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Abstract 
 
Fresh water is the most used natural resource among the products we consume daily. Everything we eat or buy 
contains. But do we know how much water is needed to produce these goods? The concept of water footprint can help 
us find the answer to this question. Researcher at the University of Twente (Netherlands), Arjen Hoekstra, developed 
this concept in 2002. His goal was to show the impact on the amount of water that products in our lives contains. For a 
single product, the water footprint means the amount of water consumed and/or polluted at all stages of its production. 
It is measured in units of volume giving us an idea of the impact that a particular item has on the use of fresh water. 
Therefore, it takes into account the water used directly in production and the indirect part used in raw materials. The 
water footprint assessment method represents the volume of drinking water used either by a consumer or by a producer 
throughout the supply chain. By using this method, the volume of water is calculated by type of source, as well as the 
amount of water polluted, depending on the type of pollution, all these elements being specified spatially and 
temporally. The total water footprint of a product consists of three components: blue, green and gray water footprint. 
Assessing the water footprint of products and services is a good step towards evaluation of water circularity. The water 
footprint assessment must be integrated into the concepts of the circular economy by insisting on what happens to water 
after use and how circular and sustainable it is. 
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INTRODUCTION 
 
Water is a fundamental need of all life forms 
with a significant role in sustainable 
development and circular economy (Decision 
No. 1386/2013/EU). Water not only provides 
the basic needs for the population, it is the key 
to development in particular and supports the 
economy through agriculture, commercial, 
power generation, industry, transportation and 
tourism (Vörösmarty et al., 2000).  
Our existence on earth is totally dependent on 
this unparalleled resource and is vital for all 
global ecosystems.  
With a constantly growing world's population, 
consumption of resources, intensive agriculture 
and climate change (UN, 2016; Popa et al., 
2019; Vîrsta et al., 2019) water becomes a 
limited resource (Oki and Kanae, 2006; 
Kakwani and Kalbar, 2020). 
Apart from the problem of water reserves, there 
are also associated aspects that have a special 
impact on development: droughts, floods, 
epidemics due to water diseases or natural 
hazards (GWP, 2002; Ene, 2011; Sandu et al., 
2014; Ivanescu et al., 2016).  

We should be aware of the amount of water we 
consume daily in all our activities but also in 
the goods we use water because fresh water on 
Terra is limited and is subject to high pressures 
in the context of water consumption and 
pollution (WWAP, 2009). 
The total amount of water available on Planet 
Earth is 97.5% and it covers two thirds of the 
planet surface. Only 2.5% of this amount of 
water is fresh water. But, just 1% of our 
freshwater is easily accessible, with much of it 
trapped in glaciers and polar caps (Gleick, 
1996). It’s clear that our freshwater sources are 
a finite and vulnerable resource that can easily 
become overused or even scarce.  
Awareness of the global problems of 
freshwater resources can be the key to solving 
some of the problems related to water 
(Hoekstra, 2011).  
The water itself is circular on the scale of the 
planet and moves constantly from one place to 
another and from one shape to another. Water 
management is one of the Circular Economy 
(CE) biggest challenges (Mauchaufee et al., 
2012) with implications on human behavioural 
changes, rules and regulations, policy and 
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governance (Kakwani et al., 2020). The 
principle of the Circular Economy can be 
implemented in the water sector to combat the 
current problem of water scarcity and moving 
away from the linear (Figure 1) towards 
circular models of production and consumption 
(IWA, 2016; Voulvoulis, 2018; Kakwani et al., 
2020). 
 

 
Figure 1. Strategies of Circular Economy in water sector 
 
Water footprint concept 
 
In 2002, Arjen Hoekstra came up with the idea 
to measure the volume of fresh water used and 
polluted during the production of goods and 
services - water footprint concept (Chapagain 
and Hoekstra, 2004; Jenerette, 2006; Hoekstra 
and Chapagain, 2007). The water footprint, 
along with the carbon footprint and the field 
footprint, is an indicator of the ecological 
footprint and is also linked to the virtual water 
trade introduced in the 1990 by professor John 
Allan. 
To promote the idea of the water footprint, the 
Water Footprint Network (WFN) was founded 
by professor Hoekstra. WFN provides a 
platform for the exchange of knowledge and 
innovation among stakeholders on increasing 
water scarcity and pollution levels and the 
consequences for humans and nature (Hoekstra 
and Chapagain, 2008). 
The water footprint studies the consumption of 
fresh water (directly and indirectly) related to a 
product or service. This can be calculated either 
for a group of consumers (a single individual, a 
family, a village, a city, a province, a state), or 
for producers (public organizations, private 
companies, economic sectors) (Hoekstra and 

Hung, 2002). It can be used to measure the 
consumption of water for practically anything - 
from the manufacture of a pair of trousers to 
the entire consumption of a country. 
The volume of water footprint used in products 
and services is surprisingly high: 140 L per cup 
of coffee, 1200 L to produce a pizza 
Margherita, 15415 L of water for beef steak, 
3200 L for a pair of cotton jeans, 14600 L for a 
gigajoule of energy generated by hydropower 
(Chapagain et al., 2006; Chapagain and 
Hoekstra, 2008).  
An individual's water footprint is the quantity 
of fresh water used directly or indirectly by a 
person. Direct water use is the volume of water 
consumed in the home, while indirect water is 
the amount of water used in the production of 
goods and services consumed by the individual. 
One person consumes 3800 L per day to 
support his lifestyle (Hogeboom, 2016).  
In 2008, Hoekstra and Chapagain showed that 
knowing the volume of water used to make 
products helps to better understand the global 
nature of fresh water and quantify the effects of 
this consumption and trade on water use.  
One important effect of considering indirect 
water consumption is to understand that it 
displaces water usage. Even if we minimize 
direct water usage from domestic activities, 
consumption of those goods is connected to 
water consumed earlier from where those 
goods and services were produced. 
Improved understanding can provide a basis for 
better management of the world's freshwater 
resources. 
 
Types of water footprint 
According to the WFN, a water footprint can 
be dividing into three groups: blue, green and 
grey (Hoekstra et al., 2011). 
Blue water consumption refers to the volume 
(from surface or ground water sources) that 
was used to produce a given good and is either 
evaporated, integrated directly into the products 
or tipped into the sea. 
Green water consumption can be defined as the 
amount of rain water used. 
Grey water refers to the contaminants in the 
water and reflects the quantity of fresh water 
needed to dilute waste waters and reduce 
pollutants below the appropriate quality 
thresholds (Hoekstra et al., 2011). 
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The global dimension of water 
Water footprint assessment is an innovative 
concept (Aldaya et al., 2011) and provides way 
to use water, understand pollution and measure 
scarcity (Hoekstra, 2017). 
The water footprint is presented as a tool to 
assist policy development in the water sector, 
showing the degree of interdependence of 
water resources other countries (Chapagain et 
al., 2006) and thus allowing countries to assess 
their national food security and to develop 
environmental policy (WWF, 2008; Hoekstra 
and Mekonnen, 2012). 
The water footprint of a country is given by the 
total volume of water used globally for the 
production of goods and services used by its 
inhabitants and is made up of two components: 
internal and external. The internal water 
footprint is the volume of water needed to grow 
and provide the goods and services which are 
produced and consumed inside that country. 
The external water footprint results from 
consumption of imported goods, or in other 
words, water that is used for the production of 
goods in the exporting country.  
 

 
Figure 2. Virtual water footprint of a country 

(https://waterfootprint.org/en/water-footprint/national-
water-footprint/) 

 
All countries use water for similar activities but 
in varying amounts and percentages, for things 
like household (or domestic) use, food and 
agricultural use and industrial uses. 
A top-down or bottom-up approach can be used 
to calculate a nation's water footprint 
(Chapagain and Hoekstra, 2004; Hoekstra and 
Chapagain, 2007; Chapagain and Orr, 2008; 
van Oel et al., 2009; Hoekstra et al., 2011). 

The top-down approach considers the total 
water use in a country and add the virtual-water 
imports minus the exports. This approach is 
practically an environmental input-output 
analysis (Leontief, 1970; Munksgaard et al., 
2005; Velázquez, 2006; Guan and Hubacek, 
2008; Zhao et al., 2009). 
The bottom-up approach it sums the water used 
to make the full range of final consumer goods 
and services used in a country, adding up the 
water use at each stage of the supply chain for 
each product (Chapagain and Hoekstra, 2004; 
Feng et al., 2011). 
The global water footprint (Figure 3) shows an 
increase in water consumption by 1.4 times 
from 1995 to 2009. Approximately 90% of the 
water footprint was due to domestic 
consumption with only 10% for transfer 
through international trade. The green 
component accounted for a major portion of 
both domestic consumption and trade transfer 
(Tian X. et al., 2018). 
The water footprint in a country depends on: 
- total consumption volume; 
- consumption patterns; 
- climate; 
- agricultural practices. 
In rich countries, people generally consume 
more goods and services, which leads to 
increased water footprint. However, the 
composition of the consumed products is also 
relevant because the production of certain 
goods requires more water. For example, 
production of beef. We saw that for 1 kg of 
beef, 15415 liters of water are used (analyzing 
the water consumption from the entire 
production flow, from the water used to obtain 
food to the water consumed directly by the 
animal) (Chapagain and Hoekstra, 2006). But a 
cow raised in Romania and allowed to graze 
freely does not have the same water footprint as 
a cow raised in mega-farms of industrial caliber 
in the United States of America, because their 
food is totally different. Thus, human diets 
have also an impact on agriculture and the 
environment (Tukker et al., 2011; Lacirignola 
et al., 2012; Nemecek et al., 2016). 
The US water footprint is large due to high per 
capita meat consumption and high consumption 
of industrial products. Iran's water footprint is 
relatively high (1624 m3/head/year) due to low 
yields in crop production but also due to of 
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high evapotranspiration (Chapagain and 
Hoekstra, 2004). 
The virtual water flow analyses (Figure 4) 
illustrate by Mekonnen and Hoekstra in 2011 
shows how water has become a truly 
geopolitical resource. Only gross flows 
exceeding 15 Gm3/year are displayed.  

The bigger the virtual water flow, the fatter the 
arrow. In green are represented the countries 
that export more water in virtual form than they 
import. In yellow- and red colored are 
represented the countries that depend on 
foreign water resources for their needs. 

 

 
Figure 3. Global water footprint from 1995 to 2009 (Tian et al., 2018) 

 

 
Figure 4. Virtual water balance and direction of gross virtual water flows - trade in agricultural and industrial products, 

1996-2005 (Mekonnen and Hoekstra, 2011) 
 
Circular Economy 
Circular Economy concept was introduced by 
David W. Pearce and R. Kerry Turner in 1989 

(Pearce and Turner, 1990) and it has become 
prominent in policy-making (Kovacic et al., 
2020). Since 2010 Ellen MacArthur Foundation 
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has significantly contributed to the develop-
ment of CE practices in different sectors: 
waste, air, land, food production (EMF, 2017). 
Circular systems bring sustainable ecological 
and economic value by minimizing resource 
consumption through closed loops of material 
flows and economic activities (EMF, 2015; van 
Buren et al., 2016; Vîrsta et al., 2019). 
CE is a kind of rethinking, in a way to cycle 
valuable materials from one product at the end 
of its life and reuse the same material for ano-
ther product manufacturing so as to maintain 
the ecology and continue to be valuable beyond 
the useful life of individual products.  
CE it is a “zero waste” strategy (COM no. 398, 
2014) where the goods of today are the 
resources for tomorrow (Stahel, 1982). 
From CE perspective wastewater is a valuable 
resource for water, energy, and material (Mo 
and Zhang, 2013). Water can be reclaimed 
from wastewater for the potable or non-potable 
purpose (Angelakis et al., 2018), energy can be 
recovered from sludge (Rulkens, 2008), 
nutrients recovered can be used for agricultural 
purpose (Vaneeckhaute et al., 2018).  
The strategies of CE, (6Rs) – rethink (avoid 
use), reduce, removal, reuse, recycle and 
recover are essential in the management of 
water resources following the waste 
management hierarchy (Figure 5). 
 

 
Figure 5. Water and wastewater aspects in the waste 

management hierarchy 
(adaptation after Smol et al., 2020) 

 
Circular water footprint 
The relationship between water and circular 
economy was developed in 2019 by Ellen 
MacArthur Foundation and presented in the 
White Paper (EMF, 2019). Circular economy 
principles are applied to water systems 
management and include: 

- design of waste externalities focusing on 
usage of minerals, chemicals and energy;  
- maintaining the resources in use, with an 
emphasis on the optimization of resource yields 
and energy or resource extraction from the 
water system; 
- natural resource regeneration by reducing 
water consumption. 
The inclusion of water in the CE can contribute 
to technological innovation, improve water 
quantity and quality by fostering its reuse and 
also optimize the amount of energy, minerals, 
and chemicals used in the operation of water 
systems (EMF, 2019). 
The White Paper clustered the water into the 
three themes: service (consumptive, production 
and process uses), energy (kinetic, thermal) and 
(nutrients, chemicals, minerals). 
The water cycle must be managed from capture 
to consumer, back to capture, and the transition 
to the circular economy model must take into 
account both consumption and production of 
resources along the entire value chain (IWA, 
2016). 
Circular economy strategies for water align the 
human water cycle with the natural water cycle 
(Figure 6). 
 

 
Figure 6. “Half Butterfly” Circular Water Economy 
Diagram on the Human Managed side (EMF, 2019) 
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Assessing the water footprint of products and 
services is a good step towards evaluation 
water circularity. 
In order to achieve an efficient and sustainable 
circular economy model, it is necessary to plan 
the interactions between production of goods 
and services and the natural water cycle. 
The adoption of the circular economy model 
should not only innovate wastewater 
regeneration techniques, but also optimize and 
reduce water consumption and pollution loads, 
allowing a balance to be struck by mitigating 
the burden of over-exploitation and 
contamination of water resources. 
The circular economy model allows the 
complete regeneration and reuse of wastewater, 
minimizing the net demand for water in high 
consumption sectors such as agriculture or 
industry, as well as reducing the pressure 
generated in natural systems (rivers and 
aquifers).  
Adopting this model facilitates the 
management of the water footprint when 
producing a good or service, focusing on 
strategies that reduce water consumption in 
sectors suffering from water stress.  
Integrating circularity in estimating the water 
footprint of goods and services is an excellent 
means of properly assessing water 
consumption. 
 
CONCLUSIONS 
 
The concept of water footprint provides the 
link between the use of water resources and the 
consumption of goods. The concept was 
introduced in the science of water management 
to show the importance of consumption 
patterns and global dimensions in good water 
governance (Galli et al., 2012). 
Following climate change and global 
demographic change, it is necessary to act on 
reducing the water footprint.  
To achieve the overall goal of delivering 
sustainably healthy diet for the 11 billion 
people (UN, 2016) projected for 2050, the yield 
gap on existing agricultural land must be 
reduced by means of sustainable intensification 
(Foley et al., 2011; Godfray et al., 2010). To 
reduce water scarcity, pollution and the use of 
freshwater resources is a common 
responsibility.  

The water footprint of a nation is an indicator 
of water use in relation to the consumption 
volume and pattern of the people. There are 
four most important factors that explain high 
water footprints: the total volume of 
consumption (related to national income of a 
country), the people water-intensive 
consumption pattern, the climate and the water-
inefficient agricultural practice (Chapagain and 
Hoekstra, 2004). 
The relatively high volume of international 
virtual water flows and the associated external 
water dependencies strengthen the argument to 
put the issue of water problem of water deficit 
in a global context (Hoekstra, 2011). 
The concept of the CE is about how to use 
resources to create a sustainable economy, 
which is free from waste and emissions. In 
water management it is necessary to move from 
the current linear model of ‘take, make, waste’ 
to the nRs circular economy. 
Assessing the entire life cycle of a product 
allows the quantification of actual water 
consumption - including direct and indirect use 
of water, as well as water devalued by 
contamination. From a circular economy 
perspective, contaminants in water are lost 
resources that should be recovered and 
maintained in closed loops. 
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