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Sammanfattning 

Vattenfotavtryck är ett relativt nytt begrepp som innebär att man beräknar den mängd vatten 

det går åt för att t.ex. producera en produkt eller tjänst. Resultaten på vattenfotavtrycken för 

produkter och tjänster kan skilja sig då tillverkningsprocesserna kan se olika ut i olika delar av 

världen. Tillgängligheten på färskt vatten skiljer sig också i olika delar av världen där tätbebyggda och 

torra områden drabbas hårdast av vattenbrist när vatten används inom industrier istället för 

dricksvatten till befolkningen. Få studier har gjorts på vattenfotavtryck inom byggbranschen där det 

börjat bli aktuellt att undersöka ämnet inte minst då hållbarhetsbedömningssystemet CEEQUAL (Civil 

Engineering Environmental Quality Assessment and Award Scheme) har efterfrågat vattenfotavtryck 

på byggmaterial. Syftet med studien är att hitta ett tillvägagångssätt för hur ett vattenfotavtryck för 

betong kan beräknas i detalj men också hur konceptet gällande vattenfotavtryck kan tillämpas i 

CEEQUAL. 

I den här studien har vattenfotavtrycken på två olika betongrecept (kallade A och B) blivit 

undersökta genom användning av EPD (Environmental Product Declaration) dokument och deras 

olika moduler. I den här studien undersöktes vattenfotavtrycken för modulerna A1-A3 samt A4. 

En hållbarhetsbedömning gjordes också på vattenfotavtrycken av båda betongrecepten för 

modulerna A1-A3 genom att vattenfotavtrycken jämfördes med vattenstressindex (WSI) i de länder 

där vatten användes.  Vattenstressindex är ett mått på känsligheten av ett lands vattenbrist och 

baseras på total mängd färskvattenuttag, total mängd av tillgängliga färskvattenresurser och 

vattenbehovet i naturen för dess ekosystem. Om ett lands WSI överskrider 100 % betyder det att 

landet använder mer än 100 % av sina tillgängliga färskvattenresurser. Förutom den jämförelsen 

applicerades även resultatet på vattenfotavtrycket (för ett ton betong) av modulerna A1-A3 för 

betongrecept A på den totala mängd producerad betong i Sverige under 2014. Detta jämfördes 

sedan med vattenanvändning i andra svenska industrier för att visa resultatet i ett större perspektiv. 

Resultaten av studien visade att vattenfotavtrycket för betongrecept A blev 987 l/ton medan 

vattenfotavtrycket för betongrecept B blev 962 l/ton. Vattenfotavtrycket för modul A4) var lika för 

båda recepten och resulterade i 1 liter färskvatten per ton betong. Majoriteten av färskvattnet (963 

liter av 987 liter för betongrecept A) användes i Sverige där tvätten av betongbilen stod för den 

största delen av använt vatten. Sveriges WSI visade sig vara ca 4 % och därmed inom intervallet för 

”lätt exploaterade resurser”. Följaktligen är de tillgängliga färskvattenresurserna inte hotade av 

betongproduktionen i Sverige då vattenfotavtrycket för hela Sveriges betongproduktion endast 

motsvarade runt 1 % av den totala vattenanvändningen i landet. 

För att kunna använda konceptet vattenfotavtryck i CEEQUAL bör tillverkare och leverantörer 

vara ansvariga för att tillhandahålla aktuella dokumentationer om vattenfotavtryck gällande deras 

produkter. Detta eftersom de är insatta i och medvetna om alla tillverkningsprocesser som kräver 

vatten. Det är också viktigt att dokumentationen är tillgänglig för beställarna, detta för att möjliggöra 

beslut om materialval baserat på informationen om tillverkningens vattenåtgång.  
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Abstract 

Water footprint is a measurement of the amount of used water required to produce a product or 

service. Water footprints of products may vary since the production may differ in different parts of 

the world. The fresh water availability also varies around the world and dry and populous areas are 

most affected to water scarcity when fresh water is used in industries instead of as drinking water. 

Within the building sector, few studies concerning water footprint have been made. However, the 

concept of water footprint is starting to grow within the building sector and CEEQUAL (Civil 

Engineering Environmental Quality Assessment and Award Scheme) requires the water footprint of 

materials in their sustainability rating scheme. The purpose of this study is to find a way to calculate 

the water footprint of concrete in detail and also how the concept of water footprint can be applied 

in the CEEQUAL sustainability rating scheme.  

In this study, water footprints of two different concrete recipes (called A and B) have been 

investigated by using EPD (Environmental Product Declaration) documents and their different 

modules. In this study, water footprints of modules A1-A3 and A4 were investigated respectively. 

The water footprints of concrete recipe A and B for modules A1-A3 were also evaluated in a 

sustainability assessment where the water footprints were compared to the water stress indexes in 

the countries where water was withdrawn. Water Stress Index (WSI) is a measure of a nation’s water 

stress vulnerability and is based on the total amount of withdrawn fresh water, total amount of 

available fresh water resources and the environmental water requirements. If the WSI of a nation 

exceeds 100 % it indicates that the nation uses more than 100 % of its available fresh water 

resources. The water footprint of the total concrete production in Sweden during one year (2014) 

was also made based on the result of the water footprint of modules A1-A3 for recipe A. Thereafter, 

the water footprint of the Swedish concrete production was compared to water usage within other 

Swedish industries to visualize the result in a broader perspective.  

  The results showed that the water footprints were 987 l/ton and 962 l/ton for concrete recipe A 

and B respectively. The water footprint of module A4 was the same for concrete recipe A and B and 

included 1 liter of used fresh water per ton concrete. The majority of used fresh water (963 out of 

987 liters) was withdrawn in Sweden where water used for washing of the concrete blender was the 

biggest contributor. However, the WSI for Sweden was only about 4 % and ended up within the 

ranges for “Slightly exploited”. Due to that fact, the available fresh water resources in Sweden are 

not threatened by the concrete production since the water footprint of the total concrete production 

in Sweden only corresponded to about 1 % of the total amount of used fresh water within the 

country. 

To be able to apply the concept of water footprint in the CEEQUAL sustainability rating scheme, 

manufacturer and suppliers should be responsible for providing valid documentations of water usage 

of their products since they are aware of the processes within the supply chain that requires water. It 

is also important that the documentations are available for the clients to make it possible for them to 

decide upon material choices based on the information of water usage.     
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NOMENCLATURE 

Acronyms Description 

CEEQUAL Civil Engineering Environmental Quality Assessment and Award Scheme [-] 

LCA Life Cycle Assessment [-] 

ISO International Organization for Standardization [-] 

EPD Environmental Product Declaration [-]  

CEN European Committee for Standardization [-]  

PCR Product Category Rules [-] 

W Total Withdrawal of Fresh Water [m3] 

EWR Environmental Water Requirements [m3]  

MAR Mean Annual Runoff [m3] 

WSI Water Stress Index [-] 

WF Water Footprint [m3] 

SCB Swedish Statistics [-] 
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1 INTRODUCTION 

Water footprint is a relatively new concept that measures the amount of water used e.g. for a 

product, a process or within a nation (WWFAustralia, 2015). Apart from the measurements, water 

footprint investigations often include a sustainability assessment to evaluate whether the water 

usage is sustainable with respect to the available fresh water resources within a certain area 

(Krchnak, 2015). Since the availability of fresh water is geographically dependent, the results of 

sustainability assessments can vary between different nations or areas. 

 According to Mekonnen and Hoekstra (2011), agricultural production resulted in 92 % of the 

total global water footprint during the period 1996-2005. 74 % of the water footprint was green 

water (precipitation), 15 % was grey water (polluted water) and only 11 % was blue water (fresh 

water). Green water is often more relevant for crop productions, which is realistic since crops are 

directly affected by precipitation.  

As of date, the concept of water footprint have barely been implemented or applied within the 

Swedish construction sector and at the request of the Swedish construction company Skanska, this 

study will focus on water usage required to produce building materials. The reason why Skanska is 

interested in this topic is because they are using a sustainability rating scheme called CEEQUAL (Civil 

Engineering Environmental Quality Assessment and Award Scheme) for some projects and the 

scheme includes the concept of material´s water footprint, however, it is not specified how the 

concept should be applied. 

Earlier studies indicate that it is difficult to calculate the water footprint of a material due to lack 

of knowledge of how data is collected. When evidence for a question in the CEEQUAL scheme is not 

answered or treated, the question is not evaluated and the points for the grading is not given  for 

further reading see Catapano and Kadir (2014), see also chapter 2.3 in this study for a description of 

CEEQUAL. This report is narrowed down to only include an investigation of the water footprint of 

concrete to get a detailed overview of what data and which processes to include. Concrete was 

chosen as it is one of the most commonly used materials within the construction industry.  

1.1 Purpose and Research Questions 

The main purpose of this study is to find a way to calculate the water footprint of concrete in 

detail and also to find out how the concept of water footprint can be applied in the CEEQUAL 

sustainability rating scheme. According to some frameworks, for example Water Footprint Network 

Manual, a sustainability assessment of the water footprint is also included in a comprehensive water 

footprint investigation. Due to that fact, this study will also investigate whether the water footprint 

of concrete is sustainable or not with respect to the available fresh water stock in the concerned 

countries.  

The reason why this study is carried out is to increase the knowledge of how a comprehensive 

water footprint investigation can be performed including the summarized water footprint for 

different processes together with a sustainability assessment of the summarized water footprint. To 

find a suitable approach for how this water footprint investigation can be performed, these research 

questions will be answered:  
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- What is the water footprint of 1 ton of concrete for two different recipes?  

- What are the main contributing factors to the water footprint of concrete?   

- Is the water footprint of concrete sustainable with respect to the available fresh water stock 

in concerned countries? 

To achieve the results, a case study of concrete production in Sweden will be investigated. The 

study will explore the water usage in the production of 1 ton of concrete, produced and casted in 

Sweden. It will also include a sustainability assessment with data from the results of the water 

footprints for the two concrete recipes in this study.  

Based on the results of the water footprint calculations and the sustainability assessment, there 

will be a discussion and recommendations of how the concept of water footprint can be used in the 

CEEQUAL sustainability rating scheme.   

1.2 Delimitations 

This study only focuses on fresh water usage and how fresh water resources are affected by the 

fresh water withdrawals. Other environmental impacts such as CO2-emissions are not considered in 

this study.  

1.3 Reading Instructions 

The reader will first be guided through some necessary background information (2) followed by 

how the water footprint was calculated (3) and the results (4). The end of the report is comprised of 

a discussion and conclusion based on the results (5) together with suggestions on future work in this 

field (6).    
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2 BACKGROUND  

Water is the most important natural resource on earth as it is the basis for life and the resource 

is under high pressure. Around 70 % of our planet’s surface is covered with water but only around 3 

% is fresh water and barely 1 % is usable for humanity since the majority of the fresh water is frozen 

in glaciers and polar ice caps (Krchnak, 2015). Increasing population growth and improved living 

standards are some of the reasons why the demand for fresh water has increased. Water scarcity, 

degraded water quality and flooding are some problems caused by the increasing demand. (Agarwal 

et al., 2000) 

The fresh water availability varies around the planet (see Figure 1) and dry and populous areas 

are most exposed to water stress, which is the ratio between used water and available water. 

 

Figure 1. Water Stresses around the world. (WWF/TNC, 2008) 

 

To raise awareness of the issue, it is important to understand the relationship between the 

products and services that humanity consumes and the impact the consumption has on water 

resources. Therefore, a concept called water footprint has been developed, which is a measure of 

the fresh water used to e.g. produce a product or service. (WWFAustralia, 2015) 

Embodied water, or virtual water, are synonyms to water footprint and refers to the amount of 

consumed water to produce a product or a service (Hoekstra et al., 2011a). There is a clear 

distinction between used and consumed water. Used water may or may not return to its source again 

while consumed water cannot be returned. (Reig, 2013) 

In this chapter, different methods on how to account for the amount of water required to 

produce a material, product or service will be described (2.1) followed by a presentation of earlier 

studies of water footprints (2.2). Thereafter, CEEQUAL’s sustainability rating scheme will be 
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presented and explained, including the concept of water footprint (2.3), and in the end a detailed 

explanation of how concrete is produced is given (2.4). 

2.1 Methods According to Different Guidelines 

In recent years, different methods on how to account for the amount of used water in products 

and processes have been developed. Some of the methods are more general and some are more 

specific (SIS, 2015). When it comes to for example environmental impacts there are a lot of different 

factors to account for and therefore, some guidelines have been developed in general to cover all 

factors while some standards only cover a detailed description of how to deal with a certain factor.  

Standardizations can be developed with different geographical scope e.g. global, European or 

national in order to suit different nations legislation and policies (Möller, 2015). These 

standardizations can be developed by researchers and organizations to increase the awareness and 

to achieve their targets (Water Footprint Network, 2015). 

In the following subchapters, different guidelines and frameworks for how a water footprint is 

calculated will be described. The guidelines and frameworks are based on the life cycle method with 

different phases of a product life. Therefore, the concept of life cycle assessment (LCA) will be 

described in 2.1.1.  

2.1.1 Life Cycle Assessment According to ISO 

International Organization for Standardization (ISO) is a voluntary organization that publishes 

international standards. These standards include specifications and recommendations on how 

materials, processes, products and services are used in the best way to fit its purpose. These 

documents make it possible to report e.g. investigations and calculations in a consistent way and are 

used all over the world in different business sectors and industries covering e.g. food products and 

healthcare. (ISO, 2015) 

ISO have developed several standards for Life Cycle Assessment (LCA). Two of these standards 

are ISO 14040:2006 and ISO 14044:2006 which describes the general way on how to perform a LCA 

with guidelines and principles. LCA is a method to calculate and describe potential environmental 

impacts such as carbon emission, acidification, eutrophication or water use during the entire lifetime 

of a material, product or service. LCAs can further be used to evaluate different options of materials 

etc. It means that all stages from raw material extraction, transports, production, use, end-of-life 

scenario and waste handling are included. All these phases are also known as cradle-to-grave, 

however, it is also allowed to make a LCA called cradle-to-gate which includes all the stages from raw 

material extraction until the product or service is finished. (ISO, 2006) 

The LCA method generally consists of four steps (ISO, 2006): 

1. Definition of goal and scope - In the first step, decisions regarding what subject the 

study is about must be taken and system boundaries have to be specified. What type 

of data the study is going to use also have to be specified in this step together with 

the relevant environmental impact categories the study aims to focus on.   

 

2. Life cycle inventory (LCI) - When it comes to the second step it is time to specify all 

inputs and investigate the outputs in all the included processes throughout the 
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lifetime of a product or a service. Inputs can be raw material and other resources 

used in production and outputs can be emissions and heat from a process.    

 

3. Life cycle impact assessment - LCI is followed by an impact assessment which 

includes identifying, quantifying and evaluating the results of the LCI. In this step, 

resource consumption and emissions are linked to different and relevant impact 

categories.   

 

4. Interpretation of the results - The results of the study is summarized and interpreted 

to make it possible to draw conclusions and make recommendations.  

The LCA method is widely used all over the world and recently there have even been complex 

studies about LCAs for buildings, for further reading, see Sveinssønn Melvær (2012). According to the 

ISO standard, a LCA quantifies the amounts of water added throughout all the processes for a 

product or service, but generally it does not include an assessment on how sustainable the different 

water withdrawals are. An LCA focuses more on whether water resources are polluted or not.   

2.1.2 Water Footprint According to ISO 

ISO recently developed the standard 14046:2014 regarding water footprint (ISO, 2014). The 

water footprint standard is based on, and refers to the same method as for the LCA Standard ISO 

14044:2006. As mentioned above, a LCA should cover the water usage during a product´s lifetime 

and the water footprint standard describes how to account for that in detail.  

In ISO 14046:2014 it is stated that the total water usage in all stages (including operation and 

end-of-life scenario) in a life cycle should be included, but a water footprint can also be calculated for 

only one or several life cycle stages if it is appropriate and justified. The method is similar to the LCA 

method and contains the same phases as above (2.1.1) but with a different naming convention: 

1. Goal and scope definition  

2. Water footprint inventory analysis 

3. Water footprint impact assessment 

4. Interpretation of the results 

ISO 14046:2014 states that the term water footprint may only be used if a comprehensive 

investigation of all the potential environmental impacts have been made (including water availability 

and water degradation), otherwise an indicator that describe the aim of the study has to be used 

together with the term water footprint. For example, if a study aims to investigate the amount of 

water used to produce a product including an analysis on water scarcity in the areas where water 

have been withdrawn, the study would be called water scarcity footprint. What a study aims to 

investigate should be stated in the first phase, goal and scope definition. 

2.1.3 Water Footprint According to Water Footprint Network 

The Water Footprint Network is a non-profit organization that focuses on efficient water use and 

sustainability. They have developed a manual called Water Footprint Assessment Manual (Hoekstra 

et al., 2011b), which aims to set a global standard for how to calculate and evaluate a water 

footprint. According to the manual, a water footprint can be investigated e.g. for a product, a process 

step, a consumer, a nation or a business.  
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The lifetime for a product is divided into different stages. Depending on the scope of the water 

footprint analysis different stages are included, similar to the goal and scope definition in LCA. If a 

study is carried out for the water footprint of a product, the supply chain from raw material 

extraction until manufacturing should be included. When it comes to the water footprint of a 

business, the supply chain from raw material extraction until finished outputs together with the 

operational phase should be included. 

According to the Water Footprint Assessment Manual, the evaluated water could be classified as 

direct or indirect consumed water in the different processes of a supply chain. Direct water usage 

refer to the water a consumer or producer uses in a specific process while indirect water usage 

includes water used in preceding processes, see Figure 2 for an illustration.  

 

Figure 2. A general illustration on how direct and indirect water are added in different steps of concrete production. 

 

In the water footprint manual, there is not only a distinction between direct and indirect water, 

a distinction is also made between blue, green and grey water. Blue water is defined as fresh surface 

water and groundwater, green water is defined as precipitation and grey water refers to the amount 

of fresh water required to dilute concentrations in polluted water, caused by a certain process step, 

back to its natural water quality. (Hoekstra et al., 2011b)     

The manual also mentions a method called Water Footprint Assessment, which refers not only to 

a quantitative measure of a water footprint but also to the localizations of the different water 

withdrawals. A Water Footprint Assessment is divided into four different steps: 

1. Goal and scope - In similarity to the LCA procedure, the first step is to define what 

the study strives to achieve. The goal can be to examine the water footprint of a 

product or a process and depending on the goal, a scope that describes what to 

include and exclude in the investigation should be defined. The outcome of the 

assessment will vary depending on choices and limitations made in this phase, e.g. 

the option to include blue, green and/or grey water.  

 

2. Accounting of the water footprint - In this phase, data are collected and processed. 

The calculation of the water footprint is defined as the total sum of the water 
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consumptions from all processes. The accounting is made separately for blue, green 

and grey water since they are accounted for in different ways. 

 

3. Sustainability assessment of the water footprint - A sustainability assessment for a 

water footprint is primarily made by comparing the actual water consumptions for a 

product to the available fresh water resources in the area where water was 

withdrawn.  

 

4. Response formulation of the water footprint - The response formulation aims at 

identifying a strategy to reduce water footprints and recommend which stakeholders 

that should be involved in that plan. 

(Hoekstra et al., 2011b) 

 2.1.4 EPD and PCR According to CEN Standard 

The European Committee for Standardization (CEN) is developing and defining technical 

standards and other technical documents for different types of materials, processes, services and 

products. CEN is creating standards in various fields and industries such as construction and energy. 

The CEN documents are used as national standards in 33 European countries since they are accepted 

as standards by the European Union and the European Free Trade Association. The standards make it 

possible to consistently communicate requirements and guidelines on material, processes, services 

and products. (CEN, 2015) 

 Environmental Product Declaration (EPD) is a descriptive document with a material’s, product’s 

or services quantified environmental data. The data should be gathered in accordance to the LCA 

standards 14040:2006 and 14044:2006 developed by ISO (EPD International, 2015). Product Category 

Rules (PCR) are documents developed to ensure that EPD documents for similar construction 

products are produced in a consistent way (Environdec, 2015). CEN has developed a standard called 

EN 15804:2012 Sustainability of Construction Works - Environmental Product Declarations - Core 

Rules for the Product Category of Construction Products, which covers the concept of PCR and 

generally describes what an EPD document for construction products should include.  

 The specified data in an EPD includes the use of resources in different life stages of a product 

and the possible environmental impacts that may occur during a products lifetime. One of the 

parameters regarding resource usage that have to be specified in an EPD is the net use of fresh water 

in cubic meters, which equals the water footprint of a product. When it comes to possible impacts 

caused by the product, some examples are global depletion, global warming and eutrophication. The 

goal of an EPD is to provide important and relevant environmental information during a product’s 

lifetime (or part of a lifetime) and to raise awareness of a product’s possible impacts and benefits. 

This will enable comparisons of environmental information between similar products. (CEN, 2013) 

In accordance to EN 15804:2012, the different stages in a life cycle is divided into Production, 

Construction, Operating and End-of-life. There is also one additional category called Additional 

environmental information, where the end-of-life scenario of the product is evaluated as impacts 

and/or benefits. These stages are divided into subcategories called information modules including: 
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Production 

A1: Raw material extraction 

A2: Transport of raw material from site to manufacturer 

A3: Producing the material/product 

Construction 

A4: Transport from manufacturer to the construction site 

A5: installation of the material/product on the construction site 

Operating 

B1: Usage of the construction 

B2: Maintenance of the construction  

B3: Repair of the construction 

B4: Replacement of materials in the building/construction  

B5: Renovation of the construction 

B6: Energy consumption (operational energy) 

B7: Water consumption (operational water)  

End-of-Life Scenario 

C1: Demolition of the construction 

C2: Transport of waste from the construction site to waste facilities  

C3: Waste handling - reuse, recycling and/or recovery   

C4: Final disposal of waste materials  

Additional Environmental Information (Optional) 

D: Potential reuse, recovery and recycling of the materials evaluated as net impacts and 

benefits to the environment 

 

According to the standard EN 15804:2012 it is mandatory to at least include modules A1-A3 in an 

EPD for a construction product. It is also stated that there are three different types of EPDs based on 

the different stages and modules in a life cycle, see Table 1. 

 

Table 1. The different types of EPDs including the required modules for each type. 

EPD type Included information modules 

Cradle-to-gate A1-A3 

Cradle-to-gate with 
options 

A1-A3 in combination with any other information from 
modules in other life cycle stages. Module D may also 
be included. 

Cradle-to-grave All modules between A1-C4. Module D may also be 
included. 
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In most cases, the inputs and outputs including environmental data are well structured for each 

module. This makes it possible to compare two EPDs of the same product with the same system 

boundaries even if one is a cradle-to-gate and the second is a cradle-to-grave. 

Interpretations of standard EN 15804:2012 can be made for specific products and Product Group 

Classification: UN CPC 375 Concrete is one of them and explains how PCR should be used for concrete 

products. The document includes descriptions and examples of what processes should be included 

for each module A1-A5 for ready mixed concrete and concrete blocks. (EPDInternational AB, 2015) 

2.2 Earlier Water Footprint studies within the construction sector 

Although methods for calculating a water footprint exist, there is a lack of studies on how to 

actually perform a water footprint study on a construction, building product or material. Only a few 

studies were found and they are presented below:  

- In the study by Crawford and Treloar (2005), a commercial building in Australia was 

studied and water used during raw material extraction, processing, manufacturing 

and construction was calculated.   

 

- Crawford and Pullen (2011) performed a life cycle water analysis on a residential 

building in Australia where water required in the main processes (e.g. mining) to 

produce and deliver materials and products was studied. The amount of required 

water to communicate and finance materials and products was also included. 

Furthermore, the amount of water required for the refurbishments of the building 

was studied. 

 

- Meng et al. (2013) investigated the virtual water for a building in Beijing. The study 

included the required amount of water for material production, equipment, 

manpower and tap water used on the construction site. 

 

- In a study by (Gu et al., 2015), the water footprint of iron and steel production was 

calculated. The study included the amount of direct water, virtual water and grey (polluted) 

water required for the iron steel production. Water for labor force, transportations and 

mechanic energy costs was also included.    

The above studies were based on different cases with different limitations and system 

boundaries. It is difficult to compare results when water footprint studies do not have the same 

system boundaries and limitations and therefore, it is necessary to find a consistent way to calculate 

a water footprint. 

2.3 CEEQUAL 

CEEQUAL is a sustainability rating scheme that aims to improve project specifications, designs 

and constructions of civil engineering projects. The scheme was developed and introduced 2003 in 

the UK and since the introduction of an international version of CEEQUAL, the system has been 

spread and used in other countries as well. (CEEQUAL, 2015)  
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The scheme is based on manuals which consist of questions regarding improvements of project 

specifications, designs and constructions to achieve more sustainable constructions with smaller 

impacts on the environment. The questions are divided in nine categories that cover; 

project/contract strategy, project/contract management, people and community, land use, the 

historic environment, ecology & biodiversity, water environment, physical resources use & 

management and transport. CEEQUAL can be used either for projects or term contracts with 

guidelines and questions in CEEQUAL Assessment Manual for Projects and CEEQUAL Assessment 

Manual for Term Contracts respectively. However, a manual for term contracts is currently only 

available in the UK and Ireland. Each project or term contract is self-assessed by a certified CEEQUAL 

Assessor. (Nicholson, 2015)     

In the CEEQUAL Assessment Manual for Projects, some questions are mandatory while some 

questions can be scoped out if they are irrelevant for a particular project. For each question, points 

are given if the question is treated in a correct way with valid evidence, in this way every project can 

have different amount of points to collect. Sometimes the questions contradict each other and 

therefore, a decision of which questions to include in the assessment has to be made. Due to this 

fact, it can be difficult to achieve the maximum amount of points for a project and therefore, a 

selection is necessary to choose questions that are feasible to manage. (Nicholson, 2015)  

When all evidence is collected and documented, a verification meeting is held between the 

CEEQUAL Assessor and an independent third verifier elected by CEEQUAL to examine and approve 

the evidence before the project or the term contract can be awarded. An assessment can achieve 

different awards called Pass, Good, Very Good or Excellent depending on the percentage of the total 

points the project or term contract achieve. (Nicholson, 2015) 

2.3.1 Embodied Water  

Question number 8.6.1 in CEEQUAL Assessment Manual for Projects cover an area called 

Embodied Water and refers to the concept of water footprint. The question is mandatory for all 

projects and is divided into two sub questions: 

- Has an assessment been made at design stage considering the embodied water in 

the materials required during construction?  

- Have the outcomes of the assessment been implemented?  

(CEEQUAL, 2013) 

The CEEQUAL manual also mentions the concept of water footprint and the possibility to find a 

link between the human impacts on fresh water systems and human consumption by using fresh 

water. It is also claimed that problems like fresh water scarcity and polluted water can be better 

understood by investigations of water usage for a whole supply chain of a material. Water footprint 

investigations may contribute to information that is helpful when trying to reduce water usage.   

Based on this assessment, an assessor would also be able to decide whether e.g. steel for a 

project should be ordered from a factory in China or Sweden depending on the level of fresh water 

impacts the steel production causes.    
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2.4 Concrete Production 

Concrete is one of the most common and important building materials and is widely used for 

different kinds of constructions. The material is very robust with great strength and consists of 

aggregate, cement, water and additives. Concrete can be used for many purposes and by changing 

the amount of ingredients, the properties of the material can easily be changed. (Svensk Betong, 

2015) 

In this section, all ingredients included in this study are presented including descriptions of their 

production. This is followed by a description of the concrete production where ready mixed concrete 

is blended at the concrete plant. In the end, there will be a description of how a concrete casting can 

proceed at a construction site followed by an explanation of the processes where the concrete 

blender is washed out. 

2.4.1 Aggregate 

Aggregate is a component in concrete and stands for about 60-75 % of the total volume. There 

are two types of aggregates; single and macadam. Single consist of natural sand and stone material 

and are dug from eskers, lakes and seabed while macadam consists of crushed quarry rocks. (PCA, 

2014) In recent years, it has become common to use macadam rather than single due to 

environment targets that the Swedish Government introduced in 2010 (Miljödepartementet, 2014). 

This is due to the fact that single is necessary in eskers since it purifies the groundwater so it can 

achieve good quality (SGU, 2015). 

Single and macadam have different characteristics, for example, macadam is more angular 

compared to single and this will influence the quality of the concrete. Due to that fact, investigations 

are necessary to achieve the knowledge of what ingredients that are required to add in the concrete 

mix (based on macadam instead of single) to get the correct properties. The usage of single in 

concrete mixtures will be phased out gradually since it is a challenge to stop using it immediately. 

According to Skanska, 25 % of the single usage in their concrete production has been phased out. 

Skanska can produce concrete with good quality by using 10 % single and 90 % macadam (of the total 

volume of aggregate). (Zettersten, 2015)  

There are many processes in the macadam production (single are just dug from eskers) and in 

some of them, water is used to mitigate the dust spreading which occurs when the materials are 

crushed. To understand why and in which processes water is used, the macadam production is 

described below. When singles are used instead of macadam, there is generally no water usage since 

single usually can be used right away (Sarin, 2015).   

Macadam Production 

The first step is to blast rocks of mountains to achieve pieces of rocks and boulders and 

sometimes, water is added in the explosives to reduce the dust spreading. Thereafter, the material 

will be transported on site to the crushing machines by dumpers or trucks. (SBMI, 2015)   

The blasted material will go through crushers to reduce the sizes of the rocks and boulders into 

smaller fractions. There are different types of crushing machines, for example; jaw crushers, gyratory 

crushers and cone crushers. Spray nozzles spraying water are often installed on the crushers to damp 

the dust spreading. This process will go on continuously until different fractions are achieved. (SBMI, 

2015)   



 

21 

 

After the crushing process, the stones will be divided into different groups depending on their 

size in millimeter. This process is required to ease the phase where macadam fractions are compiled 

for different concrete recipes. Finally, the macadam is stored unprotected in the quarries or in bins 

on site. (SBMI, 2015)  

The processes where water is added will vary due to the season and to the location of the 

quarries.  

There is usually no water used in macadam production during the winter and when quarries is 

located close to exploited areas, the amount of water used against dust spreading is higher 

compared to quarries located on the countryside or in open landscapes. (Rolfsson, 2015) 

2.4.2 Cement 

Cement is a hydraulic binder based on inorganic materials that when combined with water forms 

a paste. Before hydration reactions cure the paste, it can be processed as preferred and then during 

the curing, the cement receives its strength and stability. (CEN, 2000) 

Description of the cement production is described below. 

Cement Production   

Some of the commonly used ingredients in a cement mixture called Portland are limestone, iron 

ore, fly ash and gypsum (PCA, 2015) where limestone usually is extracted as large cuboids by a 

combined drilling and sawing process. This process requires cooling by spraying water on the 

equipment to avoid high temperatures. (Products, 2008) Water is also sprayed on the ground to 

mitigate the dust spreading when the extracted material is transported (MinEx, 2008).  

To achieve correct sizes of the limestone, it has to be crushed in two different steps. In the first 

step, water has to be sprayed constantly into the crusher when it is active to avoid dust spreading 

(Hoss, 2005). Thereafter, the limestone proceeds to the second crusher where it gets grinded to the 

size of golf balls. In this step, the limestone is mixed with iron ore or fly ash. (PCA, 2015)  

In the next step, the mix needs to achieve the right chemical and physical properties before 

proceeding into the next phase. The right properties can either be achieved through a dry or a wet 

process. In the dry process, the material is fed into a raw mill that grinds the material into smaller 

pieces. In the wet process, water is added into the raw mill to create pumpable slurry. (Marinshaw 

and Wallace, 1994) 

The next phase is called pyro processing. In this phase, the material is heated to about 1450 

degrees Celsius (Cementa, 2014a) in a long cylindrical, slightly inclined and rotating oven, called a 

kiln. The output from the kiln is called clinker. (Marinshaw and Wallace, 1994) 

The heated clinker proceeds into a cooling system that uses air to cool down the clinker below 

100 degrees Celsius. A final grinding of the clinker is the last step before distribution. In this step, 

gypsum or anhydrite is added to the mixture to influence the setting time of the cement. Other 

additives can also be added depending on the type of produced cement. (Marinshaw and Wallace, 

1994) The main ingredient in cement is clinker which stands for about 85-90 % followed by fly ash 

and gypsum which stands for about 6-20 % and 0-5 % respectively (Cementa, 2014a). 
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2.4.3 Mixing Water 

When water is selected for concrete production it is of importance to choose a water source 

with good quality. The quality of water will influence the properties of the concrete and for example, 

brackish water should be avoided since it can affect the setting time of the concrete. Brackish water 

may also contribute to corrosion of reinforcements, which can have a negative effect on the final 

concrete product. (Taha et al., 2010)  

Tap water is normally accepted for concrete mixtures due to its good quality (CEN, 2002). If  

water contains unwanted minerals such as high concentrations of sodium chloride or organic 

materials, the properties of the concrete will be affected (Taha et al., 2010). Suitable water can be 

selected according to EN1008:2002 (CEN, 2002). 

2.4.4 Additives 

Additives for concrete are ingredients that influence the properties of concrete and some of the 

effects are; acceleration or retardation of the setting time, enhanced frost and sulfate resistance, 

colorization, modification of water required for the cement and increased air entrainment. (Yilmaz 

and Turken, 2010)  

There are a lot of different additives affecting the properties of concrete in different ways. This 

study will only cover two of the most common ones (DeutscheBauchemie, 2011):   

 Air entrainer - According to the standard EN 934, this additive is defined as an 

additive that causes small and even distributed air bubbles when the concrete 

mixture is poured. The bubbles will remain after the concrete has cured. The 

amount of added air entrainer in concrete mixtures varies from 0,05 - 1,0 % by mass 

related to the cement weight. Air entrainer are based on soaps made from natural 

resins from trees or synthetic surfactants as alkyl polygylcol ether, alkylsulphates 

and alkylsulphonates.    

 

 Plasticizers/Superplasticizer - In accordance to the standard EN 934, plasticizers is 

defined as an additive that allows a reduced amount of water in concrete, without 

impairing its consistency, increasing its slump or achieve both effects. The amount 

of added plasticizer in concrete mixtures varies from 0,2 - 0,5 % by mass related to 

the cement weight.  

 

Superplasticizer has the same properties as plasticizer but it also allows a 

considerable increase of the slump in a concrete mixture. The amount of added 

superplasticizer in concrete mixtures varies from 0,4 – 2,0 % by mass related to the 

cement weight.  

 

Plasticizers/Superplasticizer used in Germany is usually based on lignosulphonates, 

melamine sulphonates, naphthalene sulphonates and polycarboxylates. These 

ingredients are either liquids or powders.   

The production of additives varies between different additives. 
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2.4.5 Concrete Mixing  

Concrete is produced at concrete plants and thereafter the concrete is delivered to construction 

sites in concrete mixer trucks. At the concrete plants, all ingredients are ordered and mixed together 

with mixing water before it is delivered. 

2.4.6 Concrete Casting 

When concrete have been delivered to a project site it is time to evaluate whether it has the 

prescribed properties or not. This is done by a slump test to make sure it has the right consistency.  

If the concrete mixture is approved, it is time to start casting. Concrete can either be casted 

directly on a surface/ground or in a mold depending on the concrete element. If the underlying 

surface is capable of absorbing water, the surface has to be moisturized by a thin film of water to 

avoid water drainage of the poured concrete. During the curing process, a thin film of water is also 

added on top of the poured concrete to ensure it does not dry out upwards. In some cases, a plastic 

sheet is placed on top of the water film to keep the water from evaporating. The amount of added 

water during the curing process depends on environmental factors such as the size of the element, 

whether the concrete is casted in a mold or against an underlying surface, etc. There is one example 

in Sweden where water was continuously sprayed on top of the concrete during the curing process 

for 21 days.  

The reason why it is important to keep the concrete wet during the curing time is to avoid 

problems such as an excessive tension in reinforcement bars, corner deflection and cracking due to 

shrinkage.  

 

(Lindqvist, 2015) 

2.4.7 Washing Out of Concrete Blender 

When the concrete casting is completed, the empty concrete truck returns to the concrete plant 

where concrete residues inside the concrete blender have to be washed out. For each wash, the 

concrete blender is filled with about 5 m3 of water and then it starts mixing to make sure all residues 

are removed from the blender when the blender is cleared from water. (Wallin, 2015)  

Wallin (2015) also mentioned that water used for the washings usually is tap water and 

sometimes it is recollected and reused for the next coming washes. However, there are also cases 

when new water is used for each wash and not reused in a closed loop.    

  



 

24 

 

3 METHOD 

The following chapter will describe the method that has been used to answer the research 

questions in this study. This study used two concrete recipes and calculated two water footprints. 

The reason why two different concrete recipes were necessary was to investigate whether the 

results would significantly differ between the two different concrete types or not.   

To answer the research question concerning the water footprint for 1 ton concrete, 

investigations regarding water usage in different processes were required. For some processes, 

information could be provided from the material supplier or found online while some information 

where gathered through email or oral conversations with competent persons within Skanska´s 

organization. Information regarding water usage was also gathered during a site visit at one of 

Skanska´s construction project at Sergel´s Torg.  

When it comes to the investigation whether the water footprint of concrete is sustainable or 

not, online information was collected to be able to find a suitable method to perform the 

assessment. Microsoft´s Excel 2010 was used to summarize all data regarding water usage and to 

arrange all the results concerning the quantified water footprint and the sustainable assessment in 

diagrams.  

The discussion of how the concept of water footprint can be applied in CEEQUAL are based on 

the result and presented in chapter 5.   

The investigations of the water footprints of the different concrete recipes were based on the 

EPD method for the accounting part since a specific standard exist for construction products (CEN, 

2013) which includes the amount of used fresh water in each module. A document developed by the 

International EPD System covering the PCR guidelines of how an EPD for concrete should be 

developed has been used for this study. The document is described in section 2.1.4 and is called 

Product Group Classification: UN CPC 375 Concrete (EPDInternational AB, 2015). 

The reason why the other frameworks were not chosen is because they are general descriptions 

on how water usage is accounted for. They also use a lot of different terms that are irrelevant for this 

investigation since it only focuses on fresh water usage. Two examples of irrelevant terms are green 

and grey water used in the Water Footprint Assessment Manual. This study only accounted for fresh 

water usage because fresh water is the most important natural resource on earth. Studies of fresh 

water usage are helpful for investigations of whether it would be possible and necessary to reduce 

the usage in some productions or not. Sustainability assessments were also made by comparing the 

nationally fresh water withdrawals and the available fresh water resources in the same nation.   

In the following subchapters, the two concrete recipes are presented (3.1), relevant information 

modules for this study are defined (3.2), data processing is described (3.3) and thereafter, the 

sustainability assessment method and sensitivity analysis are explained (3.4 and 3.5). 

3.1 Concrete Recipes 

To be able to calculate two different water footprints of concrete, two concrete recipes were 

required. In this study, two standard recipes called recipe A and recipe B with similar strength 

(C35/45 and C32/40 for Recipe A and Recipe B respectively) were provided from Skanska Betong. 

Concrete recipe A is usually used for civil and infrastructure constructions while concrete recipe B is 
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suited for buildings. The concrete recipes were given in a total density of 2,35 ton/m3 with different 

weight percentage of each ingredient, see Table 2 and 3. The numbers can easily be modified if other 

recipes with different properties are under investigation. (Hedman, 2015) 

 

Table 2. Concrete recipe A for 1000 kg including its ingredients in kilogram and weight percentage. (Hedman, 2015) 

Concrete recipe A, C35/45 S3 16 

Ingredient Kilograms [kg] Weight percentage [%] 

Aggregate 751 75,1 

Portland cement, fly ash included 
(Anläggningscement) 

177 17,7 

Fresh water 70,7 7,07 

Superplastizicer 0,8 0,08 

Air entrainment 0,5 0,05 

 

Table 3. Concrete recipe B for 1000 kg including its ingredients in kilogram and weight percentage. (Hedman, 2015)  

Concrete recipe B, C32/40 S4 16 

Ingredient Kilograms [kg] Weight percentage [%] 

Aggregate 763,8 76,38 

Portland cement, fly ash included 
(Bascement) 

157 15,7 

Fresh water 78,5 7,85 

Superplastizicer 0,7 0,07 

Air entrainment - - 

 

3.2 Information Modules 

When it comes to the EPD method it is mandatory to include modules A1-A3 since those cover 

information regarding environmental impact and resource usage to finalize a product. A4-A5, B, C 

and D modules are all optional. (CEN, 2013)  

This study covered modules A1-A3 since concrete often is sold to construction projects as ready 

mixed concrete. However, it can also be of interest in a construction project perspective to 

investigate the water usage during the construction process stage, i.e. modules A4-A5. Therefore, 

this report included two separate investigations for the product stage (modules A1-A3) and the 

construction process stage (modules A4-A5), see Figure 3 and 4 for an overview of the included 

processes.  

None of the B, C and D modules were studied since the concrete in a finalized construction can 

be considered as a part of a new product; the construction itself.   
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Figure 3. Included processes for modules A1-A3. The white colored boxes were included in this study while the grey 

colored boxes were excluded. 
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Figure 4. Included processes for modules A4-A5. The white colored boxes were included in this study while the grey colored 

boxes were excluded. 

 

In the end, module A5 was excluded since the amount of water used before, during and after a 

concrete casting is very case dependent. It depends on factors such as time of the year (temperature 

and humidity differences) and the size of the concrete element (see section 2.3.6). It was difficult to 

find numbers on the water usage in module A5 since this study only investigated a fictive project and 

a fictive concrete casting.   

In section 3.2.1, general system boundaries and assumptions for all modules will be described 

and thereafter, each module will be further described with included processes, assumptions and data 

collection (section 3.2.2 - 3.2.5).    

3.2.1 General System Boundaries 

There were some boundaries and limitations that concerned all modules and they will be 

presented below. 

Type of Water 

This study only covered the amount of used fresh water within the modules. The definition of 

used water is the amount of water required in any processes in any way as mentioned in the 

background. The term consumed water has a different definition and is therefore not used in this 

study.  
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Since this study was based on the EPD method, only the amount of fresh water were considered, 

i.e. blue water according to the Water Footprint Network. Other types of water such as green and 

grey water were excluded. Green water was excluded since that is more relevant for vegetable and 

agriculture products. Grey water was excluded since that is focusing on polluted water as a side 

effect of emissions from required processes in a supply chain.   

The terms direct and indirect water usage from the Water Footprint Assessment Manual was 

incorporated in this study since the water usage in all processes was considered. However, the water 

usage was never referred to those terms since they are not a part of the EPD method.   

Time and Geographical Location  

This study was conducted in present time (2015) and the geographical location was Stockholm, 

Sweden. Therefore, most of the data was collected with respect to the feasibility of suppliers around 

the area at that time. According to the PCR document for concrete, data in EPD documents is only 

valid for 5 years after the approval of the EPD (EPD International AB, 2015). A construction site and a 

concrete plant were necessary since modules included in this study concerned transportations. Due 

to that, a fictive construction project located at Sergel´s Torg in Stockholm was chosen and a fictive 

concrete plant in Solna has been assumed to produce the concrete.  

Water Footprint of Labor 

In all modules there are people involved as labor force whom require food, drinking water and 

clothes etc. and that will contribute to direct and indirect water usage in the water footprint of 

concrete. However, those amount of water was excluded in this study since necessities for labor 

force is not required according to the PCR for concrete (EPD International AB, 2015).  

Water usage for waste scenario, i.e. washes of cars and lorries was also excluded, except water 

used for the washing of the concrete blender.  

Water for Energy Requiring Processes 

When it comes to water required for energy in processes along the supply chain, some was 

excluded while some was included. When data are based on EPD document, processes requiring 

energy are included since that is stated in the standard EN 15804:2012. Due to that fact, water 

required for energy (e.g. cooling and fuel for machines) was included  when data was based on EPD 

documents (EPD International AB, 2015). Water required for energy during macadam production was 

excluded as well as water required for energy during the concrete mixing at the fictive concrete 

plant.  

When it comes to fuel for transportations, water required for fuel production was included. 

Suppliers of the Ingredients 

The suppliers of all ingredients required for recipe A and B were assumed to be the ones Skanska 

are purchasing materials of.  

3.2.2 Module A1 – Raw Material Supply 

The first module in the product stage included raw material extraction, internal transportation 

for the ingredients and production of all inputs in concrete (except water): aggregate, cement and 

additives.  
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System Boundaries and Assumptions 

The supply chain for concrete starts with production of aggregate, cement and additives. 

However, inputs for additives and cement were not studied further since EPDs and information of 

water usage of those ingredients were found including all inputs (ingredients) for cement and 

additives respectively. This study only investigated the additives superplasticizer and air entrainer 

since they were included in the provided recipes (see Table 2 and 3), other additives for concrete 

were irrelevant in this study.    

As mentioned in chapter 2.4.1, aggregate consist of both macadam and single but in this 

investigation, the aggregate in the recipes was assumed to be macadam. This is due to the fact that 

single is phased out to the advantage of macadam. Water used for producing diesel to the machines 

and internal transportations on the macadam production site was neglected. In reality, Skanska 

produces their own macadam and therefore, macadam was ordered from one of Skanska’s quarries. 

In this case, the macadam facility was located in Albano, close to Stockholm in Sweden.  

When it comes to cement, it was ordered from Cementa since they are the supplier of cement 

for Skanska in reality (Wallin, 2015). Additives, superplasticizer and air entrainer, were  ordered from 

Mapei and Basf respectively. Mapei and Basf are at the moment the supplier of superplasticizer and 

air entrainer for Skanska in reality (Assarson, 2015) and this study only covered information 

regarding those additives since they are used in the provided recipes.  

See Figure 3 for an overview of the included processes.  

Data Collection  

A project developer at Skanska Betong was contacted since Skanska produces their own 

macadam. Sarin (2015) had managed a project to investigate the water usage at one of Skanska’s 

macadam facilities in 2014. The amount of used water in that project was used in this study. 

Cementa was contacted regarding information about water usage during the cement production 

and EPD documents including relevant information were provided by an email conversation. Those 

EPD documents were developed by Heidelberg Technology Center (Cementa, 2014a) on the request 

of Cementa. In the EPDs, the amount of used water is not divided between the modules or the 

processes within the modules. The amount of used water was just stated as a total amount for 

modules A1-A3. However, the EPD documents were developed according to EN 15804:2012 and 

therefore, it was assumed that the EPDs covered all water usage within the supply chain of cement.   

Skanska Betong’s supplier of superplasticizer and air entrainment, Mapei and BASF respectively, 

were contacted to collect data concerning water usage for additives. Superplasticizer was produced 

in Kongsvinger, Norway while air entrainment was produced in Arnhem, Netherlands. However, none 

of the supplier had any EPD documents or the requested information of water usage. Therefore, 

EPDs for the same products but with a different manufacturer have been used to get similar 

information. The EPDs were produced in accordance to EN 15804:2012 by PE International (Deutsche 

Bauchemie, 2014a) on the request of Deutsche Bauchemie. The information of water usage in those 

documents was assumed to be equal to the water usage in the production of the additives Skanska 

Betong ordered from Mapei and BASF. It was assumed that Mapei and BASF were the suppliers of 

the additives and that the additives were manufactured in Kongsvinger and Arnhem respectively 

even though data from other manufacturer were used in this study. In the EPDs, the amount of used 
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water is not divided between the modules or the processes within the modules. The amount of used 

water was just stated as a total amount for modules A1-A3. However, since the EPDs were developed 

in accordance to EN 15804:2012, water required for all processes was included. 

Water for internal transportations (diesel production) for cement production and additive 

production was included in this study since that should be included in EPD documents according to 

the standard EN 15804:2012.  

See Table 4 for an overview of data for module A1.  

 

Table 4. All ingredients in concrete (except water) and their producer and source of information for water usage. 

Material Producer Source of information 

Aggregate Skanska Sverige AB Conversation with a relevant expert from Skanska (Sarin, 2015)  

Cement Cementa EPD document (Cementa, 2014a, Cementa, 2014b) 

Superplasticizer Mapei EPD document (Deutsche Bauchemie, 2014b) 

Air entrainment BASF EPD document (Deutsche Bauchemie, 2014a) 

 

3.2.3 Module A2 – Transport 

The second module covered the transport between each supplier of aggregate, cement and 

additives and the concrete plant. This module also included the return transportation of empty 

lorries and the internal transportations at the concrete plant.  

System Boundaries and Assumptions 

Skanska Betong has many concrete plants located in different parts of Sweden. In this study, it 

was assumed that the concrete mixture was produced at the fictive concrete plant located in Solna. 

When it comes to all the ingredients (except water) they were assumed to be transported with 

lorries that ran on diesel.  

When international transportations were required, for example transport of the air entrainer 

from Netherlands to Sweden, it was assumed that distances traveled in a specific country 

contributed to the equal amount of water footprint for diesel consumption for that nation. 

Therefore, the water footprints have not been allocated to the places where the fueling took place 

due to uncertainties of that information. 

The internal transportations at the concrete plant have been excluded in this study since all 

ingredients are mixed at the concrete plant and no long internal transportations should be necessary 

in the process of mixing concrete.   

See Figure 3 for included processes for module A2. 

Data Collection  

Regarding the fuel consumption of the lorries, information have been gathered from an 

investigation conducted by VTI. The lorries were from 1990-1998 and they could carry maximum 16 

tons of loads (including dead weight) and consumed 0,26 liters of diesel per kilometer. That type of 

lorry was chosen because this study only investigated 1 ton of concrete and it was assumed that the 
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total weight during transportations did not exceed the limit of 16 tons of loads. (Hammarström and 

Yahya, 2000) 

Distances between the material suppliers and the fictive concrete plant were estimated from 

Google Maps and they are presented in Appendix A. (Eilstrup Rasmussen and Rasmussen, 2014). 

When it comes to the water footprint of diesel, information was collected from a report 

conducted by Jefferies et al. (2011) and it can be found in Appendix A. 

3.2.4 Module A3 – Concrete Mixing 

The third module included the concrete production at the concrete plant where the concrete 

mixture was prepared by mixing cement, aggregate and additives together with water. Module A3 

also included the waste scenario according to the PCR document for concrete (EPD International AB, 

2015) and therefore, the washing out of the concrete residues inside the blender was included in this 

module, i.e. the waste scenario. 

System Boundaries and Assumptions 

It was assumed that the concrete ingredients were mixed at the fictive concrete plant in Solna. 

Thereafter, the concrete mixture was assumed to be loaded into a concrete truck before being 

transported to the fictive project. Water required for energy in this module was excluded since no 

data was found, however, it was considered as a small contributing factor to the water footprint in 

this module.  

The amount of added water in each concrete recipe was assumed to be fresh tap water since 

that normally is used in concrete production (Taha et al., 2010). 

During the waste scenario concerning the concrete blender, the used water was fresh tap water 

that was not reused for other washings since Wallin (2015) mentioned that water usage for the 

washing was not always in a closed loop. In this case, new water was used for each washing of 

concrete blenders.   

See Figure 3 for included processes for module A3. 

Data Collection  

The concrete recipes including the amount of added water at the concrete plant were provided 

from Hedman (2015) at Skanska Betong, see Table 2 and Table 3 in chapter 3.1. 

Wallin (2015) contributed with information regarding water usage for the washing of the 

concrete blender, see section 2.4.7. 

3.2.5 Module A4 – Transport 

The fourth module included transportation of the ready mixed concrete from the fictive 

concrete plant to the fictive project. It also included the transport back again to the concrete plant 

after the concrete has been casted. 

According to PCR for concrete, storage of material before it is delivered to the constructions 

site including cooling, heating and humidity controls are also included in this module (EPD 

International AB, 2015). 

System Boundaries and Assumptions 



 

32 

 

The concrete was assumed to be transported from the fictive concrete plant in Solna to the 

fictive project at Sergel’s Torg. The concrete was delivered with a concrete mixer truck with a volume 

of 3 m3. In this case, the truck run on diesel since that type of transportation and fuel were used at 

the time. (Wallin, 2015) Information regarding the transport for module A4 can be found in Appendix 

A. 

Wallin (2015) also mentioned that the average capacity of delivered concrete within Stockholm 

was 3 m3 and therefore, it was assumed that 3 m3 concrete was delivered even though this 

investigation only covers the water footprint of 1 ton concrete. The result of the water footprint for 

washing out the concrete blender would be unrealistic if only 1 ton of concrete was delivered. 

Instead, the water footprint of the washing was divided between 7,05 ton (3 m3) of concrete since 

the density of concrete in this study was 2,35 ton/m3.  

Since concrete is casted immediately on the construction site and do not need to be stored 

before it is delivered, water required for storage was excluded in this study.  

See Figure 4 for included processes for module A4. 

Data Collection  

The distance between the fictive concrete plant in Solna and the fictive project at Sergel’s Torg 

was estimated with Google Maps. (Eilstrup Rasmussen and Rasmussen, 2014) 

Information regarding fuel consumption for the concrete mixer truck was collected from (Hinkle 

et al., 2014) and can be found in Appendix A.  

When it comes to the water footprint of diesel, information has been collected from a report 

conducted by Jefferies et al. (2011) and is presented in Appendix A. 

3.3 Data Processing  

When data on water usage was gathered, it was summarized and presented in diagrams.  

3.4 Sustainability Assessment  

A sustainability assessment was performed to evaluate and analyze how the water footprints 

were related to the available water resources by comparing the water footprints to the water 

stresses in relevant countries where water was withdrawn. This sustainability assessment aimed to 

examine the fresh water resource usage since this study is focusing on water as a limited resource 

and therefore, any assessments of eventual pollutions from the concrete production were excluded.  

Water stress is a measurement to evaluate the vulnerability of a nation's water resources and is 

based on all available water resources and the total amount of water withdrawals. Water stress is 

similar to water scarcity, which is a measurement of a nations or a basins water supply in relation to 

the water demand.  

In the study by Brown and Matlock (2011) different methods on how a water scarcity index is 

evaluated are reviewed. The study shows that there are different methods to calculate the fresh 

water scarcity based on different factors such as human water requirements and ecosystems water 

requirements.  
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In this study, a method to assess the available water resources by using the Water Stress Index 

(WSI) developed by Smakhtin et al. (2004) have been used. This method was used because it is based 

on the total national water usage, the available water resources and environmental requirements 

without any consideration of other human factors such as population growth. The chosen method is 

suitable for this study since it easily overviews the general available fresh water stock based on a 

countries water usage, its available fresh water supply and the water required for the ecosystems. 

The method includes all the relevant water withdrawals in a nation; water withdrawals caused by the 

humans together with the water withdrawals caused by the nature.   

The water stress method for LCA was not considered since it included water usage for a whole 

life cycle of a product and this study did not cover the usage phase and the end-of-life scenario of the 

concrete. The assessment according to the water footprint manual was neither suitable since it 

includes analysis of green and grey water.   

3.4.1 Water Stress Index (WSI) 

In the method developed by (Smakhtin et al., 2004), the WSI is calculated as:  

 

𝑊𝑆𝐼 =
𝑊

(𝑀𝐴𝑅 − 𝐸𝑊𝑅)
                       [−] 

 

Where 

 

𝑊 = 𝑇𝑜𝑡𝑎𝑙 𝑓𝑟𝑒𝑠ℎ 𝑤𝑎𝑡𝑒𝑟 𝑤𝑖𝑡ℎ𝑑𝑟𝑎𝑤𝑎𝑙𝑠                                  [𝑚3] 

𝑀𝐴𝑅 = 𝑀𝑒𝑎𝑛 𝐴𝑛𝑛𝑢𝑎𝑙 𝑅𝑢𝑛𝑜𝑓𝑓 (𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑓𝑟𝑒𝑠ℎ 𝑤𝑎𝑡𝑒𝑟)           [𝑚3] 

𝐸𝑊𝑅 = 𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙 𝑤𝑎𝑡𝑒𝑟 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡𝑠                  [𝑚3] 

 

EWR cover a certain amount of water that is required to sustain healthy ecosystems and the 

services they provide.  

The proportion of the WSI are divided into different categories to evaluate whether an area or a 

nation are exposed to intense water stress or not. See Table 5 for all ranges and categories. 

 

Table 5. Different ranges for WSI and its categories. (Smakhtin et al., 2004) 

WSI Degree of Environmental Water Scarcity 

WSI >100 % Overexploited (uses more than 100 % of the available water) 

60 % < WSI < 100 % Heavily exploited 

30 % < WSI < 60 % Moderately exploited 

WSI < 30 % Slightly exploited 

 

In this study, WSI was measured on a national level. 
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3.4.2 WSI Compared to Water Footprint  

To be able to compare the WSI to the water footprint of the concrete, the water footprint was 

divided between nations since some processes in the supply chain of concrete included fresh water 

withdrawals in different countries. Therefore, separate WSI were calculated for each relevant 

country. 

The reason for this comparison was to illustrate the relation between the water footprint of 

concrete (recipe A and B respectively) and the WSI for the relevant nations to make it easier to 

evaluate whether the water footprint of concrete has any significant impacts on the fresh water 

resources. 

A similar investigation was performed by Magnusson (2010) where the water footprint of 1 kg 

minced meat was calculated and thereafter it was compared to different WSI for relevant countries. 

In this study, the investigation was extended to further raise awareness of how the concrete 

production in a larger scale affects the available water resources. The total water footprint of the 

Swedish concrete production based on the result of this study was compared to the amount of used 

fresh water in other Swedish industries during one year.    

3.4.3 Data Collection  

Statistical data concerning national water usage and available water resources was achieved 

from the database AQUASTAT for all relevant countries except Sweden. Data concerning Swedish 

fresh water usage was collected from Swedish Statistics (SCB). Information of the environmental 

water requirements were collected from a report developed by Smakhtin et al., (2004).  

Data on the amount of produced concrete during 2014 was collected from Betongindikatorn  

and corresponded to about 4 880 000 m3 (Löfsjögård, 2015). The water footprint of the concrete 

production was based on the results of the water footprint for 1 ton of concrete (modules A1-A3 for 

concrete recipe A) in this study. When it comes to fresh water usage within other industries, data 

was collected from SCB.  

Data for this comparison can be found Appendix B. 

3.4.4 Data Processing  

When data of the different countries WSI was collected and all the transportation routes were 

divided between the relevant nations, the WSIs were arranged in a diagram together with the water 

footprint of each nation. 

The comparison between the water footprint of the whole Swedish concrete production and 

water usage within other industries was calculated and thereafter visualized in a diagram for an 

overview.  

3.5 Sensitivity Analysis 

Sensitivity analysis of insecurities in the results were made and discussed together with 

alternative options for some modules. The analysis was based on some factors in the result and are 

therefore presented and described in the end of the result chapter (section 4.4). The alternative 

options were discussed in a water usage perspective, no other environmental factors were 

considered.  
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4 RESULTS  

The results are divided into two separate parts where the first one includes the modules of a 

cradle-to-gate study, i.e. modules A1-A3. The second part covers module A4 where the concrete was 

delivered back and forth to the construction site. All data and calculations of the water footprints can 

be found in Appendix A and the data for calculations of the sustainability assessment are presented 

in Appendix B. 

4.1 Water Footprint of Concrete Recipe A 

4.1.1 Modules A1-A3 

The water footprint of concrete recipe A in the cradle-to-gate scenario was calculated to 987 

liter of fresh water per ton ready mixed concrete, see Table 6 for water footprints divided between 

each module. 

 

Table 6. Water footprint of each module A1-A3 for concrete recipe A. 

Modules  Water footprint [l/ton] 

A1 164 

A2 43 

A3 780 

 

The percentages of the water footprints of each module are presented in Figure 5. 

 

 

Figure 5. Water footprint divided by each module in percentage distribution. 

 

The distribution shows that module A3 corresponded to 79 % of the water footprint in the 

cradle-to-gate scenario. The amount of used water for the washing of the concrete blender 

represented the main part (709 liter) of the water footprint in module A3. Module A2 corresponded 

17% 

4% 

79% 

A1 - A3, Recipe A 

A1 A2 A3
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to 17 % of the total water footprint where the production of cement used 156 liters of fresh water 

throughout the supply chain. The remaining 4% were contributed from the transportations of all the 

ingredients from each manufacturer to the fictive concrete plant in Solna including the return 

transportations. An overview of all water footprints from modules A1-A3 are presented in Figure 6. 

 

 

Figure 6. Water footprints of the production and transportation for each material in module A1 and A2. The water 

footprints in module A3 represent the amount of used water at the concrete plant.  

 

The largest water footprint was the washing of the concrete blender, it corresponded to 72 % of 

the total water footprint of modules A1-A3. The second largest water footprint was the cement 

production, which covered 16 % of the total water footprint of the cradle-to-gate scenario. The 

amount of added water according to the recipe was the third largest factor in this cradle-to-gate 

scenario. The largest water footprint in module A2 was represented by the transportation of air 

entrainer, which corresponded to 3 % of the total water footprint for modules A1-A3. 

4.1.2 Module A4 

The water footprint of module A4 of the concrete recipe A was accounted to 1 liter of fresh 

water per ton concrete. The water footprint of module A4 is presented in Figure 7. 
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Figure 7. Water footprint of module A4 in liter of fresh water per ton concrete. 

 

100% of the water footprint was represented by the concrete transportation from the fictive 

concrete plant in Solna to the fictive construction site at Sergel’s Torg and back again. Notice that the 

ready mixed concrete from the concrete plant was assumed to be transported to the construction 

site by a concrete mixer truck instead of a lorry as for the transportations in module A2. The concrete 

mixer truck was assumed to have a higher diesel consumption compared to the lorries and therefore, 

the water footprint per kilometer was higher.  

4.2 Water Footprint of Concrete Recipe B 

4.2.1 Modules A1-A3 

The water footprint of concrete recipe B in the cradle-to-gate scenario was summarized to 962 

liters of fresh water per ton ready mixed concrete. The water footprint of each module is presented 

in Table 8. 

 

Table 8. Water footprints of each module in litres of fresh water per ton ready mixed concrete in the cradle-to-gate 

scenario. 

Modules Water footprint [l/ton] 

A1 162  

A2 13  

A3 788  

 

The percentages of the water footprints for each module are presented in Figure 8. 
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Figure 8. Water footprints of each module in percentage in the cradle-to-gate scenario. 

The distribution shows that 82 % of the water usage corresponds to module A3, where the main 

water footprint was contributed from the washing of the concrete blender. 17 % of the total water 

footprint was represented by the amount of used water in module A1 where the cement production 

corresponded to the main part of the water usage. The remaining 1 % represented the water 

footprint of module A2 and covered the transportations of each material from the manufacturer to 

the fictive concrete plant in Solna including the return transports. Figure 9 shows a detailed 

distribution of the water footprints divided between the modules. 

 

 

Figure 9. Water footprints of the production and transportation of each material in module A1 and A2. The water 

footprints in module A3 represent the amount of used water at the concrete plant.  
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In similarity to the cradle-to-gate scenario for recipe A, the three largest contributing factors to 

the total water footprint were the washing of the concrete blender, the cement production and the 

amount of water added at the concrete plant according to the concrete recipe. The washing of the 

concrete blender corresponded to 74 % of the total water footprint for modules A1-A3. The cement 

production corresponded to 96 % of the total water footprint in module A1 and 16 % of the total 

water footprint for modules A1-A3. The amount of added water at the concrete plant corresponded 

to 8 % of the total water footprint for module A1-A3 and 10 % of the water footprint in module A3. 

The transportation of superplasticizer from Kongsvinger, Norway, corresponded to 83 % of the water 

footprint in module A2 and 1 % of the total water footprint for modules A1-A3. 

4.2.2 Module A4 

The results for module A4 for concrete recipe B are the same as for recipe A and they are 

presented in section 4.1.2.   

4.3 Sustainability Assessment  

4.3.1 Water Stress Index 

The water stress indexes (WSI) were calculated as: 

 

𝑊𝑆𝐼 =
𝑊

(𝑀𝐴𝑅 − 𝐸𝑊𝑅)
                       [−] 

 

Data of total fresh water withdrawals (W), total amount of available fresh water (MAR) and 

environmental water requirements (EWR) were can be found in Appendix B. 

 This analysis focused on the countries that were affected by water withdrawals required for the 

supply chain of concrete. The WSI for each relevant nation are presented in Table 9 and the WSI 

calculation for each nation can be found in Table 1 in Appendix B. 

 

Table 9. All relevant countries and their water stress indexes. Calculations can be found in Appendix B. 

Country Water stress [%] 

Norway 1.36 

Netherlands 23.30 

Germany 41.90 

Denmark 21.50 

Sweden 3.70 
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As mentioned in the method, there are different ranges for water stress indexes, see Table 10. 

 

Table 10. The different ranges and categories of WSI. 

WSI Degree of Environmental Water Scarcity 

WSI >100 % Overexploited (uses more than 100 % of the available water) 

60 % < WSI < 100 % Heavily exploited 

30 % < WSI < 60 % Moderately exploited 

WSI < 30 % Slightly exploited 

 

According to Table 9 and Table 10, the water stress in Sweden, Netherlands, Denmark and 

Norway were lower than 30 % and where therefore categorized as slightly exploited regions. When a 

WSI is below 30 % it indicates that there is no risk for water resource shortages within the nation 

(Smakhtin et al., 2004).  

The WSI of Germany was about 42 % and exceeded the category limit of WSI > 30 % and ended 

up in the next category within the limits of 30 % < WSI < 60 %. That category is called a moderately 

exploited (Smakhtin et al., 2004).  

4.3.2 WSI Compared to Water Footprint 

In this chapter, the water footprints of concrete recipe A and B (modules A1-A3) and the water 

footprint of module A4 (recipe A and B) will be compared to different WSI for the relevant countries. 

The water footprint of each nation can be found in Appendix B.  

 

 

Figure 10. Each national water footprint [l/ton] (columns) compared to the relevant nations WSI (in percentage) for 

modules A1-A3, concrete recipe A and B. 
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Concrete Recipe A – Modules A1-A3 

The water footprint of concrete recipe A has been divided between the countries where water 

has been used. Thereafter, the national water footprints have been compared to the national water 

stress for each relevant country, see Figure 10. 

The largest water footprint of a nation was Sweden with 963 liters of fresh water per ton 

concrete. The largest contribution came from the washing of the concrete blender at the concrete 

plant (709 liters of fresh water). In Norway, the additive production together with the transport back 

and forth to the concrete plant corresponded to a water footprint of 5 liters per ton concrete. The 

water footprint of Netherlands was influenced by the additive production and the transport back and 

forth to the concrete plant and resulted in 4 liters per ton concrete. When it comes to the water 

footprints of Germany and Denmark, they were only influenced by the transportations of additives 

back and forth to the concrete plant. See Appendix B for the calculation of the water footprint for 

each nation.  

Compared to Sweden, the water footprint of Germany was relatively low and there are not a lot 

of rational options to decrease the water footprint in Germany since 100% of the water footprint in 

Germany were caused by diesel consumption during transportation of air entrainer. A discussion 

about alternative transportations can be found in chapter 4.4.2 and 4.4.3. 

Concrete Recipe B – Modules A1-A3 

The water footprints of concrete recipe B, divided between each relevant country, compared to 

the WSI of each country are presented in Figure 10. See Appendix B for the calculations of the water 

footprint of each nation.  

The largest water footprint (99,5 % of the total water footprint of concrete recipe B) of a nation 

was once again Sweden and it was mainly influenced by the washing of the concrete truck. In 

Norway, the water footprint was 5 liters per ton concrete and the water footprint was affected by 

the production of superplasticizer together with the transportation to the fictive concrete plant in 

Solna and the return transportation. However, Norway had the lowest WSI among the relevant 

countries and therefore, it may not be urgent to try to decrease the water usage for the 

superplasticizer production.   

Module A4 

For module A4, water was only used in Sweden for transportation of the concrete back and forth 

to the construction site. The total water footprint of A4 was 1 liter per ton concrete.   

4.3.3 Water Usage in Different Industries  

The water footprint of concrete recipe A (modules A1-A3) was applied on the total amount of 

produced concrete in Sweden during one year. During 2014, the total amount of produced concrete 

were about 4 880 000 m3 according to Betongindikatorn (Löfsjögård, 2015) which is equal to 

11 468 000 tons of concrete if the density is 2,35 ton/m3. The water footprint for 1 ton of concrete 

according to recipe A (modules A1-A3) was 987 liters and therefore, the total water footprint of the 

whole concrete production for 2014 would be about 11 319 000 000 liters of fresh water. Even 

though that is a lot of water, the concrete production only corresponded to a small share of the total 
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amount of used water within the Swedish industries. When the water footprint of concrete 

production for one year was compared to the total water usage in other industries, it only covered 

about 1 % of the total water usage within Swedish industries, see Figure 11. Data of the Swedish 

water usages (except for concrete production) was gathered from Swedish Statistics (SCB) and can be 

found in Appendix B. Estimations of the amount of produced concrete during 2014 in Sweden can 

also be found in Appendix B. 

 

 

Figure 11. The total fresh water usage in Sweden divided between different sectors where the two largest industry 

sectors are represented together with the concrete production and other industries during for one year. (Westöö, 2010, 

SCB, 2010). The fresh water usage in the concrete industry was based on the result in this study together with the concrete 

production in Sweden during 2014. The calculations of the water usage in the concrete industry can be found in Appendix 

B. 

4.4 Sensitivity Analyses 

There were some uncertainty of data within the results and also some assumptions for the 

calculations can be discussed. Therefore, some parameters were analyzed in this section; the 

washings of the concrete and the transportations. The sensitivity analyses have been performed on 

concrete recipe A since that case includes of longer transportation distances compared to scenario of 

concrete recipe B. 

4.4.1 Washing of the Concrete Blender 

In this study it was assumed that the fictive concrete plant only delivered 3 m3 of concrete to the 

fictive construction site. According to Wallin (2015), the capacity of concrete deliveries within the city 

of Stockholm can reach up to 5 m3, which would respond to 11,75 tons of concrete if the density 

were 2,35 ton/m3. If this study would have investigated 5 m3 delivered concrete instead of 3 m3, the 

water footprint of the washing of the concrete blender in module A3 would have been about 425 

instead of 709 liters of fresh water per ton delivered concrete. If the concrete truck only would have 

delivered 1 ton of concrete, the water footprint for the washing would increase to 5000 liters of fresh 
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water per ton concrete. In this analysis it was assumed that there was no reuse of the fresh water. 

See Table 11 for an overview of the water footprints for the different amounts of delivered concrete. 

 

Table 11. Different amounts of delivered concrete and their water footprint of washings in module A3. 

Amount of concrete 
Water footprint of washing of the 

concrete blender  [l/ton] 

1 ton 5000 

3 m
3
 (= 7,05 ton) 709 

5 m
3 

(= 11,75 ton) 425 

 

Another aspect regarding the washing of the concrete blender is that the used amount of water 

was assumed to not be reused as it could have been. Some of Skanska´s concrete plants have closed 

system where used water for washings is reused for future washings (Wallin 2015). If that would 

have been implemented in this study, the water footprint of the washing could be decreased if the 

washing water is reused a few times before it gets purified.   

4.4.2 Transportation – Fuel 

When it comes to the transportation in module A2 it was assumed that the lorries ran on diesel. 

However, the lorries could also have ran on e.g. gasoline or biofuels and therefore, the water 

footprint of module A2 can vary since the different fuel productions requires different amount of 

water. Earlier studies have for example shown the water footprint of ethanol in different countries 

where the main water footprint corresponds to green water (precipitation) (Mekonnen and 

Hoekstra, 2010). See Table 12 for the blue and green water footprints of ethanol based on potato 

crops. 

Table 12. Blue and green water footprint of ethanol produced from potato crops in different countries. (Mekonnen 

and Hoekstra, 2010) 

    Crop growing area 
Water footprint 

[Liter water/liter ethanol] 

    Copenhagen, Denmark 
Blue water footprint 195 

Green water footprint 575 

    Hamburg, Germany 
Blue water footprint 49 

Green water footprint 635 

    Arnhem, Netherlands 
Blue water footprint 32 

Green water footprint 586 

    Stockholm, Sweden 
Blue water footprint 96 

Green water footprint 730 

    Kongsvinger Norway 
Blue water footprint 149 

Green water footprint 922 

 

In this study, the water footprint of diesel was 0,05 m3 fresh water per ton diesel (Jefferies et al., 

2011), which equals 0,0425 liter fresh water per liter diesel when the density of diesel is 850 kg/m3 

(Dias Soares et al., 2009). If the required amount of diesel for transportations was exchanged to 
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ethanol, the water footprint of module A2 would be greater since the production of ethanol requires 

more water compared to the diesel production.  

It can be interesting to be aware of the relation between blue and green water footprints of 

ethanol production. However, this study only focuses on the fresh water usage and therefore, only 

the blue water footprint of ethanol from Table 12 was analyzed. The crops growing areas have been 

analyzed with respect to the transport pathways of the ingredients, i.e. all the locations in Table 12 

are locations on the transportation distances. For the water footprint calculations of ethanol, the 

blue water footprint in Germany was chosen since Germany ended up in the middle in order of the 

sizes of the blue water footprints. Data of the water footprint for crop production was gathered from 

a study by Mekonnen and Hoekstra (2010).  The distances were estimated in this study and can be 

found in Appendix A. Table 13 shows an overview of the comparison between diesel and ethanol. 

 

Table 13. The total transportation distances in module A2 (for concrete recipe A) and the water footprints of two 

different fuels; diesel and ethanol. 

Total transportation distances in module A2 

(recipe A) [km] 

Water footprint of diesel 

[l] 

Water footprint of ethanol 

[l] 

3 882,2 43 49 458 

 

For this comparison it was assumed that the fuel consumption for ethanol was identical as for 

the diesel consumption, i.e. 0,26 liter fuel per kilometer. The result in Table 13 shows that the water 

footprint of ethanol was about 1 150 times higher compared to the water footprint of diesel. Even if 

ethanol would have been purchased in Arnhem in Netherlands, which had the lowest blue water 

footprint in Table 12, the water footprint of ethanol would have been greater compared to the water 

footprint of diesel. 

Notice that this comparison of the different water footprints of different fuels have some 

uncertainties since the water footprint of diesel was calculated based on assumptions in this study 

(see Appendix A) while the  water footprint of ethanol was gathered from a study by Mekonnen and 

Hoekstra (2010). The method of how to calculate the water footprint may not have been the same.  

4.4.3 Transportation – Vehicles  

In this study it was assumed that the ingredients were transported with lorries, however they 

could also have been transported in other ways. In this analysis, the lorries were exchanged to trains 

driven by electrical power. The model of the trains was assumed to be a X-2000-5, which is a 

commonly used train in Sweden and consumes 9,91 kWh of electrical power per kilometer (= 0.036 

GJ/km) (Lukaszewicz and Andersson, 2009).   

The water footprint of electrical power depends on the production of electrical power. Global 

averages of water footprints for different sources of electrical power were gathered from a study by 

Gleick (1994) and are presented in Table 14.  
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Table 14. Water footprints of different energy carriers when producing electrical energy. 

Primary energy carriers Global average water footprint 

[m
3
/GJ]

1 

Water footprint of X-2000-5 

[liters/train-km]
2 

 

 

Non-renewable 

  Natural gas 0.11 3.96 

  Coal 0.16 5.76 

  Crude oil 1.06 38.16 

  Uranium 0.09 3.24 

 

Renewable 

  Wind energy 0.00 0.00 

Solar thermal energy 0.27 9.27 

1
(Gleick, 1994), 

2
(Lukaszewicz and Andersson, 2009) 

 

For this analysis, the distances of railway routes were assumed to be equal to the distances for 

the lorries. The estimated distances can be found in Appendix A. The water footprint of diesel was 

0,05 m3 fresh water per ton diesel (Jefferies et al., 2011). The water footprint of diesel transportation 

will be compared to the water footprint of electrical power generated from coal since energy 

generated from coal ended up in the middle in order of the sizes of the water footprint. See Table 15 

for the result. 

 

Table 15. The transportation distances for ingredients in recipe A and the water footprint for lorries which ran on 

diesel and trains driven by electrical power. 

Total transportation distances in 

module A2 (recipe A) [km] 

Water footprint of diesel 

(for lorries) [l] 

Water footprint of coal (for 

electrical driven trains) [l] 

3 882,2 43 22 360 

 

The result shows that the water footprint of the electrical driven trains was about 520 times 

higher compared to the water footprint of diesel for lorries. The water footprint of wind energy had 

the lowest water footprint in Table 14 and was also smaller compared to the water footprint of 

diesel. Therefore, the water footprint for module A2 would be smaller if trains driven by electrical 

power, generated from wind power, were used for transportation. However, currently it may not be 

possible for nations to only use wind power for their railways since the energy provided from wind 

power still responds to a small share. For example, wind power stands for about 9 % of the total 

electrical energy production in Germany (Burger, 2014). 

Notice that this comparison of the different water footprints of the different transportation 

method may not be valid since the water footprint of diesel was calculated based on the assumptions 

in this study (see Appendix A) while the data for water footprint of enery was gathered from a study 

by Gleick (1994). The method of how to calculate the water footprint may not be the same.  
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5 DISCUSSION AND CONCLUSION 

The results of this study showed that there were no significant differences of the water usage for 

concrete recipe A and concrete recipe B. The main differences between the water footprints of the 

two recipes are the included additives and the transportation distances. The additive air entrainer 

was not a part of the concrete recipe B and therefore, the water footprint of the transportation from 

the Netherlands was excluded. The results indicated that almost all processes requiring water were 

located in Sweden where the amount of available fresh water were quite high and therefore, the 

concrete production did not have any great influences on the water resources in Sweden. However, if 

the concrete production was located in a different country with less amount of available fresh water, 

the result would be different since the amount of available water varies around the world.  

The largest water footprints within the modules were contributed from the washing of the 

concrete truck and the cement production. However, the sensitivity analysis showed that the water 

footprint for the washing would have been decreased if the concrete delivery would have been 5 m3 

instead of 3 m3. To reduce the amount of used water for the washings, it would be preferable if the 

concrete plants can create closed loops and reuse the washing water for several washings instead of 

using new fresh water for each washing. If the concrete plant creates a closed loop for the washing 

water, the water footprint of the washing would be even lower if the used water could be reused for 

some washes before being purified. . When it comes to the cement production, further investigations 

are required to make an overview of which processes that could be improved when it comes to 

water usage.    

In this study, some assumptions and limitations have been made and it is important to discuss 

whether the results are reasonable or not. When it comes to the macadam production, it was 

assumed that the used water was fresh water and not reused in any process. Even though the water 

used during the macadam production was a small share of the total water footprint, the result would 

be influenced if the used water macadam production was rainwater instead of fresh water or if the 

used water was collected and reused in a closed loop. Another important assumption in this study 

was that only the required amount of additives for one ton of concrete was assumed to be delivered 

instead of a full lorry. That assumption contributed to extremely inefficient transportations and was 

not really feasible, it is more likely that the additives are ordered and delivered in a larger scale. Even 

though the transportations of additives only corresponded to a small share of the total water 

footprint, the water footrprint for module A2 would be decreased if larger deliveries were 

transported in the same lorry.  

Another interesting parameter is the choice of fuel. The usage of different fuels can have 

different impacts on the impacts. For example, ethanol would be preferable to use since ethanol 

emit less CO2 compared to diesel. In this study, the sensitivity analysis of the usage of fuel indicated 

that the usage of diesel was preferable as fuel in a water usage perspective since the water footprint 

of diesel was less compared to ethanol. However, it is important to remember that the comparison 

of water footprint between diesel and ethanol only is valid if the method for how the water 

footprints were calculated were the same. The same method may not have been used in this case 

since the water footprint of diesel was based on assumptions in this study while the water footprint 

for ethanol was gathered from a study by Mekonnen and Hoekstra (2010).   
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Regarding the sustainability assessment of the water footprint, the result may have been 

different in the end depending on the choice of method. In this case, it was suitable to use the WSI 

method including fresh water withdrawals and available fresh water resources since green and grey 

water were excluded. Other methods may be more suitable for other investigations and should 

therefore be considered in each study. 

When it comes to the comparison of the water footprint within different industries and sectors, 

the resulted was that the Swedish concrete production during 2014 only corresponded to about 1 % 

of the total fresh water usage within the Swedish industries based on the results in this study. This 

indicates that it may not be relevant and urgent to decrease the water usage within concrete 

production at the moment. The paper industry contributed to the biggest part of water footprint 

within Swedish industries and may therefore be more relevant to investigate if it would be essential 

to decrease the water usage within industries in Sweden.  

It is also important to mention that it was assumed that data regarding the amount of used 

water provided from EPDs was equal to the total amount of used water in all processes included in 

an EPD according to EN 15804:2012. The included processes in the used EPD documents are not 

specified in detail and it is therefore impossible to know whether some processes are excluded or 

not.   

5.1 Comparison to Other EPD Documents 

Different concrete mixtures may have different water footprint due to the differences in the 

production or different properties of the concrete. To investigate whether the results in this study 

are similar to numbers in other EPDs for concrete, a comparison between different concrete mixtures 

have been made to illustrate the differences in water usage. This comparison only covers modules 

A1-A3. See Table 16 for an overview between the different water usage.  

 

Table 16. Comparison between the water usage for two different EPDs of concrete mixtures and the result in this 

study. 

Concrete Producer Location Water usage [l/ton] 

Ready mixed concrete 
C35/45 

Beton - 
InformationsZentrum 

Germany 97
1 

B20 M90 D22, 205000, Ready 
mixed concrete, vibratable 

Norbetong Norway 143 251
2 

Concrete recipe A from this 
study 

Skanska Betong Sweden 987 

1
(Beton-InformationsZentrum, 2013), 

2
(Norbetong, 2014) 

 

Data concerning water usage for the first two concrete mixtures have been collected from 

approved EPD documents from German and Norwegian EPD databases respectively. Table 16 shows 

that there are large differences of water usage between the different concrete mixtures. The reason 

why the numbers might differ so much is because the standard EN 15804:2012 can be interpreted in 

different ways. EPD document can be developed by different organizations and might therefore 

include different processes based on the interpretations. In this study, the used PCR were developed 

by International EPD systems while the Norwegian EPD in Table 16 was developed by The Norwegian 
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EPD Foundation and the German EPD was developed by Institut Bauen und Umwelt e.V (Germany 

organization). 

The total amount of used water in the Norwegian EPD document is divided between modules 

A1-A3 however, the included processes in each module are not specified in detail. When it comes to 

the water usage in the German EPD document, the specified amount of used water represent 

modules A1-A3 and is not divided between them.  

The result of water usage for a concrete mixture will vary depending on the included processes 

in an EPD document. It is therefore difficult to compare the result in this study to numbers in other 

EPD documents since the calculations can be based on different parameters.  

5.2 Application in CEEQUAL 

The question in the CEEQUAL manual regarding embodied water and water footprint intend to 

be guidance in a project when it comes to the material choices. However, it can be difficult to 

perform a comparison between different materials since they often have different characteristics. If 

water footprints of materials were performed it would be possible for people in the construction 

sector to choose the most sustainable material with respect to the limited amount of available fresh 

water around the planet.  

Since this is a fairly new area of interest within the construction industry, the numbers in the 

results are not the most important outcome of this study but the approach on how to calculate the 

water footprints is. To be able to gather information of water footprints for different materials and 

productions, it is important that the manufacturer and supplier investigate and calculate how much 

water their processes and inputs require. Each company should be responsible for developments of 

documentations of the water requirements of their products since they are aware of the exact 

processes and inputs included to create a certain product. Thereafter, it is important that the 

information of water usage is available for the clients to make it possible for them to make decisions 

based on the information.    

The gathered information of water usage of materials within a construction project can form the 

basis for material choices and thereafter be used as documentary evidence when an assessor is 

assessing question 8.6.1 in the CEEQUAL manual. However, it is still unclear whether sustainability 

assessments of water footprints are necessary according to the CEEQUAL manual or if the quantified 

water footprints are enough. This is due to the fact that the CEEQUAL manual just suggests the 

assessors to use other frameworks instead of demanding it and therefore, the assessments of 

embodied water can be quite different between different projects. This can create inequalities 

between different projects and also between different construction companies that applies the 

CEEQUAL sustainability rating scheme on projects. Therefore, it is important that CEEQUAL creates a 

strategy on how this question and its evidence should be treated.  

Based on this study, it is recommended that CEEQUAL improve their description and guidelines 

in the question regarding water usage specify that a water footprint of a material should include the 

water usage for all phase in a cradle-to-gate scenario. It should also be specified that water stress 

indexes for nations should be calculated to be able to choose from where a product should be 

ordered. Based on the water footprint of a product and WSI for nations, it is possible to order 

products from a country with a low WSI. 
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The questions in the CEEQUAL manual regarding water usage is not fully specified and can be 

interpreted in different ways since it does not describe which materials or products that should be 

investigated in a project. It does not specify whether all required materials in a project should be 

examined or if just one material is enough. This is still an uncertainty and should be discussed in each 

CEEQUAL project on which material to consider, however, it can be quite essential to include the 

main material in a project.  

Based on this study, modules A1-A3 are relevant when applying the CEEQUAL sustainability 

rating scheme on a project and should therefore be investigated for the chosen material and 

products within a project. The easiest way to collect data for modules A1-A3 is through EPD 

documents for the specific materials and products. If there are no available EPD documents for a 

specific product, data can be gathered from the supplier, databases as ecoinvent (Ecoinvent, 2013) or 

another EPD document for a similar product with comparable characteristics can be used by 

assuming the water required for the products is the same. However, it is important to use EPD 

document including the same content. As the comparison in Table 16 showed, there are very big 

differences between the water footprints of concrete in EPDs developed by different organizations. 

To be able to use EPD documents as a source of information, CEEQUAL must specify which EPDs that 

are allowed to use to avoid inequalities between construction companies using CEEQUAL.  

When it comes to the sustainability assessment of a water footprint, it should be discussed 

within the project or together with the certified verifier at CEEQUAL whether it is necessary to 

perform or not.  

The investigations of the chosen materials and products should be performed during the design 

phase to make it possible to compare different materials and products next to each other and choose 

the most suited ones based on the results. Thereafter, the materials can be implemented in the 

construction phase when materials are ordered. 
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6 RECOMMENDATIONS AND FUTURE WORK 

This project was carried out in a way that it is applicable to 1 ton of concrete for any purpose, a 

more detailed study can be carried out for a specific project or a specific concrete element to achieve 

data regarding water used before, during and after the concrete casting.  

Based on the result from this investigation, it is recommended that concrete plants arrange 

closed loop for the process where the concrete blender gets washed since the biggest contributor to 

the water footprint was the washing of the blender. This is a factor that the concrete plants actually 

can influence. The second and third biggest contributing factor came from the cement product and 

the amount of added water according to the recipe respectively. It is difficult to reduce the amount 

of used water in those factors since the water is depending on the amount of each ingredient 

according to the recipes. If the amount of cement was reduced, it would have been another type of 

concrete with different properties.  

Since this report only covered water footprint of one material there are many other construction 

material and products to investigate in the future. This is not the only suitable method for all water 

footprint investigations, other methods can also be used depending on the studied object and the 

purpose of the investigation. If the purpose of the study is to examine the blue, green and grey water 

footprint, it might be more suitable to use the Water Footprint Manual since it include precipitation 

and polluted water and not only the amount of used fresh water.   

Future investigations of other construction material and products are necessary since the 

CEEQUAL manual requests the water footprints of different material in different projects. Water 

footprints of materials and products are recommended to be investigated by the manufacturer to 

create valid data available for the ones requiring the information. The primary goal should be to have 

data for materials and products used in large quantities in construction projects and eventually even 

for materials and products used in smaller scales. This would be favorable in order to increase the 

ability to make a detailed water assessment of a complete construction project to achieve detailed 

information of how a project influences the available fresh water resources in a nation.  
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8 APPENDIX A 

This appendix contains all water footprint calculations for concrete recipe A and B.  

8.1 Concrete Recipe A - Modules A1-A3 

The concrete recipe A and its ingredients can be seen in Table 1. 

 

Table 1. Concrete recipe A and the quantity of each ingredient (Hedman, 2015). 

Concrete recipe A, C35/45 S3 16 

Ingredient Amount [kg] Weight percentage [%] 

Aggregate 751 75,1 

Portland cement, fly ash included 

(Anläggningscement) 

177 17,7 

Fresh water  70,7 7,07 

Superplasticizer  0,8 0,08 

Air entrainment 0,5 0,05 

 

The fictive concrete plant was assumed to be located in Solna and all ingredients were assumed 

to be transported with lorries, which ran on diesel. The distances between the manufacturer and the 

fictive concrete plant in Solna can be seen in Table 2. The distances were estimated from Google 

Maps.  

 

Table 2. Distances between manufacturers and the concrete plant in Solna. 

Material Manufacturer Industry location 
Distance between Solna and the 

manufacturers 
1
 [km] 

Aggregate Skanska Stockholm, Sweden 7 

Cement Cementa Slite, Sweden 105,1 

Superplasticizer Mapei Kongsvinger, Norway 454 

Air entrainer BASF Arnhem, Netherlands 1375 

  
Total distances [km] 1 941,1 

1
 (Eilstrup Rasmussen and Rasmussen, 2014) 

8.1.1 Module A1 - Water Footprints of Raw Material Supply  

The water footprints of each ingredient except water are presented in Table 3. 

  



 

2 

 

Table 3. Water footprints for raw material extraction and processes to create the ingredients. 

Material Source of information Water Footprint [l] 

Aggregate Conversation with a relevant expert from Skanska 

(Sarin, 2015) 

2,13 

Cement EPD document (Cementa, 2014) 155,67 

Superplasticizer EPD document (Deutsche Bauchemie, 2014b) 4,56 

Air entrainer EPD document (Deutsche Bauchemie, 2014a) 2,06 

 

Data of the water usage (except for aggregate) were gathered from EPD documents. When it 

comes to water footprint of aggregate, Sarin (2015) mentioned that 1136 liter water per hour was 

required in the crushing processes. At that macadam facility, 400 tons of aggregate was produced per 

hour and therefore 2,84 liter of water was required per ton (and 0,00284 l/kg). In the recipe, 751 kg 

of aggregate was required and due to that amount, 2,13 liters of water was used for concrete recipe 

A. 

The total water footprint of module A1 was: 

 

𝑊𝐹𝐴1,𝑡𝑜𝑡𝑎𝑙 =  2,13 + 155,67 + 4,56 + 2,06 = 164,42 ≈  164           [𝑙] 

 

8.1.2 Module A2 - Water Footprint of Transportation  

To calculate the water footprint of transportation, some assumptions were necessary:  

 The water footprint of diesel was assumed to be 0,05 liter water/kg diesel. (Jefferies et al., 

2011) 

 The weight of diesel was assumed to be 0,85 kg/ liter diesel. (Dias Soares et al., 2009) 

 The diesel consumption of the lorries was assumed to be 0,26 liter/km. (Hammarström and 

Yahya, 2000) 

Water footprints for the transportations of each ingredient to the concrete plant are presented 

in Table 4. 
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Table 4. Water footprints of the transportations for each ingredient to the concrete plant in Solna. 

Material 

Transport distance 

between Solna and 

the manufacturers
1
 

[km] 

Diesel 

consumption
2
 

[l/km] 

Weight 

diesel
3
 [kg/l] 

WF Diesel
4
 

[l/kg] 

WF 

transportation [l] 

Aggregate 7 0,26 0,85 0,05 0,08 

Cement 105,1 0,26 0,85 0,05 1,16 

Superplasticizer 454 0,26 0,85 0,05 5,02 

Air Entrainer 1375 0,26 0,85 0,05 15,19 

   

  Total WF [l] 21,45 

1 
(Eilstrup Rasmussen and Rasmussen, 2014), 

2
 (Hammarström and Yahya, 2000), 

3
 (Dias Soares et al., 2009), 

4(Jefferies et al., 2011) 

The water footprints of the transportations were calculated as:  

 

𝑊𝐹𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗ 𝐷𝑖𝑒𝑠𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ∗ 𝐷𝑖𝑒𝑠𝑒𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 ∗ 𝑊𝐹𝑑𝑖𝑒𝑠𝑒𝑙               [𝑙] 

 

The total water footprint of the transportations was 21,45 liter for one way. That number was 

used twice, since the module also included the return journey. Therefore, the total water footprint 

for module A2 was: 

 

𝑊𝐹𝐴2,𝑡𝑜𝑡𝑎𝑙 =  21,45 ∗ 2 = 42,9  ≈  43            [𝑙] 

 

8.1.3 Module A3 - Water Footprint of Concrete Mixing and Cleaning  

In module A3, water according to the recipe was added at the concrete plant to create ready 

mixed concrete. The amount was 70, 7 kg and the density of water were assumed to be 1000 kg/m3 

which results in 70,7 liter of used fresh water for the concrete recipe A. According to Wallin (2015), 

there were no other requirements of water during the concrete production.  

This module also included the water required to wash out the concrete residues from the 

concrete blender after the concrete truck had delivered the concrete to the construction site. 

According to Wallin (2015), 5000 liter of water (with the same density as above) was used to clean 

out a blender.  

It was assumed that the concrete truck delivered 3 m3 concrete and therefore, the water 

required for cleaning the concrete blender had to be divided per ton concrete since this investigation 

covers the water footprint of 1 ton concrete. The density of concrete was 2,35 ton/m3. See Table 5 

for the water footprint of the cleaning processes.  
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Table 5. Water footprint of the washing out of the concrete blender for 1 ton of concrete. 

Amount of concrete 
Water footprint of washing out the 

concrete blender  [l/ton] 

3 m
3
 (= 7,05 ton) 5000/7,05  = 709,22 

  

 

The total water footprint for module A3 was:  

 

𝑊𝐹𝐴3,𝑡𝑜𝑡𝑎𝑙 =   70,7 +  709,22 = 779,92 ≈  780           [𝑙] 

 

8.1.4 Water Footprint for Modules A1-A3 

The water footprints of modules A1-A3 for concrete recipe A are presented in Table 6. 
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Table 6. The sum of all water usage through modules A1-A3 to create ready mixed concrete according to concrete 

recipe A. 

Recipe A 

Module Includes Source of information  
Water footprint [l] 

Material [kg] Used water [l] 

A1 

A1-A3 for aggregate Skanska Betong
1
 751 2,13 

A1-A3 for cement EPD Cementa
2
 177 155,67 

A1-A3 for 

superplasticizer 

EPD Deutsche 

Bauchemie
3
 

0,8 4,56 

A1-A3 for air 

entrainment 

EPD Deutsche 

Bauchemie
4
 

0,5 2,06 

 
Distance [km]   

A2 

Transport aggregate Google Maps
5 

7 * 2 0,16 

Transport cement Google Maps
5 

105,1 * 2  2,32 

Transport 

superplastizicer 
Google Maps

5 
454 * 2 10,04 

Transport air 

entrainment 
Google Maps

5 
1375 * 2 30,38 

 
Material [kg]   

A3 

Water for concrete  

Mixing 
Skanska Betong

 6 
70,7 70,7 

Water for washing Skanska Betong
 7

 709,22 709,22 

   

Total WF [l]  987,24 

1
 (Sarin, 2015), 

2
(Cementa, 2014), 

3
(Deutsche Bauchemie, 2014b), 

4
(Deutsche Bauchemie, 2014a) 

5
(Eilstrup Rasmussen and 

Rasmussen, 2014), 
6
(Hedman, 2015), 

7
(Wallin, 2015) 

The total water footprint of 1 ton concrete for module A1-A3 based on concrete recipe A was: 

 

𝑊𝐹𝐴1−𝐴3,𝑡𝑜𝑡𝑎𝑙 =   987,24 ≈  987        [𝑙] 

 

8.2 Concrete Recipe A - Modules A4-A5 

8.2.1 Module A4 - Water Footprint of Transportation 

Module A4 included the transportation of the ready mixed concrete from the fictive concrete 

plant to the fictive construction site. It also included the return journey after the casting was 

completed, the distances back and forth were the same.  

Some assumptions were made to calculate the water footprint for the transportation:  

 The concrete was assumed to be transported from the fictive concrete plant in Solna to the 

fictive project in the centrum of Stockholm, Sergel´s Torg.  
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 The size of the concrete blender was assumed to be 3 m3. (Wallin, 2015) 

 The concrete mixer truck was assumed to ran on by diesel. (Wallin, 2015) 

 The diesel consumption was assumed to be  0,71 l/km. (Hinkle et al., 2014) 

 The water footprint of diesel was assumed to be 0,05 liter water/kg diesel. (Jefferies et al., 

2011) 

 The weight of diesel was assumed to be 0, 85 kg/ liter diesel. (Dias Soares et al., 2009) 

The distance between the fictive concrete plant in Solna and the fictive project at Sergel’s Torg in 

Stockholm was estimated to around 9 km according to Google Maps (Eilstrup Rasmussen and 

Rasmussen, 2014) and the water footprint was calculated as:  

 

𝑊𝐹𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗ 𝐷𝑖𝑒𝑠𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ∗ 𝐷𝑖𝑒𝑠𝑒𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 ∗ 𝑊𝐹𝑑𝑖𝑒𝑠𝑒𝑙              [𝑙] 

𝑊𝐹𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 = 9 ∗ 0,71 ∗ 0,85 ∗ 0,05 = 0,27             [𝑙] 

The water footprint for transportation was used twice since 0,27 liter only covered one way of 

the transportation. The total water footprint of module A4 was: 

 

𝑊𝐹𝐴4,𝑡𝑜𝑡𝑎𝑙 =   0,27 ∗  2 = 0,54 ≈  1        [𝑙] 

 

8.2.2 Module A5 - Water Footprint of the Concrete Casting 

Since the required amount of water used for a concrete casting is very case depended it has 

been excluded in this study. 

8.3 Concrete Recipe B - Modules A1-A3 

The concrete recipe B together with quantities of all ingredients can be seen in Table 7. 

 

Table 7. Concrete Recipe B and the quantities of the ingredients. (Hedman, 2015)  

Concrete recipe B, C32/40 S4 16 

Ingredient Amount [kg] Weight percentage [%] 

Aggregate 763,8 76,38 

Portland cement, fly ash included 

(Bascement) 

157 15,7 

Fresh water 78,5 7,85 

Superplasticizer 0,7 0,07 

Air entrainment - - 

 

The concrete plant was assumed to be located in Solna and all the ingredients were assumed to 

be transported with lorries, which ran on diesel. The distances between the manufacturer and the 

concrete plant in Solna can be seen in Table 8. The distances were estimated from Google Maps. 
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Table 8. The distances between the manufacturers and the concrete plant in Solna for each material. 

Material Manufacturer Industry location 
Distance between Solna and 

the manufacturers
1
 [km] 

Aggregate Skanska Stockholm, Sweden 7 

Cement Cementa Slite, Sweden 105,1 

Superplasticizer Mapei Kongsvinger, Norway 454 

  

Total distances [km] 566,1 

                1
 (Eilstrup Rasmussen and Rasmussen, 2014) 

8.3.1 Module A1 - Water Footprint of Raw Material Supply  

The water footprints of each ingredient except water are presented in Table 9.  

Table 9. Water footprints for raw material extraction and processes to create the ingredients. 

Material Source of information  Water Footprint [l] 

Aggregate Conversation with a relevant expert from 

Skanska (Sarin, 2015) 

2,17 

Cement EPD document (Cementa, 2014) 155,59 

Superplastizicer EPD document (DeutscheBauchemie, 

2014b) 

3,99 

 

Data for cement and superplasticizer was collected from EPDs while data for the aggregate was 

provided from Sarin (2015). As for recipe A, 0,00284 liters of water per kilo aggregate was required 

during the crushing processes. In recipe B, 763,8 kg aggregate was required and therefore, 2, 17 liters 

of water was used in the crushing processes. The total water footprint for module A1 was: 

 

𝑊𝐹𝐴1,𝑡𝑜𝑡𝑎𝑙 =  2,17 + 155,59 + 3,99 = 161,75 ≈  162           [𝑙] 

 

8.3.2 Module A2 - Water Footprint of Transportation  

The same assumptions as for module A2 of concrete recipe A have been used for concrete recipe 

B, see section 8.1.2. 

Water footprints of the transportations for each ingredient to the concrete plant are presented 

in Table 10. 
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Table 10. Water footprints of the transportations for each ingredient to the concrete plant in Solna. 

Material 

Transport distance 

between Solna and 

the manufacturers
1
 

[km] 

Diesel 

consumption
2
 

[l/km] 

Weight 

diesel
3
 [kg/l] 

WF Diesel
4
 [l/kg] 

WF transportation 

[l] 

Aggregate 7 0,26 0,85 0,05 0,08 

Cement 105,1 0,26 0,85 0,05 1,16 

superplasticizer 454 0,26 0,85 0,05 5,02 

    

Total WF [l] 6,26 

1 
(Eilstrup Rasmussen and Rasmussen, 2014), 

2
 (Hammarström and Yahya, 2000), 

3
 (Dias Soares et al., 2009), 

4
 

(Jefferies et al., 2011) 

 

The water footprint of the transportations was calculated as:  

 

𝑊𝐹𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗ 𝐷𝑖𝑒𝑠𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ∗ 𝐷𝑖𝑒𝑠𝑒𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 ∗ 𝑊𝐹𝑑𝑖𝑒𝑠𝑒𝑙               [𝑙] 

 

The total water footprint of the transportations was 6,26 liter for one way. That number was 

used twice since this module also includes the return journey. Therefore, the total water footprint for 

module A2 was: 

 

𝑊𝐹𝐴2,𝑡𝑜𝑡𝑎𝑙 =  6,26 ∗ 2 = 12,52  ≈  13            [𝑙] 

 

8.3.3 Module A3 - Water Footprint of Concrete Mixing and Cleaning   

In module A3, water required according to the recipe was added at the concrete plant to create 

ready mixed concrete. The amount was 78,5 kg and the density of water was assumed to be 1000 

kg/m3 which results in 78,5 liters of used fresh water for the concrete recipe A. According to Wallin 

(2015), there were no other requirements of water during the concrete production.  

This module also included the water required to wash out the concrete residues from the 

concrete blender after the concrete truck had deliver the concrete to the construction site and that 

amount was equal to the amount of water for concrete recipe A. See Table 5 for the water footprint 

of washing out the concrete blender.  

The total water footprint of module A3 was:  

 

𝑊𝐹𝐴3,𝑡𝑜𝑡𝑎𝑙 =  78,5 + 709,22 = 787,72  ≈  788            [𝑙] 
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8.3.4 Water Footprint of Modules A1-A3 

The total water footprint of concrete recipe B and modules A1-A3 was summarized to 961,99 

liters of fresh water. The details are presented in Table 11. 

 

Table 11. The sum of all water usage through modules A1-A3 to create ready mixed concrete according to concrete 

recipe B. 

Recipe B 

Module Includes  Source of information  

Water Footprint [l] 

Material [kg] Used water [l] 

A1 

A1-A3 for aggregate Skanska Betong
1
 763,8 2,17 

A1-A3 for cement EPD Cementa
2
 157 155,59 

A1-A3 for 

superplasticizer 

EPD Deutshce 

Bauchemie
3
 

0,7 3,99 

  Distance [km]   

A2 

Transport aggregate Google Maps
4
 7 * 2 0,16 

Transport cement Google Maps
4
 105,1 * 2 2,32 

Transport 

superplastizicer 
Google Maps

4
 454 * 2 10,04 

 
Material [kg]   

A3 

Water for concrete 

mixing 
Skanska Betong

5 
78,5 78,5 

Water for washing Skanska Betong
6
 709,22 709,22 

   

Total WF [l] 961,99 

1
 (Sarin, 2015), 

2
(Cementa, 2014), 

3
(Deutsche Bauchemie, 2014b), 

4
(Eilstrup Rasmussen and Rasmussen, 2014), 

5
(Hedman, 

2015), 
6
(Wallin, 2015) 

 

The total water footprint of concrete recipe B for modules A1-A3 was: 

 

𝑊𝐹𝐴1−𝐴3,𝑡𝑜𝑡𝑎𝑙 =   961,99 ≈  962        [𝑙] 

 

8.4 Concrete Recipe B - Modules A4-A5 

The water footprints for modules A4-A5 for recipe B are identical to the water footprint for 

modules A4-A5 for recipe A, see chapter 8.2. 



 

1 

 

9 APPENDIX B 

This appendix contains all calculations concerning the sustainability assessments that were done 

for modules A1 – A3 of concrete recipe A and B. 

9.1 Water Stress Index 

The Water Stress Indexes (WSI) for each country were calculated on the basis of the report from 

Smakhtin et al. (2004).  The WSIs were calculated as:  

 

𝑊𝑆𝐼 =
𝑊

(𝑀𝐴𝑅 − 𝐸𝑊𝑅)
                                [−] 

 

Where 

𝑊 = 𝑇𝑜𝑡𝑎𝑙 𝑓𝑟𝑒𝑠ℎ 𝑤𝑎𝑡𝑒𝑟 𝑤𝑖𝑡ℎ𝑑𝑟𝑎𝑤𝑎𝑙𝑠                                 [𝑚3] 

𝑀𝐴𝑅 = 𝑀𝑒𝑎𝑛 𝐴𝑛𝑛𝑢𝑎𝑙 𝑅𝑢𝑛𝑜𝑓𝑓 (𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡𝑠 𝑜𝑓 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑓𝑟𝑒𝑠ℎ 𝑤𝑎𝑡𝑒𝑟)           [𝑚3] 

𝐸𝑊𝑅 = 𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙 𝑤𝑎𝑡𝑒𝑟 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡𝑠                  [𝑚3] 

 

The inputs for all parameters for each relevant country and the calculated WSI are specified in 

Table 1. 

Table 1. Input values for each relevant country and its calculated WSI.  

Country W [10
9
 m

3
] 

Source of 

information 
MAR [10

9
 m

3
] 

Source of 

information
1
 
 EWR [10

9
 m

3
] 

Source of 

information 
3
 

WSI [-] 

Norway 2.94 AQUASTAT
1 

393 AQUASTAT
 

0.45*MAR Smakhtin et al.
 

1.36 % 

Netherlands 10.6 AQUASTAT
1 

91 AQUASTAT
 

0.5*MAR Smakhtin et al.
 

23.30 % 

Germany 32.26 AQUASTAT
1 

154 AQUASTAT
 

0.5*MAR Smakhtin et al.
 

41.90 % 

Denmark 0.645 AQUASTAT
1 

6 AQUASTAT
 

0.5*MAR Smakhtin et al.
 

21.50 % 

Sweden 3.2 SCB
2 

174 AQUASTAT
 

0.5*MAR Smakhtin et al.
 

3.70 % 

1
(FAO, 2015), 

2
( SCB, 2010), 

3
(Smakhtin et al., 2004) 

9.2 International Transportation 

To be able to compare the WSI to the water footprint in each concerned country, the water 

footprint of transportations for additives had to be divided between the countries in which the 

lorries ran. In this study, it was assumed that the amount of diesel used in each country contributed 

to that nation’s water footprint. Except that assumption, a few others had to be made:  

 The same type of lorry was used for transportations in all the countries where 

transports were required.  

 The water footprint of diesel was assumed to be 0,05 liter water/kg diesel. 

(Jefferies et al., 2011) 
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 The weight of diesel was assumed to be 0,85 kg/ liter diesel. (Dias Soares et al., 

2009)  

 The diesel consumption was assumed to be 0,26 liter/km. (Hammarström and 

Yahya, 2000) 

 The driving routes were not necessarily the shortest routes, instead, they were 

the fastest according to Google Maps, from where the distances were estimated. 

(Eilstrup Rasmussen and Rasmussen, 2014) 

Input data and the distributions of the water footprint calculations of international 

transportations are presented in Table 2 and Table 3. The water footprint of transports was 

calculated as: 

 

𝑊𝐹𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗ 2 ∗ 𝐷𝑖𝑒𝑠𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ∗ 𝐷𝑖𝑒𝑠𝑒𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 ∗ 𝑊𝐹𝑑𝑖𝑒𝑠𝑒𝑙              [𝑙] 

 

The water footprint of transport had to be calculated twice since module A2 included the 

transportation back and forth to the supplier of the ingredients. 

Table 2. Input data for the transportations required for concrete recipe A. 

Country 
Kilometers

1
 

[km] 

Diesel consumption
2
 

[l/km] 

Diesel weight
3
 

[kg/l] 

Diesel WF
4
 

[l/kg] 

Transportation 

WF [l/ton] 

Norway 37.2  0.26 0.85 0.05 0.82 

Netherlands 103  0.26 0.85 0.05 2,28 

Germany 447  0.26 0.85 0.05 9,88 

Denmark 190  0.26 0.85 0.05 4,20 

Sweden 1164  0.26 0.85 0.05 25,72 

1 
(Eilstrup Rasmussen and Rasmussen, 2014), 

2
 (Hammarström and Yahya, 2000), 

3
 (Dias Soares et al., 2009), 

4
 (Jefferies et 

al., 2011) 

 

Table 3. Input data for the transportations required for concrete recipe B. 

Country 
Kilometers

1
 

[km] 

Diesel consumption
2
 

[l/km] 

Diesel weight
3
 

[kg/l] 

Diesel WF
4
 

[l/kg] 

Transportation 

WF [l/ton] 

Norway 37.2  0.26 0.85 0.05 0.82 

Sweden 528,9  0.26 0.85 0.05 11,69 

1 
(Eilstrup Rasmussen and Rasmussen, 2014), 

2
 (Hammarström and Yahya, 2000), 

3
 (Dias Soares et al., 2009), 

4
 (Jefferies et 

al., 2011) 

9.2.1 Water Footprints Divided Between the Nations 

The water footprint of the transportation for each country was thereafter summarized with the 

water footprint of the processes that also took place in the same nation, e.g. the water footprint of 

concrete in Norway was calculated as:   
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𝑊𝐹𝑁𝑜𝑟𝑤𝑎𝑦 = 𝑊𝐹𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡,𝑁𝑜𝑟𝑤𝑎𝑦 + 𝑊𝐹𝑆𝑢𝑝𝑒𝑟𝑝𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑧𝑒𝑟               [𝑙] 

This is due to the fact that Mapei (additive producer) produces the superplasticizer in 

Kongsvinger, Norway and therefore the water footprint of the superplasticizer production 

contributes to the water footprint of Norway. 

The final water footprint of each country was acquired by summarizing all water footprints of 

each produced ingredients together with the water footprints of transports for each country. The 

total water footprint of recipe A and B for each country are presented in Table 4. 

Table 4. The water footprint for each recipe divided by country. 

Country Total WF Recipe A [l/ton] Total WF Recipe B [l/ton] 

Norway 5,38 4,81 

Netherlands 4,34 0 

Germany 9,88 0 

Denmark 4,20 0 

Sweden 963,44 957,17 

Total (all countries) 987,24 961,98 

Rounded off 987 962 

 

When the water footprint had been divided between all the nations, they were compared to the 

nations respective WSI in diagrams, see section 4.3 in the main report.   

9.3 Water Footprint of Swedish Sectors  

This section contains all data for water usage within different sectors including the water 

footprint for the Swedish concrete production.   

SCB (Swedish Statistics) have data of fresh water usage within some industries however, fresh 

water usage for the concrete production is not available as a separate industry. Anyhow, there is 

another index with statistical data on the annual concrete production in Sweden called 

Betongindikatorn from where data on the total amount of produced concrete during 2014 was 

gathered and estimated. See Table 5 for the estimations of produced concrete for each month. 
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Table 5. The amount of produced concrete during 2014 in Sweden, estimated from Betongindikatorn. (Löfsjögård, 
2015) The density of concrete was assumed to be 2,35 ton/m

3
. 

Month year 2014 Produced concrete [m
3
] Converted amount [ton] 

January 302 000 709 700 
February 340 000 799 000 

March 425 000 998 750 
April 435 000 1 022 250 
May 450 000 1 057 500 
June 410 000 963 500 
July 285 000 669 750 

August 389 000 915 150 
September 491 000 1 153 850 

October 495 000 1 163 250 
November 471 000 1 106 850 
December 387 000 909 450 

Total 4 880 000 11 468 000 

 

Thereafter, the water footprint of modules A1-A3 for 1 ton of concrete based on concrete recipe 

A (i.e. 987 liter) was applied on the total amount of produced concrete in Sweden 2014. The total 

water footprint of the Swedish concrete production was:  

 

𝑊𝐹𝑆𝑤𝑒𝑑𝑖𝑠ℎ 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =   987 ∗ 11 468 000 =  11 318 916 000 ≈  11 319 000 000        [𝑙] 

 

Data on the total amount of Swedish fresh water usage was gathered from SCB (Swedish 

Statistics) and can be seen in Table 6. The density of water was assumed to be 1000 kg/m3. 

Table 6. The total fresh water usage in Sweden divided between three categories. (SCB, 2010) 

Sector Water usage [10
3
 m

3
] Water usage [l] 

Households 575 640 575 640 000 000 

Agriculture 98 782 98 782 000 000 

Industries 2 261 856 2 261 856 000 000 

Other 303 298 303 298 000 000 

Total 3 239 577 3 239 577 000 000 

   

Table 6 shows that the industries correspond to about 70 % of the total fresh water usage in 

Sweden.  

Data of the total fresh water usage within some industries was collected from SCB (Swedish 

Statistics). Water usage within the paper industry was chosen because that industry had the highest 

amount of fresh water usage within Sweden. Data of water usage within the steel and metal industry 

was also chosen since steel also is a building material. Data of fresh water usage within those two 

industries are presented in Table 7. 
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Table 7. Water usage within the Swedish industries.  

Industry Water usage [10
3
 m

3
] Water usage [l] 

Paper
1 

946 095 946 095 000 000 

Steel and metal
1 

247 849 247 849 000 000 

Concrete 11 319 11 319 000 000 

Other 
1 

1 056 593 1 056 593 000 000 

Total 2 261 856 2 261 856 000 000 

1
(Westöö, 2010) 

The total fresh water usage in Sweden was 3 239 577 000 000 liter and therefore, the concrete 

production correspond to about 1 % of the total fresh water usage within the Swedish industries. 

Steel production covers about 8 % of the total fresh water usage in Sweden while the paper industry 

corresponds to about 29 %. All industries within Sweden together cover about 70 % of the total fresh 

water usage within the nation. 


