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1 Abstract 

1.1 Purpose 

Water stress and environmental impacts related to water consumption are an emerging issue 

to be considered in life cycle assessment (LCA). Different life cycle impact assessment 

(LCIA) methods are available for the evaluation of water use and consumption. These 

methods require distinct information and therefore lead to different approaches on how to 

inventory, model and represent the water flows within the life cycle inventory analysis (LCI). 

Clear guidelines are thus necessary. 

1.2 Methods 

First we evaluate different LCIA methods and the terminologies used therein. Then an LCI 

method is proposed that allows a straightforward quantification of water flows and that can be 

used with different LCIA methods. It is furthermore harmonized with existing databases such 

as ecoinvent or the ESU data-on-demand. 

1.3 Results 

It is found that existing LCIA methods assess in most cases the blue water consumption and 

use. This requires a definition and implementation of new water flows in the inventories. 

Furthermore, the impacts of water use and consumption strongly depend on the region and its 

hydrological conditions. Therefore it is necessary to inventory water on a regional level. 

Country-specific and archetypical elementary flows are proposed. The application of the 

resulting LCI with two selected LCIA methods is shown with the example of bioethanol 

produced in different countries and from various feedstock. 

1.4 Conclusions 

The approach makes it feasible to assess water use and consumption. It can be used also in 

combination with existing databases such as ecoinvent as well as with different LCIA 

methods. It is recommended to investigate the water flows in the foreground system as far as 

possible with data differentiated according to the method proposed here. 

1 Introduction 
Water footprint is an emerging issue to be considered in life cycle assessment (LCA). 

Different life cycle impact assessment (LCIA) methods are available for the assessment of 

water use and consumption (e.g. Boulay et al. 2011; Frischknecht et al. 2009a; Goedkoop et 

al. 2009; Hoekstra et al. 2011; Milà i Canals et al. 2009; Pfister et al. 2009). These methods 

require different ways how to inventory the water flows within the life cycle inventory 

analysis (LCI). So far water flows are mainly characterised by the source (e.g. river, 

groundwater) or type of use (e.g. cooling, turbination) in existing LCI (de Beaufort-Langeveld 

et al. 2003; Hischier et al. 2001). This is the starting point for this paper. The key question 

addressed is: 

How can we inventory the consumption of water in such a (practical) way that the LCI can be 

used with different LCIA methods investigating the “water footprint” of a product? 

After evaluating the different LCIA methods and the definitions used therein we develop an 

LCI method that allows a straightforward identification and quantification of water flows and 

that can be applied by different LCIA methods in the impact assessment. It is furthermore 
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harmonized with existing databases such as ecoinvent or the ESU data-on-demand (ecoinvent 

Centre 2010; Jungbluth et al. 2012). 

An LCA study about bioethanol from different feedstock and regions serves as an example 

how to apply and use the LCI method proposed in this paper (Flury & Jungbluth 2012; Muñoz 

et al. 2012). The ecoinvent data v2.2 is used as background database and calculations are done 

with the LCA software SimaPro. The LCI method developed here is also applicable with 

other databases or software. 

1.1 Definitions 

A range of different terms is used in the context of water use and water consumption. There is 

no standard definition of them yet. As a base for the following, methodical discussions, some 

basic terms are listed and their definition is harmonised in Table 1. 

The distinction between water consumption and water use is essential. While the water use 

covers nearly the whole off-stream water input and all types of water utilisation (e.g. cooling, 

irrigation etc.), the water consumption describes only the amount of water that is lost to a 

watershed as a result of the off-stream activities considered. Water consumption is sometimes 

also called “net water use” or “net water withdrawal”. Three categories of water consumption 

are often distinguished: blue water extracted from surface- and groundwater, green water 

representing rain water stored as soil moisture and grey water. 

The grey water is a virtual water flow representing the total amount of water needed to dilute 

polluted water so that background concentrations are reached again. It is an indicator for the 

pollution or the water quality, respectively. The particular definition of these types of water 

can vary slightly among the different studies and according to their scope and system 

boundaries. Table 1 shows a harmonised definition. 

The analysis of the water consumption concentrates mainly on the quantity of the water. The 

degradation of the water quality is often assessed in separate impact categories (e.g. 

ecotoxicity or eutrophication).  

Table 1  Definition of different terms concerning the water use and water consumption (based 
on Hoekstra et al. 2011; Milà i Canals et al. 2009; Pfister et al. 2009). 

Water use All types of water use; in industrial and agricultural processes, households; not including 
in-stream processes (e.g. turbinated water in hydropower). 

= 

Water degradation Part of the water use that is released back into the same water shed but with a changed 
water quality (chemically or physically), e.g. from agricultural fields or cooling 

+ 

Water consumption Part of the water use that is not released into the same water shed due to evaporation, 
evapotranspiration, product incorporation, discharge into another watershed. The water 
is “lost” to the watershed, i.e. it is no more available to ecosystems and humans or only 
in a changed quality. 

 = 

Blue water 

consumption 

Part of the consumed water that derives from surface water and groundwater. It is 
available to ecosystems and humans. 

 + 

Green water 
consumption 

Part of the consumed water. Rain water that is stored as soil moisture and lost by the 
evaporation through the soil and the uptake through the plants.  

 + 

Grey water 

consumption 

If not counted separately as water degradation, part of the consumed water. It describes 
the amount of water needed to dilute the load of pollutants to reach natural background 
concentrations. This is virtual water consumption. 

 

 

Water borrowing Part of the water use that is released back into the same water shed without a change in 
water quality. E.g. turbinated water. The water is unrestrictedly available for further use. 
Within our approach we do not consider this to be part of the water use. 
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1.2 Impact assessment methods 

In this section we provide an overview of the published LCIA methods for the assessment of 

water consumption and use. For further details we also recommend the summaries provided 

by Kounina et al (in submission), Jeswani and Azapagic (2011) as well as Berger and 

Finkbeiner (2010). Bayart et al. (2010) provide not only an overview of the latest 

developments in this topic but they also discuss the most important aspects of water 

consumption as well as water quality issues. 

The ReCiPe method (Goedkoop et al. 2009) adds up the m
3
 of water used on a mid-point 

level but it is not considered in the end-point indicators. No weighting, characterisation nor 

regionalisation is implemented. The category indicator of the water depletion (WD) includes 

the water use from lakes, rivers, wells and unspecific natural origin.  

The Water Footprint (Hoekstra et al. 2011) is a widely known and applied method to 

quantify the water consumption. The Water Footprint quantifies the blue, green and grey 

water of the direct (foreground system) and indirect (background system) water consumption. 

The Water Footprint does not measure or assess the related environmental impacts of the 

water consumption. The blue and green water consumption is defined by the crop water use 

(m
3
/ha) and the yield. The grey water consumption is calculated from the chemical 

application rate to the field (kg/ha), the leaching-run-off fraction as well as the maximum 

acceptable and the natural concentration for the most important pollutant, i.e. the pollutant 

that yields the highest grey water volume. This approach cannot be applied in the usual life 

cycle assessment methodology because it requires unit process specific calculations instead of 

generic characterisation factors that can be applied on cumulative LCI results. 

The approach of Milà I Canals et al. (2009) focuses on two impact pathways of freshwater 

consumption: the freshwater ecosystem impact (FEI) and the freshwater depletion (FD). The 

FEI describes the effects on the ecosystem quality due to changes in the freshwater 

availability as well as in the water cycles as a result of land use changes. For the FEI, a water 

stress index (WSIMilà) for different river basins is defined. It is the ratio of the water 

withdrawal to the water available for human use after subtracting the needed amount of water 

for ecosystems (Smakhtin et al. 2004). The method of Milà I Canals et al. considers blue and 

indirectly green water consumption. Concerning the latter, Milà I Canals et al. (2009) argue 

that it does not have a direct impact on the environment and as a consequence it should not be 

considered in the LCIA. It is rather the change in land use that should be assessed as it affects 

the infiltration and the evapotranspiration and consequently the availability of freshwater to 

other users. The reduced long-term availability of groundwater due to its use is described by 

the FD. The baseline method for abiotic resources depletion in the CML 2001 guidelines 

(Guinée et al. 2001) is adapted for the development of FD characterisation factors.  

In the approach of Pfister et al. (2009) characterisation factors are provided for the 

assessment of the environmental impact of water consumption. The method is adapted to the 

Eco-indicator-99 impact assessment method (EI’99, Goedkoop & Spriensma 2000). The focus 

lies on three areas of protection: human health, ecosystem quality and resources. The effects 

of water consumption on human health is characterised by the lack of water for irrigation, 

which consequently leads to malnutrition. The reduced availability of freshwater in 

ecosystems eventually leads to a diminished vegetation and biodiversity, and consequently to 

a reduced ecosystem quality. The damages to resources described by Pfister et al. (2009) 

follow the concept of the abiotic resource depletion applied in EI’99 (Goedkoop & Spriensma 

2000), where the “surplus energy” (MJ) needed to make the resource available in the future is 

used as indicator. The approach of Pfister et al. (2009) considers the consumption of blue 

water. Green water is not included directly but it is mentioned that with the lack of blue water 

the availability of green water might eventually be reduced too. A water stress index 

(WSIPfister) relates the water consumption to the water availability and serves as mid-point 

characterisation factor.  
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Boulay et al. (2011) provide a regionalised approach for the assessment of the direct impacts 

of freshwater use on human health. They do not only differentiate between human users (e.g. 

domestic, agricultural, fishery) but also between water categories taking into account the 

water quality. The mid-point level quantifies the amount of water withhold from other users 

as consequence of water use. The water stress, the vulnerability to changes in the water 

availability of different users, their ability to adapt to these changes and the impacts on human 

health form the characterisation factor. This is combined with the volume of water consumed, 

which results in the potential impacts of human health due to the water consumption. 

The Ecological Scarcity Method (Frischknecht et al. 2009a; Frischknecht et al. 2009b) is 

based on the availability and the scarcity, respectively, of the resource water. The scarcity of 

freshwater is defined according to the water stress index of OECD (2004): Share of water 

withdrawal to the available water resource (precipitation + inflows – evaporation). Based on 

national or watershed based levels of water consumption and the acceptable water stress index 

as suggested by the OECD (2004), eco-factors are defined. The eco-factors are applicable to 

all types of either water use or consumption except for the in-stream water use in 

hydroelectric power plants. If fossil (non-renewable) water is consumed, the eco-factors of the 

most severe water stress category are to be applied. The European research institute DG-JRC 

in Ispra recommends the Ecological Scarcity approach for the assessment of water use and 

consumption as a mid-point indicator in LCIA (Hauschild et al. 2011). In order to facilitate 

the comparison of the results using Ecological Scarcity 2006 with midpoint indicator results 

applying Pfister et al. (2011), the regionalised eco-factors are related to the average eco-factor 

of all OECD countries and quantified in m
3
 OECD water equivalents per m

3
.  

There are no requirements and guidelines for the assessment and reporting of water footprints 

published by the International Organization for Standardization (ISO)
1
 yet.  

In Table 2 the main characteristics of the presented methods are summarized. 

While the Water Footprint and the ReCiPe method simply summarize the water consumption 

and the water use, respectively, and do not assess its environmental impact, the other three 

specified methods include a characterisation step. The Water Footprint may serve as a good 

guideline in the data collection but not as LCIA method. Pfister et al. (2011), Frischknecht et 

al. (2009a) as well as Boulay et al. (2011) have developed methods which assess the impact of 

the consumption of water resources. While Frischknecht et al. (2009a) account for the 

resource availability and may additionally serve as a proxy indicator for environmental 

impacts caused by water stress, the method of Pfister et al. (2011) explicitly includes 

environmental impacts on resources, ecosystems and humans. The approach of Boulay et al. 

(2011) however does only consider the impacts on human health, omitting the impacts on 

ecosystem quality and the water resources. The water use is an integral part of the Ecological 

Scarcity Method (Frischknecht et al. 2009a). The method of Pfister et al. (2011) is easily 

combinable with the Eco-Indicator 99 (Goedkoop & Spriensma 2000). Both methods allow 

for the comparison of products and services on an endpoint level.  

 

                                                           
1
  http://www.iso.org/iso/home.html 



Flury et al. 2012 

Recommendation for Life Cycle Inventory Analysis for Water Use and Consumption 6 

Table 2  Overview of different approaches to quantify and assess the impacts of water use and consumption. 
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ReCiPe 

(Goedkoop et al. 2009) 

Water depletion (m
3
) x  x  Water depletion (resources)    no x x   x 

Water Footprint 

(Hoekstra et al. 2011) 

Water consumption (m
3
)  x x  - x x x no      

Milà I Canals et al. 

(Milà i Canals et al. 2009) 

Ecosystem-equivalent water (m
3
) 

Abiotic depletion potential (kg Sb eq) 

 x  x Freshwater ecosystem impact 

Freshwater depletion 

x  (x) no      

Enhanced Eco-indicator 99 

(Pfister et al. 2009) 

Characterisation by Water Stress Index (WSI). 

Midpoint: Impact on human health (DALY), 

ecosystem quality (PDF*m
2
a) &resources (MJ 

surplus). Endpoint: EI99HA points 

 x  x Human health 

Ecosystem quality 

Resources 

x   yes x x   x 

Human health impacts 

(Boulay et al. 2011) 

Human health impacts (DALY)  x  x Human health x (x)  x      

Ecological scarcity method 

2006 

(Frischknecht et al. 2006; 

Frischknecht et al. 2009a) 

Eco-points (UBP) x x  x Water scarcity (resources) x   yes x x   x 
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2 Method 

2.1 Inventory of the water flows 

Water consumption is an emerging issue and most impact assessment methods do not consider the 

consumption of freshwater yet (Jeswani & Azapagic 2011). Furthermore, water consumption is not 

recorded in most life cycle inventory databases and the current list of elementary flows is 

incomplete. The water elementary flows in LCI databases such as the ecoinvent database cover only 

the water input to a product system. The water output so far was neither completely qualified nor 

quantified completely.  

In Figure 1 all water flows to and from one unit process are illustrated. The elementary flows from 

surface water and ground water are shown on the left hand side. Ecoinvent distinguishes them 

according to the water sources (e.g. rivers, lakes, and ocean
2
) (Frischknecht et al. 2007). Rain water 

is an additional water flow into a system. It is not reported in ecoinvent so far. The water flows 

from a unit process are differentiated between water released back to the watershed where it was 

withdrawn from (surface runoff to rivers and lakes and into the soil), water that is directed to a 

treatment process and the water that is lost to the watershed. The latter includes water that is 

evaporated either through plants or due to industrial processes (e.g. evaporative cooling) and water 

that is embodied in products so that it is not available to the ecosystem anymore. 

For the description of the complete set of water flows, additional elementary flows are needed and 

consequently implemented. They are provided with the respective country and archetypical codes 

that allows a specific assessment of the water consumption. The archetypes distinguished are based 

on the extended categories of water scarcity defined by the OECD (2004): low, moderate, medium, 

high, very high, and extreme water stress. On the input side, the water flow “water, unspecified 

natural origin, country XY” is implemented. It describes all the blue water input into a system, 

independent of the water source (lake, river, and ground). It stands for and replaces all the other, 

existing fresh water input flows of ecoinvent.  

The turbinated water is still inventoried separately. The evaporation from hydropower reservoirs is 

directly modelled in updated inventories of hydroelectricity (Flury & Frischknecht 2012). Water 

evaporated is quantified as airborne emission ”water, country XY”. The elementary flow “water, 

embodied in product, country XY” represents the water embodied in the products. This is not 

exactly an elementary flow as the water is not released to nature but stays within the technosphere 

and thus it is a property of the reference product. Water embodied in a product which enters a new 

process is considered as water input too. The input of embodied water is inventoried as negative 

value and the output as positive value.  

The evaporated and embodied water flows cannot be larger than the blue water input to the process 

as, in line with some approaches described above, we do not account for rain water and the 

evaporation, embodiment and outflows of rain water in the LCIA. However, it is recommended to 

consider the rain water inflow in the inventory for the sake of completeness. The flows “water, 

soil”, “water, river” and “water, lake” describe the runoff into the soil and to surface water. They 

are not to be confused with the waste water flow: While the elementary flows describe the direct 

release of the water to nature, the waste water is first treated in the sewage plant before its release to 

nature. The “waste water, to treatment” is a process flow rather than an elementary flow. The sum 

of all water inputs equals the sum of the outputs. The water consumption is defined as the sum of 

the water evaporated and the water embodied in the product.  

                                                           
2
  Sea water is usually not considered in the water consumption. It is only mentioned for completeness. This applies 

also to the outflow “water, ocean” in case it is saline. 
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The water flows considered in the ecoinvent inventories report the water use but not the water 

consumption. As it is not feasible to complete all existing processes in the ecoinvent database with 

the new elementary flows, a simplified approach based on the original ecoinvent elementary flows 

is needed: Instead of changing the quality or quantity of the elementary flows, the modifications are 

made directly in the LCIA methods: Water consumption factors are introduced expressing the 

fraction of an existing elementary water flow consumed due to the activities in the product system 

(Table 3). As the factors only apply to the ecoinvent elementary flows, the newly implemented 

flows are not concerned. The combination of the factors and the new elementary flows covers the 

existing databases as well as newly inventoried processes. 

Table 3 Consumption factors implemented for existing ecoinvent elementary water flows and for 
new elementary flows. The factors are applied on the LCIA methods Pfister et al. and 
Ecological Scarcity 

Elementary water flow in ecoinvent and 

new elementary flows 

Consumpti

on factor 

Use 

factor 

Sources 

Water, cooling, unspecified origin 0.05 1 

Muñoz et al. 2010, Rosiek et al. 2010, Jefferies et al. 

2011, Gleick 1994, Shaffer 2008, Stiegel & al. 2008, 

Scown & al. 2011 

Water, lake 0.1 1 

Shaffer 2008, Statistics Canada 2010 Water, river 0.1 1 

Water, well, in ground 0.1 1 

Water, rain 0 0  

Water, unspecified natural origin 0.1 1 Based on Shaffer 2008, Statistics Canada 2010 

Water, turbine use, unspecified natural 
origin 

0 
*
) 0 

The evaporation from hydropower reservoirs is 

directly modelled in this paper with updated 

inventories of hydroelectricity (Flury & Frischknecht 

2012) 

Water, salt, ocean 0 0 Frischknecht et al. 2009a; Goedkoop et al. 2009; 

Hoekstra et al. 2011; Milà i Canals et al. 2009; Pfister 

et al. 2009 Water, salt, sole 0 0 

Water, unspecified natural origin, country 
XY/archetype WSI 

1
) 

0 1  

Water, country XY/archetype WSI 
1
) 1 0  

Water, embodied, country XY/archetype 

WSI 
1
) 

1 0  

*) For the use of ecoinvent data v2.2 (Bolliger & Bauer 2007) a rought estimation with a consumption factor of 0.0005 is possible (average 

global electricity mix investigated by Flury and Frischknecht (2012)). 

1) archetype WSI: six elementary flows covering low, moderate, medium, high. very high and extreme water stress 
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Figure 1  Exemplary water flow diagram of an agricultural unit process and graphical definition of the 
terms “water use” and “water consumption”. 

 

2.2 Case study: water balance of bioethanol from different feedstock 

The approach described above was applied first in a study on the bioethanol production from 

different feedstock: sugarcane from Brazil, US corn as well as sugar beet and wheat from France 

(Flury & Jungbluth 2012; Muñoz et al. 2012). The sugarcane cultivation is investigated for the 

Centre-South and the North-East area in Brazil. The corn cultivation is distinguished between the 

cultivation where only the grain is harvested and the stover is left on the field and the cultivation 

where both, grain and stover, are collected. For both commodities the bioethanol production stage is 

modelled separately. 

The water balance of the agricultural stage is modelled based on CROPWAT (FAO 2009). From the 

precipitation during the cultivation period and the plant water requirement, the irrigation 

requirement is calculated. Losses are not considered. The water content of the product harvested is 

described by the “water, embodied, country XY”. As no losses are considered, the water evaporated 

is determined by the difference between the irrigation and the embodied water. The sugarcane 

cultivation in Brazil represents a special case. In addition to the rain and the irrigation, the 

sugarcane fields are also irrigated by the fertilization with vinasse, a nutrient-rich co-product from 

the bioethanol production. The resulting water flows are presented inTable 4. 

The water balance of the bioethanol production is mainly determined by the water input and the 

waste water output. These flows are well documented in most process specifications. Based on the 

quantity of feedstock required and on the quality of the final product, bioethanol, the flows of the 

embodied water are quantified. Sugar beet, for instance, has a water content of 782 g per kilogram 

beet harvested (see Table 4). From one kilogram of beet 52 g of ethanol is produced. An allocation 

factor of 88.5 % is applied to the main product ethanol. The rest of the impacts is allocated to the 

by-product (pulp). This result in 13 kg of embodied water that flows into the ethanol production 

system per kg of ethanol produced (see Table 5). The water content of bioethanol is 5 %. From the 
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water input, the waste water output and the embodied water flows, the amount of evaporated water 

is determined so that the water input equals the water output (Table 5). The bioethanol production 

plants under study have an on-site waste water treatment facility. The treated water is released 

directly to the environment (“water, to river”). The bioethanol production processes also produce 

by-products such as Dried Distillers Grains with Solubles (DDGS), electricity and vinasse. The 

embodied water flows are modelled and allocated based on the actual physical streams. Most of the 

other environmental burdens are allocated to the different products according to their economic 

values.  

Table 4 Water balance of the feedstock cultivation for the bioethanol production in different countries 
(Flury & Jungbluth 2012). 

 

 Sugar-

cane 

Sugar-

cane 

Maize 

(whole 

plant) 

Maize 

grain 

Maize 

stover 

Sugar 

beet 

Wheat 

 Elementary flow BR CS BR NE US US US FR FR 

 Yield (t/ha) 82.7 57.7 9.7 9.7 4.7 84.6 6.2 

Water balance kg/kg kg/kg kg/kg kg/kg kg/kg kg/kg kg/kg 

country XY= BR BR US US US FR FR 

In
 

Water, unspecified natural origin, country XY 22.7 79.3 326 265 127 2.17 14.1 

Water, rain 183 266 364 296 141 35.1 788 

Water, embodied, country XY (negative) -0.06 -0.06 0 0 0 0 0 

O
u
t Water, country XY (evaporated) 22.1 78.7 326 265 127 1.39 13.9 

Water, embodied, country XY (positive) 0.73 0.73 0.16 0.16 0.18 0.78 0.17 

 

Table 5 Water balance of the bioethanol production from different feedstock (Flury & Jungbluth 
2012). 

 

 Sugarcan

e 

Maize 

grain 

Maize 

stover 

Sugar 

beet 

Wheat 

 Elementary flow BR US US FR FR 

 Yield (kg ethanol/kg feedstock) 0.03 0.34 0.22 0.05 0.29 

 Allocation to ethanol 50% 84% 87% 89% 73% 

Water balance kg/kg kg/kg kg/kg kg/kg kg/kg 

country XY= BR US US FR FR 

In
 Water, unspecified natural origin, country XY 2.04 1.56 0.0059 7.2 7.3 

Water, embodied, country XY (negative) -11.2 -0.38 -0.68 -13.2 0.43 

O
u
t 

Water, country XY (evaporated) 5.11 0.08 5.53 19.8 0.74 

Water, embodied, country XY (positive) 0.005 0.005 0.005 0.005 0.005 

Water, to river 7.13 1.78 1.07 0.44 6.94 

 

3 Results and discussion 
The impacts of water use and consumption of the bioethanol production presented are assessed with 

the LCIA methods developed by Pfister et al. (2011) and Frischknecht et al. (2009a). 

The upper part of Figure 2 shows the illustration of the cumulative water use and consumption. The 

foreground system, above all the cultivation of the feedstock, causes the most considerable part of 

the water consumption in the whole production chain (Table 6), which is why the total amount of 

water used and consumed, respectively, do not differ significantly. The bioethanol production chain 
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of sugarcane in the North-East region of Brazil has the highest demand for water. The water 

consumption of the production chain in the Centre-South region is considerably lower due to 

climatic differences. The two French production chains from sugar beet and wheat have the lowest 

water demands.  

The choice of the method for the impact assessment of the water consumption affects the ranking. 

In the approach of Pfister et al. (2009), the water stress index is highest for the USA. Consequently 

and in combination with a considerable water demand, the characterised water consumption in the 

bioethanol production chain from maize products in the USA is the highest (Figure 2). The water 

consumption of US maize cultivation is also rated the highest if assessed with the Ecological 

Scarcity method (Frischknecht et al. 2009a). This is mainly due to the amount of water consumed; 

the characterisation factor itself is slightly lower than the French one. However, as the absolute 

water consumption in the production chains in France is comparably low, the resulting characterised 

water consumption is low too. 

Even though the bioethanol production chain from sugarcane in Brazil consumes a comparably high 

amount of water, the water stress caused by these activities is low. This is because of the very low 

water stress index and characterisation factor of water consumption in Brazil in both assessment 

methods compared to the other two countries under study. The difference between the Brazilian and 

French characterisation factors is higher in the Ecological Scarcity method than in the approach of 

Pfister et al. The resulting characterised water consumption in Brazil is therefore lower than the 

French one in the first case and slightly higher in the second case. 

 

Figure 2 Comparison of the cumulative water use and consumption in the production chains of bioethanol 

from different feedstock (upper part). Mid-point and weighted results from the assessment of the 

water consumption based on the Water Stress Index defined by Pfister et al. (2009) and based on 

the water use indicator of the Ecological Scarcity method 2006 (Frischknecht et al. 2006; 

Frischknecht et al. 2009a) (lower part). 
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Table 6 Cumulative water flows, characterisation and impact assessment of the water consumption 
in the bioethanol production chains based on the enhanced Eco-indicator 99 method of 
Pfister et al. (2009) and on the Ecological Scarcity method (Frischknecht et al. 2006; 
Frischknecht et al. 2009a). The foreground system includes the cultivation as well as the 
bioethanol production. 

System / Indicator 

Unit/ 

kg ethanol 

Sugarca
ne 

Sugarca
ne 

Maize Maize 
grain 

Maize 
stover 

Maize 
mix 

Sugar 
beet 

Wheat 

BR CS BR NE US US US US FR FR 

F
o

re
g

ro

u
n
d
 

Use kg 386 1'341 803 653 498 616 43.9 42.6 

Consumption kg 379 1'334 802 652 498 615 43.7 36.0 

B
a

c
k
g

ro

u
n
d
 

Use kg 5.74 5.84 12.3 11.8 18.2 13.3 7.94 7.94 

Consumption kg 0.446 0.456 0.826 0.785 1.29 0.906 0.634 0.585 

E
n

h
a

n
c
e

d
 

E
c
o

-i
n

d
ic

a
to

r 

9
9
 

Characterisati
on (WSI) 

kg 25.0 87.9 401 326 249 307 8.02 6.62 

Endpoint 
results 

points 3.31E-03 1.14E-02 5.52E-02 4.49E-02 3.44E-02 4.24E-02 1.02E-04 5.53E-04 

E
c
o

lo
g

ic
a

l 

S
c
a

rc
it
y
 2

0
0
6
 

Weighted 
kg OECD 
water-eq 

2.47 7.38 1'984 1'613 1'231 1'521 166 137 

Endpoint 
result 

eco-points 0.244 0.730 196 160 122 150 16.4 13.5 

 

4 Conclusions 
In this paper we describe a methodology for the collection of life cycle inventory data that can be 

used in the assessment of water consumption and water use. An evaluation of different LCIA 

methods showed that it is necessary to quantify at least the blue water consumption and use. 

Furthermore impacts of water use and consumption are different depending on the region. Therefore 

it is necessary to inventory water flows separately for each region. It is proposed to use country-

specific or archetypical elementary flows. In order to make an assessment of both, water use and 

consumption, feasible it is necessary to quantify the water inputs and outputs of the system. This 

includes the water input (“unspecified natural origin”), the water evaporated and embodied in the 

product. 

The approach developed can also be used in combination with existing databases such as ecoinvent. 

Nevertheless it is recommended to investigate the water flows in the foreground system with data 

differentiated according to the method proposed here. The application of the LCI method has been 

shown with a case study on bioethanol. It is also successfully used for life cycle inventories of 

several food products (Jungbluth et al. 2012). 

The evaluation of one case study with different LCIA methods shows that there are considerable 

differences in the characterisation applied to water flows in different regions. Thus, it is 

recommended to use more than one method in a sensitivity analysis. To enable this further 

harmonisation seems to be necessary between different LCIA methods concerning the elementary 

flows that have to be investigated in the LCI. 



Flury et al. 2012 

Recommendation for Life Cycle Inventory Analysis for Water Use and Consumption 13 

5 Literature 
Bayart et al. 2010 Bayart J.-B., Bulle C., Deschênes L., Margni M., Pfister S., François V. and 

Koehler A. (2010) A framework for assessing off-stream freshwater use in LCA. In: Int J 

LCA, 15(5), pp. 439-453, retrieved from: DOI: 10.1007/s11367-010-0172-7. 

Berger & Finkbeiner 2010 Berger M. and Finkbeiner M. (2010) Water Footprinting: How to 

Address Water Use in Life Cycle Assessment? In: Sustainability, 2, pp. 919-944. 

Bolliger & Bauer 2007 Bolliger R. and Bauer C. (2007) Wasserkraft. In: Sachbilanzen von 

Energiesystemen: Grundlagen für den ökologischen Vergleich von Energiesystemen und den 

Einbezug von Energiesystemen in Ökobilanzen für die Schweiz, Vol. ecoinvent report No. 6-

VIII, v2.0 (Ed. Dones R.). Paul Scherrer Institut Villigen, Swiss Centre for Life Cycle 

Inventories, Dübendorf, CH retrieved from: www.ecoinvent.org. 

Boulay et al. 2011 Boulay A.-M., Bulle C., Bayart J.-B., Deschênes L. and Margni M. (2011) 

Regional Characterization of Freshwater Use in LCA: Modeling Direct Impacts on Human 

Health. In: Environ. Sci. Technol., 45, pp. 8948-8957. 

de Beaufort-Langeveld et al. 2003 de Beaufort-Langeveld A. S. H., Bretz R., van Hoof G., 

Hischier R., Jean P., Tanner T. and Huijbregts M. A. J. (2003) Code of Life-Cycle Inventory 

Practice (includes CD-ROM). SETAC, ISBN ISBN 1-880611-58-9, retrieved from: 

www.setac.org. 

ecoinvent Centre 2010 ecoinvent Centre (2010) ecoinvent data v2.2, ecoinvent reports No. 1-

25. Swiss Centre for Life Cycle Inventories, Duebendorf, Switzerland, retrieved from: 

www.ecoinvent.org. 

FAO 2009 FAO (2009) CROPWAT 8.0 Software: A Computer Program for Irrigation Planning 

and Management. Land and Water Development Division of FAO. 

Flury & Frischknecht 2012 Flury K. and Frischknecht R. (2012) Life Cycle Inventories of 

Hydroelectric Power Production. ESU-services Ltd., Uster, retrieved from: www.lc-

inventories.ch. 

Flury & Jungbluth 2012 Flury K. and Jungbluth N. (2012) Greenhouse Gas Emissions and 

Water Footprint of Ethanol from Maize, Sugarcane, Wheat and Sugar Beet. ESU-services, 

Uster. 

Frischknecht et al. 2006 Frischknecht R., Steiner R., Braunschweig A., Egli N. and 

Hildesheimer G. (2006) Swiss Ecological Scarcity Method: The New Version 2006. In 

proceedings from: The Seventh International Conference on EcoBalance, Nov 14-16, 2006, 

Tsukuba, Japan, retrieved from: www.esu-services.ch/projects/ubp06/. 

Frischknecht et al. 2007 Frischknecht R., Jungbluth N., Althaus H.-J., Doka G., Dones R., 

Heck T., Hellweg S., Hischier R., Nemecek T., Rebitzer G. and Spielmann M. (2007) 

Overview and Methodology. ecoinvent report No. 1, v2.0. Swiss Centre for Life Cycle 

Inventories, Dübendorf, CH, retrieved from: www.ecoinvent.org. 

Frischknecht et al. 2009a Frischknecht R., Steiner R. and Jungbluth N. (2009a) The Ecological 

Scarcity Method - Eco-Factors 2006: A method for impact assessment in LCA. Federal 

Office for the Environment FOEN, Zürich und Bern, retrieved from: 

www.bafu.admin.ch/publikationen/publikation/01031/index.html?lang=en. 

Frischknecht et al. 2009b Frischknecht R., Jungbluth N. and Pfister S. (2009b) UBP-Bewertung 

für den Wasserbedarf von Treibstoffen. ESU-services, Uster, im Auftrag des Bundesamtes 

für Umwelt (BAFU), Bern, CH. 

Gleick 1994 Gleick P. H. (1994) Water and energy. In: Annual Review of Energy and 

Environment, 19, pp. 267-299. 

http://www.ecoinvent.org/
http://www.setac.org/
http://www.ecoinvent.org/
http://www.lc-inventories.ch/
http://www.lc-inventories.ch/
http://www.esu-services.ch/projects/ubp06/
http://www.ecoinvent.org/
http://www.bafu.admin.ch/publikationen/publikation/01031/index.html?lang=en


Flury et al. 2012 

Recommendation for Life Cycle Inventory Analysis for Water Use and Consumption 14 

Goedkoop & Spriensma 2000 Goedkoop M. and Spriensma R. (2000) The Eco-indicator 99: 

A damage oriented method for life cycle impact assessment. PRé Consultants, Amersfoort, 

The Netherlands, retrieved from: www.pre.nl/eco-indicator99/. 

Goedkoop et al. 2009 Goedkoop M., Heijungs R., Huijbregts M. A. J., De Schryver A., Struijs J. 

and van Zelm R. (2009) ReCiPe 2008 - A life cycle impact assessment method which 

comprises harmonised category indicators at the midpoint and the endpoint level. First 

edition. Report I: Characterisation, NL, retrieved from: lcia-recipe.net/. 

Guinée et al. 2001 Guinée J. B., (final editor), Gorrée M., Heijungs R., Huppes G., Kleijn R., de 

Koning A., van Oers L., Wegener Sleeswijk A., Suh S., Udo de Haes H. A., de Bruijn H., 

van Duin R., Huijbregts M. A. J., Lindeijer E., Roorda A. A. H. and Weidema B. P. (2001) 

Life cycle assessment; An operational guide to the ISO standards; Parts 1 and 2. Ministry of 

Housing, Spatial Planning and Environment (VROM) and Centre of Environmental Science 

(CML), Den Haag and Leiden, The Netherlands, retrieved from: 

www.leidenuniv.nl/cml/ssp/projects/lca2/lca2.html. 

Hauschild et al. 2011 Hauschild M., Goedkoop M., Guinée J., Heijungs R., Huijbregts M. A. J., 

Jolliet O., Margni M. and De Schryver A. (2011) Recommendations for Life Cycle Impact 

Assessment in the European context - based on existing environmental impact assessment 

models and factors. European Commission - DG Joint Research Centre, JRC, Institute for 

Environment and Sustainability (IES), retrieved from: 

http://lct.jrc.ec.europa.eu/assessment/projects. 

Hischier et al. 2001 Hischier R., Baitz M., Bretz R., Frischknecht R., Jungbluth N., Marheineke 

T., McKeown P., Oele M., Osset P., Renner I., Skone T., Wessman H. and de Beaufort A. S. 

H. (2001) Guidelines for Consistent Reporting of Exchanges from/to Nature within Life 

Cycle Inventories (LCI). In: Int J LCA, 6(4), pp. 192-198, retrieved from: 

www.scientificjournals.com/sj/lca/. 

Hoekstra et al. 2011 Hoekstra A. Y., Chapagain A. K., Aldaya M. M. and Mekonnen M. M. 

(2011) The water footprint assessment manual: Setting the global standard. Earthscan, ISBN 

978-1-84971-279-8, London, Washington. 

Jefferies et al. 2011 Jefferies D., Muñoz I., King V., Aldaya M. M., Ercin A., Milà i Canals L. and 

Hoekstra A. Y. (2011) Water Footprint and Life Cycle Assessment as approaches to assess 

impacts of products on water use. Key learning points from pilot studies on tea and 

margarine. Unilever & Water Footprint Network. 

Jeswani & Azapagic 2011 Jeswani H. K. and Azapagic A. (2011) Water footprint: methodologies 

and a case study for assessing the impacts of water use. In: Journal of Cleaner Production, 

pp. 1-12. 

Jungbluth et al. 2012 Jungbluth N., Flury K., Doublet G., Büsser S., Stucki M., Schori S. and Itten 

R. (2012) Life cycle inventory database on demand: EcoSpold LCI database of ESU-

services. ESU-services Ltd., Zürich, CH, retrieved from: www.esu-services.ch/data/data-on-

demand/. 

Kounina et al. in submission Kounina A., Margni M., Bayart J.-B., Boulay A.-M., Berger M., Bulle 

C., Frischknecht R., Koehler A., Milà i Canals L., Motoshita M., Núñez M., Peters G., 

Pfister S., Ridoutt B., van Zelm R., Verones F. and Humbert S. (in submission) Review of 

methods addressing freshwater use in life cycle inventory and impact assessment. In: Int J 

LCA, pp. 

Milà i Canals et al. 2009 Milà i Canals L., Chenoweth J., Chapagain A., Orr S., Antón A. and 

Clift R. (2009) Assessing freshwater use impacts in LCA: Part I - inventory modelling and 

characterisation factors for the main impact pathways. In: Int J LCA, 14, pp. 28-42, 

10.1007/s11367-008-0030-z. 

http://www.pre.nl/eco-indicator99/
http://www.leidenuniv.nl/cml/ssp/projects/lca2/lca2.html
http://lct.jrc.ec.europa.eu/assessment/projects
http://www.scientificjournals.com/sj/lca/
http://www.esu-services.ch/data/data-on-demand/
http://www.esu-services.ch/data/data-on-demand/


Flury et al. 2012 

Recommendation for Life Cycle Inventory Analysis for Water Use and Consumption 15 

Muñoz et al. 2010 Muñoz I., Milà i Canals L. and Fernández-Alba A. R. (2010) Life Cycle 

Assessment of water supply in Mediterranean Spain: the Ebro river transfer v. The AGUA 

Programme. In: Journal of Industrial Ecology, 14(6), pp. 902-918. 

Muñoz et al. 2012 Muñoz I., Flury K., Jungbluth N., Rigarlsford R., Milà i Canals L. and King 

H. (2012) Life Cycle Assessment of bio-based ethanol produced from different agricultural 

feedstocks. In: Int J LCA, in preparation, pp. 

OECD 2004 OECD (2004) Key environmental indicators. OECD Environment Directorate, Paris, 

retrieved from: www.oecd.org/dataoecd/32/20/31558547.pdf. 

Pfister et al. 2009 Pfister S., Koehler A. and Hellweg S. (2009) Assessing the environmental 

impacts of freshwater consumption in LCA. In: Environ. Sci. Technol., 43(11), pp. 4098–

4104, retrieved from: http://pubs.acs.org/doi/abs/10.1021/es802423e. 

Pfister et al. 2011 Pfister S., Saner D. and Koehler A. (2011) The environmental relevance of 

freshwater consumption in global power production. In: Int J LCA, pp. 1-12. 

Rosiek et al. 2010 Rosiek S., Batlles F. J., Muñoz I. and Fernández-Alba A. (2010) 

Environmental assessment of the CIESOL solar building after two years operation. In: 

Environ. Sci. Technol., 44, pp. 3587-3593. 

Scown & al. 2011 Scown C. D. and al. e. (2011) Water Footprint of U.S. Transportation Fuels. 

In: Environ. Sci. Technol., 45, pp. 2541-2553. 

Shaffer 2008 Shaffer K. H. (2008) Consumptive Water Use in the Great Lake Basin USGS. U.S. 

Geological Survey. 

Smakhtin et al. 2004 Smakhtin V., Revenga C. and Döll P. (2004) Taking into Account 

Environmental Water Requirements in Global-scale Water Resources Assessments. 

Comprehensive Assessment Secretariat, Colombo, Sri Lanka. 

Statistics Canada 2010 Statistics Canada (2010) Industrial Water Use 2007 (ed. Division E. 

A. a. S.). Minister of Industry, Ottawa, retrieved from: http://www.statcan.gc.ca/pub/16-401-

x/16-401-x2010001-eng.pdf. 

Stiegel & al. 2008 Stiegel G. J. and al. e. (2008) Estimating Freshwater Needs to Meet Future 

Thermoelectric Generation Requirements. U.S. National Energy Technology Laboratory. 

 

 

http://www.oecd.org/dataoecd/32/20/31558547.pdf
http://pubs.acs.org/doi/abs/10.1021/es802423e
http://www.statcan.gc.ca/pub/16-401-x/16-401-x2010001-eng.pdf
http://www.statcan.gc.ca/pub/16-401-x/16-401-x2010001-eng.pdf

