden (raw) – Germany (process) 0 0 10 0 0 225 1 1

a Mekonnen and Hoekstra (2010a) and Van Oel and Hoekstra (2010) for wood.
b Van der Leeden et al. (1990).
c Data for soybean: own  calculations.
d Total weight of ingredients is 0.05 kg. The rest of the weight is water, which is added in the operational phase.
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Table 3
Planting and harvesting dates, yield and type of soil for the five soybean farms considered.

Crop Planting datea Harvesting datea Yield (ton/ha)a Type of soil

Canada organic rainfed 15 May  11 October 2.4 Sandy loam – Clay loam
Canada non-organic rainfed 15 May 11 October 2.5 Clay loam
China organic rainfed 15 May  11 October 2.9 Brown soil

ctobe
ctobe

r
c
i
c
G
5
o

p
a
a
c

W

G
l
p
t
p
a
a
c
a
s
w
i
t
t
v
r
i
b
P

i
p

W

i
i
c
p
d
d
q

f

T
u

France  non-organic rainfed 15 May  11 O
France  non-organic irrigated 15 May  11 O

a Farm data.

educed by 25% of the difference between the single crop coeffi-
ient (Kc,mid) and the basal crop coefficient (Kcb,mid); and Kc,end
s similarly reduced by 25% of the difference between the single
rop coefficient (Kc,end) and the basal crop coefficient (Kcb,end).
enerally, the differences between the Kc and Kcb values are only
–10%, so that the adjustment to Kc,mid and Kc,end to account for
rganic mulch may  not be very large.

The grey water footprint of crops is calculated by dividing the
ollutant load (L, in mass/time) by the difference between the
mbient water quality standard for that pollutant (the maximum
cceptable concentration cmax, in mass/volume) and its natural con-
entration in the receiving water body (cnat, in mass/volume).

Fproc,grey = L

cmax − cnat
(2)

enerally, soybean production leads to more than one form of pol-
ution. The grey water footprint was estimated separately for each
ollutant and finally determined by the pollutant that appeared
o be most critical, i.e. the one that is associated with the largest
ollutant-specific grey water footprint (if there is enough water to
ssimilate this pollutant, all other pollutants have been assimilated
s well). The total volume of water required per ton of pollutant was
alculated by considering the volume of pollutant leached (ton/ton)
nd the maximum allowable concentration in the ambient water
ystem. The natural concentration of pollutants in the receiving
ater body was assumed to be negligible. Pollutant-specific leach-

ng fractions and ambient water quality standards were taken from
he literature (Table 4). In the case of phosphorus, good estimates on
he fractions that reach the water bodies by leaching or runoff are
ery difficult to obtain. The problem for a substance like phospho-
us (P) is that it partly accumulates in the soil, so that not all P that
s not taken up by the plant immediately reaches the groundwater,
ut on the other hand may  do so later. In this study we assumed a

 leaching rate of zero.
Second step in calculation of water footprints of the soy products

s the calculation of water footprints of each ingredient of the soy
roducts. The water footprint of ingredient (p) is calculated as:

Fprod[p] = (WFproc[p] + WFprod[i]
fp[p, i]

) × fv[p] (3)

n which WFprod[p] is the water footprint of ingredient, WFprod[i]
s the water footprint of raw material i and WFproc[p] the pro-
ess water footprint. Parameter fp[p,i] is the ‘product fraction’ and
arameter fv[p] is the ‘value fraction’. The product fraction of ingre-
ient p that is processed from raw material i (fp[p,i], mass/mass) is
efined as the quantity of the ingredient (w[p], mass) obtained per
uantity of raw material (w[i], mass):

[p, i] = w[p]
(4)
p

w[i]

he value fraction of ingredient p (fv[p], monetary unit/monetary
nit) is defined as the ratio of the market value of this ingredient
r 1.9 Calcareous clay
r 3.1 Calcareous clay

to the aggregated market value of all the outputs products (p = 1 to
z) obtained from the raw material:

fv[p] = price[p] × w[p]
z∑

p=1

(price[p] × w[p])

(5)

The water footprint of the soy products is then sum of water foot-
print of all ingredients (p = 1 to y) multiplied with the amounts of
ingredients (Mp) used in the products:

WFsoyproducts =
∑y

p=1
WFp × Mp (6)

As an example to water footprint calculation of the ingredients,
we show here the case of soybean used in 150 g of soy burger.
The amount of soybean used in the soy burger is 0.025 kg and
is cultivated in Canada and France (50% each). The green, blue
and grey water footprints of the soybean mix  are 1860, 130 and
795 m3/ton, respectively. About 86% of the weight of soybean
becomes dehulled soybean (DS) and about 74% of the DS weight
becomes base milk. The product fraction for soybean in the product
(basemilk) is thus 0.86 × 0.74 = 0.64. In the process from soybean
to basemilk, there are also by-products with some value. The
value of the basemilk is 94% of the aggregated value of soybean
products. Therefore, 94% of the water footprint of the soybean is
attributed to basemilk. The water footprint of the basemilk as used
in the soy milk is calculated by multiplying the water footprint of
soybean by the value fraction and amount used and dividing by
the product fraction. The green water footprint of the basemilk
is thus: (1860 × 0.94 × 0.025)/0.64 = 69.1 l. The blue water foot-
print: (130 × 0.94 × 0.025)/0.64 = 4.8 l. The grey water footprint:
(795 × 0.94 × 0.025)/0.64 = 29.5 l.

For the other agricultural ingredients, water footprints of raw
products, product fractions and value fractions have been taken
from Mekonnen and Hoekstra (2010a). We  calculated the product
and value fractions of the vanilla extract according to the extracting
process defined as in FDA (2006).  In this calculation, we  assumed
that single fold vanilla extract is used in the soy milk. The water
footprints of raw materials, process water footprints, product frac-
tions and value fractions, on which the soy milk and soy burger
water footprint’s calculation is based, are given in Tables 1 and 2.

The supply-chain water footprint of soy products is not only
caused by ingredients but also other components integral to the
whole product. These include closure, labelling and packaging
materials. The process water footprints and the water footprints
associated with other raw materials used (oil, PE, LDPE, and PP)
have been derived from Van der Leeden et al. (1990). The detailed
list of other components of the supply-chain water footprint of the
product is given in Tables 1 and 2. The water footprints of raw mate-
rials, process water footprints, product fractions and value fraction
are presented in Tables 1 and 2.

Data related to the operational water footprint of soy milk and

soy burger are taken from two real factories in Belgium and the
Netherlands. Both factories have treatment plants that treat the
wastewater before discharging it into the receiving water bodies.
All wastewater leaving the factories is treated with 100% treatment
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Canada  (non-organic)

France (non-organic irrigated)
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China (organic)
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Fig. 3. The water footprint of soybeans (as primary crops) from different farms
(m3/ton).

performance at both treatment plants and effluent characteristics
of the treated wastewater are below the legal limits. Therefore, we
took the grey water footprint as zero by assuming that the con-
centration of the pollutant in the effluent is equal to its actual
concentration in the receiving water body.

The water used as an ingredient is equal to 0.1 l per 150 g of soy
burger and 0.9 l per 1 l of soy milk. The production of soy milk and
soy burger includes the following process steps: base milk prepa-
ration, mixing, filling, labelling and packaging. The water balance
recordings of the factories showed that the amount of water lost
(evaporated) is zero during all these processes. Base milk in the
production process refers to the preparation of concentrated milk.

The water footprints of cow’s milk and beef depend on the water
footprints of the feed ingredients consumed by the animal during
its lifetime and the water footprints related to drinking and ser-
vice water (Hoekstra and Chapagain, 2008). Clearly, one needs to
know the age of the animal when slaughtered and the diet of the
animal during the various stages of its life. The water footprints of
cow’s milk and beef burger have been taken from Mekonnen and
Hoekstra (2010b). For the comparison with the soy products, the
water footprint of packaging is included in the water footprints of
cow’s milk and beef burger as well.

3. Results

3.1. Water footprint of soybean

The water footprints of soybean cultivated in five different farms
located in three different countries are shown in Fig. 3. The soybean
from the Canadian non-organic farm has the largest water foot-
print, followed by the two  French non-organic farms, the Canadian
organic farm and Chinese organic farm. The blue water footprint
component is zero except for the soybean from the French irrigated
farm. The soybean from the rest of the farms is rainfed. The largest
grey water footprint is found for the soybean from the Canadian
non-organic farm.

3.1.1. Soybean cultivation in Canada
In Canada, two  different plantations were analysed: a rain-

fed organic and a rainfed non-organic soybean farm. As reported
in Table 3, crop yields for the organic and non-organic soybean
production in the Canadian farms are similar (2.4 and 2.5 ton/ha,
respectively). The water footprint of non-organic soybean produc-
tion is about 3172 m3/ton (2069 m3/ton green and 1103 m3/ton
grey) (Fig. 3). The grey water footprint is determined by Boundary
herbicide, which has the largest pollutant-specific grey water foot-

print (1103 m3/ton), followed by potassium chloride (8 m3/ton),
Touchdown (1 m3/ton) and TSP (0 m3/ton). The total water foot-
print of organic soybean production in the Canadian farm is around
2024 m3/ton (2004 m3/ton green, 20 m3/ton grey). In this case, the
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Table 5
The water footprint of 1 l of soy milk.

Water footprint (l)

Green Blue Grey Total % in total

Water incorporated into the soy milk 0 0.9 0 0.9 0.3
Water  consumed during process 0 0 0 0 0
Wastewater discharge 0 0 0 0 0
Operational water footprint 0 0.9 0 0.9 0.3
Soybean  (basemilk) 182.3 0 1.9 184.2 62
Cane  sugar 71.1 9.9 0.4 81.5 27.5
Maize  starch 0.2 0 0.1 0.4 0.1
Vanilla  flavour 1.1 0.1 0 1.3 0.4
Ingredients total 254.7 10 2.4 267.4 90
Cardboard 15.4 0.0 4.5 19.9 6.7
Cap 0.0  0.0 0.5 0.5 0.2
Tray  – cardboard 6.2 0.0 1.8 8.0 2.7
Stretch  film (LDPE) 0.0 0.0 0.4 0.4 0.1
Other  components total 21.6 0 7.2 28.8 9.7
Supply-chain water footprint 276.4 10.1 9.6 296 99.7
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colour composition of the water footprints of soy milk and soy
burger. 93% of the total water footprint of the 1 l of soy milk is
from green water resources, 4% is from blue water resources and
3% is the grey water footprint component. The colours of the water

Soymilk Soy burgers

4%

3%

27%
Green WF

69%

4%

Blue WF

Grey WF
Total  276.4 

ulphate of potash is the most critical pollutant (20 m3/ton). The
itrogen fertilization through symbiotic and endophytic bacteria
s applied in organic farming has a zero grey water footprint.

.1.2. Soybean cultivation in China
The Chinese organic rainfed farm under study achieves high

ields, amounting to about 2.9 ton/ha, notably higher than the Chi-
ese national average (1.7 ton/ha). The total water footprint of
he Chinese organic rainfed soybean production is 1520 m3/ton
1503 m3/ton green and 17 m3/ton grey). The grey water footprint
s related to the sulphate pollution coming from the sulphate of
otash applied. The grey water footprint of nitrogen due to organic
ompost is 4 m3/ton and the one of phosphorus (P2O5) is negligible.
n this case, organic compost mixed by the straw of the crop and
he waste of the livestock is applied, mainly before planting.

.1.3. Soybean cultivation in France
The non-organic rainfed French farm studied has a low yield

f around 1.9 ton/ha, whereas the irrigated one gives 3.1 ton/ha,
igher than the national average (2.5 ton/ha). The water footprint
f the soybean from the rainfed farm is calculated as 2651 m3/ton
2048 m3/ton green and 603 m3/ton grey). The water footprint for
he irrigated farm is estimated as 2145 m3/ton (1255 m3/ton green,
19 m3/ton blue and 370 m3/ton grey). In both cases, the grey
ater footprint is determined by the Lasso pesticide (alachlor)

pplied (603 and 370 m3/ton for rainfed and irrigated production,
espectively), followed by the potassium chloride pollution (10 and

 m3/ton respectively) and TSP (0 m3/ton).

.2. Water footprint of soy products

The operational water footprints of soy milk and soy burger are
ery small (Tables 5 and 6). Both green and grey water footprints
re zero. The blue water footprint is 0.9 l of water for soy milk and
.1 l for soy burger. The total operational water footprint is thus no
ore than the water used as ingredient of the products.
The water footprints of the two soy products are largely deter-

ined by the supply chain components. About 62% of the total
ater footprint of soy milk refers to the water footprint of soybean

ultivation. In the case of soy burger, this is 65%. In the case of soy

ilk, 90% of the supply-chain water footprint is from ingredients

mainly soybean and cane sugar) and 10% is from other compo-
ents (mainly cardboard). For soy burger, the percentages are 78%
nd 22% respectively.
0 9.6 296.9

The results in Tables 5 and 6 are calculated based on the fig-
ures given in Tables 1 and 2. As an example, we show here the
calculation of the water footprint of soybean used in 150 g of soy
burger. The amount of soybean used in the soy burger is 0.025 kg
and is cultivated in Canada and France (50% each). All soybeans
come from non-organic farms. In France, the soybean come partly
from rainfed lands and partly from irrigated lands. The Canadian
soybean is taken from rainfed fields. The water footprints of soy-
beans as primary crop from different locations are given in Table 7.
The green, blue and grey water footprints of soybean from Canada
are 2069, 0 and 1103 m3/ton, respectively. For rainfed soybean from
France this is 2048, 0, and 603 m3/ton, respectively. For irrigated
French soybean, we  find values of 1255, 519 and 370 m3/ton. Based
on relative amounts per source, we  can calculate that the green,
blue and grey water footprints of the resulting soybean mix  are
1860, 130 and 795 m3/ton, respectively.

The total water footprints of 1 l of soy milk and 150 g of soy
burger are calculated as 297 and 158 l respectively. For soy milk,
99.7% of total water footprint stems from the supply-chain water
footprint. For soy burger this is 99.9%. This highlights the impor-
tance of detailed supply chain assessments for both products and
businesses. Common practice in business water accounting is the
focus on the operational water consumption. However, this study
shows that compared to the supply-chain water footprint, the oper-
ational side is almost negligible. The diagrams in Fig. 4 show the
93%

Fig. 4. The green, blue and grey shares in the total water footprints of 1 l soy milk
and 150 g soy burger.
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Table  6
The water footprint of 150 g of soy burger.

Water footprint (l)

Green Blue Grey Total % in total

Water incorporated into the soy milk 0 0.1 0 0.1 0.06
Water consumed during process 0 0 0 0 0
Wastewater discharge 0 0 0 0 0
Operational water footprint 0 0.1 0 0.1 0.06
Soybean (basemilk) 69.1 4.8 29.5 103.4 65.5
Maize 2.6 0.8 1.1 4.5 2.8
Soy  milk powder 10.9 0.6 0.1 11.7 7.4
Soya  paste 1.7 0.1 0.0 1.8 1.1
Onions 0.3 0 0.1 0.4 0.3
Paprika green 0.2 0 0.2 0.4 0.3
Carrots 0.1 0 0 0.2 0.1
Ingredients total 84.9 6.3 31 122.4 77.5
Sleeve (cardboard) 9.2 0 2.7 11.9 7.5
Plastic cup 0.0 0 3.5 3.5 2.2
Cardboard box (contains 6 burger packs) 15.4 0 4.5 19.9 12.6
Stretch film (LDPE) 0 0 0.1 0.1 0.06
Other components total 24.6 0 10.8 35.4 22.36
Supply-chain water footprint 109.5 6.4 41.8 157.8 99.9
Total 109.5 6.5 41.8 157.9

Table 7
Summary of the water footprints of soybeans as primary crop (as input to a soy burger).

Farm Water footprint (m3/ton) Percentage in mix

Green Blue Grey Total

Canada (non-organic, rainfed) 2069 0 1103 3172 50

f
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F
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France  (non-organic, rainfed) 2048 0 

France  (non-organic, irrigated) 1255 519 

Soybean  mix  (for soy burger) 1860 130 

ootprint of 150 g soy burger are 69% green, 4% blue and 27% the
rey.

The water footprints of soy milk and soy burger from the Bel-
ian and Dutch factories are calculated based on the percentages
f soybean intake from different farms. Fig. 5 shows the change in
he total footprint of 1 l of soy milk according to farm location and
ype of agricultural practice (organic versus non-organic and rain-
ed versus irrigated). The soybean used as an ingredient in the ‘soy

ilk product’ is supplied from both Canadian and Chinese organic
arms (50% each). Fig. 5 shows the total water footprint values of
he same product when soybeans are fully supplied from either
he Canadian organic, Chinese organic, French non-organic rainfed,
rench non-organic irrigated, or Canadian non-organic farm. If the
oybean were only supplied from the Canadian non-organic farm,
he water footprint of 1 l of soy milk would be 49% larger. If all soy-
eans were supplied from the Chinese organic farm, then the water

ootprint of the soy milk product would be 9% smaller. Shifting from
ull non-organic (as in the one Canadian farm) to full organic (as in
he other Canadian farm) reduces the grey water footprint related
o soybean cultivation by 98%.

France (non-organic)

France (non-organic rainfed)

Canada  (non-organic)

Soymilk

Canada (organic)

rance (non-organic irrigated)
Green WF

Blue WF

500450400350300250200150100500

China (organic)

Grey WF

litres

ig. 5. The total water footprint of soy milk with soybean input from different farms
l).

F

603 2651 25
370 2145 25
795 1860

The soybean in the 150 g of soy burger is supplied from three
different farms: a non-organic Canadian farm (supplying 50% of
the soybean) and two non-organic French farms, a rainfed one and
an irrigated one (both supplying 25%). The total water footprint of
this soy burger is 158 l (Fig. 6). If we were to source soybean only
from the Canadian non-organic farm, the total water footprint of
our product would be 9% higher. However, if we sourced soybean
from the Chinese organic farm that we studied for the soy milk case,
the total water footprint of our soy burger would decrease by 30%.

3.3. Water footprint of soy products versus equivalent animal
products

The water footprints of cow’s milk and beef burger have been
studied in detail before by Chapagain and Hoekstra (2004) and
recently by Mekonnen and Hoekstra (2010b). In this study we make

use of the estimates from the latter study. In the latter study pack-
ing is not included in the water footprint values. Therefore, for the
comparison of cow’s milk and soy milk, the water footprint of pack-
aging material is added to the water footprint of cow’s milk (27.8 l

Canada  (non-org anic)

Fran ce (non-organ ic rainfed)

Soy burger

China (organic)

Canada (organic)

ran ce (non-organ ic irriga ted) Green  WF

Blue WF

Grey WF

200150100500
litres

Fig. 6. The total water footprint of soy burger with soybean input from different
farms (l).
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ig. 7. The water footprint of 1 l of soy milk compared to the water footprint of 1 l
f  cow’s milk from various locations (in l).

er 1 l of milk). Similarly, the water footprint of packaging materials
s added to the beef burger for fair comparison with the soy burger
35.5 l per 150 g of beef burger). The packing for animal products
re taken as same as the soybean products.

Fig. 7 shows the water footprint of 1 l of soy milk produced in
elgium in comparison to the water footprint of 1 l of cow’s milk

rom various locations. The smallest water footprint of cow’s milk
s 540 l for the UK and the largest is 1800 l for Spain, while the world
verage amounts to 1050 l.

Fig. 8 compares the water footprint of 150 g of soy burger pro-
uced in the Netherlands with the water footprints of beef burgers
rom different locations. As seen in the figure, soy burger has a
maller water footprint (158 l) than all the beef burgers from any
ource. The largest water footprint of beef burger is from Pakistan
3650 l) and the lowest is from the Netherlands (1000 l), while the
orld average is 2350 l.

The water footprint values change by location as the climatic,
oil conditions and production systems varies across the countries.

. Discussions

The calculations in this study are based on some assumptions.
irst, we assumed that the concentration of the pollutant in the
ffluent is equal to its actual concentration in the receiving water
ody during the production of the products. Therefore, the oper-
tional grey water footprint becomes zero. We  introduce this
ssumption as the wastewater treatment levels in the Netherlands
nd Belgium are very high and the regulations for treatment of
ndustrial wastewater are very strict. Additionally, this assumption

as a very little effect on the total water footprint of the products
less than 1%). Second assumption is that there is no water loss
n the production processes. The water balance recordings of the
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ig. 8. The water footprint of 150 g of soy burger compared to the water footprint
f  150 g of beef burger from various locations (in l).
ators 18 (2012) 392–402

factories indicate that water intake is almost equal to the wastew-
ater discharge from the factories. Therefore, our assumption is very
close to the real case. Another assumption is that vanilla extract
used in the products is single folded. It might be the case that vanilla
extract is multi folded; however the effect of this to the total water
footprint of soy burger is negligible.

This study only focuses accounting phase of water footprint
assessment and excludes impact assessments. For a more in-depth
analysis of the local environmental and social impacts of water
footprints of products, one would have to analyse the water foot-
prints in their geographic context, considering for example local
water scarcity and pollution and effects on local ecosystems and
social conflict. In the current study, this has not been done because
the interest was  not to study local impacts, but to compare the
claims on freshwater resources of soy products versus equiva-
lent animal products and to consider how the type of agricultural
practice (organic versus non-organic; rainfed versus irrigated) can
influence freshwater claims as well. Additionally we  did not assess
and take the environmental damages due to extensive soybeans
production into consideration. Some possible damages can be
deforestation, land degradation and soil pollution (WWF,  2003).
Our analysis also does not reflect the human needs for nutrients
such as proteins, calcium. It may  be the case that more soy-product
is required to fully match the nutrients that is taken from animal
products.

The case of French farms is a good example of how irrigation can
affect the water footprint value. The two  French farms are located
in the same region with similar climatic conditions. However, the
first farm irrigates its field to obtain higher yields and the second
farm cultivates soybean only with rainwater. The comparison of the
water footprints shows that soybeans from the irrigated farm have
a smaller total water footprint (14%), but the irrigated soybeans
have a five times larger blue water footprint and a larger grey water
footprint as well. This result is important, as generally competition
over blue water resources is larger (i.e. they are scarcer), so that it
may  well be that from both an economic and environmental point
of view the benefit of the reduced blue and grey water footprints
in rainfed farming exceeds the cost of the increased green water
footprint. Obviously, the analysis presented here is a partial one,
focussed on showing green and blue water consumption and pollu-
tion; for a complete assessment of rainfed versus irrigated farming
one needs to take other relevant factors into account as well, like
the costs of both practices and the scarcity of (i.e. the competition
over) both the green and blue water resources.

In the example of soy bean cultivation in France, there is space
for improving rainfed soybean yields and therefore reducing the
water footprint. This could be done in number of ways, for exam-
ple by selecting high-yielding, well-adapted varieties, controlling
weeds prior to planting, planting at the optimum seeding rates,
depth and timing, harvesting at the optimum stage and adjust-
ing combine settings (Staton et al., 2010). The grey water footprint
could also be reduced by shifting to integrated or organic farming
systems.

Organic farmers grow crops without using synthetic pesticides
or fertilizers, relying instead on a wide range of cultural practices
and alternative inputs believed to be safer for the environment
and the consumer. Soybeans are relatively easy to produce using
organic methods. However, it is important to recognize that organic
farms rarely focus on a single crop. Organic soybean is grown in
rotation with several other crops that (ideally) complement or
compensate for one another. Crop rotations serve two  primary pur-
poses: to improve soil fertility and to break pest cycles. With regard

to fertility management, rotation strategies concentrate mainly on
generating and conserving nitrogen. Nitrogen is commonly the
most limiting element in organic production, especially for corn and
small grains, which complement soybeans in most crop sequences.
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rop rotations that include forage legumes are the key where nitro-
en is supplied to the system (NCAT, 2004). Organic production has
lightly lower water consumption because the evapotranspiration
rom the field is less (Allen et al., 1998) and results in much less
ollution because the load of chemicals to groundwater and surface
ater is less. Organic production systems also have other environ-
ental benefits beside grey and blue water footprint reductions.
rganic agricultural production systems also have lower ecological

ootprints (Niccolucci et al., 2008).
The current study is not based on field measurements of water

onsumption and leaching of applied chemicals, but based on
tatistics supplied by the farms and simple models to estimate
vapotranspiration and water pollution. The figures presented
hould therefore be considered as very rough first estimates only.

. Conclusions

This study shows the importance of a detailed supply-chain
ssessment in water footprint accounting. Food processing indus-
ries commonly consider water use in their own  operations only. If
hey have water use reduction targets, those targets are formulated
ith regard to their own water use. With examples for two soybean
roducts, this study shows that, however, the operational water
ootprint is almost negligible compared to the supply-chain water
ootprint. For a food processing company, it is crucial to recognize
armers as key players if the aim is to reduce the overall water con-
umption and pollution behind final food products. Engaging with
armers and providing positive incentives for the adoption of better
gricultural practices are an essential element in a food company’s
ffort to make its products sustainable.

The results of the study show that the water footprint of a soy
roduct is very sensitive to where the inputs of production are
ourced from and under which conditions the inputs are produced.
his is most in particular relevant for the agricultural inputs. The
ater footprints of soy milk and soy burger depend significantly on

he locations of the farms producing the soybean and on the agri-
ultural practices at these farms (organic versus non-organic and
ainfed versus irrigated). Not only the total water footprint, but
lso the colour composition (the ratios green, blue, grey) strongly
aries as a function of production location and agricultural prac-
ice. These results reveal the importance of the spatial dimension
f water accounting.

For the limited number of cases that we have considered,
e find that non-organic soybean has a larger water footprint

ranging between 2145 and 3172 m3/ton) than organic soybean
1520–2024 m3/ton). Organic agriculture, apart from having a
ower evapotranspiration, reduces the grey water component.
hifting towards organic production will reduce the grey water
ootprint of agricultural production and thus the damage to aquatic
ife and ecosystems. Another factor that can be influenced is the
egree of irrigation. In the case of the two French farms considered

n this study, the total water footprint is larger for rainfed soybean,
ut the blue water footprint of rainfed soybean is zero.

The study shows that soy milk and soy burger have much smaller
ater footprints than their equivalent animal products. The water

ootprint of the soy milk product analysed in this study is 28% of the
ater footprint of the global average cow milk. The water footprint

f the soy burger examined here is 7% of the water footprint of the
verage beef burger in the world.
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