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This master’s thesis evaluates different water-related indicators to increase understanding on 

how the selection of indicators affect the water scarcity assessment results. This study iden-

tifies global challenges to water and explains methodology of selected midpoint water-re-

lated indicators.  The water scarcity assessment is done for waste cooking oil (WCO) based 

renewable hydrocarbon product’s Cradle-to-Gate life cycle, including AWARE, WAVE+, 

WSI, and Ecological Scarcity method indicators. The water indicator results are not compa-

rable because they have different units, and methodology and scaling differences in charac-

terization factors. Thus, in this study the comparison was made by calculating the corre-

sponding results for fossil naphtha and comparing the results between indicators by using 

these fossil results as a reference. The comparison indicated that WCO-based renewable hy-

drocarbons fall within the midrange of fossil-based naphtha range when OECD+BRIC char-

acterization factor is selected. In addition, this study showed that contribution of individual 

life cycle inputs varied across selected indicators. For instance, chemicals input appeared to 

have the highest contribution in AWARE indicator, covering 80%, whilst in other selected 

indicators the contribution of chemicals is around 30-46%.  
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Tämä diplomityö arvioi erilaisia vesi-indikaattoreita parantaakseen ymmärrystä siitä kuinka 

indikaattorien valinta vaikuttaa vesiniukkuuden arvioinnin tuloksiin. Työssä tunnistetaan veden 

käyttöön ja vesistöihin kohdistuvia globaaleja haasteita ja selitetään valittujen keskipiste 

(midpoint) vesi-indikaattoreiden laskentamenetelmiä. Vesiniukkuuden arviointi tehdään 

käytetystä paistorasvasta (WCO)  valmistettujen uusiutuvien hiilivetyjen kehdosta portille 

(Cradle-to-Gate) elinkaarelle, käyttäen AWARE, WAVE+, WSI ja Ecological Scarcity 

indikaattoreita. Vesi-indikaattorin tulokset eivät olleet vertailukelpoisia, koska niillä on erilaiset 

yksiköt, sekä metodologisia ja skaalauseroja karakterisointikertoimissa. Täten, tässä 

tutkimuksessa vertailu tehtiin laskemalla vastaavat tulokset fossiiliselle naftalle ja vertaamalla 

tuloksia indikaattoreiden välillä käyttämällä fossiilisia tuloksia referenssinä. Vertailutulokset 

osoittivat, että WCO-pohjaiset uusiutuvat hiilivedyt sijoittuvat keskelle fossiilisen naftan 

haarukkaa, kun valitaan OECD+BRIC-karakterisointikerroin. Tämä tutkimus osoittaa, että 

yksittäisten elinkaaren aikaisten syötteiden (life cycle inputs) osuus  vaihtelee valituissa 

indikaattoreissa, esimerkiksi kemikaalien valmistus näyttää olevan suurin AWARE-

indikaattorissa, noin 80%, kun taas muissa indikaattoreissa kemikaalien osuus on noin 30–46%.   
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LCI  Life Cycle Inventory 

LCIA  Life Cycle Impact Assessment 

MLC  Managed LCA Content 

RED  Renewable Energy Directive  

SBT(s)  Science Based Target(s) 

SBTi  Science Based Targets initiative 

WAVE  Water Accounting and Vulnerability Evaluation 

WCO  Waste Cooking Oil 

WDI  Water Depletion Index 



 

 

WFD  Water Framework Directive 

WFN  Water Footprint Network 

WSI  Water Stress Index 

WTA  Withdrawal-to-Availability  

WULCA  Water Use in Life Cycle Assessment 
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1. INTRODUCTION 

As the global water demand is expected to rise, water scarcity is becoming a key stress factor 

for ecosystems and humans, as it causes an increase in diseases, starvation and biodiversity 

loss (Pre-Sustainability 2017). The earth’s freshwater supplies are limited, covering only 

about 3% of the world's water bodies, and it needs to be protected regarding both the quantity 

and quality of water (Posner et al. 2023; World Water Council 2023).  

 

As about two-thirds of freshwater is stored in glaciers and perpetual snow, only about 0.5% 

of the total amount of water on Earth is usable for humans (National Geographic 2022). 

However, the amount of usable water is increasingly declining due to water pollution. This 

is mainly caused by of both inadequately treated and untreated wastewater discharge into 

water bodies. As currently, about two million tonnes of sewage is discharged into water 

daily. (WMO 2021 & UNESCO 2021.) When freshwater resources cannot meet the local 

needs, or/and as the water quality reduces, it results in water scarcity (United Nations 2023b). 

Water scarcity and water quality have severe consequences as a minimum 1.7 billion people 

drank water that was contaminated with faeces in 2022 (WHO 2023). Water quality and 

scarcity is only projected to deteriorate due to climate change (WMO 2021). In order to 

minimize the effects that water usage has on water scarcity and quality, it is essential to 

understand and quantify these impacts.  

 

Life Cycle Assessment (LCA) helps to understand and quantify the potential environmental 

impacts over the whole life cycle of a product or service. LCA has different impact catego-

ries and indicators which aim to assess the impacts, for example climate change, land use 

etc. Water-related indicators include impacts linked to water use, along with consequential 

impacts on water accessibility for both humans and ecosystems, and direct effects on water 

quality. These water-associated impact assessments can also be called water footprint. 

(WULCA 2023a.) In 1997, the International Organization for Standardization (ISO) pub-

lished its first LCA standard, ISO 14040, which was followed by other LCA related stand-

ards later on (ISO 14040:2006; ISO 14040:1997). As the relevance of global water usage 
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grew, the need for frameworks and principles increased for water footprint assessments. 

Thus, ISO standard 14046 was developed in 2014 which serves as a guidance for different 

products, companies and processes regarding their water footprint (ISO 14046:2014). One 

of many aims of water footprint assessments is to understand how water-related impacts 

could be decreased in different life cycle stages of a product or a service (ISO 14046:2014, 

5). Thus, water footprint can help to understand how much water is used in different lifecycle 

stages and how to use it more sustainably (Iberdrola 2023). The water footprint has been 

under a debate, primarily should it be volumetric or impact-based indicator. Volumetric anal-

ysis is rather straightforward, in contrast relying on the volumetric approach may lead to 

inaccurate information. For example, 1 m3 of rainwater consumed in Sweden is not compa-

rable to 1 m3 of groundwater in Egypt. (Berger et al 2021.) Hence, the common challenge is 

to have more holistic water-related impact assessment results which would also be compa-

rable. In the last decades, there have been new frameworks and methods to enhance water-

related indicators which would ensure more holistic assessment of water sustainability, as 

well as including social and environmental aspects (Boulay et al. 2018, Berger et al. 2018, 

Bayart et al. 2014). However, the need for robust assessment methods and evaluation re-

mains as a current topic.  

 

This thesis aims to evaluate different water-related indicators in LCA and to understand how 

selection of indicators affect water scarcity assessment results. The objective of this study is 

to gain a better understanding of different methodologies available regarding water-related 

impacts and implement it to a waste cooking oil (WCO) based renewable hydrocarbons. This 

thesis will address the research questions including: 

(1) what existing methodologies and frameworks there are for quantifying impacts related 

to water,  

(2) what kind of advantages and limitations different water-related indicators have,  

(3) how the selection of water-related indicators affects water scarcity assessment of WCO-

based renewable hydrocarbons 
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This thesis includes description of global challenges related to water, methodology part 

where the selection of water-related indicators and LCA methodology are explained, and 

literature review of selected water-related indicators and frameworks. Within the literature 

review, the selected water-related indicator methods are explained as well as their ad-

vantages and limitations mentioned in the indicator’s methodology. The literature review is 

followed by a water scarcity assessment of waste cooking oil (WCO) based renewable hy-

drocarbons which is conducted together with the case organisation. The water scarcity as-

sessment is carried out for 1 kg of WCO based renewable hydrocarbons Cradle-to-Gate life 

cycle stages, followed by the calculation results which are conducted with Sphera LCA FE 

(formerly known as GaBi) software. Subsequently, calculation results are compared to fos-

sil-based naphtha. These findings enable the assessment of how the selection of water-related 

indicators impact the results. These results also provide valuable insights in identifying 

which of the product's individual inputs have the greatest impact, which aids in future efforts 

to reduce water use and water-related impacts throughout the design phase. Finally, this the-

sis is concluded with a discussion chapter followed by conclusions. 

  



11 
 

 

2. GLOBAL CHALLENGES RELATED TO WATER 

Earth's surface is covered by 70% of water, and only about 2.5 % of it is freshwater. Out of 

the freshwater, almost two-thirds are stored in glaciers and perpetual snow (Figure 1). (Na-

tional Geographic 2022.) Thus, only about 0.5% from the total amount of water on Earth is 

usable for humans (WMO 2021). When freshwater resources cannot meet the local needs, 

or/and as the water quality reduces, it results in water scarcity (United Nations 2023b). 

 

Figure 1. Water distribution on Earth (modified from: National Geographic 2022, pictures from Microsoft 

Words stock images). 
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Water is used for agriculture, domestic households as well as in industries to produce goods. 

Agriculture is responsible for 69% of the world's freshwater withdrawal, while industry ac-

counts for approximately 19%, and households and municipalities use the remaining 12%. 

The shares of the sectors vary between different regions, for example the agriculture sector 

is responsible for only 25% of the freshwater withdrawal in Europe, while in Asia it is 81%. 

(FAO, 2016.) As a result of the increase in population, the need for water is rising for all the 

above-mentioned sectors (World Water Council 2023). Rising use of water does not just 

affect humans, but also aquatic ecosystems. According to a meta-analysis of the “Effects of 

human-driven water stress on river ecosystems” done by Sabater et al. (2018), there were 

notable consequences mentioned such as significant rise in algal biomass, decrease in the 

richness, abundance, and density in invertebrates, as well as decomposition in organic mat-

ter. 

 

According to UNESCO, one of the primary challenges of the 21st century is water quality. 

As our fresh water supplies are already scarce, it is increasingly diminishing due to water 

pollution. This is mainly the result of both inadequately treated and untreated wastewater 

discharge into water bodies. Currently, about two million tonnes of sewage is discharged 

into water daily. Additionally, when taking into account industrial point source pollution as 

well as pollution from agriculture and urban areas, such as runoffs, it significantly amplifies 

the total pollutant burden. (UNESCO 2021.) 

 

Due to challenges regarding water scarcity and water quality, a minimum 1.7 billion people 

drank water that was contaminated with faeces in 2022 (WHO 2023). Furthermore, approx-

imately 2.4 billion people lack access to sanitation in any form (UNESCO 2021). Areas with 

inadequate sanitation and poor-quality water, can lead to infectious waterborne diseases such 

as cholera and diarrhea (Plessis 2022). For instance, people might deem handwashing a 

lower priority in places where water is scarce, which only increases the risk of getting in-

fected with diseases such as diarrhea (WHO 2023). 

 

Water scarcity and quality is only expected to deteriorate due to climate change (WMO 

2021). When referred to climate change, it means changes in temperature and weather 
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patterns over an extended period which is currently caused primarily due to human activities 

(United Nations 2023a). Due to changing weather patterns, it can result in irregular water 

supply, and increasing the risk of water scarcity and poor-quality water. Extreme weather 

events, which are only predicted to increase as the result of climate change, can destroy and 

pollute the local water reserves, which further raises the risk of diseases. (UNICEF 2023.) 

Rising water temperatures with elevated intensity of precipitation are forecasted to increase 

water pollution, including, but not restricted to, nutrients, sediments, pathogens and pesti-

cides (Bates et al. 2008, 43).  

 

Additionally, in the newest planetary boundary framework that was released in September 

2023, the freshwater change is one of the 6 boundaries that are not within the safe operating 

levels. All together there are nine boundaries and their safe operating levels are considered 

crucial for preserving Earth’s stability.  The freshwater change boundary is measured by 

assessing changes in land water cycle by using stream flows for freshwater, such as surface 

and groundwater, and water available for plants is measured by root-zone soil moisture. 

These numbers are then compared to preindustrial levels. (Richardson et al. 2023.) Further-

more, as it was stated by Ridoutt and Pfister (2010b), the problem is not just about planetary 

boundaries, but also about equity, as the developed countries have been criticised for using 

an excessive amount of the Earth’s limited freshwater resources.  
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3. METHODOLOGY 

3.1. The selection of water-related midpoint indicators  

The selection of water-related midpoint indicators was based on a review of methods that 

include freshwater use in Life Cycle Assessment (LCA) conducted by Kounina et al. (2013) 

and LCA tools, including Sphera’s LCA FE and SimaPRO. Kounina et al. (2013) review is 

currently already a decade old and new indicators have been developed after its publishing. 

Thus, this study includes both the indicators highlighted in the review and water-related in-

dicators that are featured in different LCA tools. Considering the scope of this master thesis, 

only two software tools were chosen. The selection of LCA software tools, Sphera’s LCA 

FE (formerly known as GaBi) and SimaPRO, was influenced by their functionalities as they 

align with the objective of this study having various water-related indicators, additionally 

their widespread use and popularity. The water-related midpoint indicators are presented in 

the following Figure 2, where it is visually presented which indicators are from which 

source. 

 

 



15 
 

 

 

Figure 2. The selected water-related midpoint indicators and their sources. 

 

Figure 2 represents the three sources of water-related indicators used, Kounina et al. 2013, 

Sphera LCA FE, and SimaPRO. The water-related midpoint indicators (furthermore ex-

plained in the following Chapter 4) are listed on the right side of the Figure 2, with their 

references of the left. 

https://app.diagrams.net/?page-id=huP7IjONBQBiOy9VqS2b&scale=auto#G1JrBlTj5Wg2xzK5i_H-3XzgW-FeJhYQ2a
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3.2.  Life Cycle Assessment (LCA) calculation methodology 

LCA helps to understand and quantify the potential environmental impacts of the entire life 

cycle of a product or service (WULCA 2023a). International standards, such as ISO 14040 

and 14044, define the LCA method, providing guidelines on what elements an LCA study 

should cover (Soukka et al. 2020, 5). ISO 14040 covers principles and frameworks, while 

ISO 14044 standard requirements and guidelines (ISO 14040:2006, ISO 14044:2006). Ac-

cording to these guidelines, an LCA should include these four phases: 1) goal and scope 

definition, 2) the inventory analysis (also called life cycle inventory, LCI), 3) the impact 

assessment (LCIA), and 4) the interpretation.  

 

In the first phase, goal and scope, the product system under the study and its functions are 

defined, including, but not limited to, defining functional unit, system boundary, and possi-

ble assumptions and limitations made. The functional unit is used to quantify the product 

system’s function.  In the system boundary it is specified what life cycle stages are included 

in the LCA study and what are not. (ISO 14040:2006, 4-12.) There are different terms in 

LCA to describe what life cycle stages are included in the study, such as Cradle-to-Gate, 

Cradle-to-Customer, and Cradle-to-Grave (Figure 3). The Cradle-to-Gate takes into account 

a product's life cycle stages from the raw material extraction until the final product leaves 

the production facility gates, excluding distribution, use and end-of-life of the product. Sim-

ilarly, Cradle-to-Customer includes the same life cycle stages as Cradle-to-Gate, however it 

takes into account the distribution of the product, for example to retail shops. The Cradle-

to-Grave approach includes the whole life cycle stages of a product. (Soukka 2023, 20-30.) 
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Figure 3.  Different system boundaries in LCA (Adapted from Soukka 2023, 20-30). 

 

In the second phase, LCI, the data for the product’s system is collected and presented, for 

example illustrating materials or emissions entering and exiting the system. In the third 

phase, LCIA, the impact categories and category indicators must be chosen. (ISO 

14040:2006, 13-16). The indicators can be mid- or endpoint indicators depending on their 

approach. Midpoint indicator evaluates the environmental impact of product in the midpoint 

of cause-effect chain, which is ranging from the utilising of resource or emitting a substance 

to the endpoint level. In comparison, the endpoint indicator assesses environmental impacts 

at the endpoint level, also called areas of protection level, such as damage to human health 

or ecosystems. (Dong & Ng 2014, 1410.) Additional mandatory steps in LCIA phase are 

classification, which is assigning the impacts of a product’s system flows into the chosen 

impact categories, and characterization, which is calculating the results of a category indi-

cator. Finally, the LCI and LCIA findings are interpreted in the final phase. (ISO 

14040:2006, 14-16.) 

 

The water footprint calculation guidelines and requirements are presented in ISO 14046 

standard. The instructions apply for stand-alone water footprint assessment as well as part 

of a more extensive environmental assessment. Water footprint assessment is defined as as-

sessment of input and output, but also of potential environmental impacts associated with 

water usage or influenced by process, product, or an organisation. Comprehensive water 
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footprint assessment is said in the ISO 14046 to “fulfil the principle of comprehensiveness”, 

which is explained to take into consideration all relevant attributes and aspects to the envi-

ronment, human health, and water resources such as water availability and degradation. In 

addition, it is mentioned that if the water footprint assessment has not been comprehensively 

assessed, then the water footprint should include the assessed impact categories in the name, 

for example water eutrophication footprint or water scarcity footprint. (ISO 14046:2014, 7-

9.) The water footprint assessment is based on LCA, which means that the guidelines are 

similar to the ISO 14040 and 14044 (ISO 14046:2014, 5). The water footprint assessment 

also has the same four phases, including a few more additional requirements such as pre-

senting temporal and geographical resolution as well as coverage in the first phase (ISO 

14046:2014, 15-17). In addition to LCA terminology, the ISO 14046 also has water types 

and classifications defined and explained (ISO 14046:2014, 7).  

 

3.3. LCA software and water indicators 

The water-related indicators have characterization factors for different waterflows that are 

implemented into LCA tools, similarly to how Global Warming Potential (GWP) from IPCC 

is used (Boulay et al. 2018, 374). In LCA softwares, the inventory water consumption data 

is multiplied with the characterization factor for given water flow of a process, i.e., cooling 

water to lake. The characterization factors can be for region specific water flows, i.e., 

groundwater regionalised for Finland, and they can also be process specific, i.e. turbined 

water to river in Finland. However, if the country of the water used is unknown, there are 

other characterization factors that are defined by water stress levels. These characterization 

factors for unspecified water can be for example high, low, global average or OECD+BRIC. 

High characterization factor meaning the water is from high water stress region, low char-

acterization factor from lower water stress regions. The OECD+BRIC characterization fac-

tor indicates the average water scarcity within the countries of OECD+BRIC. As mentioned 

in Sphera’s LCA FE documentation, the OECD+BRIC is preferred over the global average, 

as it contains countries that represent the majority of global economic activity. (Sphera 

2023a, 15.) 

 



19 
 

 

4. EVALUATION OF WATER-RELATED INDICATORS 

4.1 Water-related indicators in Life Cycle Assessment (LCA) 

In this thesis, the focus is on the midpoint water-related indicators, which are explained in 

this chapter. As there are various different methods and methodologies associated with wa-

ter-related indicators, only some of them were selected. The selection of indicators is ex-

plained in Methodology chapter 3.1. This chapter provides an overview of the methodology 

behind the selected water-related midpoint indicators. Additionally, a summary table of the 

selected indicators with their specifics is included at the end of this chapter which can help 

to distinguish indicators from one another.  

 

4.1.1 Withdrawal to Availability ratio 

Water-related indicators have gone through different developments throughout the years. 

The first water-related indicators were calculated based on the ratio of how much water is 

withdrawn compared to total availability of water in the area. This is called Withdrawal to 

Availability (WTA) ratio. (Boulay 2015.) The following chapters explain the selected indi-

cators that use WTA ratio in their methods. 

 

4.1.1.1 Water Stress Index (WSI) 

Water stress is usually defined by comparing how much freshwater is used (withdrawals) to 

how much freshwater is naturally available (hydrological availability). Thus, the higher 

withdrawal percentage of available water, the higher the water stress. Pfister et al (2009) 

enhanced this concept by developing Water Stress Index (WSI), which indicates how con-

suming water takes away it from other users. WSI acts as a characterization factor for water 

deprivation in LCIA, ranging from minimal water stress 0.01 to 1 severe water stress. The 

index is designed so that when withdrawals are 40% of availability, the index is 0.5, which 

represents the point separating moderate and severe water stress. The logistic function is the 

relation between WSI and WTA, and it’s tuned to the threshold of moderate and severe water 
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stress (WSI is 0.5 and WTA is 0.4). This index is based on WaterGAP 2 global model with 

modifications to take into account variability in precipitation with variation factor (VF) and 

strong regulated flows (SRF). (Pfister et al. 2009, 4098-4101.) 

 

The Pfister et al. (2009) study used a database that consisted of virtual water for agricultural 

crops. Virtual water is the amount of water needed to produce a product, including evapora-

tion and incorporation of water during the production. (Pfister et al. 2009, 4098.) Virtual 

water includes blue water (freshwater incl. surface and groundwater), green water (precipi-

tation stored as soil moisture) and grey water (degraded water; water needed to dilute pol-

luted water). Grey water can have two definitions, as mentioned in the prior sentence, it can 

be defined as degraded water, or it can be evaluated in grey water footprint where the grey 

water is the quantity of freshwater required to dilute pollutants in the water to be under the 

acceptable limit. (Kounina et al. 2013, 715; Hoekstra et al. 2011, 23-30.) However, WSI 

focuses only on blue water use. A year later, Ridoutt & Pfister (2010a) modified the method 

by including grey water in addition to blue water use. In this method the authors have taken 

conservative approach which excludes the blue water sources resulting from the use of agri-

cultural land. According to this method, the use of agricultural land has no negative effect 

on blue water resources. (Ridoutt & Pfister 2010a, 115.) 

 

4.1.1.2 Swiss Ecological Scarcity method 

In 1990, the Swiss Ecological Scarcity method was initially introduced. It has gone through 

updates including the Frischknecht et al. (2006) update where it was modified to align with 

ISO requirements. Guided by the Swiss Federal Office for the Environment (FOEN), a new 

updated version of the ecological scarcity method was published in 2013 (Frischknecht & 

Büsser Knöpfel 2013).  

 

The Ecological Scarcity indicator uses the distance-to-target (DTT) approach, which evalu-

ates the distance between the current state from the desired or target state (Castellani et al. 

2020, 1159). In this case, the ecological scarcity method examines how far the present state 

of a resource or a substance is from the target state. Based on regulations and political targets, 
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a critical flow is determined, which indicates the sustainable level for each substance. How-

ever, current flow is the actual amount of the specific substance at the given time. In simpli-

fied terms, the relation between these two flows, after adding normalisation and characteri-

sation factor, result in ecopoints (EP, UBP). (Frischknecht 2006.) Thus, the higher the num-

ber of ecopoints, the more the substance or resource use is over the desired state (SimaPRO 

2020). When it comes to freshwater use, the current flow is identified as water withdrawal 

and critical flow as water supply. Additionally, it is based on the hypothesis that 20% of the 

specific water supply is the critical flow. (Frischknecht & Büsser Knöpfel 2013, 180.) 

 

4.1.1.3 Water Impact Index 

Bayart et al. (2014) introduced an indicator called Water Impact Index including both water 

scarcity, and water quality as well as water usage (Bayart et al. 2014, 1343). For assessing 

water scarcity, Pfister et al. (2009) WSI is used, which ranges from 0 to 1, one meaning 

extreme water stress in the area (Bayart et al. 2014, 1399). The water quality is calculated 

by dividing the reference concentration, also called recommended limit, with the existing 

water concentration at the given time, scaling from worst to best quality, 0 to 1, respectively. 

Thus, when the quality index is 1, it means that the concentration is within the recommended 

limit (reference concentration), and when it is less than 1 it means that one or more pollutant 

concentration exceeds the limit. The recommended limits are based on environmental quality 

standards (EQS) (Boulay et al. 2015a, 142). In other words, when the pollutant levels are 

high, the water quality is low. (Bayart et al. 2014, 1338.) 

 

Water Impact Index presents deprivation of good-quality water, taking into account water 

quality and scarcity index, which is presented in m3 equivalent (Figure 4). Meaning that if 

the result is 1 m3 equivalent, one loses 1 m3 of good quality water. For instance, 1 m3 can be 

a significant amount in areas where there is extreme water stress (water stress index is 1) 

and good quality water (water quality index is also 1). However, 1 m3 is less critical, but still 

important, in areas where the quality of water is still good (quality index is 1) but the water 

scarcity is moderate (water stress index is 0.5). (Bayart et al. 2014, 1338.) 
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Figure 4. Simplified Water Impact Index (modified from Bayart et al. 2014, 1337). 

 

4.1.1.4 Freshwater Ecosystem Impact (FEI) 

Mila i Canals et al. (2009) proposed a method to quantitatively assess freshwater use, but 

also pointing out water quality problems that were not yet assessed in LCA, for instance how 

cooling water can affect water temperature and therefore to aquatic ecosystems (Mila i Ca-

nals et al. 2009, 39). The authors emphasise the importance of including green water and 

how the production system can have direct impacts to water quality and ecosystem health by 

changing the natural distribution of rainwater for example by evapotranspiration. The study 

proposes an impact category, freshwater ecosystem impact (FEI), to assess potential impacts 

that water scarcity can have on aquatic ecosystems. The unit of FEI is cubic meters of water 

that is “ecosystem-equivalent”, meaning that the resulting volume of water that presumably 

affects ecosystems in freshwaters. To evaluate freshwater ecosystem impact, the study rec-

ommends using different water indexes developed by Falkenmark (1986) and Raskin et al. 

(1997). (Mila i Canals et al. 2013, 33-41.) Falkenmark (1986) indicator concentrates on wa-

ter availability for humans, while Raskin et al. (1997) includes human and environmental 

needs (subtracting ecosystem needs from total available water to get the remaining water for 

human use), providing detailed assessment of impacts on both water resources and the eco-

system (Kounina et al. 2013, 715).  

 

4.1.2  Consumption to Availability ratio 

As the indicators were continuously developed, it was realised that a lot of water that is 

withdrawn is returned to the watershed, for example the cooling water in a power plant. So, 
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a new ratio was presented which was based on the consumption to availability, CTA ratio. 

The consumption means that the water is either evaporated, transferred into a different water 

basin, or incorporated into the product, and thus becomes inaccessible for other users. (Bou-

lay 2015.) The following chapters explain the selected methodologies and indicators that use 

CTA ratio. 

 

4.1.2.1 Water Footprint Network Manual & Global Monthly Water Scarcity Assessment 

Water Footprint Network (WFN) developed a manual for water footprint assessments. The 

first manual appeared in 2009 (Hoekstra et al. 2009), which was further developed into “The 

Water Footprint Assessment Manual” in 2011 (Hoekstra et al. 2011). It is a global standard 

used for water footprint assessment, including thorough collection of methods and defini-

tions related to water footprint. For example, it includes definitions and calculations on how 

to apply water footprint to a product, business or within a nation (Hoekstra et al. 2011, 46-

60). 

 

Hoekstra et al. (2012) introduced a global monthly water scarcity assessment to assess 

monthly water consumption rather than annual water withdrawals. The authors of this meth-

odology stated that this assessment takes into account blue water consumption (also known 

as blue water footprint) and not withdrawal of water, as portions of withdrawals usually 

return to water basins close by. Building upon the manual, blue water scarcity is described 

as the blue water footprint divided by the available blue water. Availability of the blue water 

is described as the amount of water used that does not have negative ecological impact.  To 

calculate the amount of available blue water, the Hoekstra et al. (2012) study estimated the 

amount of natural runoff. The study is based on the hypothesis that 80% of the natural runoff 

is required for the ecological balance in the water basin. Thus, it is assumed that if the avail-

ability of blue water remains in the 20% range of the natural flow, it does not affect the 

ecological balance. (Hoekstra et al. 2012, 1-2.) 
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4.1.2.2 Water Scarcity Indicator 

Boulay et al. (2011) developed a water scarcity indicator, similar to the WSI developed by 

Pfister et al. (2009), however this method uses CTA ratio. This method takes into consider-

ation water consumption, quality and scarcity. Additionally, this method can be used as an 

endpoint for analysing the effects on human health, but this is not the focus of this study, 

thus only the midpoint scarcity indicator will be explained. The logistic function (explained 

in Chapter 4.1.1.1) of the indicator is using the same idea as mentioned in Pfister et al. 

(2009), however it is adjusted with empirical correlation (Boulay et al. 2015a, 142). Addi-

tionally, this indicator takes into account degradative and consumptive water usage, by as-

sessing the water quantity and quality before going into a process as well as after the process. 

Furthermore, this is assessed for eight categories, which are divided by type of water appro-

priate for different human uses. For instance, low quality water that is not treated before 

utilising it, is not suitable for domestic water usage, however it can be used for other func-

tions such as hydropower. Water quality is scaled from 1 to 5, in which one is high water 

quality, so all users can use it, and five meaning poor quality as it is only appropriate for 

hydropower or transport. (Boulay et al. 2011, 8948-8950.) 

 

4.1.2.3 WAVE & WAVE+ 

In 2014, the Water Accounting and Vulnerability Evaluation (WAVE) method was devel-

oped to gain a better understanding of water consumption in products' supply chains. The 

WAVE model takes into account the recycling of atmospheric evaporation at the drainage 

basin (BIER, basin internal evaporation recycling) as well as how it is reused in other areas. 

The WAVE model also includes (blue) water scarcity, by assessing the risk of freshwater 

depletion in basins. This is done with the Water Depletion Index (WDI) which indicates how 

big of a risk there is of shortage of freshwater if the freshwater is consumed. Furthermore, 

this model also considers ground (aquifers) and surface (lakes) water stocks in the assess-

ment, which is typically overlooked in other indicators. WTA ratio-based indicators can eas-

ily ignore water scarcity in dry region areas where there is no withdrawal of water. The 

authors of the WAVE model addressed this issue in their WDI by putting it to the maximum 

value in dry basins. (Berger et al. 2014, 4521-4522.) 
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The WAVE uses in its model detailed annual data of basins and countries, covering about 

11 000 basins. However, the WAVE model does not cover monthly data which can have a 

significant effect during seasons, as the annual average water consumption does not neces-

sarily correspond to the actual water used in the dry season. This can have a significant 

impact on products using agricultural goods, which are produced during a particular season. 

Due to the lack of temporal data in WAVE, a new updated version WAVE+ was released in 

2018 (Berger et al. 2018), including updates in the temporal and spatial resolution. Both 

WAVE and WAVE+ indicators use WDI, ranging from 0,001-1, and after multiplying with 

water consumed, they result in the risk of freshwater depletion (RFD) (Figure 5). WAVE+ 

is also in accordance with the ISO 14046 and 14040 standards. (Berger et al. 2018, 10757-

10758.) 

          

Figure 5.  Illustration of WAVE and WAVE+ indicator method. 

 

4.1.3 Availability minus Demand ratio 

After further development, it was understood that it was not only humans that consume wa-

ter, but also ecosystems. A new ratio was introduced, demand to availability (DTA), which 

now included both human and as well as ecosystem demand.  However, the DTA ratio has 

also been criticised for not telling the actual amount of water required, for instance, if the 

result is 0.5, it only indicates half of the water is needed, without specifying whether the 

amount of water is, for example, 1 m3 or 1000 m3. (Boulay 2015 & Boulay et al. 2018, 370.) 

The Water Use in Life Cycle Assessment (WULCA) working group introduced an availa-

bility minus demand (AMD) method where the demand, including human and ecosystem 

demand, is deducted from the available water.  This value is then normalised, meaning di-

vided with world average reference flow, resulting in how much water is available in the 

specific area. This factor is inverse in the formula (Figure 6) to be in accordance with the 

idea that the more water is available, the lower the water scarcity footprint. The final result 

of this calculation is the available water remaining (AWARE) in a specific watershed once 

the needs of both humans and aquatic ecosystems have been fulfilled, ranging from 0.1 to 

100. In a nutshell, the method is based on the idea that the less water there is available per 
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area, the higher risk there is for it to be deprived from another user, hence higher risk of 

water deprivation. (Boulay et al.2018, 368-376.) However, AWARE includes only ground-

water recharge, excluding fossil ground water (WULCA 2024). 

 

Additionally, AWARE is in accordance with ISO standard 14046 when calculating water 

scarcity footprint. In order to have a comprehensive water footprint, water quality indicators 

have to be added in addition to AWARE. (Boulay et al. 2018, 377.) Water quality (also 

called water degradation) indicators are for instance eutrophication, acidification, ecotoxi-

city, and human toxicity. These indicators can be considered as both midpoint and endpoint 

categories. (Boulay et al. 2015b, 869.)  

 

 

Figure 6. Simplified water scarcity footprint calculation by AWARE method (modified from Boulay 2015). 

 

4.1.4 Overview of indicators 

The water-related indicators explained in chapters 4.1.1-4.1.3 are listed in Table 1. Table 1 

includes water-related midpoint indicator specifications such as their unit, ratio, and whether 

they are in accordance with ISO 14046 standard. Additionally, Table 1 includes “X” mark 

depending on whether the indicator is included in one or more of the selected three references 

(Kounina et al. 2013, Sphera LCA FE, SimaPRO), illustrating also how widely the indicator 

is used. It is important to highlight that most of the indicators were created prior to the ISO 

14046 standard was published, thus marked as N/A in the table.  
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Table 1. Midpoint water-related indicators that were selected, and their specifics. 

Midpoint  

indicator 

Reference Unit Ratio In accord-

ance with 

ISO 14046* 

Kounina 

et al. 2013 

Sphera 

LCA FE 

(Sphera 

2023a) 

SimaPRO 

(SimaPRO 

2020) 

WSI Pfister et al. 

2009 

m3 eq. WTA N/A X X X 

- Ridoutt & 

Pfister 2010a 

- - N/A X - - 

Swiss Ecological 

Scarcity method 

Frischknecht 

et al. 2006, 

Frischknecht 

& Büsser 

Knöpfel 2013 

Ecopoints WTA N/A X X X 

Water Impact Index Bayart et al. 

2014 

m3 eq. WTA N/A X - - 

Freshwater  

Ecosystem Impact 

Mila i Canals 

et al. 2009 

m3 ecosys-

tem-equiv-

alent 

WTA N/A X - - 

Water Footprint 

Network Manual  

Hoekstra et al. 

2011 

- CTA N/A X - - 

Global Monthly 

Water Scarcity As-

sessment 

Hoekstra et al. 

2012 

m3 eq. CTA N/A - - X 

Water Scarcity  

Indicator 

Boulay et al. 

2011 

m3 eq. CTA N/A X - X 

WAVE & WAVE+ Berger et al. 

2014, Berger 

et al. 2018 

m3 eq. CTA Yes - X X 

AWARE Boulay et al. 

2018 

m3 world 

eq. 

AMD Yes - X X 

*N/A means that the indicator was created prior to ISO 14046 standard. 
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4.2 Advantages and limitations of water indicators 

Several of the water-related midpoint indicators presented in Chapter 4.1, have advantages 

and limitations mentioned in the indicator specific research. However, not every research 

stated the advantages and limitations clearly, such as Pfister et al. 2009 and Ridoutt & Pfister 

2010a. In addition, when it comes to Water Footprint Network Manual, the restrictions men-

tioned are more of a general nature regarding water footprints (Hoekstra et al. 2012, 115-

118.) On the other hand, some of the models' research included comments of other indica-

tors, for example the upgraded version of WAVE model research included comparison of 

the WAVE and AWARE model (Berger et al. 2018, 10764-10765). Additionally, Berger et 

al. (2014) addressed limitations regarding all indicators that use WTA ratio. The advantages 

gathered are also derived from the indicator’s specific research. The advantages listed for 

each indicator were clearly articulated to be an advantage or mentioned as an improvement 

compared to other indicators in the indicator specific research. Thus, Table 2 includes ad-

vantages and limitations on what was found only in the indicator’s specific research. It’s 

worth noting, that even if these advantages or limitations are indicator specific, it does not 

mean that they could not also be applicable to other indicators. Furthermore, as Table 2 

includes only advantages and limitations regarding indicator specific research, there is a 

mention of “(WTA ratio disadvantages in general)”, which is explained in the second-to-last 

paragraph in this chapter. This is because these disadvantages were not mentioned in their 

own model research but in Berger et al. (2014) research. 
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Table 2. Water-related indicator’s advantages and limitations based on literature review. 

Indicator Reference Ratio Advantages  

(based on indicator’s own 

model research)  

Limitations  

(based on indicator’s own model re-

search)  

WSI Pfister et al. 

2009 

WTA - WTA disadvantages in general* 

 

 Riddout & 

Pfister 2010a 

 - WTA disadvantages in general* 

Swiss Eco-

logical 

Scarcity 

method 

Frischknecht et 

al. 2006, 

Frischknecht & 

Büsser Knöpfel 

2013 

WTA + Single score result 

+ In accordance with 

Swiss policy goals 

+ Regionalised,so 

comparison can be 

done between Swiss 

and other products 

+ Transparent 

weighting, exten-

sive selection of en-

vironmental indica-

tors 

- Not all eco-factors have been 

regionalised 

- Eco-factors can be incom-

plete if the local environmen-

tal requirements have defi-

ciencies 

- Does not directly indicate the 

potential damage 

 

WTA disadvantages in general* 

Water Im-

pact Index 

Bayart et al. 

2014 

WTA + Made to be easy to 

understand for eve-

ryone, not just LCA 

experts 

+ Takes into account 

the quality of the 

water that is re-

turned to water ba-

sin 

(Bayart et al. 2014 included limita-

tions only regarding its case study) 

 

WTA disadvantages in general* 

Freshwater 

Ecosystem 

Impact 

Mila i Canals et 

al. 2009 

WTA - - River water use data usually 

unavailable, thus larger 

area’s average data is used 

- FEI excludes seasonal varia-

tions 

 

WTA disadvantages in general* 

Water 

Footprint 

Network 

Manual 

Hoekstra et al. 

2011 

CTA - (General limitations regarding water 

footprints) 

Global 

Monthly 

Water 

Scarcity 

Assessment 

Hoekstra et al. 

2012 

CTA - - Inaccuracy in runoff meas-

urements and blue water 

footprint estimates 

- Less accurate data in small 

water basins 
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Water 

Scarcity In-

dicator 

Boulay et al. 

2011 

CTA + General advantage 

of using CTA ra-

ther than WTA 

- Not taking into account re-

petitive use of water, interac-

tions between groundwater 

and surface water 

WAVE & 

WAVE+ 

Berger et al. 

2014, Berger et 

al. 2018 

CTA + Takes into account 

the recycling of at-

mospheric evapora-

tion 

+ In updated version, 

there are higher 

temporal resolution 

in WDI and BIER, 

as well as spatial 

resolution in WDI 

- Very small basins have high 

uncertainty  

AWARE Boulay et al. 

2018 

AMD + Recommended 

method by the Life 

Cycle Initiative and 

WULCA 

+ Based on the agree-

ment of experts in 

LCA and hydrology 

+ In accordance with 

ISO 14046 

- Global hydrological data un-

certainties 

- Environmental Water Re-

quirements (EWR) is calcu-

lated on global scale, local 

data not considered 

*These WTA-ratio related disadvantages are overestimation of water, neglection of surface and groundwater, 

and inadequate data in very dry remote regions. These disadvantages were not mentioned in their indicators 

specific research but in Berger et al. (2014), which are explained in the second-to-last paragraph in this chap-

ter. 

 

Based on the updated version of Ecological Scarcity method, the advantages of the indicator 

are its single score result; it is defined by environmental goals so it is in accordance with 

Swiss policy goals; and it is regionalised so a comparison can be done between Swiss and 

other external products. In addition, transparent weighting and extensive selection of envi-

ronmental indicators are mentioned in the list of advantages. (Frischknecht and Knöpfel 

2014, 1362.) The Ecological Scarcity method can be used globally, while there are some 

disadvantages mentioned when used in other countries than Switzerland. For example, fresh-

water consumption and biodiversity loss eco-factors have been regionalised, but other eco-

factors are not yet adequately regionalised. Another problem can occur with environmental 

requirements in other countries. The assessment criteria used in the method need to be in 

accordance with the legislation and environmental targets of the country or a region it is used 

in. Additionally, the eco-factors can be incomplete if the legislation or requirements have 

deficiencies. Lastly it is mentioned that the Ecological Scarcity method does not directly 

indicate the potential damage, as other indicators do. However, it is stated that in a way it is 
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taken into account in limit values which are based on both scientific evidence and political 

factors. (Frischknecht & Knöpfel 2013, 40.) 

 

The Bayart et al. (2014) research addressed limitations related to their case topic rather than 

to its indicator. However, a few advantages were mentioned related to the indicator in gen-

eral such as the Water Impact Index is clear and transparent so it is easy to comprehend by 

not just LCA experts. Additionally, it takes into account the quality of water which is re-

turned to the water basin. (Bayart et al. 2014. 1337.) 

 

Mila i Canals et al. (2009) mentioned limitations for Freshwater Ecosystem Impact (FEI) 

indicator, without clearly stating the advantages. For instance, one of the limitations ad-

dressed was that the water use data for river basins is usually unavailable, decreasing the 

precision of data as average values for larger areas. Another limitation mentioned was that 

FEI does not consider seasonal variations, which can lead to inaccurate data. Additionally, 

it was mentioned that renewable water sources and their availability values differ depending 

on sources. (Mila i Canals et al. 2009, 40.) 

 

The Global Monthly Water Scarcity Assessment model advantages were not stated in 

straightforward manner. However, the model’s limitations were mentioned, such as runoff 

measurement precision, and blue water footprint estimation. Runoff measurements that are 

used to calibrate this model, can have inaccuracy of ±10 to 20 %, meaning that the value can 

be 10-20% higher or lower than the actual recorded value. Blue water footprints consist of 

estimates that can have up to +-20% uncertainty. Additionally, it is more challenging to get 

accurate measurements in small water basins which can result in higher inaccuracy levels in 

estimates.  (Hoekstra et al. 2012, 8.)  

 

Disadvantages regarding Boulay et al. (2011) Water Scarcity Indicator are overlooking re-

petitive use of water, as well as not taking into account possible interactions between ground-

water and surface water. The authors state one of the indicator’s advantages being that it 
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uses consumptive water rather than withdrawal, which means that it uses CTA ratio rather 

than WTA. (Boulay et al. 2011, 8949.) 

 

The WAVE method advantages were stated in the form of updates done in the WAVE+ 

compared to WAVE, which include higher temporal resolution in WDI and BIER, as well 

as spatial resolution in WDI (Berger et al. 2018, 10758). Additionally, one of WAVE+ ad-

vantages was considered to be that it takes into account the recycling of atmospheric evapo-

ration which, for example, AWARE does not (Berger et al. 2018, 10764). The WAVE model 

had 11 700 water basins, which was upgraded to 135 000 basins in the newer model, 

WAVE+. However, the model study mentioned that very small water basins have higher 

uncertainty, as there are also uncertainties related to meteorological and physiographic input 

information. Additionally, in that study, AWARE and WAVE+ methods were compared, 

which results were essentially that both models have different user groups, depending on 

what is the goal of the user. For instance, if a user wants an aquatic ecosystem taken into 

account in the assessment, then AWARE model is optimal, although it is stated that WAVE+ 

model should be used if the user wants to take into account the surface or groundwater 

stocks. (Berger et al. 2018, 10764-10765.) 

 

Additionally, Berger et al. (2014) has addressed limitations regarding WTA ratio in general. 

The limitations mentioned concerning WTA included overestimation of water, neglection of 

surface and groundwater, and inadequate data in very dry remote regions. Overestimation of 

water usage occurs when only withdrawal of water is taken into account as withdrawals 

exclude water that is returned to the basin (cooling water). The surface and groundwater are 

neglected as the availability in the WTA ratio includes only runoff, excluding ground and 

surface water. The whole ratio outcome is zero when withdrawal is zero, thus it gives inad-

equate information about very dry and remote areas where the withdrawal is zero. (Berget 

et al. 2014, 4521.) 

 

According to Boulay et al (2018) the advantages regarding AWARE include that it takes 

into account both ecosystem and human possible deprivation, it is a recommended method 

by the Life Cycle Initiative and WULCA, it is based on the agreement of experts in LCA 
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and hydrology, and it is in accordance with ISO 14046 standard. The uncertainties regarding 

AWARE are from global hydrological data that are used in this model, and the Environmen-

tal Water Requirements (EWR) has mentioned to have the most uncertain data. The monthly 

data from EWR is used in AWARE, however it does not consider local elements as EWR is 

calculated at global scale. In addition, the biggest difference in absolute terms is in areas 

where demand for water is similar to what is available, which increases the importance of 

EWR if there are high uncertainties. (Boulay et al. 2018, 375-377.) 

 

4.3 Frameworks  

This chapter offers a contextual understanding on how water and its impacts are taken into 

account on corporate or/and city or other geographical level through, for example reporting 

frameworks or through an EU directive.  

 

4.3.1  EU Water Framework Directive (WFD) 

EU directive 2000/60 of the Water Framework Directive aims to remove and minimise water 

pollutants as well as to ensure that there is water for both humans and ecosystems. The Water 

Framework Directive (WFD) is reinforced by two other EU directives: Environmental Qual-

ity Standard Directive (2008/105) and Groundwater Directive (2006/118). The former di-

rective concentrates on the surface waters quality and the latter on protection of quality and 

degradation of groundwater. (European Commission 2023.) 

 

The WFD has a list of priority substances that need to be supervised and checked, however 

these standards are not mentioned in the WFD but in the Environmental Quality Standards 

Directive. The list of EU-wide priority substances has to be checked once every six years to 

be in accordance with the pollutants that currently have the greatest impact on ecological 

status. The Groundwater Directive enhances WFD by having requirements related to trends 

of pollutants and quantitative status. Additionally, the Groundwater Directive’s list of pol-

lutants and standards have to be checked every six years to be in accordance with the 
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pollutants that currently have the greatest impact on the chemical status of groundwater. The 

proposal of updating the list of pollutants regarding surface and groundwater has been put 

forward by the EU Commission in 2022. (European Commission 2023.) 

 

4.3.2  GRI 303:  Water and Effluents 

The GRI 303: Water and Effluents standard is from GRI (Global Reporting Initiative) Sus-

tainability Reporting standards, which are made for companies to report their environmental, 

along with social and economic, impacts. (GSSB 2018, 3.) The GRI 303 standard includes 

requirements, recommendations, and more specific guidance on how to assess these require-

ments. This standard is divided into 5 parts: interaction with water, management of water 

discharge impacts, water withdrawal, discharge, and consumption. (GSSB 2018.) 

 

According to the GRI 303, the interaction with water, referred to as 303-1, should include 

an overall description of how the organization uses water taking into account withdrawal, 

consumption, discharge, and possible other direct impacts such as pollution through runoff. 

As well as, how the organisation handles these impacts to water including methodologies, 

scope, targets and how they comply with public policies and the local water stress. (GSSB 

2018, 6.) The second part, 303-2 management of water discharge impacts, should include 

minimum quality standards set by the organisation for effluent discharge, and explanation 

of how the standards were determined, were there any internal or sector-specific standards, 

and was the waterbody where the effluents are discharged taken into account when the stand-

ards were established (GSSB 2018, 8). The 303-3 water withdrawal section should include 

information about total water withdrawal as well as water withdrawal with water stress. 

These withdrawals shall include all five water sources if relevant: surface, produced, third-

party, ground-, seawater. These sources are divided into two groups, freshwater and other. 

Additionally, this section can also include standards and assumptions if needed to understand 

the data. (GSSB 2018, 9.) The total water discharge, 303-4, is required to be reported the 

same way as total water withdrawal, except when it comes to water discharge with water 

stress, it is divided only to “freshwater and other” categories. Additionally, discharge water 

priority substances need to be defined, as well as how the limits were decided and the number 
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of the instances when these discharge limits were not met. (GSSB 2018, 12.) Finally, the 

water consumption part, 303-5, requires how much water is consumed, also with water 

stress.  In this section, one should also report change in water storage if it’s recognized to 

have a meaningful impact. Additionally, methodology or possible calculations should be 

also explained if it helps to understand how the data is gathered. (GSSB 2018, 15.) 

 

4.3.3 WWF Water Risk Filter 

WWF Water Risk Filter is a website tool to help companies to assess their water-related 

impacts. The water risk filter assesses water-related risks based on where the company is 

located and the characteristics of the company’s operations. Location of the company helps 

to understand the site-specific risks on water sources, and the characteristics of the opera-

tions of the company informs risks related to specific operational activities. Resulting in a 

combined score for one risk indicator, or also for risk category, which has taken into account 

industry-specific weighting (WWF Water Risk Filter 2021, 1-4.) The Water Risk Filter is 

divided into three risk types including physical, regulatory and reputation. Each of these 

have four risk categories which all in all have 32 indicators. Additionally, the Water Risk 

Filter has future scenarios which are divided into optimistic, current trend, and pessimistic. 

These scenarios are available for years 2030 and 2050, and they are based on IPCC Repre-

sentative Concentration Pathways and IIASA Shared Socioeconomic Pathways, including 

work of various research groups. (WWF 2023.) Among the indicators explained in this study 

Chapter 4.1, AWARE is also used in the Water Risk Filter as an indicator. 

 

4.3.4 Science Based Targets (SBTs) 

The Science Based Targets Network introduced the first guidance for businesses in 2020, 

which acquainted the readers with the methods to setting the science-based targets (SBTs) 

for nature (Science Based Targets Network 2023e, 1). The Network founding members are 

part of the Science Based Targets initiative (SBTi), which focus is on especially climate-

related targets (Science Based Targets Network 2023d). In 2023, the Science Based Targets 

Network introduced a more detailed technical guidance for companies and cities, for setting 
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SBT for nature including freshwater, land and biodiversity to complete the already existing 

climate-related targets from the SBTi (Science Based Targets Network 2023a; 2023e, 1).  

 

The main emphasis of SBTs related to freshwater is on water quantity and quality, especially 

water withdrawal from freshwater sources, and pollution of freshwater from chemicals such 

as nitrogen and phosphorus (Science Based Targets Network 2023b). These two focus areas 

are explained to be chosen as being relevant and significant in environmental issues as fresh-

water use and pollution are primary pressures when it comes to degradation of nature in 

ecosystems (Science Based Targets Network 2023b). 

 

SBT for nature includes a 5-step process, first assessing the impacts, secondly identifying 

and prioritising the most important locations, third step including measuring values and set-

ting targets, fourth step includes developing action strategy, and finally the fifth step is to 

monitor and report on the progress (Science Based Targets Network 2023c, 14). Freshwater 

science-based target technical guide focuses on step three. Moreover, this step includes dif-

ferent requirements and instructions on how to select a model (e.g., local or global model 

approach), measure values on baseline level, and decide maximum pressure levels (e.g., cal-

culate the maximum amount of withdrawal water allowable in the basin). (Science Based 

Targets Network 2023c, 17-49.) 
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5. CASE: WATER SCARCITY ASSESSMENT OF WASTE 

COOKING OIL BASED RENEWABLE HYDROCARBONS 

5.1.  Goal and Scope 

As mentioned in Chapter 3.2, according to ISO 14046 water footprint standard, if water 

footprint assessment has not been comprehensively assessed then the water footprint should 

include the assessed impact categories in the name (ISO 14046:2014, 7-9). This study in-

cludes water scarcity indicators (AWARE, WSI, WAVE+) and the Ecological Scarcity in-

dicator (UBP 2013 Water resources), thus this assessment is called water scarcity assess-

ment. This water scarcity assessment is done to a 1 kg renewable hydrocarbons which is 

based on waste cooking oil (WCO). The functional unit is 1 kg of renewable hydrocarbons 

derived from WCO. The aim of this assessment is to understand how the selection of water-

related indicators affect the water scarcity assessment results. The comparison is done by 

calculating the corresponding results for fossil naphtha and comparing the results between 

indicators by using these fossil results as a reference. The water-related indicators’ results of 

fossil-based naphtha is presented as a range of values it can have in different countries and 

regions. 

 

In this water scarcity assessment, the characterization factor used for unspecified water is 

OECD+BRIC. Moreover, the abbreviations used for different indicators and their character-

ization factors in Chapter 5 figures are explained in Appendix 1. The newest version of 

AWARE is chosen for this study, which is currently version 1.2c, released in February 2019 

(WULCA 2023b). The calculations are done with Sphera’s LCA FE software, and the da-

tasets used are from Sphera Managed LCA Content (MLC) Professional Database 2023 and 

Ecoinvent 3.9.1 database. It should be noted that the results presented include the water con-

sumption of hydropower, as in LCA FE software there is also an option to exclude hydro-

power. In accordance with the case company's request, the results are presented in general 

form as the detailed description of the processing phases and LCA model are closed from 

the public. 
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5.1.1. System boundary 

The system boundary for this assessment is Cradle-to-Gate, taking into account the life cycle 

stages from the raw material extraction to manufacturing of the product (Figure 3). This 

water scarcity assessment study focused on water quantity, excluding quality of water as 

well as other emissions and wastes. Water quality indicators are excluded as their inclusion 

would have broadened the scope of this study beyond master thesis limits. Additionally, due 

to lack of data, storing of WCO during and between different transportation phases are ex-

cluded from this study. The system boundary, as well as what is excluded from this study, 

are presented in Figure 7. 

 

WCO is classified as waste as outlined in the Waste Framework Directive 2008/98/EC, thus 

according to the Renewable Energy Directive (RED, 2023/2413), it is considered to have no 

greenhouse gas emissions at the point of collection (JRC 2019, 217). Thus, no upstream 

burden is assigned to WCO, which means that no water usage is allocated before the collec-

tion of WCO. Other researchers have also considered WCO to have no upstream burdens. 

For instance, in Moretti et al. (2020) research, the production of the WCO-based polypro-

pylene was considered to start at the point of collecting WCO.  
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Figure 7. System boundary of 1kg WCO-based renewable hydrocarbons water scarcity assessment. 

 

5.2.  Inventory data 

In the LCA model, Sphera’s datasets are mainly used, which are mostly regionalised regard-

ing water elementary flows.  Aggregated process datasets include water flows that are re-

gionalised to different countries based on the underlying supply chains. The water-related 

indicators use the same life cycle inventory data, however the distinctions arise from the 

characterization factors of the indicators. 

 

5.2.1. Transportation of WCO 

After the WCO is collected from different sources such as restaurants, it is transported to a 

refinery to be pre-treated and process into WCO based renewable hydrocarbons to be used 

as an energy source or as a raw material in further production. In this assessment the default 

values from JRC (2019) are used for transportation vehicle size and distance driven. Thus, 

https://app.diagrams.net/?page-id=DIg68iwxbr51BFPWWCC3&scale=auto#G1YKosO971R-F3bA2-qTFGg9IMyaq5CwY-
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it is assumed that the WCO is transported by sea for 7000 km and then transported by truck 

for 100 km (JRC 2019, 217).  The types and capacities of the maritime vessel and truck are 

defined by the case company. The water impacts from this phase are only from the produc-

tion of the fuel that used in the maritime vehicle and the truck.  

 

5.2.2. Processing 

Processing of WCO includes different steps to produce renewable hydrocarbons. These pro-

cess steps include, but are not limited to, hydrotreatment process where hydrogen is used. 

Additionally, (process) water, steam, electricity, chemicals, thermal energy from natural gas 

are used in the process of producing WCO based renewable hydrocarbons. The input data 

values used in the LCA model are primary data, which means that they are from the case 

company. Water consumption is mainly secondary data, which means that the data comes 

from the background datasets. It is good to highlight that the water used in the process as 

well as wastewater is primary data and other water consumption is secondary data. Detailed 

description of the processing phase is confidential and thus, it is not disclosed in this thesis. 
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6. RESULTS 

6.1. WCO-based renewable hydrocarbons 

The water scarcity assessment results for 1 kg of WCO-based hydrocarbons are presented in 

Table 3. The results are interpreted in Chapter 6.4. 

 

Table 3. WCO-based renewable hydrocarbons water scarcity assessment results. 

Water-related indicator Results for 1 kg WCO-based renewa-

ble hydrocarbon 

AWARE 1.2C, OECD+BRIC 

[m³ world equiv.] 

1,08x10-2 

WAVE+, OECD+BRIC [m³ equiv.] 1,14x10-4 

WSI, OECD+BRIC [m³ equiv.] 1,73x10-4 

UBP 2013, Water Resources [UBP] 8,83x10-2   

 

 

Table 3 shows that the production of 1 kg of WCO-based renewable hydrocarbons results in 

1,08x10-2 m3 world equivalent in AWARE indicator. For WAVE+ indicator it is 1,14x10-4 

m3 equivalent and for WSI indicator it is 1,73x10-4 m3 equivalent. The Ecological Scarcity 

(UBP 2013, Water resources) indicator result for 1 kg of WCO-based renewable hydrocar-

bons is 8,83x10-2 UBP. 

 

6.2. Contribution of individual life cycle inputs 

There are 7 input categories identified in this water scarcity assessment system boundary 

(Figure 7). These are: water, steam, electricity, hydrogen, chemicals, thermal energy, and 

fuel. Figure 8 illustrate contributions of these 7 inputs in AWARE, WAVE+, WSI, and 
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Ecological Scarcity (Water resources) indicator results for 1 kg of WCO-based renewable 

hydrocarbons product.  

 

 

 

Figure 8. Contribution of individual life cycle inputs for AWARE, WAVE+, WSI and UBP 2013 (Water Re-

sources) indicator results. 

 

As can be seen from Figure 8, the AWARE indicator input contribution shares differ from 

the rest of three indicators. The hydrogen share is lowest in AWARE and highest in WAVE+ 

indicator, representing 6% and 45 % respectively. The AWARE indicator chemical contri-

bution is 80 % whereas in other indicators the contribution of chemicals is around 30-46 %. 

Other input contributions show less variations when comparing them between water indica-

tors. Thermal energy and steam shares are minimal, making up 0.1-0.2% of the total input 

share. Water (used in the process) contributes 1-2%, while fuel contributes approximately 4-

7 %. The share of electricity input is relatively similar across indicators, spanning from 10 

to 22%, with the lowest in the AWARE indicator and highest in Ecological Scarcity (Water 

resources) indicator. 
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6.3.  Comparison of WCO-based renewable hydrocarbons and fossil naphtha 

The data for fossil-based naphtha is derived from Sphera’s 2023 MLC database, more spe-

cifically from professional database 2023, found from LCA FE Sphera software. The com-

parison of WCO-based renewable hydrocarbon and fossil-based naphtha is illustrated in Fig-

ures 9, where the water-related indicators’ results of fossil-based naphtha is presented as a 

range of values it can have in different countries and regions. Figure 9 fossil naphtha range 

includes water data for continents and countries including India, Japan, China, Asia (without 

China), Europe, United States, and South Africa. The more detailed water-related data for 1 

kg of fossil-based naphtha is gathered into bar charts that can be found in Appendix 2, 3 and 

4. Additionally, the appendixes include water data from Ecoinvent 3.9.1 database for Europe 

(without Switzerland) to contrast the differences between databases.  

 



44 
 

 

 

Figure 9. Comparison of WCO-based renewable hydrocarbon and fossil-based naphtha for four water indica-

tors 

Figure 9 bar charts indicate that WCO-based renewable hydrocarbons fall more or less in 

the middle of the fossil-based naphtha range when OECD+BRIC characterization factor is 

chosen for unspecified water. 

 

6.4. Interpretation and analysis of results 

The results of the water scarcity assessment of 1 kg WCO-based renewable hydrocarbons 

vary among the indicators. One important observation to highlight from the water indicator 

results is that they are not comparable. AWARE indicator results in m3 world equivalent 

which is derived from multiplication of inventory water data (water input) multiplied with 
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characterization factor in m3 world eq/m3consumed. Unlike AWARE indicator, WAVE+ 

characterization factor is not put in relation to global average, instead it represents volume 

of water (equivalent) deprived from another user because of the water consumption, hence 

resulting in m3 deprived (Berger et al. 2018, 10764). Similarly, WSI is not put in relation to 

global average, and it results in water deprivation in m3 equivalent. Distinguishing from all 

of the above-mentioned indicators, Ecological Scarcity method results in ecopoints (UBP) 

which are normalized and weighted towards current levels and targets in Switzerland. In 

addition to the unit, the scaling of characterization factors for regionalised and unspecified 

water flows are also different. The AWARE indicator characterization factor scales from 0,1 

to 100, WSI indicator from 0,01 to 1, and WAVE+ indicator from 0,001 to 1. This empha-

sizes the fact that the indicator’s results are not comparable, even though the WSI and 

WAVE+ indicator have seemingly the “same unit” as m3 equivalent.  

 

There were two main highlights in the contribution of individual life cycle inputs. First, hy-

drogen contribution is the lowest in AWARE and the highest in WAVE+ indicator, repre-

senting 6% and 45 % respectively. The second highlight is the chemicals input appears to 

have the highest contribution in AWARE indicator, covering 80%, whilst in other indicators 

the contribution of chemicals is around 30-46 %. In the LCA modeling of chemicals, pri-

marily Ecoinvent datasets were used, which mainly contain unspecified water flows. The 

share of Ecoinvent's unspecified water flows in the total water consumption is relatively 

high, and for different indicators the magnitude of the characterization factors for unspeci-

fied waters differ. Thus, the selection of the characterization factor has a high impact on the 

overall result. Moreover, if the selected characterization factor for unspecified water is sig-

nificantly greater than the average magnitude of the characterization factors within the 

model, it can make a specific input category have a large contribution.  Additionally, on 

average, it was found that the characterization factors for unspecified water flows 

(OECD+BRIC) are higher than the country-specific ones in all assessed indicators. In the 

AWARE method, the difference seems to be most pronounced which could explain the rea-

son why AWARE has the highest chemical contribution. These relative differences partly 

explain the differences in life cycle input contributions, also hydrogen contribution. A more 

detailed analysis of hydrogen contribution was not conclusive, thus the hydrogen 
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contribution differences can be explained by methodology differences in characterization 

factors of the indicators. 

 

In addition, when Ecoinvent datasets are used the results can be considerably higher com-

pared to when Sphera’s datasets are used. In Appendixes 2-4, the differences between 

Sphera’s and Ecoinvent database are further illustrated by comparing 1 kg of fossil-based 

naphtha different region results to Ecoinvent European average (without Switzerland) re-

sults. However, characterization factor and usage of Ecoinvent datasets does not explain the 

difference between contribution shares in water indicator results.  

 

As previously mentioned, the selection of characterization factor for unspecified water has 

a significant impact on the results. The higher the water consumption through unspecified 

water flows in the model, the greater the significance there is to selecting characterization 

factor. As can be seen from Figure 10, the AWARE 1.2C version low characterization factor 

results in significantly lower value for WCO-based renewable hydrocarbon than 

OECD+BRIC characterization factor. Following the same logic, high characterization factor 

results in higher values. This correlation is the same across the AWARE, WAVE+ and WSI 

indicators. In addition, when Ecoinvent datasets are used the results can be considerably 

higher than when Sphera’s datasets are used. In Appendixes 2-4, the differences between 

Sphera’s and Ecoinvent database are further illustrated by comparing 1 kg of fossil-based 

naphtha different region results to Ecoinvent European average (without Switzerland) re-

sults.  
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Figure 10. All characterization factors for unspecified water AWARE results for WCO-based renewable hy-

drocarbon and fossil-based naphtha. 

 

Comparison of WCO-based renewable hydrocarbons and fossil-based naphtha for four indi-

cators results, indicate that WCO-based renewable hydrocarbons fall more or less in the 

middle of the fossil-based naphtha range when OECD+BRIC characterization factor is cho-

sen for unspecified water. However, this correlation between WCO-based renewable hydro-

carbon and fossil-based naphtha varies across different characterization factors (Figure 11). 

This fact increases the significance of the selection of characterization factor, not only for 

the main result, but for the reference value, which is in this case fossil-based naphtha. Nota-

bly, WSI high characterization factor stands out from the rest of the characterization factors 

when compared to fossil-based naphtha range water values, as the result exceeds the fossil-

based naphtha range. As the Sphera datasets are used in fossil-based naphtha results, and the 

water flows are mostly regionalised in Sphera datasets, indicating that there is minimal 

amount of unspecified water flows. Thus, the fossil naphtha results remain rather consistent 

regardless of which characterization factor is chosen for unspecified water. In addition, it is 

good to note that fossil-based naphtha range is rather extensive. Thus, no further conclusion 

can be done without comparing WCO-based renewable hydrocarbons to country specific 

fossil-based naphtha water data. 
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Figure 11. All characterization factors for unspecified water WAVE+ and WSI results for WCO-based renew-

able hydrocarbon and fossil-based naphtha. 
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7. DISCUSSION 

This master thesis included literature review and case assessment. The literature review of 

selected midpoint water-related indicators contributes to better understanding the methodol-

ogy of the indicators, as well as offering a contextual understanding on water frameworks.  

One of the research questions was how the selection of water-related indicators affects water 

scarcity assessment of WCO based renewable hydrocarbons. The four selected indicators 

were not comparable with one another as they had different units, and they had differences 

in the methodology and scaling for characterization factors. Thus, in this study the compar-

ison was made by calculating the corresponding results for fossil-based naphtha and com-

paring the results between indicators by using this fossil results as a reference. Even though, 

the selected water indicators results were not directly comparable, the differences in contri-

bution of life cycle inputs can be observed.  

 

In this thesis, the importance of selecting a characterization factor for unspecified water be-

came evident. This was observed in Figures 10 and 11, where the water indicator results with 

different characterization factors for unspecified waters were presented. In addition, it is 

important to note that if the water flows and processes in the LCA model are more specific 

and regionalised, it minimizes the use of the chosen characterization factor for unspecified 

water. Thus, the results are more precise. Another significant finding was the importance of 

choosing datasets in LCA software, for instance when Ecoinvent datasets were used in fossil-

based naphtha results, the results were considerably higher than when Sphera’s datasets were 

used. 

 

7.1. Findings related to LCA FE software 

It should be noted that the water flow names in Ecoinvent datasets integrated in the LCA FE 

software are not in line with e.g. in Sphera's own datasets in the LCA FE software. It was 

noticed that in UBP 2013 (Water Resources) indicator "Water, turbine use, Unspecified nat-

ural origin [Water]" and "Water [Other emissions to fresh water]" water flows do not have a 
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characterization factor (or it is 0) in LCA FE software, although other water indicators (e.g. 

AWARE and WSI) have. In addition, it was noted that "Water, cooling, Unspecified natural 

origin [Water]" has a characterization factor that is half of what it is for other similar un-

specified flows. The reasons for these observations were not found from the methodology.  

 

7.2.  Differences in indicator methodology 

Most of the differences in indicators’ results arise from variations in methodology. As men-

tioned in Chapter 4.1.3, the AWARE indicator is based on AMD ratio, which includes both 

human and ecosystem demand. WSI and Ecological Scarcity method are based on WTA 

ratio, taking into account only water use (water input), and WAVE+ is based on CTA ratio, 

which takes into account the water consumption (water input – output). The indicator’s ratio 

has already significant impact on the results, as for WSI indicator and its WTA ratio, it over-

estimates the water usage, as well as neglects surface and groundwater (considering only 

runoff). As for WAVE+ indicator and its CTA ratio, it includes only human consumption, 

whereas AWARE indicator also includes ecosystem water demand. However, WAVE+ in-

cludes surface and groundwater stocks, and recycling of atmospheric evaporation at the 

drainage basin as well as how it is reused in other areas. When it comes to groundwater, 

AWARE includes only groundwater recharge, excluding fossil ground water.  

 

The Ecological Scarcity method differs from the other three indicators in many aspects. 

Firstly, the Ecological Scarcity method does not directly indicate the potential damage, as 

other indicators do. Instead, it results in ecopoints, which indicate how much the substance 

or resource use is over the desired state. Single score unit can be effective and simple way 

to compare different products, however in order to have adequate results the products have 

to be made in Switzerland. As mentioned in Sphera’s UBP 2013 documentation, the eco-

factors, i.e Water Resources, are normalized towards the Switzerland current emissions/lev-

els and weighted in accordance with Swiss targets or international targets endorsed by Swit-

zerland (Sphera 2023b). In addition, a new updated version of Swiss Ecological Scarcity 

method was released in 2021, where one of the changes included incorporating AWARE in 
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characterization of freshwater use (FOEN 2021). This update has not yet been included to 

Sphera’s LCA FE software, thus it does not affect the results. 

 

7.3. Limitations 

In this study, the selection of midpoint water-related indicators was based on Kounina et al. 

(2013) and two LCA softwares, Sphera’s LCA FE and SimaPRO. The limited number of 

indicators selected for this thesis can be seen as a limitation as it can restrict the comprehen-

sive understanding of water-related indicators. In addition, Sphera’s MLC documentation 

mentions limitations regarding water indicators in LCA FE including spatial and temporal 

resolution. Limitations regarding spatial resolution were about the availability of WSI and 

AWARE characterization factors at the watershed level, whereas LCI datasets are primarily 

organized at a country level. This results in high uncertainties particularly in large countries. 

The limitations were similar when it came to temporal resolutions - there are temporal spe-

cific characterization factors for WSI and AWARE, however they are not integrated to 

Sphera’s LCA FE due to how datasets are organized. (Sphera 2023a, 17.) 

 

The recognized advantages and limitations of different water-related indicators were limited 

to the indicator specific researches. This was due to lack of unbiased comprehensive re-

searches that would have focused on both advantages and disadvantages of water-related 

indicators, and in addition, the limitations and advantages had to be clearly stated to avoid 

personal biases when choosing specific advantages or disadvantages from researches. 

 

7.4.  Other studies 

Similar study of waste cooking oil was done by Moretti et al. (2020), focusing on environ-

mental life cycle assessment of polypropylene made from used cooking oil. The study con-

sisted of different environmental impact categories, with water use being one of them. The 

water use was based on AWARE factors, and the results were 0.74 m3. In Moretti et al. 

(2020) study the unit for water use was m3, not m3 world equivalent. However, the water use 
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was said to be based on AWARE factors, so it is assumed that the absence of “world equiv-

alent” from the unit is a mistake, and therefore assumed to be comparable to this thesis 

AWARE results. So, in this thesis the result was 0,011 m3 world equivalent and in Moretti 

et al. (2020) it was 0.74 m3 (world equivalent).  The difference in the results can be explained 

by Moretti et al. (2020) study having more process steps included in the assessment, such as 

polymerization, which according to the study, is responsible for 96% of the water use impact 

category result. Thus, hypothetically, if the polymerization process was not included, the 

polypropylene AWARE results would have a similar outcome as in this thesis. 

 

7.5.  Further research 

The different units and scaling make indicators direct comparison impossible, however by 

using another reference point, the results can be compared to one another. In further research 

the indicators results could be normalized to a reference flow. As mentioned in Berger et al. 

2018 research, the reference flow could be, for instance, the potential impact of world aver-

age consumption, similar to how carbon dioxide is considered as reference flow in GWP.  

Moreover, adding country specific cases could emphasize the variations between countries 

and their respective characterization factors. As the end customers of the product may benefit 

from a rather broad range of comparison, a country specific comparison would help to see 

more specific differences between products. In this study the comparison was done to a range 

of different country/regions results for fossil naphtha and the WCO-based renewable hydro-

carbon fell more or less in the middle of the fossil naphtha range. Thus, in further studies the 

comparison could be also done to a country-specific fossil product in order to make more 

detailed conclusion of the comparison results.  

 

This master’s thesis reviewed water-related indicators methodology, but there could be po-

tential need for further study on how the indicators are implemented into the different soft-

wares and identifying differences between the integrations. The water-related indicators in 

this study were midpoint indicators, thus further research could expand the scope to endpoint 

indicators and their differences. For example, in Kounina et al. (2013) study there are listed 

water-related endpoint indicators. In addition, the selected water-related indicators could be 
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furthermore distinguished from each other based on the inclusion of blue, green or grey wa-

ter. Moreover, further research of water-related indicators could include water quality, as 

they were excluded from this thesis. 
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8. CONCLUSIONS  

In this master’s thesis different water-related indicators were evaluated to understand how 

selection of indicators affect water scarcity assessment results. Water scarcity assessment 

was done with case organization for 1 kg of WCO-based renewable hydrocarbons product’s 

Cradle-to-Gate life cycle stages, including AWARE, WAVE+, WSI, and Ecological Scarcity 

method indicators. This was conducted with Sphera’s LCA FE software, including Sphera’s 

and Ecoinvent datasets. The water indicator results are not comparable because they have 

different units, and they had differences in the methodology and scaling for characterization 

factors. AWARE indicator’s characterization factor is put in relation to global average, 

WAVE+ characterization factor represents volume of water (equivalent) deprived from an-

other user due to water consumed. WSI results in water deprivation in m3 equivalent and 

Ecological Scarcity method is resulted in ecopoints (UBP) which are normalized and 

weighted towards current levels and targets in Switzerland. The results of the studied indi-

cators per 1 kg of WCO-based renewable hydrocarbons were:  1,14x10-4 m3 world equivalent 

for AWARE indicator, 1,14x10-4 m3 equivalent for WAVE+ and 1,73x10-4 m3 equivalent for 

WSI indicator, and for Ecological Scarcity (UBP 2013, Water resources) indicator the result 

was 8,83x10-2 UBP.  

 

There were two main highlights in the contribution of individual life cycle inputs in water 

indicator results. First, hydrogen contribution is the lowest in AWARE and the highest in 

WAVE+ indicator, representing 6% and 45 % respectively. The second finding is that the 

chemicals appear to have the highest contribution in AWARE indicator, covering 80%, 

whilst in other indicators the contribution of chemicals is around 30-46 %. In this study the 

comparison was made by calculating the corresponding results for fossil-based naphtha and 

comparing the results between indicators by using this fossil results as a reference. The com-

parison results indicated that WCO-based renewable hydrocarbons fall more or less in the 

middle of the fossil-based naphtha range when OECD+BRIC characterization factor is cho-

sen for unspecified water.  
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Further research could expand the scope to endpoint indicators and their differences, as in 

this study the focus was on midpoint indicators. In addition, in further studies the indicators 

results could be normalized to a reference flow. Other future research topics could include 

evaluating indicators implementation to softwares, including water quality indicators, and 

distinguishing indicators based on the inclusion of blue, green or grey water. 
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Appendix I 

 

 

Appendix 1. Water-related indicators and their abbreviations used in this study. 

Water-related 

indicator 

Specifications Abbreviation used in this study 

AWARE AWARE 1.2C, global average for unspecified water [m³ world 

equiv.] 

AWARE 1.2C, GA 

  AWARE 1.2C, high characterization factor for unspecified water 

[m³ world equiv.] 

AWARE 1.2C, HC 

  AWARE 1.2C, low characterization factor for unspecified water 

[m³ world equiv.] 

AWARE 1.2C, LC 

  AWARE 1.2C, OECD+BRIC average for unspecified water [m³ 

world equiv.] 

AWARE 1.2C, OECD+BRIC 

  AWARE, high characterization factor for unspecified water [m³ 

world equiv.] 

AWARE, HC 

  AWARE, low characterization factor for unspecified water [m³ 

world equiv.] 

AWARE, LC 

  AWARE, OECD+BRIC average for unspecified water [m³ world 

equiv.] 

AWARE, OECD+BRIC 

WAVE+ WAVE+, high characterization factor for unspecified water [m³ 

equiv.] 

WAVE+, HC 

  WAVE+, low characterization factor for unspecified water [m³ 

equiv.] 

WAVE+, LC 

  WAVE+, OECD+BRIC average for unspecified water [m³ equiv.] WAVE+, OECD+BRIC 

WSI WSI, high characterization factor for unspecified water [m³ 

equiv.] 

WSI, HC 

  WSI, low characterization factor for unspecified water [m³ equiv.] WSI, LC 

  WSI, OECD+BRIC average for unspecified water [m³ equiv.] WSI, OECD+BRIC 

Ecological Scarcity  UBP 2013, Water resources [UBP] UBP 2013, Water resources 
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Appendix 2. AWARE indicator’s different characterization factor results for fossil-based 

naphtha water data in different countries and regions. 
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Appendix 3. Fossil-based naphtha water data of Ecological Scarcity indicator (Water 

resources) in different countries and regions. 
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Appendix 4. WAVE+ and WSI indicators’ different characterization factors results for 

fossil-based naphtha water data in different countries and regions. 

 



 

 

 


