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EXECUTIVE SUMMARY

• To the best of our knowledge, this is the first study dedicated specifically to calculate the water footprint (WF) 
associated to building a housing development in Spain. We hope it serves as a reference to further analyse the 
environmental impact of this type of activity.

• Our initial objective was to identify and analyse the different methodological approaches found in specialised 
literature and illustrate the possibilities and limits of each of these by applying them to a specific Vía Célere housing 
development, serving as a reference that could then be extrapolated to similar projects.

• Methodologically, there is broad consensus when it comes to identifying at least three types of WF: blue WF (water 
distributed through conduits and incorporated into manufacturing processes), green WF (defined as the water 
captured from rainwater and which evaporates directly throughout the production process) and grey WF (referring 
to the pollution generated and affecting water resources throughout the production process, determined by the 
total volume of water needed to assimilate the concentration of pollutants dumped into catchment and receiving 
environments).

• To calculate the WF for the development selected as our reference, we applied two alternative approaches, referring 
to these alternatively as the economic value approach and the materials weight approach. This implied gathering 
detailed data for each type of flow based on the analysis of 5,900 purchase orders and 3,500 bills from suppliers.

• In the economic value approach, the aim is to identify the value chain created in the economy based on the 
economic flows associated to purchasing goods and services for the real estate developments –whether directly or 
indirectly–. We estimated these using input-output-type methodologies and applied the different water consumption 
ratios per output unit to these economic flows. To this end, we undertook detailed analyses of all the goods and 
services purchased from the different suppliers, differentiating these by activity branches according to the two-digit 
code of the statistical classification of economic activities in the European Community NACE rev.2.

• By contrast, the materials weight approach combines product lifecycle (LCA) and water footprint (WFA) methodologies 
to determine the total volume of water incorporated by the different materials used in the construction process 
throughout the entire production process. In this case, it implied carrying out a minute analysis of the different 
materials used in the construction process, identifying a total of 32 key materials with a total weight of over 33,500 
tons. Of these, we calculated the WF of 11 materials with the greatest weight (representing 99.38% of the total) to 
which we then applied the unitary WF values per unit of weight as identified in specialised literature.

• The total water consumed by the housing development analysed using the value focus ascends to 88,500 m3. 93.1% 
of the latter stemmed from indirect consumption, 3.4% from consumption by service and material suppliers and the 
remaining 3.5% from direct consumption during the project. All this represents approximately 5.7 m3 of water per 
square meter constructed.

• When applying the weight focus, the blue WF totalled 72,465 m3, the green WF 279,475 m3 and the theoretical 
grey WF (without the use of a water treatment system) 3,145,925 m3. Per square meter constructed, this represented 
4.6, 18.1 and 203.9 m3, respectively, as illustrated in the chart below.

• Assuming that the housing development analysed serves as a representative standard for current housing projects, 
the data from this study may serve as a reference to evaluate the global WF of any real estate promoter such as Vía 
Célere or even, by extrapolation, as an approximation to the global impact of the residential housing industry in our 
country.

Given the premises of our study, we can consequently argue that the blue WF of a standard real estate 
development ranges from 4.6 m3/m2 to 5.7 m3/m2.
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• When carrying out this study, we were able to verify the extreme sensitivity of these WF calculations to 
the types of materials used, especially as regards the green and grey WFs on which wood and steel have a 
significant impact.

• This initial study thus represents a new avenue of especially interesting research to analyse environmental 
innovation in the construction industry. Future studies would specifically require a joint assessment of the 
different environmental externalities which, at times, have opposing effects, whereby reductions in the WF 
could lead to increases in greenhouse gas emissions or viceversa.
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1.  PRESENTATION

Universidad Autónoma de Madrid (UAM) has traditionally been extremely interested in and committed to 
environmental sustainability, as demonstrated by the launch of its ECOCAMPUS Project in 1997. The latter 
included two key areas of activity: improving the environmental conditions of its different campuses and 
facilities and raising awareness amongst the university community to encourage their participation in debates 
and the search for solutions to global and local environmental challenges. 

The UAM – Vía Célere Observatory of Environmental Sustainability in Housing Construction is firmly rooted 
within this second area of activity, promoting research on economic sustainability.

Vía Célere is a real estate company specialised in investing in, building and managing residential properties. From 
the outset, it has clearly wagered on an innovative business model which has made the company a reference in 
the new environment and real estate industry. Environmental sustainability is one of its fundamental focuses as 
defined in its Corporate Social Responsibility strategy and its commitment to a construction model which helps 
to create more sustainable cities and urban environments, all in line with the New Urban Agenda and the UN’s 
Sustainable Development Goals.

The convergence of both institutions’ interests fully justified the creation of this Observatory. Fundación de 
la Universidad Autónoma de Madrid (FUAM) (created in 1991), is in charge of managing the Observatory. 
FUAM’s fundamental mission is to serve as a bridge between UAM and society at large, including, in addition, 
sustainability and solidarity as part of its fundamental values.

To effectively launch this Observatory, FUAM requested collaboration from the Lawrence R. Klein Institute 
for Economic Forecasting which has more than 35 years of experience in all manner of quantitative analyses, 
making it the ideal candidate to carry out specific studies on the environmental impact of residential construction 
activities.

1 .1 .Objectives and init ial considerat ions

The UAM-Vía Célere Observatory’s basic objective is to create an ongoing research environment dedicated to 
analysing and reflecting on the implications of residential construction activity on environmental sustainability. 
The ultimate aim is to create knowledge for society and contribute to improve the industry’s environmental 
sustainability.As a whole, this general objective comprises the following, initially open-ended and specific 
activities: 

• Fomenting the development of specific research projects focused on analysing and forecasting the 
environmental impact of construction activities. 

•   Promoting the creation of debates to help to gather and transfer knowledge on the environmental implications 
of residential construction projects.

• Contribute to raise society’s awareness, from end users to real estate entrepreneurs, about general 
environmental sustainability objectives.

To effectively launch the Observatory, the Lawrence R. Klein Institute undertook this research project focused 
on analysing and quantifying the “environmental footprint” of typical real estate projects implemented by Vía 
Célere.

Analysing and quantifying the environmental footprint of different social and economic activities have become 
increasingly popular areas of research among private and public organisations and academic institutions, as 
demonstrated by the multitude of applied work and academic projects in numerous disciplines which are 
regularly published in different media, both general and specialised.

9
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Specifically, residential construction activity has been the subject of numerous studies aiming to quantify its 
general environmental footprint during both construction processes and the residential properties’ use phases 
and useful lives.Generally, these studies encompass different dimensions such as the consumption of natural 
resources, the emission of pollutants, waste production and landscape externalities. 

Our initial review of specialised literature at the national and international level provided us with some general 
lines with which to focus this project. These are as follow:

 - The different studies adopt either an aggregate (macroeconomic) perspective or, contrarily, a 
specific (microeconomic) point of view.

Initially, the basic objective of these studies consists of estimating the total impact of construction activity on 
a given geographic area (country, region, etc.), using general real estate activity data along with data regarding 
natural resources, emissions, waste, etc. The aim is to then identify the proportion of those environmental 
impacts which could be associated to that activity.

For their part, microeconomic studies begin with a detailed data analysis of construction projects that they 
want to quantify by means of specific coefficients such as natural resource and energy consumption needs, 
emissions, waste production, etc.

Consequently, the first focus serves to determine environmental impact by applying a top-down approach, 
distributing the total impact by type of construction carried out. The second focus, by contrast, determines the 
total impact by examining the specific effects of each type of activity, applying a bottom-up approach.

 -Though the different studies apply a global environmental impact focus, they primarily focus on 
concrete impacts.

The majority of studies we analysed focus on a concrete type of environmental impact, such as water or energy 
consumption, emissions, waste production, etc.

In this same vein, the various studies focus on either the construction process or on the residential properties’ 
use.

In addition, our initial review of national and international literature seems to indicate that research on the 
environmental impact of residential building use is more prevalent than studies on their construction. Similarly, 
analyses focusing on energy consumption and emissions are proportionally more numerous than those 
dedicated to natural resource consumption, in general, and water consumption, in particular.

 - Environmental impact analyses should not only encompass the direct impacts associated to 
production chains but also the indirect effects associated to their production chains.

Once again, our literature review underscores the importance of considering not only the direct effects of 
construction activity, that is, the direct use of production resources, but also the resources used by the various 
suppliers of the different inputs included in the process.

Regarding this specific point, we also found two differentiated focuses when considering these “indirect” 
impacts. For example, some studies apply a disaggregated focus, identifying specific consumption amounts 
by suppliers of the different inputs incorporated into the construction projects’ analyses. By contrast, other 
studies apply a more general focus, identifying the global production chains detailed in input-output tables and 
applying generic coefficients for the different areas of activity involved.

This initial review helped us to define the objectives of this first UAM-Vía Célere Observatory report, bearing in 
mind the following considerations:

- The need to have tangible results in a relatively short timeframe led us to focus our analysis on a concrete 
area regarding the environmental impact of construction activities, applying a fairly common practice detected 
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in the reviewed literature and without prejudice to also adopting a broader introductory approach which 
includes the different sources of environmental impact.

- Bearing in mind Vía Célere’s declared interests along with the scant work focusing specifically on water, 
we felt that focusing our analysis on water consumption was the most interesting alternative from both a 
methodological and practical point of view. 

- The possibility of accessing direct data regarding Vía Célere’s real estate developments provides us a 
unique opportunity to apply a microeconomic or disaggregate study in line with a significant part of the 
previous studies analysed. This could potentially lead to a methodology that could be extrapolated to other 
developments.

- The results from previous studies indicate that the most significant water impacts stem from the water 
consumed in producing the different construction materials used in real estate developments. Consequently, 
this makes it necessary we specifically consider production processes and incorporate all the indirect 
effects.

Based on these global considerations and bearing in mind the availability of specific data from Vía Célere’s 
construction processes as well as the accumulated experience of the Lawrence R. Klein Institute’s research 
team, we decided to carry out an initial study on the WF of one of Vía Célere’s typical development projects. 
Details on this study are provided below.

1 .2 .The water footprint  project

The basic objective of this project consists of quantifying the total consumption of water in a typical Vía Célere 
real estate development project, in this case, the Villaverde (Madrid) project carried out between 2017 and 2018.

Achieving this general objective comprised the following different phases:

Phase 1. Contextualise the research and review the literature, identifying different methodological alternatives, 
needs and information sources as well as potentially similar studies to be able to carry out comparisons.

Phase 2. Creating a database with the analysed housing development’s basic traits, as well as, the basic flows 
of materials and production inputs used along the construction process.

Phase 3. Locate and process data on indirect water consumption by output unit for the different inputs 
incorporated into the construction process.

Phase 4. Create a specific model to calculate the direct and indirect consumption of water associated to the 
development in question.

Phase 5. Analyse the results obtained and draft the final report.

In keeping with the above, we carried out the following specific actions:

1. We quantified the mean direct consumption of water and other materials for standard Vía Célere housing 
project, expressed as both physical units and in terms of their economic value.

2. We determined the incorporated and indirect water consumption by applying two alternative approaches: 
one based on the production chain value and the other on product lifecycles.
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Source: the authors

Figure 1. Applied flow chart
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3. We calculated total water consumption (direct, embedded and indirect) and their relative values based on the 
constructed surface area.

The following figure is a schematic representation of this methodology:
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Water is life. It is an essential element for human survival and dignity and the foundation for societal and 
environmental resilience. Unlike other natural resources, there is no substitute for water: the only substitute for 
water is water.

However, potable water is becoming increasingly scarce: approximately two billion people lack safe access 
to potable water today. The majority of these live in fragile, often violent areas of the world where water is a 
question of life and death. The lack of water resources is increasingly seen as a political and security-related 
problem; it is no longer just a problem of human development and environmental sustainability. By the middle 
of this century, nearly four billion people –approximately 40% of the world’s population– will live in water-
stressed basins. This number will more than likely grow if the projected climate-change effects lead to fewer 
crops, greater droughts, floods and other extreme weather phenomena.

However, humanity has to overcome these problems and find a way to produce 50% more food over the next 25 
years as well as double its energy production. These will require massive water resources to meet the growing 
population’s needs and maintain the critical environmental conditions to ensure vital support systems continue 
to function optimally. Numerous authors foresee that nearly half of the world’s population will live in areas 
suffering from severe water stress and elevated water pollution within 25 years, all the result of eutrophication 
stemming from the loss of nutrients (OCED, 2012; Seltzinger et al., 2010).

Water scarcity will also add enormous pressure to the existing competition for water use, including human 
consumption, food production and irrigation, mining and manufacturing, energy production and environmental 
services. This will, in turn, create additional stress.

Fresh water represents only 2.53% of all water available around the world. More than two-thirds of this fresh 
water (68.7%) is frozen in the polar ice caps, continental ice layers, permafrost and mountain glaciers. In 
addition, most liquid fresh water is primarily found underground (more than 90%). The water found in rivers 
and lakes (0.26%) and the atmosphere (0.04%) represents just a small portion of total fresh water available.

The global availability of fresh water amounts to approximately 5,500 m3 per person and year. This represents 
a 37% drop since 1970, and the figure continues to fall. And, while the world’s population has tripled in the last 
century, water extraction has increased six-fold.

Fresh water is also unequally distributed around the world. Nine countries (Brazil, Russia, the United States, 
Canada, China, Indonesia, India, Colombia and Peru) accumulate 60% of the world’s water reserves. This is just 
one aspect of unequal water distribution. Asia is home to 61% of the world’s population, though it only has 36% 
of the available water resources. By comparison, Latin America with 6% of the world’s population accumulates 
26% of water resources. The Middle East and North Africa are the regions of the world with the greatest exposure 
to risks stemming from water scarcity.

2.  METHODOLOGICAL APPROACH TO 
WATER FOOTPRINT ESTIMATION

2.1 .Water footprint, virtual and exogenous water and types of water

The “virtual water” (VW) concept was originally coined by Allan (Allan, 1997, 2011) to evaluate the water flows 
associated to food product imports. The term is related to international trade and enables estimating the “water 
savings” concept that stems from importing a given merchandise instead of consuming water to produce that 
item in the importing country. Some authors prefer using VW from the consuming country perspective and not 
the producing country, defining VW as the total water needed to produce the item consumed in the consuming 
country itself and not in the producing country (Oki & Kanae, 2004).
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Haddadin (2003) termed the “exogenous water” concept to refer to water imported by a country as merchandise. 
The same author later introduced the “shadow water” term with a very similar idea (Haddadin, 2006, 2007).

The VW concept is essentially related to production, while the water footprint (WF) concept termed by Hoekstra 
(Hoekstra, 2003) is used as the reference from the water consumption perspective. For Hoeskstra, a given 
consumer’s or group of consumers’ WF is the total volume of fresh water consumed or polluted to produce all the 
goods and services those consumers need (Hoekstra & Chapagain, 2008). This makes it possible to quantify the 
WF of an individual, family, group, company, city, region, economic industry or country. This indicator evaluates 
the use and consumption of water resources as a result of human activity, including elements stemming from 
possible pollution. It thus links end consumers, businesspeople, intermediaries and manufacturers through 
the use of water and the impact throughout the entire production chain. Calculating the WF requires a spatial 
and temporal focus, enabling us to relate it to the water resource’s availability and vulnerability (Hoekstra, et 
al., 2011).

A large part of studies refer to the WF as an indicator used to measure the pressure created by a given activity 
on water resources, while applying the VW concept to refer to the flows associated to the trade of goods (Zhao 
et al., 2010).

The WF is a volumetric indicator which permits quantifying the volume of water consumed or contaminated 
by humanity as part of day-to-day activities. This volume can originate from different sources or environmental 
areas. The WF is a product or process which can, in turn, be divided into three colours or components: green 
water, blue water and grey water, all of which have to be clearly differentiated to correctly interpret results 
(Hoekstra, 2009).

Green water (WFgreen) is defined as the water stemming from rainfall and which evaporates directly during the 
production process (Hoekstra et al., 2011). The use of green water is generally associated to agriculture and 
tree farms and refers to the total volume of rainwater that is then stored in the soil as humidity and later to its 
evapotranspiration by plants or accumulated in their structures.

Blue water (WFblue) is defined as the volume of water, whether surface or underground water, consumed during 
the production process and needed by a more or less complex infrastructure for its use (Hoekstra et al., 2011). 
For the agricultural industry, blue water refers to the water consumed via irrigation. As occurs with green water, 
the “blue” component refers exclusively to the part that is truly evapotranspirated by crops. It does not take into 
account the volume of water which is reincorporated into the system as return flow from irrigation processes 
whether as surface run-off or through seepage. Consequently, only the volume of water used for irrigation is 
considered which will later by transpired by the plants or evaporated directly from the soil during irrigation. 
Similarly, when using water to produce a given good through an industrial or urban system or process,  blue 
water only refers to the evaporated water or water incorporated into the product and which, consequently, does 
not return to the system. If the water returns via systems other than the one being evaluated (dumping into the 
sea, for example), this return does have to be accounted for. The blue water component is also subdivided into 
two groups depending on its origin: surface and underground water. Some authors subdivide the latter into 
renewal and non-renewable (fossil) underground water, but, in general, a lack of information makes this last 
classification very difficult.

Another classification used by some authors to define the blue water concept introduces nuances such as 
“light-blue”, “dark-blue” and “black-blue” depending on if the water originates as surface water, renewable 
underground water or non-renewable underground water (Hoekstra, et al., 2011).

Lastly, grey water (WFgrey) refers to the pollution affecting the water resources used during the production 
process. It is defined as the total volume of water needed to assimilate the concentration of pollutants introduced 
in the receiving environment based on the intrinsic quality of that medium and on a pre-established maximum 
environmental limit (Hoekstra et al., 2011). This concept, expressed as volume of water, is proportional to 
the volume and pollutant load of the effluent dumped when referring to the total volume of water needed to 
dilute the pollutant load until achieving a legally established limit. The term can be applied to chemical and 
physical pollutants as well as to processes with periodic dumps or diffuse pollution. Obviously, any waste water 
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treatment systems will have a positive influence and reduce this component.

The WF can be expressed as a single value or separately, differentiating between the three components. It is 
worth noting that, regardless of how it is presented, this volumetric indicator is not translated into a measure of 
the impact itself (Hoekstra et al., 2011). 

It is, consequently, fundamental that it be contextualised, locating it temporally and geographically to be able 
to understand its possible economic, social and environmental implications in what is known as sustainability 
assessments. As such, the possible impact of the WF will depend on numerous factors, including geological and 
weather traits, topography, water availability, the vulnerability of associated ecosystems, the existing level of 
pollutants and the opportunity costs of water, amongst other factors (Chapagain & Tickner, 2012).

We are familiar with various methodologies to evaluate the WF. The two that stand out the most are the one 
proposed by the Life Cycle Analysis (LCA) community and the methodology proposed by the Water Footprint 
Network (WFN) (Hoekstra et al., 2011). The WFN methodology is the most widely used and has greater 
international projection as well as a greater degree of maturity and standardisation.

Source: A. de Miguel (2013)

Figure 2. The different WF components
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2.2 .Calculat ion methodologies

WF calculation methodologies have grown tremendously thanks to multiple articles published in the last 
15 years. As a result, the Water Footprint Network (WFN) was created in 2008 as an international network 
comprising academic institutions, public bodies, NGOs, international organisations and private companies. Its 
aim is to further our knowledge of the WF as an indicator to measure the impact of human activity on water 
resources. “The Water Footprint Assessment Manual” published by the WFN (Hoekstra et al., 2011) gathers and 
standardises the primary concepts and methodological developments related to WF assessment. This manual 
is constantly reviewed and updated, reflecting the methodological changes produced in the area.

According to the WFN manual, the WF assessment process should comprise four essential steps:

1. Define the analysis’ goals and scope.

2. WF accounting, selecting the appropriate methodology according to the chosen area of application.

3. Assess the social, environmental and economic sustainability of the WF evaluated.

4. Detail responses that help to minimise the detected impacts.

Most studies carried out thus far focus solely on the first two steps of the WF assessment since they are the most 
descriptive. The third, however, is key if the aim is to interpret the possible impacts. The fourth is fundamental 
to redress the effects and impacts detected.

As mentioned above, the WF is a multidimensional indicator which allows us to evaluate the volume of fresh 
water consumed by human activity according to the water’s origin, as well as the volume of water polluted by 
the different processes.

We can apply the WF calculation methodology to a given process, product, individual or group of consumers, 
industry or company, as well as a geographical area, a region or an entire country. For each specific case, 
however, we have to identify the spatial-temporal scale and the analysis’s limits and scope. In all cases, this will 
depend on the quantity, type and quality of the data available (see Table 1).

Source: Hoekstra et al. (2011)

Table 1. The three WF resolution levels

Spatial scale Temporal scale Data source Goal

Level A Global scale Annual data

Available bibliographic 
data or in international 
databases on water 
consumption and 
pollution in production 
processes and activities

Awareness-raising; identify the primary 
components in the global WF, make 
projections on water consumption at the 
global level

Level B Country/region or 
specific water basin

Annual or monthly 
data

Like above though 
adapted to the specific 
area’s characteristics; 
national or regional 
statistics

Identify the primary WF components; the 
spatial-temporal variability of the WF; basic 
information to identify “hot spots” and make 
decisions

Level C Small water basins 
or field-scale studies Monthly or daily data

Empirical data or field 
measurements on water 
consumption and 
pollution

Basic information to analyse the WF’s 
sustainability; formulate concrete strategies 
to reduce the WF and the associated local 
impacts
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2.2.1. The water footprint of primary sector products: agriculture,
forestry and ranching

Determining the WF of production processes in the primary sector serves as the basis to carry out WF accounting, given 
that these products often serve as raw materials for future industrial processes. It is important to point out that products 
stemming from the agricultural industry are the ones with the greatest impact on the planet’s water resources.

The WF for harvests corresponds to the total amount of water used and evapotranspired by that crop throughout 
its lifecycle, in addition to the water needed to assimilate and dilute any possible pollution resulting from leaching 
(fertilisers, herbicides and pesticides applied to that crop). Though the WF has to include the water contained in the 
plant structure of that crop, it tends to be depreciated based on the assumption that its volume is less than 0.1% of 
all that evapotranspired (Hoekstra et al., 2011). A crop’s water consumption depends on its need for water, weather 
conditions, agricultural practices and the temporal availability of the resource. For example, rain-fed (dry) agriculture 
has different needs, because only rainfall will be available for the plants compared to irrigation-based crops, a part of 
whose needs for water will be provided through irrigation.

To determine the water consumed by a given crop, we have to calculate its theoretical requirements. To calculate 
this water requirement, scholars tend to apply the crop coefficient methodology (Allan et al., 1997). The latter allows 
calculating a crop’s potential demand for water whether in ideal conditions (when there are no water restrictions) or 
in stressful conditions (due to factors such as a lack of water, limited nutrients and other scenarios that negatively 
affect the crop’s development). After determining this potential demand for water, we can estimate the crop’s real 
water consumption based on a surface-level study. In terms of dry-agriculture crops, their consumption corresponds 
solely to the green WF component, whereas for irrigated crops, we have to differentiate between the green and blue 
components.

To calculate a crop’s evapotranspiration, we have to theoretically measure climate variables such as the potential 
rainfall and evapotranspiration; soil conditions (such as its depth and ability to hold water); and vegetation variables 
such as the crop coefficient, plant height, root depth and performance.  However, this is a complex process and is 
rarely carried out at the field level. In general, researchers use models, allowing them to calculate the crop’s theoretical 
consumption based on the variables introduced. The most widely used models are the EPIC (Williams et al., 1989), 
CROPWAT (FAO, 2010b) (based on the calculations proposed by (Allan et al., 1997) and the AQUACROP (FAO, 2010a) 
models. The latter has been specially designed to calculate evapotranspiration in environments lacking water.

To calculate the WFgrey we have to know the amount of fertilisers, herbicides and pesticides used. By estimating 
their leaching coefficients, we can determine how much of a given pollutant ends up in the receiving environment 
and, consequently, the volume of water needed to assimilate that pollutant until achieving the legally established 
limit. We can evaluate the WRgrey for any pollutant. For this, each pollutant has to be calculated independently of 
others, ultimately selecting the result obtained for the most limiting substance as the resulting value. However, the 
methodology to calculate the WRgrey is still being developed. Thus, its quantification and interpretation have to be 
undertaken with care.

A crop’s green, blue and grey components can be expressed as a total value or as product volume (m3/ton). For this 
we have to analyse the total water consumed and classify it into the part corresponding to that crop and the volume of 
water needed to assimilate pollutants.

By contrast, researchers calculate the WF of the ranching industry based on the consumption of water throughout the 
animals’ lifecycles, both directly and indirectly. We also have to bear in mind the volume of water needed to produce 
their food, the water the animals consume directly and the water used to clean and maintain the stables, if applicable. 
We can also calculate the WF associated to energy consumption, animal transport and the construction of stables so 
long as these elements represent a relatively important percentage of the industry’s WF. In addition, we also have to 
evaluate the volume of water needed to assimilate the pollutants leached during the animal feed preparation and 
waste management processes.
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2.2.2. The water footprint of industrial products

 Source: the authors

A product’s WF is defined as the sum of fresh water needed to make all the raw materials and elements used in its production 
as well as the water used directly to manufacture it. Like the WF for primary products, we can distinguish between the three WF 
components. To calculate the product’s WF, we have to carefully examine its production process. As a general rule, researchers 
generally use a “product tree” to detail all the processes, raw materials and secondary products involved in making a given 
item.

Figure 3 below illustrates a product tree for sunflowers. Once their seeds have been gathered, they can be made into various 
products such as sunflower oil or pulp in the first phase or margarine in the second phase. In each of the processing phases 
we need to calculate the product fraction or weight (w), that is, the volume of processed product obtained per unit (volume) 
of the initial product. In some cases, this ratio can exceed 100% as a result of incorporating other products.

Normally, production processes don’t just lead to a single product. Rather, they produce several sub-products at the same time. 
This makes it more complex when it comes to establishing which water flows are truly used for each of the sub-products produced. 
One way to distribute the WF used in the production process among several sub-products is by applying the product factor (Fp) 
and the value factor (Fv) methodologies. The product factor refers to the quantity of sub-product generated per quantity of raw 
material used. By contrast, value factor describes the market value of each of the individual sub-products produced in that same 
production process.

Figure 3. Sunflower product tree

Figure 4. Calculating the WF for a given production process’ secondary products

Source: Hoekstra et al. (2011)
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2.2.3. Country water footprint accounting

Source: A. de Miguel (2013)

By combining both factors, we can distribute the WF, bearing in mind the importance of each sub-product throughout 
the entire production system since we use the volume of those sub-products and their market value (see Figure 4). 
As a result, the total volume of water consumed or polluted in the production process, whether directly (WFprocess) 
or indirectly due to the raw materials used (WFinputs), will be distributed amongst all the sub-products based on the 
relevance of each over the total products resulting from the production system.

Determining the national WF requires combining WF accounting from both the consumption and production 
perspectives. By doing so, we can assess a given population’s, region’s or country’s WF. All the water inputs in the 
defined area have to be assessed, including the area’s own water sources such as rivers and/or aquifers as well as the 
virtual water (VA) associated to trade. Consequently, we can calculate the total WF for an entire area, the WF associated 
to consumption within that area, internal and external WF –based on if the consumed water resources are sourced 
internally or externally– and all the water flows associated to imports and exports (see Figure 5). We can determine 
the VW balance for a concrete area whereby a positive balance means that the geographic area in question imports 
more water than it exports. This implies that a significant part of the water consumed domestically stems from external 
water resources.

Figure 5. National WF accounting system
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2.2.4. The water footprint of a given industry or company

2.2.5. Assessment of water footprint sustainability

We can calculate the WF for a given area, especially when referring to a specific region or country, by applying 
two focuses according to their traits and the type of data available:

• The bottom-up or element-to-element approach in which the WF is calculated as the sum of all the direct and 
indirect water consumed by the area’s inhabitants

• The top-down or compound approach in which the WF is defined as the sum of all the water used in that area 
plus the VW flow associated to product imports and minus the VW flow associated to exports.

With the first methodology, we have to evaluate all the water consumed by the area’s population directly, plus 
all the volume of water used to make all the products, processes and services that said population requires. 
The results are per inhabitant. In the second case, after evaluating all the water consumed directly in the area, 
we have to identify all the water flows associated to VW imports and subtract the exports. With this formula we 
achieve the total WF which is also presented in terms of WF per capita.

Calculating a specific industry’s or company’s WF is also possible. In this case, we define the total volume of 
fresh water consumed directly or indirectly during the business activity’s lifecycle.

We can distinguish between two key components: the operational WF, defined as the volume of water consumed 
and/or polluted directly throughout the production process; and the supply-chain WF, defined as the volume of 
water consumed and/or polluted indirectly as a result of using all the goods and services necessary to maintain 
its activity.

In addition, we can also differentiate between the WF directly associated to a specific product and the WF 
associated to the company’s general activities, activities which cannot be associated directly to a specific 
product or service (“overhead water footprint”).

We can also go beyond the limits of individual firms to examine the “end-use water footprint”. This allows us to 
calculate the volume of water consumed and/or polluted by users when consuming that good or service.

Measuring the WF at the industry or company level is an extremely useful business management tool, since it 
allows us to identify the primary pressure that an industry’s or company’s activities have on water resources and 
define measures to mitigate those impacts.

Analysing this sustainability allows us to appropriately interpret the calculations and results from our WF 
accounting. The WF is only an indicator of volume which, in one or two values, encompasses the consumption 
of fresh water in a specific place by a given process and the preparation of a product or an activity. This indicator 
provides information of little value if it isn’t contextualised and compared with the possible impacts stemming 
from that water appropriation. Consequently, the total volume of fresh water consumed or polluted as a 
consequence of manufacturing a product and carrying out a given process or activity lacks any meaning if not 
compared to the volume and quality of the water resources available at that time and in the place of production, 
as well as other socio-economic and environmental criteria.

Sustainability is defined as the ability to satisfy current needs without sacrificing future generations’ ability to 
satisfy their own needs. Given that we calculate the WF and its three components (green, blue and grey water) 
bearing in mind all its direct and indirect impacts and effects, analysing its sustainability should also follow the 
same criteria. 
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In essence, the assessment of WF sustainability in a given region and for a specific product, process or activity 
should allow us to determine if the WF value we have calculated is within the limits of the local water resources 
available and can be sustainably supported. The impacts would be produced, by definition, in a given temporal 
and geographic context and would affect one or several water basins. Consequently, this geographic unit of the 
water basin should be the starting point for any sustainability assessment.

In keeping with Hoekstra et al. (2011), we have to apply the following four consecutive steps to analyse this 
sustainability:

1. Identify the sustainability criteria to be analysed.

2. Identify the hot spots.

3. Identify and quantify the primary impacts.

4. Identify and quantify the secondary impacts.

As occurs with the methodology to calculate the WF, taking these consecutive steps is limited by the type of 
analysis carried out as well as the availability and quality of the data used. The first two steps are always the 
easiest. 

As mentioned, assessing WF sustainability has to be done by incorporating criteria related to environmental, 
social and economic sustainability. From the environmental sustainability perspective, to evaluate the blue 
component, for example, we can use criteria which guarantee the ecological flow in those bodies of water which 
might be affected by the activity analysed. For the grey component, we can use criteria such as the degree of 
pollution or the capacity to assimilate pollutants based on the standards established by the corresponding river 
basin management plan for waste dumped in the affected bodies of water. Similarly, for the green component, 
we can establish criteria related to potable water consumption. In terms of economic sustainability, we can 
establish criteria related to the economic assessment of the affected environmental services.

Once we have defined and quantified the different sustainability criteria, in the second step we have to define 
the so-called “hot spots”. These are those moments or places in which the WF is deemed unsustainable based 
on previously determined criteria. In terms of primary impacts, the assessment should focus on the direct 
consequences for the water cycle, that is, the impacts produced on water quantity and quality. In terms of 
secondary impacts, we have to analyse the effects which could eventually occur, whether ecological, social or 
economic, and those resulting in a loss of biodiversity, as well as those provoking health problems, affecting 
food safety and economic activities, etc.
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After discussing our general objective and the basic methodology used to calculate the WF, we feel that scaling 
the problem to be analysed is key, presenting a brief summary of the water situation in Spain. For this we use 
the most recent data provided by the Spanish National Statistics Institute (INE) in its report, “Cuentas Satélites de 
Agua” (INE, 2014).

To carry this out, we use the water cycle definition outlined by the United Nations in 1992. Essentially, the UN 
described it as the succession of stages through which water traverses, from the atmosphere to the ground and back 
to the atmosphere: evaporation from the earth, sea and continental bodies of water, condensation in clouds, rainfall, 
accumulation on the ground or in bodies of water and re-evaporation (INE, 2014).

Within this water cycle, the economic system also interacts with the different flows, capturing water resources and returning 
water to both the continental system (lakes, dams, rivers and aquifers) and the non-continental system (sea and ocean 
water), as illustrated in Figure 6 above.

in keeping with this framework and using the data provided by INE for 2010 (see Figure 7), just under 35.4 billion m3 of water 
were captured in Spain that year. 99.3% of this water originated in the continental system, compared to only 0.7% from the 
sea (used fundamentally for refrigeration).

3.  WATER IN SPAIN

Source: INE (2014)
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3.1. Consumption trends

Figure 7. Water flows in Spain (2010, in billion m3)

Source: the authors based on data in the INE report, “Cuentas Satélites del Agua”

In terms of the continental water captured (16 to 17% obtained from underground sources), 63% is dedicated 
to distribution, while the remaining 39% corresponds to self-consumption by the producers, fundamentally for 
irrigation.

Of the total amount of water captured, only 10.7% (3.78 billion m3 of water) corresponds to potable water 
distributed through conduits. The majority of the remaining 89.3% is dedicated to irrigation (24.78 billion m3 of 
water) and the rest to refrigeration, loss and other uses (6.83 billion m3 of water).

In relation with the, almost four millions of cubic meters of water distributed by pipelines, a 64% (2.41 billion m3 
of water) of potable water is directly consumed by households direct, while the remaining 36% is used by the 
different activity branches in their production process.

Lastly, once used, 60.4% of the water flows is returned to continental bodies of water, while 2.5% is returned to 
non-continental bodies. Thus, the physical consumption of water is approximately 13.11 billion m3 of water.

After analysing the basic water flows in our water system, we believe it worthwhile to analyse trends regarding these 
flows over the last few years, focusing on the component linked mostly to economic activities and corresponding to 
potable water distributed through conduits.

As evidenced in the following figure, the total volume of potable water distributed by conduits has been dropping 
systematically over the last 10 years, being at the present a 20% lower than the maximum achieved in 2004.
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Source: the authors

Source: the authors

This progressive decline in the total consumption of potable water is due to the greater relative efficiency of 
the production system, measured in terms of water consumption with respect to total production, along with 
relative savings in mean consumption levels per home.

As reflected in the following figures, while in year 2000 just under 1,600 m3 of water were consumed per million 
euros in GDP, in more recent years, this consumption has nearly halved to 840 m3 per million euros of GDP.

We can also detect a trend indicating the progressive containment over the last few years in average consumption 
per home, though less intense relatively compared to the production system. As such, mean consumption 
per home has dropped from approximately 180 m3 of water per home in 2004 to 125 m3 per home in 2016, 
representing a relative savings of approximately 30%.

Figure 8. Potable water distributed (in billion m3 of water)                

Figure 9. Relative consumption of potable water

 
2000 2001 2002 2003

Households 2482 2460 2512 2603
Activity Branches 1300 1411 1344 1417
    Volumen total de agua registrada y distribuida por tipo de usuario3781680 3870650 3855697 4019615
    - Sectores económicos 840165 920127 891039 933309
    - Consumos municipales 459430 490975 452848 483402

2482085 2459548 2511810 2602904
1299595 1411102 1343887 1416711

Nº Hogares 13.700.003 14002914 14280067 14721385
PIB Volumen 867917,39 902643,486 928637,799 958238,684
PIB Volumen 80,2932082 83,5058062 85,9106051 88,649057
Consumo por hogar 181,174048 175,645441 175,896234 176,811081
Consumo por Millón de PIB 1497,37177 1563,29938 1447,15949 1478,45315
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In this same vein, we also feel it worthwhile to provide some references regarding the consumption of potable water at 
the international level.

Thus, using data provided by EUROSTAT, we have calculated the relative consumption of potable water in terms of the 
different country’s GDP and number of households in 2010, as illustrated in the following figures.

In terms of average consumption related on production levels (GDP) and as reflected below, the differences between 
countries are notable, with Bulgaria consumption of water per million euros of its GDP being 100 times greater than in 
Kosovo.

Spain is included in the mid range, with approximately 395 m3 per million euros in GDP, though it is amongst the highest 
in terms of advanced EU economies, with countries such as France and Germany registering nearly a quarter less 
consumption than in Spain.

These significant differences are conditioned by the different countries’ production structures because, as discussed 
in the following section, the mean consumption of water consumed per output unit varies significantly among activity 
branches.

In terms of per capita consumption in homes, as reflected below, the differences are not as great, though worth noting is 
that the total interval ranges from nearly 97 m3 per person and year in Cyprus to 13.5 in Belgium.

Figure 10. Water consumption in the production system 
(2010): m3 of water per million euros in GDP

Figure 11. Water consumption in homes (2010): m3 of 
water per capita and year

3.2. International comparison

Source: the authors Source: the authors

In this case, Spain is amongst the countries with the highest figures, surpassed only by four countries (Switzerland, 
Norway, Greece and Cyprus). However, on this occasion, our consumption levels are similar to those in other advanced 
economies such as France, Sweden, Netherlands and the United Kingdom.
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As mentioned in the previous section, the total water needs of production systems vary greatly between the 
different economies, given that the different activity branches have different consumption needs per output 
unit.

As we delve deeper into the details regarding total water consumption in the different activities, the amount 
of available data becomes scarce. For example, in Spain and despite the INE’s efforts over the last few years, 
the available data is limited to 20 industries along with agriculture and construction in addition to 12 service 
industries for the period ranging from 2008 to 2012. We also have data on agriculture, manufacturing and 
construction from 2000 to 2007.

However, given the growing interest in environmental sustainability issues internationally,  numerous initiatives 
have been launched to further our knowledge and measurement of environmental impacts and resource 
consumption in different activity branches.

One of these initiatives, and probably the most ambitious internationally, is the EXIOBASE database (Tuker 
et al., 2013; Wood et al., 2015). This is a collaborative project launched by a consortium which includes the 
Norwegian University of Science and Technology, the Netherlands Organization for Applied Scientific Research, 
the Sustainable Europe Research Institute (SERI), the Institute of Environmental Sciences (CML) at the Faculty of 
Science of Universiteit Leiden, the Institute for Ecological Economics at the Vienna University of Economics and 
Business and 2.-0 LCA Consultants.

The database’s structure comprises multi-regional input-output matrices, detailing the interactions between the 
activity branches in different economies and expanded with a large number of physical resource consumption 
variables and environmental externalities.

Specifically, the EXIOBASE database comprises information on 43 countries in addition to five more aggregates 
for the rest of the world, 200 products, 163 activity branches, 15 types of land use, 48 types of raw materials and 
172 types of water use.

Based on the information available in this database, we have aggregated the original information to the 64 
activity branches detailed in the last input-output table prepared by the INE for the Spanish economy in 2015. 
This results in mean coefficients for blue water (distributed by water conduits) and green water (direct capture) 
consumption by every million euros generated in each of the 64 activity branches. These coefficients will serve 
as the basis for one of the two approaches to calculate the WF of Vía Célere’s residential housing developments 
presented in the following chapter.

The following set of figures details the coefficients calculated for the Spanish economy along with a reference 
to the international median for comparative purposes.

We calculated all the coefficients in terms of thousands of m3 of water consumed per million euros in GDP. The 
aim is to facilitate the visualisation of the different industries distributed in various intervals.

As can be readily seen, both agriculture, ranching and forestry have significantly different levels compared to 
the rest, with 493 and 88 m3 of water per million euros, respectively.

In terms of agriculture, the Spanish coefficient is nearly double that of the international reference, while, in 
terms of forestry, our country has the highest figure by far amongst all the economies included in the database 
(whose mean, in fact, is null). This implies that a good part of countries do not use blue water resources to 
produce wood.

1 We use the median given that dispersion at the international level is extremely high, resulting in significant bias regarding the mean. In those cases in which the reference 
exceeds the scale limits of each figure, we can assume that those coefficients are significantly higher than the Spanish coefficients.

3.3. Breakdown by activity branches
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Source: the authors based on EXIOBASE data

Figure 12.Blue water use coefficients in production activities
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In terms of “green” water consumption, only primary activities are relevant. In this respect, Spain has a mean 
consumption of 586,000 m3 in agriculture and 56,000 m3 in forestry compared to mean international figures of 
1,196,000 m3 and 1,000 m3, respectively.

Source: the authors based on EXIOBASE data
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4. THE WATER FOOTPRINT OF HOUSING DEVELOPMENTS

As described in previous chapters, the specialised literature explores different methodologies to calculate the WF of a 
given activity according to the objectives sought and the data available.

For our study, the main objective is to quantify the total volume of water needed to carry out Vía Célere’s typical housing 
developments, with all the data available and maximum details about the production process of those developments.

Bearing in mind this general objective and the availability of data, we opted in the end to calculate the WF using two 
approaches simultaneously. They are the most widely used in the literature, and we refer to them as the economic 
value and materials weight approach, respectively.

The first approach (the economic value) aims to identify the economic value chain based on economic flows, namely, 
the direct and indirect purchase of goods and services in real estate developments,  and apply to these flows different 
water consumption ratios per output unit.

For its part, the materials weight approach, also referred to as the Life Cycle Analysis (LCA) aims to determine the total 
volume of water incorporated by the different materials used in the construction process throughout the production 
period.

The following figure outlines the fundamental differences between both methodologies as well as the type of data 
they require.

Figure 13. Alternative WF calculation focuses for housing developments

Source: the authors
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To illustrate the procedure to estimate the WF of Vía Célere’s housing developments, we selected one of its most 
recent projects, Residencial Célere Villaverde whose basic traits are detailed below.

Residencial Célere Villaverda consists of a 5-storey building with 98 apartments located on Calle San Jenaro street 
in Madrid. It spans a total surface area of 15,428.85 m2 and consists of 2, 3 and 4-bedroom apartments in addition to 
facilities such as a community pool, meeting rooms, a small sports field, gym and playground for children.

The building includes the latest developments in insulation and climate control, earning a type A energy certification.

Applying the two methodological approaches requires a detailed analysis of the physical and economic flows 
incorporated into this development. Consequently, we initially analysed more than 5,900 invoices for the direct 
purchase of materials and approximately 3,500 bills from our suppliers.

Based on this data, we then classified the economic flows based on the suppliers’ two-digit NACE Rev.2 codes, whilst 
the physical flows are grouped by type of materials.

Table 2 below reflects the total amounts regarding the purchase of goods and services for suppliers in each activity 
branch as well as the percentage of these with respect to the total amount.

4.1. General data on the Villaverde development

Source: the authors based on data provided by Vía Célere

Table 2. Acquisition of goods and services by activity branch (in thousands of € and as a % of the total)

NACE Description € (thousands) %

43 Specialised construction activities 4,164 47.36

41 Construction of buildings 1,675 19.05

25 Manufacture of fabricated metal products 733 8.34

23 Manufacture of other non-metallic mineral products 622 07.08

16 Manufacture of wood and of products of wood and cork 362 4.12

46 Wholesale trade 339 3.85

77 Rental and leasing activities 172 1.96

71 Architectural and engineering activities; technical testing and analysis 145 1.65

28 Manufacture of machinery and equipment 127 1.44

74 Other professional, scientific and technical activities 117 1.33

80 Security and investigation activities 88 1.0

37 Sewerage 84 0.96

81 Services to buildings and landscape activities 58 0.66

49 Land transport and transport via pipelines 37 0.42

35 Electricity, gas, steam and air conditioning supply 24 0.27

47 Retail trade 18 0.21

22 Manufacture of rubber and plastic products 10 0.11

70 Activities of head offices; management consultancy activities 8.9 0.10

18 Printing and reproduction of recorded media 5.1 0.06

36 Water collection, treatment and supply 3.6 0.04

85 Education 0.2 3
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As evidenced in the previous table, the largest expenditures correspond to typical outsourced activities in the 
construction industry. As is the norm in residential developments, the different specialised tasks are outsourced to 
dedicated companies.

Below them, the largest share of products correspond to metallic products and construction material, as indicated 
below, followed by electrical power and various support material.

To classify the physical flows, we first have to modify the initial data provided by Vía Célere, differentiating between two 
large groups of products:

1. “Self-consumption” products

2. Material from several outsourced companies

In terms of “self-consumption” goods, we used the “warehouse receipt” entries and calculated the total volume based 
on the amounts and unitary weights of each good.

In the various entries where the units were not specified, we used the most common figures found in the construction 
industry.

To calculate the volume of cement, sand/gravel and the water used in concrete and mortar, given that this volume 
depends on various factors such as grain size distribution and for which we didn’t have direct data, we used the mean 
values, applying the minimum quantities detailed in Table 37.3.2 in the Spanish Instruction on Structural Concrete 
(EHE).

In terms of the material provided by different outsourced companies, in some cases, they included specific lists with 
the materials used. In other cases, we used a similar method as for “self-consumption” materials, estimating their 
unit weights and obtaining the total weight for each material as the product for that weight according to the amount 
provided.

As in the previous case, Table 3 below provides details on the total physical material flows, classified by their general 
traits.Though the list of products and materials is much more extensive, we have taken into account those entries 
which, in terms of weight, were significant, given that the final impact of the rest in terms of their WF is practically 
insignificant.

Table 3. Primary physical material flows (in kilos and as a % of the total)
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Source: the authors based on data provided by Vía Célere

4.2. Economic Value approach

To apply the WF value focus to a given activity, in this case, a housing development, we need to determine the 
total value of all the different goods and services produced in the various activity branches involved. This implies 
assuming that there is a direct relation between the total value of the goods and services produced in each of these 
branches and the total consumption of water in each of them.

This type of approach has greater macroeconomic or aggregate bias and has been previously used in Spain, for 
example, to calculate the virtual water flow trade in Andalusia (Dietzenbacher and Velázquez, 2007), interregional 
water flows (Cazcarro et al., 2013) and the relative contribution of different production activities to water 
consumption (Duarte et al., 2002).

In keeping with this approach, the total amount of water used in a production process is the sum of the direct water 
consumed in the process itself plus the consumption carried out by the direct suppliers of the goods and services 
included in the process, referred to as “embedded water”. To this we then have to add the water consumed by the 
rest of the production system to produce those suppliers’ goods and services (habitually referred to as “indirect 
consumption”).

For direct consumption we used the data provided by Vía Célere in m3 of water used in this development, a figure 
that ascended to 3,166 m3 of water.

In terms of the embedded water, that is, the water consumed by the direct suppliers, we originally attempted to 
gather data directly by means of a questionnaire sent to each of the suppliers, a questionnaire similar to that used 
by the Spanish National Institute of Statistics (INE). However, the response rate was very low and didn’t enable us 
to gather the required data directly.

Group Total Kg Material Kg %

Stone 19,877,680
59.32%

Sand/gravel 19,861,275 59.27%

Stone 16,405 0.05%

Binding agents 5,383,614
16.07%

Cement 3,600,551 10.75%

Plaster 165,143 0.49%

Plasterboard 542,562 1.62%

Pre-fab concrete 1,033,895 3.09%

Asphalt 41,463 0.12%

Water (litres) 4,831,754
14.42%

Indirect water 1,692,754 5.05%

Direct water 3,139,000 9.37%

Ceramics 2,198,889
6.56%

Tiles 256,398 0.77%

Bricks 1,844,691 5.51%

Porcelain 10,64 0.03%

Glass 63,982 0.19%

Mineral wool 23,177 0.07%

Metals 963,123
2.87%

Steel 929,228 2.77%

Aluminium 33,738 0.10%

Copper 156 0.00%

Wood 169,390
0.51%

Wood 169,39 0.51%

Composite products 56,173
0.17%

Glues 57 0.00%

Paints 15,15 0.05%

Diesel (subsidised) 35,016 0.10%

Silicone polymer 5,825 0.02%

Silicone 125 0.00%

Plastics 27,459
0.08%

Polyurethane 211 0.00%

Polystyrene 4,763 0.01%

Polyethylene 625 0.00%

EPDM rubber 529 0.00%

Neoprene 2,244 0.01%

PVC 213 0.00%

Melamine 4,55 0.01%

Vinyl 370 0.00%

Others 11,867 0.04%

Rubber 2,087 0.01%

TOTAL KG 33,508,082 100%
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We then opted to use the average estimated coefficients found in the EXIOBASE database for each of the activity 
branches, assuming that each of the suppliers maintained the mean levels of consumption per output unit 
equivalent to those in their respective industries.

Consequently, by multiplying these coefficients by the value of the products and services billed to the Villaverde 
development, we obtained an estimate of the volume of embedded water for the project.

Table 4 summarises the data on the embedded water by area of activity involved in this housing development.

By aggregating the estimated water consumption in each activity branch for the development’s suppliers of goods 
and services, we obtain a total of 2,987 m3.

Calculating the indirect consumption of water is more complicated. We first have to determine the total output 
value of all the different activity branches required to meet the intermediate inputs needs of all these suppliers

.To determine this output value, we used the classic approach found in the classical model derived from the input-
output tables (Pulido and Fontela, 1993). This model allow us to determine the total impact on the economic 
system (X) as a whole, measured in terms of total output, starting with an initial demand (w), usually referred to 
as the impact vector, together with the matrix of technical coefficients (A), that includes the intermediate unitary 
requirements for each output unit. 

This results in the following formula: 
X=[I-A]-1*w

Source: the authors based on data provided by Vía Célere

Table 4. Estimated consumption of incorporated water

NACEcode Description M3/€M coefficient Production value 
(in thousand €)

Water 
consumption 

(m3)

41-43 Construction of buildings and Specialised construction activities 164 5,839 1,564

80-82 Security and investigation activities; Services to buildings and landscape activities; 
Office administrative, office support and other business support activities. 1.031 146 246

71 Architectural and engineering activities; technical testing and analysis 1.031 145 245

46 Wholesale trade, except of motor vehicles and motorcycles 429 339 237

77 Rental and leasing activities 804 172 226

74-75 Other professional, scientific and technical activities; Veterinary activities 1.031 117 197

25 Manufacture of fabricated metal products 168 733 123

35 Electricity, gas, steam and air conditioning supply 2.661 24 63

47 Retail trade, except of motor vehicles and motorcycles 830 18 25

23 Manufacture of other non-metallic mineral products 30 622 19

69-70 Legal and accounting activities; Activities of head offices; management 
consultancy activities 1.031 9 15

49 Land transport and transport via pipelines 164 37 13

28 Manufacture of machinery and equipment 55 127 7

16 Manufacture of wood and of products of wood and cork 15 362 5

22 Manufacture of rubber and plastic products 149 10 1

37-39 Sewerage; Waste collection, treatment and disposal activities; materials 
recovery; Remediation activities and other waste management services 5 84 0

18 Printing and reproduction of recorded media 35 5 36

36 Water collection, treatment and supply 11 4 0
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For our study, the impact vector (w) comprises the production value as billed by the suppliers. For the technical 
coefficient matrixes (A), we use, on the one hand, the total coefficients which include the inputs acquired 
from national and international producers and, on the other, domestic inputs, referring solely to intermediate 
consumption needs met by national producers.

This way, applying Leontief’s model with the total coefficients, we obtain the total output value (XT) required by 
each activity branch, both nationally and internationally, that is needed to cover the suppliers’ initial production 
(w).

Applying this same model with domestic technical coefficients, we obtain the figure on the production generated 
within our national territory (Xn).

Lastly, discounting the production carried out directly by suppliers from this total national production, we obtain 
the value of the indirect national production. Similarly, the difference between total production and national 
production values leads to the indirect production generated in the rest of the world.

National Indirect Production: NIP = XN-WIndirect 

Production Rest of the World: IPR =XT-XN

After quantifying these production levels for each activity branch and applying the national water consumption 
coefficients per output unit to domestic production figures and the corresponding median coefficients for the rest 
of the world (EXIOBASE data), we obtain the total consumption of indirect water.

Table 5. Estimated indirect production (in thousands of €)

NACEcode Description Total XT Rest of the world 
IPR

National
 XN

Indirect national 
IPN

1 Crop and animal production, hunting and related service activities 56 25 31 31

2 Forestry and logging 31 10 21 21

3 Fishing and aquaculture 2 1 1 1

05-09 Mining and quarrying 421 364 57 57

10-12 Manufacture of food products,beverages and tobacco products 186 66 120 120

13-15 Manufacture of textiles, wearing apparel and leather and related products 145 114 32 32

16 Manufacture of wood and of products of wood and cork, except furniture; 
manufacture of articles of straw and plaiting materials 626 92 534 172

17 Manufacture of paper and paper products 103 56 47 47

18 Printing and reproduction of recorded media 80 26 55 50

19 Manufacture of coke and refined petroleum products 170 116 54 54

20 Manufacture of chemicals and chemical products 646 380 266 266

21 Manufacture of basic pharmaceutical products and pharmaceutical preparations 34 18 16 16

22 Manufacture of rubber and plastic products 241 131 110 100

23 Manufacture of other non-metallic mineral products 1,120 135 985 363

24 Manufacture of basic metals 868 420 448 448

25 Manufacture of fabricated metal products, except machinery and equipment 1,219 195 1,024 291

26 Manufacture of computer, electronic and optical products 108 82 26 26

27 Manufacture of electrical equipment 326 204 122 122

28 Manufacture of machinery and equipment n.e.c. 331 141 190 64

29 Manufacture of motor vehicles, trailers and semi-trailers 126 85 41 41

30 Manufacture of other transport equipment 83 40 43 43

31-32 Manufacture of furniture and Other manufacturing 121 71 50 50

33 Repair and installation of machinery and equipment 127 33 94 94

35 Electricity, gas, steam and air conditioning supply 942 234 708 684

36 Water collection, treatment and supply 58 14 44 40

37-39 Sewerage; Waste collection, treatment and disposal activities; materials recovery 
and remediation activities and other waste management services 327 123 204 120

41-43 Construction of buildings; Civil engineering and Specialised construction activities 7,316 62 7,254 1,415

45 Wholesale and retail trade and repair of motor vehicles and motorcycles 45 10 35 35

46 Wholesale trade, except of motor vehicles and motorcycles 874 130 744 405

47 Retail trade, except of motor vehicles and motorcycles 316 72 244 225

49 Land transport and transport via pipelines 465 140 325 289

50 Water transport 6 2 5 5

51 Air transport 37 15 22 22

52 Warehousing and support activities for transportation 312 110 202 202

53 Postal and courier activities 51 9 42 42

55-56 Accommodation and Food and beverage service activities 138 31 107 107

58 Publishing activities 43 14 28 28

59-60 Motion picture, video and television programme production, sound recording 
and music publishing activities and Programming and broadcasting activities 33 10 23 23

61 Telecommunications 154 50 104 104

62-63 Computer programming, consultancy and related activities; Information service 
activities 81 39 42 42

64 Financial service activities, except insurance and pension funding 285 81 205 205

65 Insurance, reinsurance and pension funding, except compulsory social security 63 18 45 45

66 Activities auxiliary to financial services and insurance activities 32 10 22 22

68 Real estate activities 394 53 341 341

69-70 Legal and accounting activities and Activities of head offices; management 
consultancy activities 396 101 296 287

71 Architectural and engineering activities; technical testing and analysis 462 58 404 259

72 Scientific research and development 2 1 1 1

73 Advertising and market research 80 24 56 56

74-75 Other professional, scientific and technical activities; Veterinary activities 188 13 175 58

77 Rental and leasing activities 355 78 277 105

78 Employment activities 68 22 46 46

79 Travel agency, tour operator and other reservation service and related activities 7 4 3 3

80-82 Security and investigation activities; Services to buildings and landscape activities; 
Office administrative, office support and other business support activities 430 100 330 184

84 Public administration and defence; compulsory social security 157 32 125 125

85 Education 45 13 33 32

86 Human health activities 30 8 22 22

87-88 Residential care activities and Social work activities without accommodation 1 0 1 1

90-92 Creative, arts and entertainment activities; Libraries, archives, museums and 
other cultural activities; Gambling and betting activities 18 5 13 13

93 Sports activities and amusement and recreation activities 21 6 15 15

94 Activities of membership organisations 25 7 18 18

95 Repair of computers and personal and household goods 7 2 5 5

96 Other personal service activities 16 4 12 12

97-98 Activities of households as employers of domestic personnel; Undifferentiated 
goods- and services-producing activities of private households for own use 0 0 0 0

99 Activities of extraterritorial organisations and bodies 0 0 0 0
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Source: the authors

NACEcode Description Total XT Rest of the world 
IPR

National
 XN

Indirect national 
IPN

1 Crop and animal production, hunting and related service activities 56 25 31 31

2 Forestry and logging 31 10 21 21

3 Fishing and aquaculture 2 1 1 1

05-09 Mining and quarrying 421 364 57 57

10-12 Manufacture of food products,beverages and tobacco products 186 66 120 120

13-15 Manufacture of textiles, wearing apparel and leather and related products 145 114 32 32

16 Manufacture of wood and of products of wood and cork, except furniture; 
manufacture of articles of straw and plaiting materials 626 92 534 172

17 Manufacture of paper and paper products 103 56 47 47

18 Printing and reproduction of recorded media 80 26 55 50

19 Manufacture of coke and refined petroleum products 170 116 54 54

20 Manufacture of chemicals and chemical products 646 380 266 266

21 Manufacture of basic pharmaceutical products and pharmaceutical preparations 34 18 16 16

22 Manufacture of rubber and plastic products 241 131 110 100

23 Manufacture of other non-metallic mineral products 1,120 135 985 363

24 Manufacture of basic metals 868 420 448 448

25 Manufacture of fabricated metal products, except machinery and equipment 1,219 195 1,024 291

26 Manufacture of computer, electronic and optical products 108 82 26 26

27 Manufacture of electrical equipment 326 204 122 122

28 Manufacture of machinery and equipment n.e.c. 331 141 190 64

29 Manufacture of motor vehicles, trailers and semi-trailers 126 85 41 41

30 Manufacture of other transport equipment 83 40 43 43

31-32 Manufacture of furniture and Other manufacturing 121 71 50 50

33 Repair and installation of machinery and equipment 127 33 94 94

35 Electricity, gas, steam and air conditioning supply 942 234 708 684

36 Water collection, treatment and supply 58 14 44 40

37-39 Sewerage; Waste collection, treatment and disposal activities; materials recovery 
and remediation activities and other waste management services 327 123 204 120

41-43 Construction of buildings; Civil engineering and Specialised construction activities 7,316 62 7,254 1,415

45 Wholesale and retail trade and repair of motor vehicles and motorcycles 45 10 35 35

46 Wholesale trade, except of motor vehicles and motorcycles 874 130 744 405

47 Retail trade, except of motor vehicles and motorcycles 316 72 244 225

49 Land transport and transport via pipelines 465 140 325 289

50 Water transport 6 2 5 5

51 Air transport 37 15 22 22

52 Warehousing and support activities for transportation 312 110 202 202

53 Postal and courier activities 51 9 42 42

55-56 Accommodation and Food and beverage service activities 138 31 107 107

58 Publishing activities 43 14 28 28

59-60 Motion picture, video and television programme production, sound recording 
and music publishing activities and Programming and broadcasting activities 33 10 23 23

61 Telecommunications 154 50 104 104

62-63 Computer programming, consultancy and related activities; Information service 
activities 81 39 42 42

64 Financial service activities, except insurance and pension funding 285 81 205 205

65 Insurance, reinsurance and pension funding, except compulsory social security 63 18 45 45

66 Activities auxiliary to financial services and insurance activities 32 10 22 22

68 Real estate activities 394 53 341 341

69-70 Legal and accounting activities and Activities of head offices; management 
consultancy activities 396 101 296 287

71 Architectural and engineering activities; technical testing and analysis 462 58 404 259

72 Scientific research and development 2 1 1 1

73 Advertising and market research 80 24 56 56

74-75 Other professional, scientific and technical activities; Veterinary activities 188 13 175 58

77 Rental and leasing activities 355 78 277 105

78 Employment activities 68 22 46 46

79 Travel agency, tour operator and other reservation service and related activities 7 4 3 3

80-82 Security and investigation activities; Services to buildings and landscape activities; 
Office administrative, office support and other business support activities 430 100 330 184

84 Public administration and defence; compulsory social security 157 32 125 125

85 Education 45 13 33 32

86 Human health activities 30 8 22 22

87-88 Residential care activities and Social work activities without accommodation 1 0 1 1

90-92 Creative, arts and entertainment activities; Libraries, archives, museums and 
other cultural activities; Gambling and betting activities 18 5 13 13

93 Sports activities and amusement and recreation activities 21 6 15 15

94 Activities of membership organisations 25 7 18 18

95 Repair of computers and personal and household goods 7 2 5 5

96 Other personal service activities 16 4 12 12

97-98 Activities of households as employers of domestic personnel; Undifferentiated 
goods- and services-producing activities of private households for own use 0 0 0 0

99 Activities of extraterritorial organisations and bodies 0 0 0 0
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Table 6. Indirect water consumption (m3)

CNAE code Description National coefficient
 m3/€M

International coefficient m3/
€M

Indirect water 
m3

1 Crop and animal production, hunting and related service activities 1,079.155 1,383.436 68,213

2 Forestry and logging 144.366 10.622 3,075

3 Fishing and aquaculture 23 24.565 14

05-09 Mining and quarrying 0.0 141 51

10-12 Manufacture of food products,beverages and tobacco products 84 4.481 306

13-15 Manufacture of textiles, wearing apparel and leather and related 
products 335 1.825 218

16 Manufacture of wood and of products of wood and cork, except 
furniture; manufacture of articles of straw and plaiting materials 15 176 19

17 Manufacture of paper and paper products 1.226 5.471 364

18 Printing and reproduction of recorded media 35 293 9

19 Manufacture of coke and refined petroleum products 12 46 6

20 Manufacture of chemicals and chemical products 760 3.520 1,541

21 Manufacture of basic pharmaceutical products and pharmaceutical 
preparations 328 1.356 30

22 Manufacture of rubber and plastic products 149 778 117

23 Manufacture of other non-metallic mineral products 30 1.739 246

24 Manufacture of basic metals 343 2.341 1,137

25 Manufacture of fabricated metal products, except machinery and 
equipment 168 0,801 205

26 Manufacture of computer, electronic and optical products 68 279 25

27 Manufacture of electrical equipment 9 91 20

28 Manufacture of machinery and equipment n.e.c. 55 147 24

29 Manufacture of motor vehicles, trailers and semi-trailers 52 298 28

30 Manufacture of other transport equipment 18 553 23

31-32 Manufacture of furniture and Other manufacturing 121 773 61

33 Repair and installation of machinery and equipment 68 279 16

35 Electricity, gas, steam and air conditioning supply 2.661 5.441 3,089

36 Water collection, treatment and supply 11 99 2

37-39
Sewerage; Waste collection, treatment and disposal activities; materials 
recovery and remediation activities and other waste management 
services

6 1.876 232

41-43 Construction of buildings; Civil engineering and Specialised construction 
activities 268 182 390

45 Wholesale and retail trade and repair of motor vehicles and motorcycles 1 99 3

46 Wholesale trade, except of motor vehicles and motorcycles 6 1.876 482

47 Retail trade, except of motor vehicles and motorcycles 1.354 679 354

49 Land transport and transport via pipelines 361 97 118

50 Water transport 0.0 0.0 0

51 Air transport 58 329 6

52 Warehousing and support activities for transportation 11 50 8

53 Postal and courier activities 0.0 0.0 0

55-56 Accommodation and Food and beverage service activities 0.0 59 2

58 Publishing activities 1.686 85 49

59-60
Motion picture, video and television programme production, sound 
recording and music publishing activities and Programming and 
broadcasting activities

1.686 85 40

61 Telecommunications 0.0 0.0 0.0

62-63 Computer programming, consultancy and related activities; Information 
service activities 0.0 14 1

64 Financial service activities, except insurance and pension funding 0.0 0.0 0.0

65 Insurance, reinsurance and pension funding, except compulsory social 
security 0.0 0.0 0.0

66 Activities auxiliary to financial services and insurance activities 0.0 0.0 0.0

68 Real estate activities 0.00 22 1

69-70 Legal and accounting activities and Activities of head offices; 
management consultancy activities 1.686 85 492

71 Architectural and engineering activities; technical testing and analysis 1.686 85 441

72 Scientific research and development 0.0 1.434 1

73 Advertising and market research 1.686 85 96

74-75 Other professional, scientific and technical activities; Veterinary activities 1.686 85 99

77 Rental and leasing activities 1.315 279 160

78 Employment activities 1.686 85 80

79 Travel agency, tour operator and other reservation service and related 
activities 1.686 85 6

80-82
Security and investigation activities; Services to buildings and landscape 
activities; Office administrative, office support and other business 
support activities

1.686 85 318

84 Public administration and defence; compulsory social security 1.100 445 152

85 Education 0.0 137 2

86 Human health activities 0.0 25 0.0

87-88 Residential care activities and Social work activities without 
accommodation 0.0 25 0.0

90-92 Creative, arts and entertainment activities; Libraries, archives, museums 
and other cultural activities; Gambling and betting activities 0.0 52 0.0

93 Sports activities and amusement and recreation activities 0.0 52 0.0

94 Activities of membership organisations 1 261 2

95 Repair of computers and personal and household goods 1 121 0

96 Other personal service activities 1 121 1

97-98
Activities of households as employers of domestic personnel; 
Undifferentiated goods- and services-producing activities of private 
households for own use

0.0 708 0.0

99 Activities of extraterritorial organisations and bodies 0.0 0.0 0.0
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Source: the authors

Table 5 details the estimated production using the input-output model. By contrast, Table 6 details both the 
consumption coefficients per output unit at the national and international levels as well as the total volume of 
indirect water.

Altogether, the indirect consumption of water totals approximately 82,372 m3 of water.

Lastly, by aggregating the direct consumption figures, the embedded water incorporated by suppliers and the 
indirect water, we obtain a total figure of 88,498 m3 of water as reflected in the following figure.

 

Figure 14. Estimated total water consumption via the value focus

Source: the authors

Taking into account that the total surface area constructed is 15,428.85 m2, as mentioned, we can infer that the 
total volume of water consumed per meter constructed is approximately 5,700 litres of water per m2 constructed.

CNAE code Description National coefficient
 m3/€M

International coefficient m3/
€M

Indirect water 
m3

1 Crop and animal production, hunting and related service activities 1,079.155 1,383.436 68,213

2 Forestry and logging 144.366 10.622 3,075

3 Fishing and aquaculture 23 24.565 14

05-09 Mining and quarrying 0.0 141 51

10-12 Manufacture of food products,beverages and tobacco products 84 4.481 306

13-15 Manufacture of textiles, wearing apparel and leather and related 
products 335 1.825 218

16 Manufacture of wood and of products of wood and cork, except 
furniture; manufacture of articles of straw and plaiting materials 15 176 19

17 Manufacture of paper and paper products 1.226 5.471 364

18 Printing and reproduction of recorded media 35 293 9

19 Manufacture of coke and refined petroleum products 12 46 6

20 Manufacture of chemicals and chemical products 760 3.520 1,541

21 Manufacture of basic pharmaceutical products and pharmaceutical 
preparations 328 1.356 30

22 Manufacture of rubber and plastic products 149 778 117

23 Manufacture of other non-metallic mineral products 30 1.739 246

24 Manufacture of basic metals 343 2.341 1,137

25 Manufacture of fabricated metal products, except machinery and 
equipment 168 0,801 205

26 Manufacture of computer, electronic and optical products 68 279 25

27 Manufacture of electrical equipment 9 91 20

28 Manufacture of machinery and equipment n.e.c. 55 147 24

29 Manufacture of motor vehicles, trailers and semi-trailers 52 298 28

30 Manufacture of other transport equipment 18 553 23

31-32 Manufacture of furniture and Other manufacturing 121 773 61

33 Repair and installation of machinery and equipment 68 279 16

35 Electricity, gas, steam and air conditioning supply 2.661 5.441 3,089

36 Water collection, treatment and supply 11 99 2

37-39
Sewerage; Waste collection, treatment and disposal activities; materials 
recovery and remediation activities and other waste management 
services

6 1.876 232

41-43 Construction of buildings; Civil engineering and Specialised construction 
activities 268 182 390

45 Wholesale and retail trade and repair of motor vehicles and motorcycles 1 99 3

46 Wholesale trade, except of motor vehicles and motorcycles 6 1.876 482

47 Retail trade, except of motor vehicles and motorcycles 1.354 679 354

49 Land transport and transport via pipelines 361 97 118

50 Water transport 0.0 0.0 0

51 Air transport 58 329 6

52 Warehousing and support activities for transportation 11 50 8

53 Postal and courier activities 0.0 0.0 0

55-56 Accommodation and Food and beverage service activities 0.0 59 2

58 Publishing activities 1.686 85 49

59-60
Motion picture, video and television programme production, sound 
recording and music publishing activities and Programming and 
broadcasting activities

1.686 85 40

61 Telecommunications 0.0 0.0 0.0

62-63 Computer programming, consultancy and related activities; Information 
service activities 0.0 14 1

64 Financial service activities, except insurance and pension funding 0.0 0.0 0.0

65 Insurance, reinsurance and pension funding, except compulsory social 
security 0.0 0.0 0.0

66 Activities auxiliary to financial services and insurance activities 0.0 0.0 0.0

68 Real estate activities 0.00 22 1

69-70 Legal and accounting activities and Activities of head offices; 
management consultancy activities 1.686 85 492

71 Architectural and engineering activities; technical testing and analysis 1.686 85 441

72 Scientific research and development 0.0 1.434 1

73 Advertising and market research 1.686 85 96

74-75 Other professional, scientific and technical activities; Veterinary activities 1.686 85 99

77 Rental and leasing activities 1.315 279 160

78 Employment activities 1.686 85 80

79 Travel agency, tour operator and other reservation service and related 
activities 1.686 85 6

80-82
Security and investigation activities; Services to buildings and landscape 
activities; Office administrative, office support and other business 
support activities

1.686 85 318

84 Public administration and defence; compulsory social security 1.100 445 152

85 Education 0.0 137 2

86 Human health activities 0.0 25 0.0

87-88 Residential care activities and Social work activities without 
accommodation 0.0 25 0.0

90-92 Creative, arts and entertainment activities; Libraries, archives, museums 
and other cultural activities; Gambling and betting activities 0.0 52 0.0

93 Sports activities and amusement and recreation activities 0.0 52 0.0

94 Activities of membership organisations 1 261 2

95 Repair of computers and personal and household goods 1 121 0

96 Other personal service activities 1 121 1

97-98
Activities of households as employers of domestic personnel; 
Undifferentiated goods- and services-producing activities of private 
households for own use

0.0 708 0.0

99 Activities of extraterritorial organisations and bodies 0.0 0.0 0.0
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4.3. The materials weight approach

With this methodology, we combine the Life Cycle Assessment (LCA) technique and the Water Footprint 
Assessment (WFA) promoted by the Water Footprint Network (Hoekstra et al., 2011).

The LCA technique serves to quantify the environmental impacts generated throughout all the phases of a given 
product’s production process, both through the production techniques applied as well as the consumption of 
intermediate products, and then analysing their impacts on, amongst other things, climate change and pollutants.

This implies creating a detailed inventory of all the processes and intermediate products involved in that product’s 
production process, using specific modelling software and specialised databases such as Ecoinvent (Ecoinvent 
database 3.2, www.ecoinvent.org).

For its part, the WFA methodology analyses the relation between the consumption of specific goods and services 
and the use of water required directly for their production. This includes green water (for agricultural and forestry 
products) and blue water (agricultural irrigation and the production of the other products and services). To this 
direct WF (green plus blue water), we have to add the indirect WF, such as grey water (or the volume of water 
needed to eliminate/dilute the pollutants generated during the production processes). However, we only have to 
calculate this grey water if the effluent isn’t treated: by definition, if we return treated water to rivers, there is no 
grey WF.

LCA and WFA are two different methodologies but they can be combined to calculate the WF.

Our calculation method has consisted of identifying the different materials used in the construction process for 
Vía Célere’s Villaverde housing development as detailed above.

Moving forward, we carried out a cost accounting process to carefully revise the direct purchase of goods and 
services that Vía Célere used for said development.

To this end, we revised nearly 6,000 invoices for the direct purchase of materials and another 3,500 for the different 
services contracted to carry out that development (including materials, transportation, installation, etc.), such 
as exterior and interior paint, plasterboard, metallic frames, kitchen furniture and appliances, wood frames, 
laminated flooring, mortar and concrete, etc.

To calculate the WF of the different elements and materials used in the Villaverde project, we grouped them by 
primary materials whenever possible. To this end, we broke down some materials into their component raw 
materials.

This is the case, for example, with concrete and mortar. For concrete, we took into account the different quantities 
based on its resistance. For example, with concrete H-25, for each cubic meter of concrete, we took into account 
380 kg of cement, 1,765 kg of sand/gravel and 200 litres of water. In terms of mortar M5, each cubic meter was 
broken down into 229 kg of cement, 1,285 kg of sand and 240 litres of water.

Based on this analysis, we identified 32 primary materials, representing a total weight of 33,508.1 tons. In Table 
3, we classify these into 8 groups: binding agents, metals, stone, ceramic, plastic, wood, composite materials and 
water. In the latter, we differentiate between the water used to make the concrete and mortar (indirect water) and 
the blue water used directly throughout the entire in situ construction process of the Villaverde development.
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As reflected in Table 3, there are 6 groups which stand out due to their weight:

• Stone materials (59%)
• Binding agents (16%)
• Water (14%)
• Ceramics (7%)
• Metals (3%)Wood (0.5%)

At the same time, from amongst these 32 materials we selected all those that represented more than 0.2% of the 
total weight. This led to 11 materials which, as a whole, represent 99.38% of the total weight of all the materials 
used to build the Villaverde development as described in Table 7.

Table 7. Selected materials, their weight and percentage of the total

Source: the authors based on data provided by Vía Célere

To calculate the WF of these 11 materials, we used various sources of data.

We used the study, “The blue and grey water footprint of construction materials: Steel, Cement and Glass”, by 
Gerbens-Leenes et al. (2018) to calculate the WF of the cement, steel and glass used. In the cited study, the authors 
indicate:

“Unalloyed steel contributes 89% of the global steel production. […] Portland cement and Portland composite 
cement are the two most supplied cement types, accounting for 86% supplied in the EU-25 in 2005. Soda-lime 
glass is the most applied glass type, float glass the most produced flat glass.”

The blue WF of these materials is detailed in Figure 15 below, differentiating between the water used directly in 
production processes (highlighted in blue in the figure) and the water used to produce the energy required (in 
green).

As can be seen, the total blue WF of unalloyed steel is 11.83 litres/kg. For Portland cement, it is 2.17 litres/kg and, 
for float glass it is 5.89 litres/kg.

Materials Kg % of the total

Cement 3,600,551 10.74%

Plaster 165,143 0.49%

Plasterboard 542,562 1.62%

Pre-fab concrete 1,033,895 3.09%

Steel 929,228 2.77%

Sand/gravel 19,861,275 59.27%

Tiles 256,398 0.77%

Bricks 1,844,691 5.51%

Glass 63,982 0.19%

Wood 169,39 0.51%

Water 4,831,754 14.42%

Total weight (Kg) 33,298,869 99.38%
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Figure 15. Blue WF of various construction materials

Figure 16. Grey WF of various construction materials

Source: Gerbens-Leenes et al., 2018

However, the grey WF of the materials produced through industrial processes is much more important. These 
industrial processes liberate extremely harmful chemical products (cadmium, copper, mercury, etc.) which require 
large volumes of water to dissolve them if not properly treated.

Figure 16 reflects the grey WF of  these same construction materials which, as can be seen, is particularly high for 
steel and glass.

The grey WF of unalloyed steel exceeds 2,200 litres/kg, while for chromium-nickel steel it is 1,500 litres/kg. For flat 
float glass, it is 1,300 litres/kg, while cements have a much more moderate grey WF of 210 litres/kg.

Source: Gerbens-Leenes et al., 2018
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To calculate the WF of sand and gravel, we used the data provided by the Ecoinvent database (Wernet et al., 2016). 
Based on the latter, we determined a direct blue WF of 1.38 litres/kg and a grey WF of 0.02 litres/kg (essentially the 
use of steel structures and tools to extract those materials).

For pre-fabricated concrete, we calculated its WF based on the corresponding raw materials. For each ton of pre-
fab concrete, we thus considered 190 kg of cement, 775 kg of sand and gravel and 90 litres of water. This implies a 
blue WF of 1.56 litres per kg of pre-fab concrete. To this we would have to add a grey WF of 39.9 litres/kg if its waste 
is not properly treated.

Wood is one of the materials with the highest green WF. We have to bear in mind that evaporation in the forests 
represents 45-58% of the total vapour flow from the earth to the atmosphere, though, of course, not all this volume 
of water is related to the evaporation process and the transpiration of plants due to their growth processes.

According to estimates by Van Oel and Hoekstra (2010), the green WF of dry pine trunks in Spain is 655 m3 of water 
per m3 of wood (somewhat less than the world mean of 726 m3/m3), that is, 1,310 m3/ton of wood, bearing in 
mind that we use the market standard whereby each cubic meter of pine trunks weighs 500 kg. 

Consequently, the WF of dry pine trunks is 1,310 litres/kg, though the transformation process of that wood 
increases its initial green WF.

To specifically calculate the different types of wood used in the Villaverde project, we used the figures detailed in 
the following table.

The calculation system used implied assigning a type of wood to each use and converting the WF data as estimated 
by Schyns et al. (2017) in m3 of water per m3 of each type of wood based on the mean calculated density of each, 
with a WF in litres per kg.

As can be seen, the mean WF for the wood used is 1.649.90 litres of water per kg, corresponding essentially to green 
WF evapotranspired as part of the trees’ natural growth process.

We have not found any study which provides a detailed analysis of plaster’s WF. However, by analysing its 
manufacturing process, we have determined that its blue WF is very similar to that of cement, though its grey WF 
may be somewhat less. 

For our calculations, we have assumed the same WF data for plaster and cement. In terms of plasterboard, it 
comprises 92% plaster and 8% recycled paper. Noting that the WF for printed paper in Spain is 321 m3 of water per 

Table 8. WF of the wood used in the Villaverde project

Source: the authors based on data provided by Vía Célere

Amount of wood (kg) Used in: Wood type Density 
(kg/m3)

Mean density 
(kg/m3)

WF 
(m3/m3)

WF 
(litre/kg)

Total WF 
(litres)

23,159 Kitchen furniture Conglomerate P2 630 630 1,031 1,636.50 37,899.887

87,445 Doors

Pine trunks (6.1%) 500 500 655 1,310.00 159,057,333

MDF (43.5%) 600-800 700 708 1,011.40

Conglomerate ((50.4%) 160-450 400 1,031 2,577.50

40,431 Floors HDF 810-1127 1 1,331 1,331.00 53,813,661

1,872 Bathrooms Pine trunks 500 500 655 1,310.00 2,452,320

3,676 Bathroom furniture Conglomerate 160-450 400 1,031 2,577.50 9,474,890

12,807 Pallets Pine trunks 500 500 655 1,310.00 16,777,170

169,390 TOTAL Wood type 1,649.90 279,475,262
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ton (equivalent to 321 litres of water per kg) and bearing in mind that the cellulose used for said paper stems from 
eucalyptus trees and Spain’s high recovery rate of recycled paper (Van Oel and Hoekstra, 2010), we calculate that 
the WF for plasterboard is 27.7 litres/kg.

The last materials for which we have calculated their WF are bricks and tiles. For both of these we have applied a 
similar calculation method as above, though, in this case, applying Skouteris et al. (2018). According to the latter, 
the mean blue and green WF for bricks and tiles are 2.02 litres per kg, while their grey WF would be an additional 
1.3 litres if the waste water resulting from their manufacture is not duly treated.

Bearing in mind that the mean weight of bricks is 2.3 kg each and that the blue and green WF of bricks and tiles is 
0.88 litres/kg, including their grey WF, without treating the associated effluent, their total WF would be 1.44 litres/
kg.

Table 9 below details the total blue and green WF and the total of all the materials used. There are two columns 
dedicated to weight: column 1 which includes the weight of all 11 materials selected and which, as a whole, 
represent 99.38% of the total weight of all the materials used in Vía Célere’s Villaverde development.

Multiplying the blue and green WF of each material (column 3) by said weight (column 1), we obtain the blue and 
green WF of the 11 materials, with a total volume of 349,743 m3, representing a mean blue and green WF of 10.5 
litres/kg of material for the development.

Worth noting is that 80% of this high volume of water corresponds to its green WF due to the forests’ growth over 
hundreds of centuries and which corresponds to 169.4 tons of wood used in the real estate development (barely 
0.5% of all the materials used). Also noteworthy is that the second material with the greatest WF is sand/gravel, 
representing 7.89% though it is nearly 60% of the total weight of materials.

If we hypothesise that 0.62% of the remaining materials not considered in this analysis due to their scant 
importance (reflected in Table 9 as “Other mat.”) also had a WF of 10.5 litres/kg, the total blue and green WF for the 
development would rise to 351,940 m3. The blue WF would ascend to 72,465 m3 of water, approximately 2.1 litres 
per kg of construction material used (calculated now as the total direct and indirect water consumed to produce 
or extract the materials used in the development, that is, all the materials except wood).

The last columns in Table 9 (highlighted in grey) include our calculations regarding the materials’ grey WF to thus 
calculate the total WF at the theoretical level if the appropriate treatment systems are not applied for the waste 
water stemming from the production of all the materials used to build the housing development.

Figure 17. Distribution of the total WF

Source: the authors
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As can be seen, the total WF now totals 3.498 cubic hectometres (or millions of m3 of water), of which 3.1 hm3 
would be those theoretically needed to dilute the untreated pollutants produced.

Worth noting now is that the materials with the greatest WF due to being the most pollutant are steel (61% of the 
total), followed by glass, cement and plaster (column 6 in Table 9). Wood still has a very high total WF due to its 
elevated green WF.

Table 9. The Villaverde development’s WF

Source: the authors

Material weight Green + blue WF
TOTAL WF

 (green + blue + grey)

Materials (1)
 kg

(2)
 %/ total

(3)
 litres/kg

(4)
 litres/ material

(5)
 %/ total

(6)
 litres/kg

(7)
 litres/ material

(8)
 %/total

Cement 3,600,551 10.75% 2.17 7,813,196 2.23% 212.2 763,928,912 21.98%

Plaster 165,143 0.49% 2.17 358,361 0.10% 212.2 35,308,409 1.01%

Plasterboard 542,562 1.62% 27.68 15,016,164 4.29% 212.2 115,115,386 3.31%

Pre-fab concrete 1,033,895 3.09% 1.57 1,625,076 0.46% 41.5 42,893,920 1.23%

Steel 929,228 2.77% 11.83 10,992,764 3.14% 2,281.80 2,120,339,780 61%

Sand/gravel 19,861,275 59.27% 1.38 27,408,559 7.84% 1.4 27,815,702 0.80%

Tiles 256,398 0.77% 0.88 225,184 0.06% 1.4 370,105 0.01%

Bricks 1,844,691 5.51% 0.88 1,620,120 0.46% 1.4 2,662,772 0.08%

Glass 63,982 0.19% 5.89 376,856 0.11% 1,305.90 83,553,820 2.40%

Wood 169,39 0.51% 1,649.90 279,475,262 79.91% 1,649.90 279,475,262 8.04%

Water 4,831,754 14.42% 1 4,831,754 1.38% 1.0 4,831,754 0.14%

Total 11 mats. 33,298,869 99.38% 10.50 349,743,296 100% 104.40 3,476,025,821 100%

Other mats. 209,212 0.62% 10.50 2,197,392 104.40 21,839,421

TOTAL 
VILLAVERDE 
DEVELOPMENT

33,508,082 100% 10.50 351,940,688 100% 104.40 3,497,865,241 100%
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5. FINAL CONSIDERATIONS

Throughout this report, we have detailed the primary results of the first applied project carried out within the 
context of the UAM-Vía Célere Observatory of Environmental Sustainability in Housing Construction. The latter’s 
general areas of activity are defined in the first section of this document.

After the initial presentation, the following section summarises the current “state of the art” in terms of the 
alternative methodologies used to calculate and analyse the WF, including the most relevant bibliographical 
references identified for our study.

The third chapter provides a brief quantitative analysis of the current situation of water resources in Spain based 
on the Spanish National Statistics Institute (INE) and its report, “Cuentas Satélites de Agua”, combined with other 
national and international statistical databases dedicated to gathering water consumption data. 

As reflected in that chapter, approximately only 10% of all water captured in Spain is distributed via conduits as 
potable water. 64% of the latter is consumed in homes, while the remaining 36% by the different activity branches. 
The remaining potable water is destined primarily for irrigation (79%), and the other 21% for refrigeration and 
other uses.

Of the more than 35.7 billion m3 of water captured annually in our country, 21.8 billion m3 is returned to 
continental bodies of water and 890 million to non-continental bodies of water (seas and oceans). Thus, the 
total consumption of water is approximately 13.7 billion m3.In terms of the consumption of potable water, we 
have detected a notable drop with respect to the number of households and total production value (GDP), 
representing greater efficiency and resource savings.

Compared to other European economies, Spain’s domestic per capita consumption of water is amongst the 
highest though similar to that in the most advanced economies. For production activities, Spain occupies an 
intermediate position in the European context though significantly higher compared to the most advanced 
economies. This fact could be explained by differences in the production structure with significant differences in 
terms of consumption patterns in each activity branch.

Lastly, the fourth chapter serves to detail the empirical results from calculating the WF of Vía Célere’s housing 
development project in Villaverde (Madrid), applying both the economic value and the materials weight 
approaches.To apply both these methodologies, we had to carry out an exhaustive analysis of both the physical 
and economic flows implied in the construction of that development, analysing more than 5,900 purchase 
invoices and 3,500 bills from suppliers.

To calculate the WF using the value approach, we used the average water (blue and green) consumption 
coefficients per output unit in each of the 62 differentiated activity branches included in the Spanish input-output 
table and obtained from the EXIOBASE database.

We applied these coefficients to calculate the consumption of water embedded into the goods and services 
acquired from suppliers as well as to estimate the development’s indirect consumption of water. The latter is 
the consumption resulting from the entire economic system to produce the goods and services incorporated 
into the production process for those goods and services. We obtained these values by applying the basic input-
output analysis methodology.

By adding the consumption of this embedded and indirect water consumption to the figures for the project itself, 
the housing development consumed a total of 88,498 m3 of water. As is logical, the largest quantities correspond 
to the indirect consumption of water for primary activity areas (agriculture and forestry).

In terms of the embedded water consumed, the majority corresponds to the construction industry itself due to 
the high quantity of outsourced work.

For its part, the greatest impact in terms of indirect consumption corresponds to the initial production of wood 
followed by rubber and plastics, electrical energy and trade.
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When applying the weight-based approach that is, the weight of the materials used, our calculation method 
combined the two most commonly used techniques at the international level: the Life Cycle Analysis (LCA) 
method (using the Ecoinvent database) and the Water Footprint Assessment (WFA) developed by the Water 
Footprint Network.

Concretely, we aggregated the weighted value of each individual WF of all the materials used to build the 
Villaverde development, providing a detailed analysis of the different materials used in its construction and 
carefully revising the direct purchase of goods and services based on a cost analysis.

We then classified the data according to primary materials whenever possible. This implied breaking down some 
composite materials into their elementary materials, thus identifying a total of 32 primary materials. Combined, 
these represent a total weight of 33,508.1 tons.

Of these 32 materials, we analysed all those that represented more than 0.2% of the total weight, selecting 11 
materials which, as a whole, represent 99.3% of the total weight of all the materials used to build the Villaverde 
development.

We then calculated the WF of each of these 11 materials, either directly or indirectly, using reports and relative 
studies for the latter. The final result was a total blue and green WF of 351,940 m3 of water for the Villaverde 
development. This is equivalent to 10.5 litres per kilo of material used.

For its part, the blue WF totalled 72,465 m3 of water, approximately 2.2 litres per kilo of construction material used. 
We calculated this figure as the total direct and indirect consumption of water used in producing or industrially 
extracting the materials used in the development, excluding wood.

This differentiation is extremely important given the high volume of water used for wood during the growth of 
forests spread out over tens of hundreds of years (wood is the only material used in this housing development 
that has a green WF). This figure ascends to nearly 79% of blue and green WF, while wood barely represents 0.5% 
of all the material used.

Lastly, if we add the grey WF of each material to our calculations, we have to calculate the theoretical volume 
of water needed to dilute untreated pollutants. That is, it is a theoretical calculation of all the WF implied by the 
Villaverde development if it had not counted on the appropriate treatment system for the waste generated to 
produce each and every material used to build that development.

The two methodologies are not directly comparable given that the first only reflects flows (primarily, blue 
water) generated during the production processes. By contrast, the second considers the entire lifecycle of the 
incorporated products. Here, wood has significantly higher figures.

If we omit the grey WF (not computed using the value focus) and eliminate wood from the second, we obtain a 
WF totalling 72,465 m3 of water compared to 88,498 m3 using only the first approach.

To summarise, we can conclude that the blue WF, that is, without including the grey WF and wood, is somewhere 
between 72,465 m3 using the weight focus and 88,498 m3 using the value focus.

Lastly, given that the development’s total construction area spans 15,428 m2, its blue WF oscillates between 4.6 
and 5.7 m3 for every m2 built. This figure would rise to 23 m3 if we included wood’s green WF and up to 227 m3 
of water for every m2 constructed if we included the grey WF.
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