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Abstract 
The access of water globally is becoming more strained, why the focus on industrial water 

use is increasing. The present study examined how industries should approach water 

efficiency projects, what organizational constraints that should be addressed, and what effects 

water saving measures have on economic costs, environmental impact and influence from 

water related risks.  

The study has been conducted at Saab Group. Primary data for water supply amount and cost 

has been obtained from twelve sites for the year of 2018. Data from these sites has been used 

to estimate the water use for the other 43 sites included in this study. Interviews with 

employees across Saab´s organization and with external stakeholders have functioned as 

important sources of information, combined with investigations of internal company 

documents. 

To facilitate for companies to structurally address water efficiency projects, the concept of 

the Deming Cycle is developed in this study. The steps included are necessary to address 

major identified organizational constraints which are lack of communication, lack of 

incentives for employees, and lack of economic incentives. Furthermore, with water often 

having energy embedded into it, a new Water Management Hierarchy is developed to include 

the interrelated aspects of energy supply and energy recovery. The potential for pipe leakages 

and the challenge to detect these are also identified. If the time from leak occurrence to repair 

in 2018 was eliminated, the total water supply in Arboga could have been reduced with       

10100 m3 which corresponds to 35% of total supply to the site, respectively 35900 m3 and 

42% in Björkborn. 

In Tannefors, water saving measures are identified for a surface treatment process, a facility 

with testing equipment, and by utilization of groundwater. Not all water saving measures 

result in reduced annual operating costs, due to an increased energy demand. Furthermore, if 

neglecting the possibility of energy recovery when aiming for water use reduction, the results 

show that replacing a once-through cooling system using potable municipal water as a 

medium with a dry-cooling unit, can increase greenhouse gas emissions. In 2018, the 

simultaneously implementable water saving measures in Tannefors would have reduced the 

water supply with 40600 m3, which corresponds to 22% of the total supply to the site. The 

greenhouse gas emissions would simultaneously have been reduced with 0.4 tonnes CO2eq. If 

also addressing energy supply reduction and energy recovery, some measures achieves a 

reduction of over 35 tonnes CO2eq, which results in enhanced economic viability from 

reduced operating costs.  

This study suggest that organizational constraints have to be addressed to successfully 

implement identified water saving measures. To allow economic motivation for all water 

saving measures in Tannefors, a payback period of over 7 years has to be applied, which can 

be lowered if the measure also reduces energy demand or increases energy recovery. In order 

to avoid sub-optimization of water saving measures, the current Water Management 

Hierarchy has to include the aspects of energy supply and energy recovery. If the aim is to 

reduce a corporation’s water use, the largest sites with heavy industrial processes should be 

addressed first. However, the potential impact from water related risks at smaller sites should 

not be neglected, in order to ensure safe operations and avoid increased costs in the 

company´s supply chain. 
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Sammanfattning 
Tillgången av vatten blir alltmer ansträngd globalt, varför fokus på industriell 

vattenanvändning ökar. Den här studien undersökte hur industrier bör förhålla sig till 

vatteneffektivitetsprojekt, vilka organisatoriska begränsningar som bör hanteras, och vilka 

effekter vattenbesparande åtgärder har på ekonomiska kostnader, miljöpåverkan och 

påverkan från vattenrelaterade risker. 

Studien har genomförts på Saab Group. Primärdata för vattentillförselmängd och kostnad har 

erhållits från tolv platser för år 2018. Data från dessa siter har används för att uppskatta 

vattenanvändningen för de övriga 43 siterna som ingår i denna studie. Intervjuer med 

anställda inom Saabs organisation och med externa intressenter har fungerat som viktiga 

informationskällor, i kombination med undersökningar av interna företagsdokument. 

För att underlätta för företag att strukturellt ta itu med vatteneffektivitetsprojekt, så utvecklas 

Demingcykel-konceptet i den här studien. De inkluderade stegen är nödvändiga för att 

hantera viktiga identifierade organisatoriska begränsningar som är brits på kommunikation, 

brist på incitament för anställda och brist på ekonomiska incitament. Vidare, då vatten ofta är 

en energibärare, utvecklas en ny vattenminskningshierarki för att inkludera de 

sammanhängande aspekterna av energitillförsel och energiåtervinning. Potentialen för 

rörläckage och utmaningen att upptäcka dessa identifieras också. Om tiden från läckage till 

reparation under 2018 eliminerades, kunde den totala vattentillförseln i Arboga ha minskat 

med 10100 m3 vilket motsvarar 35% av total vattentillförsel till siten, respektive 35900 m3 

och 42% i Björkborn. 

I Tannefors identifieras vattenbesparingsåtgärder för en ytbehandlingsprocess, en anläggning 

med testutrustning, och genom utnyttjande av grundvatten. Alla vattenbesparande åtgärder 

resulterar inte i minskade årliga driftkostnader, på grund av ett ökat energibehov. Vidare, om 

möjligheten för energiåtervinning förbises när reducering av vattenanvändning är målet, visar 

resultaten att ersättningen av ett kylsystem som använder kommunalt dricksvatten utan 

recirkulering med en luftkyld enhet, att utsläppen av växthusgaser kan öka. Under 2018, så 

skulle de simultant implementerbara vattenbesparande åtgärderna i Tannefors ha minskat 

vattentillförseln med 40600 m3, vilket motsvarar 22% av den totala tillförseln till siten. 

Utsläppen av växthusgaser hade samtidigt minskats med 0.4 ton CO2eq. Om även 

energitillförsel och energiåtervinning tas i beaktande, uppnår vissa åtgärder en minskning på 

över 35 ton CO2eq, vilket resulterar i förbättrad ekonomisk lönsamhet från minskade 

driftkostnader. 

Denna studie föreslår att organisatoriska begränsningar måste hanteras för att framgångsrikt 

genomföra identifierade vattenbesparande åtgärder. För att möjliggöra ekonomisk motivering 

för alla vattenbesparande åtgärder i Tannefors, måste en återbetalningstid på över sju år 

tillämpas, vilken kan sänkas om åtgärden också minskar energibehovet eller ökar 

energiåtervinningen. För att undvika suboptimering av vattenbesparande åtgärder, måste den 

nuvarande vattenhierarkin inkludera aspekterna av energitillförsel och energiåtervinning. Om 

målet är att minska ett företags vattenanvändning, bör de största anläggningarna med tunga 

industriprocesser först adresseras. Dock bör den potentiella påverkan från vattenrelaterade 

risker på mindre siter inte försummas, för att säkerställa säker drift och undvika ökade 

kostnader i företagets värdekedja. 
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1 Introduction 
This chapter fulfills a purpose of introducing the reader to the subject of industrial water use. 

The research objective, the limitations of this study, and the disposition of the report are also 

described to convey the aim and structure of this study. 

1.1 Background 

Economic growth, industrialization and population growth are contributing to a rapid increase 

in the demand of natural resource (WATER RESOURCES GROUP, 2012). Therefore, the 

use of water and energy is gaining more attention globally. The United Nations (UN) has set 

17 Sustainable Development Goals that should be reached by 2030. These goals, often called 

Agenda 2030, address the global challenges faced with an aim to achieve a more sustainable 

future. Especially sustainable development goal (SDG) 6: ‘Ensure access to water and 

sanitation for all’, and SDG 7: ‘Ensure access to affordable, reliable, sustainable and modern 

energy’ point out the importance of sustainable use of both water and energy 

(Regeringskansliet, 2018). According to the UN, 2 billion people live in countries with high 

water stress, while energy is the dominant contributor to climate change (UNITED 

NATIONS, 2019). With this background it is clear that clean water is not and cannot be 

treated as an endless resource globally. The water related challenges we face today has led to 

an increased awareness worldwide of our water use.  

In Europe, water saving options are actively promoted for citizens (Seelen, et al., 2019). Still, 

these measures do not come close to saving enough water to avoid effects in the near future. 

Unconstrained pumping of groundwater has already led to several environmental and 

economic impacts globally. The area of wetlands has decreased drastically and new, deeper 

wells are being installed, just to mention few (Wendell & Hall, 2015). Actions have to be 

taken, both in developed and developing countries, to successfully overcome and prevent the 

increase of water related challenges. Otherwise, the gap between demand and supply of water 

will widen with significant economic and social effects as a result (WATER RESOURCES 

GROUP, 2012). Current trends indicate that water demand will exceed sustainable supply 

with 40% in 2030 (WATER RESOURCES GROUP, 2012). Also, one of the milestones in 

the SGD 6 is that water use efficiency across all sectors is substantially increased by 2030 

(UNITED NATIONS, 2019). Due to external factors companies are forced to increase their 

awareness of how they use water today, and how they can use it more efficiently in the 

future.  

Industry is one of the main users of both water and energy. The industry sector thereby has an 

important stake in the security of these resources. The use of water satisfies many needs 

within several industries. It is used as a raw material, cooling medium or as a cleaning agent 

(Walsh, et al., 2017). The private sector is also an important stake holder, as it both uses and 

provides water services. This sector also functions as a major source of practices and 

innovations that lower the water use (WATER RESOURCES GROUP, 2012). The amount of 

water use is in turn directly connected to energy use, where a reduction of water use most 

likely results in reduced energy demand globally (WBCSD, 2017). Water needs energy for 

both pre-treating, transportation to facilities and wastewater treating. In industrial processes, 

water also require energy for treatment to the desired quality in specific processes. Only 

wastewater treatment and the ability to have drinking water accounts for almost 8% of the 
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overall energy use in countries within the European Union (European Environment Agency, 

2014), why water services have significant energy requirements. 

There are studies indicating that a reduction of industrial water use with up to 50% is possible 

(WBCSD, 2017). There is an evident possibility to increase the efficiency of water use, 

which in turn has the potential to contribute to a sustainable development of resource use. 

Especially industries that require large water volumes in their processes contribute to 

groundwater mining, and in some cases pollution by discharging heavily polluted water. Both 

groundwater mining and pollution of water are mentioned as two factors that affect water 

scarcity negatively (Robins & Fergusson, 2014). The increased focus on water use efficiency 

also motivates a study that provides clarity to what this practically means for companies. 

Industrial companies with geographically favorable locations in regard to water availability 

may not currently perceive any water related challenges. However, future projections predicts 

an increase in water related stress globally, which is one reason for industrial companies to 

practice preventive water related work. Furthermore, a reduction in an industrial company´s 

water use is directly linked to energy use. Companies currently located in areas with low 

water stress therefore has more incentives to increase their awareness of their water use than 

the availability of the resource only.  

Global industrial companies may lack a holistic view and understanding of their 

organizations´ water use and the business value of increasing the water use efficiency. To 

successfully implement efficiency measures in an industrial organization, identification of 

potential measures is not enough. Therefore, there is room to further consider companies´ 

internal obstacles that complicates the implementation of water-saving measures. With the 

SDGs set by the UN aiming to achieve a sustainable future, sustainability and environmental 

challenges are gaining more attention, both in society and by companies (UNITED 

NATIONS, 2020). An increasing water related risk also increases the focus on companies´ 

water stewardship worldwide, why research within the subject is gaining more attention. 

Often, the true value of the used water is not known (Walsh, et al., 2016), which in 

combination with low supply costs does not justify the implementation of water saving 

measures. To successfully secure commitment in a for-profit corporation, economic 

incentives have to be evaluated and be favorable enough to motivate actions. By approaching 

the subject with a holistic view, this study provides the current research with a broadened 

perspective and evaluates the business value of improving a company´s water use efficiency.   

To enable coupling between current research and an industrial company, Saab Group (Saab) 

is used as a case company. The company has recently set a specific water-reduction goal of 

20% by 2025, which implies that the case company is representative for a global industrial 

company, where a focus on water use is relatively new. To understand on a process level 

what actions an industrial company can take, a detailed water audit is performed at one of the 

case company´s sites in Tannefors, Sweden. At this site, the water use is high and a high 

focus on water reduction has not been present before. Furthermore, water is not regarded as a 

scarce resource in the region, and the supply cost is relatively low. Identifying and analyzing 

reduction potentials will illustrate the impact of water reduction on an industrial site, both 

internally and externally.  

Studying industrial water use has a potential to foster sustainable development of the global 

water cycle, by participating in sustainable water stewardship locally. The use of a case 
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company unlocks the potential to study organizational obstacles for implementation of 

identified water-saving measures. Therefore, by putting water reduction measures into a 

broader perspective, the results have a potential to benefit other companies facing similar 

challenges. Hopefully, the results ease the process of implementing water saving measures 

and inspire companies in similar situations to realize favorable actions. This would eventually 

benefit society as a whole, by sustainable use of resources. 

1.2 Research Objectives 

By including a wider perspective than only identification of water-saving measures, the 

potential for an industrial company to reduce its water use is thoroughly evaluated. With an 

increasing attention of responsible water use, the findings in this study increases the 

understanding of how water relates to industrial companies and from there to society as a 

whole. With Saab functioning as a case company, the identified saving measures are 

restricted to specific locations. However, the objective is that other sites within Saab, and also 

other companies, benefit from the results. Furthermore, there is currently a lack of literature 

using industry-level evidence to investigate the dependence of CO2-equivaltent (CO2eq) 

emissions and water use efficiency (Lu, 2019). Water is often also an energy carrier, which is 

further highlighted and considered related to water saving measures. This study contributes to 

closing the research gap of industrial water use, and its organizational and environmental 

effects. By identifying models for successful implementation of water efficiency measures in 

this study, the objective is to clarify an approach companies can apply throughout the entire 

process of implementing water saving measures, without requiring special expertise. 

 

1.3 Aim and Research questions 

The aim of the thesis is to study an industrial company´s potential to achieve reduced water 

use, its effects internally and externally, and to identify a general approach industrial 

companies can apply to systematically increase its water use efficiency. To fulfill the aim and 

understand industrial companies´ situation in regard to water use, the following research 

questions (RQs) are chosen: 

 How should industries approach water efficiency projects to increase the degree of 

successful implementation? 

 What actions can industrial companies take to reduce water use and associated energy 

use for major identifiable and measured processes? Are there any organizational 

constraints for implementation? 

 How would water saving measures in industrial companies affect: 

I. Economy 

II. Environment 

III. Influence from water related risks  

RQ1 is answered by a literature review focusing on current research. To answer RQ2, Saab is 

used as a case company. By using Saab as a case company, a representative view of an 

industrial company aiming for reduced water use can be investigated. RQ3 is answered by 

investigating the implementation of identified saving measures in RQ2, and comparing their 

effects to current operating conditions.  

1.4 Limitations 

This thesis focuses on the water use and related energy aspects for industrial processes. 

Therefore, the saving measures identified are linked to industrial processes with a demand of 
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water to function. In this case these measures are limited to cooling processes, excess heat 

recovery from water, a surface treatment process, and the integration of water streams on an 

industrial site. The potential of pipe leakage is also considered at two sites. Regarding 

detailed presentation of saving measures water use for kitchens, toilets, and other domestic 

purposes are not considered. However, when presenting specific sites´ total water use, these 

factors are included. The available primary data is another limiting factor for detailed analysis 

of water saving measures. To enable deep analysis of saving measures, they have been 

limited to focus on one site only, except for the investigation of leakage potential. The use of 

energy is limited to only be considered in regard to water use, or where energy is embedded 

into water. 

With the case company producing military products, the information presented in this study 

has to be carefully selected. Some information obtained during the investigation therefore 

cannot be presented. This results in limitations for the detail level for some of the results 

presented, and may be the reason for some diffuse explanations. However, sufficient 

information to draw correct conclusions regarding water and energy use in industrial 

processes have been included. 

1.5 Disposition 

This thesis consists of four main parts. Within these four parts the thesis is divided into 

sections, represented by different chapters. Below, the main parts and their sections are 

described in more detail:  

1. The first section introduces the subject of industrial water use and related aspects in 

chapter 2. The sections in chapter 2 follows an order to stepwise provide information 

regarding the subject by starting on an overall level, and continuing onto a more 

detailed level. Chapter 3 introduces the case company and its current status in terms of 

industrial water use.   

2. Section two consist of chapter 4, where the methods used in this study are presented. 

This chapter is necessary to understand how the results presented are obtained. The 

sections in chapter 4 explain how data has been collected, how water related risks and 

reduction potentials are determined, how pipe leakage is investigated, and lastly what 

calculations that are used in this study.   

3. Section three presents the results and is divided into three chapters. Chapter 5 presents 

a proposed approach for enhanced industrial water use efficiency. These results are 

based on a combination of findings from current research, which enables a new 

approach to be developed. Chapter 6 presents the overall results from Saab´s 

organization. This chapter explains a larger industrial company´s global situation in 

terms of reduction potentials, risk factors and organizational constraints. In chapter 7, 

the results for identified water saving measures are presented, which is of pure 

technical nature. With the results in this chapter, the evaluation of possible reduction in 

water use is possible. 

4. Section four consist of three chapters. In chapter 8, the method is discussed. The 

results are also discussed and analyzed in chapter 8. Thereafter, conclusions are drawn 

in chapter 9, which directly answers the RQs in 1.3. Finally, chapter 10 proposes 

future work and research related to the subject of industrial water use.  
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2 Theoretical Background 
The following chapter describes all necessary information to understand the context of 

industrial water use. Initially the global water cycle and the concepts of water stress and 

water scarcity are described. Thereafter it is described how industries are supplied with water, 

how they use it in industrial processes, and how it is discharged and return to the 

environment. Indications from previous studies are presented, as well as the details of 

important industrial processes and concepts covered later in this study. Findings from current 

literature covering the value of risks, costs and societal needs finishes this chapter. All 

sections presented in this chapter aims to provide a holistic overview of industrial water use 

related to current research.  

2.1 A Global Overview of the Earth´s Water 

This section introduces the reader to the global water cycle, and the concepts of water stress 

and water scarcity. Understanding the global water cycle is vital to evaluate how different 

modes of industrial water use affect the local and global water situation. 

2.1.1 The global water cycle 

All water on earth is part of the global water cycle, which is an ongoing cycle with no starting 

point. 96.5% of the earth´s total water is found in the ocean (Shiklomanov, 1993). The sun 

drives the water cycle by heating water in the oceans. Water vapor from the oceans 

evaporates to the air together with water from plants and evaporated from the soil. Rising air 

currents transport the vapor up to altitudes where the air is cooler resulting in condensed 

vapor, or clouds. Clouds move with air currents and, after cloud particles grow by colliding to 

each other, resulting in rain or snow. If not frozen into glaciers, most precipitation falls onto 

land or back into the oceans. Some of this freshwater precipitation infiltrates into the ground, 

which is then called groundwater. All water eventually ends up in the ocean, where the cycle 

begins once again.  

It is important to understand the role of groundwater in the global water cycle. Only 2.7% of 

the earth´s water is freshwater in form of surface water, groundwater, and water locked into 

glaciers (Persson, et al., 2010). Groundwater accounts for 30.1% of all freshwater on earth 

(Shiklomanov, 1993), why it is an important source for potable water accounting for 1/3 of 

the supply (International Energy Agency, 2016). The remaining freshwater, nearly 70%, is 

locked up in glaciers and ice (International Energy Agency, 2016). Without access to 

sufficient amounts of groundwater there cannot be any sustainable urban or rural population 

(Robins & Fergusson, 2014). It is important to understand industry´s role in both water 

withdrawals and pollution. Water pollution is viewed as the world´s biggest health risk 

(Savedge, 2019), playing a big role for the survival of humans, animals and other ecological 

factors. Climate change is in some regions resulting in less rain and serious water shortages. 

At the same time pollution of rivers, often caused by industries, is increasing. Economic 

growth and industrial development fuel the already strained water situation (Lu, 2019), which 

negatively affects the global water cycle.  
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2.1.2 Global Water Stress and Scarcity 

Many companies have operations worldwide, it is important to understand that the water 

situation is defined locally. The water situation varies vastly depending on the geographic 

location. Water stress and water scarcity are two different definitions that are defined by 

measuring the water withdrawals against the supply. The amount of water available then 

determines whether water is a scarcity, or only under severe pressure which results in a 

stressful situation. If the availability of fresh water is below 1700 m3 per person and year, the 

situation is defined as water stress. If the availability reaches below 1000 m3 per person and 

year, the situation is defined as water scarcity. (Persson, et al., 2010). High water stress 

indicates that supplies are not sufficient.  

Risks and scarcity of water is not a new phenomenon. Water scarcity is currently present in 

about 20 countries, while water stress is present in a further 30 countries (Persson, et al., 

2010). Projections for the year 2040 from the World Resources Institute (WRI) indicates that 

water stress will continue to increase. Areas that currently have low water stress will 

experience higher water stress in the future. The projection from WRI for example indicates 

that the Stockholm area will experience high to extremely high-water stress in 2040. The 

water risk for Swedish industry is currently relatively low compared to other countries (Water 

Resources Institute, 2019). If looking at southern Europe, a significantly higher water stress is 

present. It should not be neglected that during the summer months, ground water scarcity is 

affecting Swedish industry. In 2017 the situation was critical in some regions (Dagens 

Industri, 2017). Therefore, with the current situation and projected trends for water stress, it is 

motivated for industries to understand their water use to proactively avoid risks.  
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2.2 Defining Industrial Water Flows in this Study 

The industrial water use and safe water supply is dependent on a functioning global water 

cycle that is in balance. In Figure 1 below, the definition and delimitations of the industrial 

water flows in this study are visualized. It represents water flows in one industry facility or 

larger industry park on an overall view. To understand water use in industry, it can be divided 

into three categories; water supply to the fence, water use inside the fence, and discharge of 

water outside the fence.  

 

 

Figure 1: Overview of industrial water flow, including supply, water use in industrial processes, and 

discharge of effluent water 

The way industries manage their water cycle can have consequences from a global 

perspective, why it is important to observe and understand effects on the surrounding 

environment outside the fence. To understand the role of industrial water use, the three 

sections that are presented in Figure 1 will be described in further detail below.  

2.2.1 Water Supply to the Fence 

The supply side in Figure 1 consists of the major sources of water for industries. Supply to the 

fence considers three possible sources of water mainly used by industries: 

 Municipal tap water (T) 

 Surface water (e.g. water from lakes or seas, or collected rainwater) (S) 

 Groundwater (G) 

Municipal drinking-water systems (tap water), groundwater and surface water are the most 

directly used water sources for industries worldwide (WBCSD, 2017). Factors as local 

prerequisites and type of industries present affect the distribution of water sources. In this 

case, ground and surface water are included if the industry considered directly uses them in 

their water intake. The sources of the potable tap water in municipal drinking water systems 

is placed outside the fence and requires energy for treatment to potable quality. It is important 

to point out that all sources do not have to be used by an industry. In Sweden and Europe, the 

majority of the water is delivered from municipal water supply systems. The water supplied 

through these networks has been treated to potable quality. Industries often use this water in 

their processes, although municipal water of potable quality often exceeds the required 

quality in industrial processes. Studies indicate that treated effluent water has a great potential 
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to replace potable water in industrial processes (NORDISKA PROJEKT, 2019). Energy is 

also needed for transportation of water to the fence, which in turn is correlated to the amount 

of water required inside the fence. By changing water management practices inside the fence, 

positive or negative contributions can have an effect on the environment outside the fence. 

Energy use can be reduced, and positive contributions can be made to the local water 

situation. Therefore, it is important to understand the connection of internal processes and the 

amount of water supply to the fence. 

Apart from industrial processes, a major source of water loss in both developed countries and 

developing countries for the supply side is pipe leakage (Deloitte, 2016). Aging infrastructure 

is often the result for an increasing amount of leakage. In numbers from 2013-2014 

indications can be seen that on average 22% of water in Wales and England was lost through 

leakage (Deloitte, 2016). Leaking pipes inside the fence are also contributing to this number, 

which in turn results in increased water withdrawals by the company and decreased water use 

efficiency through water losses.  

2.2.2 Water Use inside the Fence 

How water is used inside the fence varies depending of industry sector and the processes 

where water is used (Dworak, et al., 2007). Figure 1 describes the general way water travels 

within the fence. The definition of industrial area inside the fence in this study is all facilities, 

all treatment processes, production processes and other activities that use water and which the 

industry itself has control over. The processes considered in Figure 1 are processes that 

require water to function (WBCSD, 2017). Once the water is inside the fence, the water 

streams can be many and very complex. The visualization in Figure 1 is a simplification. 

Water may require treatment before entering the processes (e.g. deionizing, heating, cooling, 

and chemicals) (WBCSD, 2017). If the water has the required quality after leaving one 

process, or if it is treated to the required quality, it can be used in several other processes 

before being discharged from inside the fence. This in turn has the potential to lower the 

demand of water supply to the fence. Before being discharged, depending on local guidelines 

and laws, water may need more treatment. Processes inside the fence can add substances to 

the water that are not allowed to be discharged and could contribute to pollution of essential 

water sources. Treatment to remove the substances (e.g. petroleum products, degreasing, 

toxic liquids) inside the fence before discharge is then necessary (Tekniska verken i 

Linköping AB, 2008). Both pre-treatment, treatment before discharge, and industrial 

processes require energy to operate. There is a link in these processes between energy and 

water use, why potential additional costs in energy from water reduction need to be addressed 

(Mirata & Emtairah, 2014). Since water used inside the fence often is supplied by the 

municipal water network, which in turn requires groundwater and energy to function, it is 

connected to several environmental aspects. Therefore, by studying the processes using water 

inside the fence and considering surrounding factors, the environmental situation both locally 

and globally can be addressed. 
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Defining Process Water Flows 

To understand the means to influence water use in industrial processes, it is important to 

understand the definition of industrial water flows used in this study. In Figure 2 below four 

different types of flows are visualized. The visualization aims to describe basic situations and 

define the concepts of reuse, regeneration reuse, and regeneration recycling.   

 

 

Figure 2: Representation of different industrial water flows where a) represents a process with no 

reuse, b) a process with water reuse, c) a process with regeneration reuse, d) a process with no reuse 

but treatment before discharge, e) a process with recycling without regeneration, and f) a 

regeneration recycling process (Kim, 2012) 

a) Describes a process that has no water reuse. The water enters the processes and the 

effluent water is directly discharged after leaving the processes. Before being 

discharged, the water may require treatment to meet local requirements on discharged 

water. Entering a treatment process and thereafter being directly discharged, as in 

situation d, is not regarded as reuse.  

b) Describes a water flow where water is being reused. The same water is used in two or 

more processes before being discharged. It is not used more than once in the same 

process, since it would then be called recycling as situation e visualizes.   

c) Describes a process using regeneration reuse. Regeneration refers to treatment of the 

water between two processes to meet the required quality to enable further use. In 

situation c, after leaving process 1, the water is treated to meet the requirements for 

process 2. The effluent water is then discharged after being used in two or more 

processes. 
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d) Describes a situation where no reuse is used, but the water requires treatment before 

being discharged.  

e) Describes a process using recycling without regeneration. If the recycling is a closed 

loop, then no water needs to enter or leave the cycle between operation 1 and 2.  

f) Describes a regeneration recycling process. Recycling refers to water being used in 

cycles. Closed loop recycling does not necessarily require treatment in between 

different processes. From the treatment processes, both in situation c and d, resources 

other than water can be recovered. The water leaving the recycling-cycle in situation f 

refers to water that no longer meet the required quality and therefore has to be 

discharged. Closed loop recycling means that no water is discharged. 

2.2.3 Discharge Outside the Fence 

Wastewater from inside the fence is typically discharged to stormwater (SW) or wastewater 

(WW) networks, depending on the quality of it. If there is an absence of hazardous 

substances in the effluent water from the processes, or if hazardous substances can be 

removed by treatment, then the water can be discharged as stormwater, if all legal 

requirements are fulfilled. Companies discharge highly polluted industrial waste in the oceans 

disregarding its global effects. This problem is especially significant in regions where 

regulations and surveillance are disregarded, uppermost in Africa and Asia (Bidault, 2017). 

Without stricter regulations and advances in technology, the problem is bound to increase 

(Kant, 2012) (Schwarzenbach, et al., 2010). Wastewater can be classified into two categories 

(ING Groep N.V., 2017)  

 Grey water: Non-potable water that is not heavily polluted. It can still be used but not 

as drinking-water. Can be discharged as stormwater if all local requirements are 

fulfilled.  

 Black water: Heavily polluted water that needs heavy treatment before being re-used. 

Often toxic industrial waste water. Requires on-site treatment to be classified as 

greywater to be discharged as stormwater, or transfer and treated in a wastewater 

treatment plant. 

Sweden amongst other developed countries have laws that prohibit discharge of water 

containing toxic, corrosive, or other types of harmful acids as stormwater (Tekniska verken i 

Linköping AB, 2008). Therefore, it is important to understand the connection between 

modifications inside the fence that can alter the quality of water being discharged, and result 

in new requirements to be fulfilled.  
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2.3 Industrial Water Use 

The characteristics of an industry´s water use have a strong correlation to the grade of 

development within the country (Lu, 2019). The industry sector´s share of global water use 

was about 22% in 2012 (UNITED NATIONS, 2019). In developing countries, the industrial 

water use share of national water use stood for about 4-12% in 2009 (WWAP, 2009). 

Compared to the industrial water use in developed North American and European nations, 

where the industrial water use was around 50% of the total water use in 2009, the industrial 

water use in developing countries are accounted with significantly lower shares. As a 

developed country, Sweden is not an exception with a share of 54.6% of industrial water use 

in 1995 (Dworak, et al., 2007). A report from 2009 indicated that an increased 

industrialization in developing countries could lead to an increase of industrial water use by a 

factor five (WWAP, 2009). Such an increase would lead to higher pressure on water 

resources, affecting countries previously spared from water stress. On the other hand, limited 

water resources could create an obstacle for further industrialization in developing countries. 

Companies planning an expansion to geographic areas with risk of insufficient water supply 

have to take this into account as a risk exposure.  

Water is the most frequently used medium in industries and therefore has a vital importance 

to many sectors. The most significant industrial sectors that require large amounts of water 

are listed below (Dworak, et al., 2007): 

 Pulp and paper 

 Textile 

 Food 

 Leather 

 Metal surface treatment 

 Chemical and pharmaceutical 

 Oil and gas 

 Mining industry  

Depending on the dominating industry within a country, the water use share between the 

industrial sectors can vary vastly. For example, the pulp and paper industry in Sweden stood 

for over 40% of the country´s industrial water use in 2007, while the water use was 

dominated by the chemical sector in Italy with 36% of total water use, respectively 38% in 

Germany. (Dworak, et al., 2007). Even if the water use information is from 2007 and slight 

changes for the shares may have occurred, it stresses the importance of understanding 

differences between countries´ and industrial sectors.  
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2.3.1 Water Saving Measures and Potential Savings   

This section of the report aims to identify what specific water-saving measures that can be 

implemented through equipment and process modification, and their potential water saving. 

In Table 1 below a list of efficiency measures and the potential saving in water use if 

implemented in a process with no reuse (Mirata & Emtairah, 2014). 

Table 1: Water use efficiency measures, required actions and their water saving potential (Mirata & 

Emtairah, 2014) 

Efficiency measure Required actions Potential water saving [%] 

Reuse of water, closed loop 𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝑚𝑜𝑑𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 ~ 90 

Recycling and treatment of 

water, closed loop 

𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝑚𝑜𝑑𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 ~ 60 

Reuse of wash water 𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝑚𝑜𝑑𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 ~ 50 

Counter-current rinsing 

processes 

𝑅𝑒𝑝𝑙𝑎𝑐𝑖𝑛𝑔 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 ~ 40 

Upgrades to high-pressure 

and low-volumes 

𝑅𝑒𝑝𝑙𝑎𝑐𝑖𝑛𝑔 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 ~ 20 

Installing automatic shut-

off valves  

𝐸𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 𝑚𝑜𝑑𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 ~ 15 

 

Measures that focus on reuse and recycling in Table 1 have the most water saving potential, 

reaching reductions from 50% up to 90%. Due to possible evaporation and other losses, a 

closed loop does not entirely eliminate the requirement of water. For this reason, a 100% 

saving potential is hard to reach if the use of water as a medium cannot be completely 

eliminated. Replacing and modification of equipment can also contribute to significant water 

savings. The values are based on experiences from around the world, if a systematic approach 

is applied to increase water use efficiency. Except equipment and process modification, 

improved production planning and pure change in behavior also has a potential to result in 

water savings, without requiring any initial investment costs. 
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Reuse and Recycling Lower Total Water Use 

To further clarify how reuse and recycling result in a lower water demand, Figure 3 is 

presented below. By reusing or recycling water, the total demand does not necessarily reduce 

the amount of water that processes within the fence require to function properly.  

 

Figure 3: How reuse lowers water supply demand by reducing the required water intake with reused 

water (Kim, 2012) 

By using the water in one or more processes before discharging it, the water intake from 

outside the fence can be reduced. In situation a, the total water intake is higher than in 

situation b, due to once-through processes that simultaneously withdraw water from inlets. In 

situation b, the water intake is reduced by modification of process 2 to use reused water from 

process 1. If using re-circulating systems similar to situation f) in 2.2.2, the impurities in the 

water are gradually increasing (Mirata & Emtairah, 2014). To keep the level of impurities 

within a desired level, fresh water is used to replace a certain fraction of circulating water 

(Mirata & Emtairah, 2014). Reuse and recycling of water inside the fence can affect the 

intensity of contamination, which in turn affects the wastewater charges (Kim, 2012). The 

economic aspects of discharge cost, regeneration cost and freshwater cost should be 

considered simultaneously when investigating improvement potentials in industrial water use, 

to achieve favorable economic results (Kim, 2012). 

2.3.2 Major Water Trends in Industry 

In industrialized countries, the water use has increased with more than 50% between 1950-

2000 (Persson, et al., 2010). The consequences of irresponsible or responsible use of water 

are gaining more attention worldwide, especially in locations where water is a scarce resource 

(Mirata & Emtairah, 2014). Increases in wastewater treatment costs and water tariffs, stricter 

environmental regulations, and shortage of clean water resources are factors driving efforts 

for water management in industry (Rafidah & Alwi, 2013). In the European Union, further 

policy action is viewed as a necessity to ensure sustainable water management and improve 

the coherence between environmental, societal and economic goals (European Environment 

Agency, 2018). Furthermore, the long-term impact of climate change is expected to 

negatively affect the water supply and water infrastructure, and increase the need of 

watershed planning (Deloitte, 2016). The strategic importance of water management is 

increasing (Mirata & Emtairah, 2014), and it is becoming more costly and complex (Deloitte, 

2016). The effect of the external environment on water management is obvious. For example, 

water supply in Israel is inadequate and the amount of wastewater reuse is 70%. In North 
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America, where the water stress is significantly lower, the amount of reuse is only 3.8%. 

(Exton, 2015). Climate change, cost and regulatory trends are aspects that companies should 

track and base suitable actions on to increase water management efficiency and avoid 

surprises.  

Water scarcity is today a concern across Europe. Droughts already have a significant 

economic and environmental impact (EUROPEAN COMMISSION, 2018). The European 

Commission is therefore proposing minimum requirements for water reuse and stating that 

‘all possibilities to improving water efficiency should be explored’ (EUROPEAN 

COMMISSION, 2018). New upcoming regulations have a potential to force companies to 

new investments. An increasing demand on companies to develop strategies to address water 

related risks can be seen from key stakeholders, as investors (Mirata & Emtairah, 2014). A 

growing pressure to communicate water related risks can also be identified in the context 

(Mirata & Emtairah, 2014). The carbon footprint declaration currently used by companies are 

expected to be applied on water. Companies are expected to use a life cycle assessment 

(LCA) on its processes and products to declare its water footprint (Walsh, et al., 2016). Also, 

the importance of studying the water-energy nexus is gaining more attention. Increased 

energy demand has the potential to restrict planned water related measures. The efficiency of 

water systems, and thereby the amount of water used in industry, directly impacts energy 

utilization, why these factors have to be addresses simultaneously (Walsh, et al., 2016).   

Operational Efficiency 

There is an increased need of improved operational efficiency (Deloitte, 2016). To protect 

water cycles, sustainable management techniques that reduces costs, uses resources more 

efficiently, and discover new capabilities to achieve targets need to be implemented to 

optimize the use of water (Deloitte, 2016). Previous studies indicate that by adopting a 

systematic approach towards industrial water use there is a potential to reduce water 

consumption by 20-50%, or even up to 90% with more advanced measures (Mirata & 

Emtairah, 2014). Improved water efficiency can also lead to reduced costs for purchasing, 

treatment, and discharge of water (Mirata & Emtairah, 2014). Furthermore, by improving 

their water efficiency, companies have an opportunity to demonstrate social responsibility, 

which can have positive effects on recruitment and the society´s view of the company (Mirata 

& Emtairah, 2014). Also, previous research indicates that external corporate social 

responsibility (CSR) positively affects the organizational commitment (Brammer, et al., 

2007). CSR related trends indicate that collaboration between users, regulators and utilities 

will become closer to improve the water reuse and recycling in local areas (Deloitte, 2016). 

This requires industries to apply a wider perspective than only focusing on their own 

processes inside the fence. Therefore, reducing water and energy use in industry can have 

other positive effects for a company than pure cost reductions, if the opportunities are 

managed advantageously. 
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2.3.3 Previous Studies 

There are well-documented cases where the efficiency of water use has been increased. The 

cases cover a variety of business sectors and other actors (e.g. oil and gas industry, energy 

sector, mining industry, consumer goods, and other manufacturers) (WBCSD, 2017). All 

cases have different prerequisites and goals connected to the management of water. Table 2 

below summarizes the main measures of achieving a reduction in used water volumes for the 

23 cases. Some cases focus on more than one measure, why the total number in Table 2 is 

greater than the number of cases. 

Table 2: Main measures and number of cases using the measure for achieving water saving in the 23 

investigated cases (WBCSD, 2017) 

Main measures Number of cases 

Reuse and recycling 13 

Recover 6 

Reduction 5 

 

In over 50% of the cases in Table 2, reuse and recycling are the main measures, followed by 

recovery of energy or other valuable substances from the water, and reduction by increasing 

process efficiency. The distribution of the cases in Table 2 does not aim to favor one specific 

measure, since favorable measures vary depending on the specific situation. In general, it can 

be said that the main actions that focus on increasing water efficiency are recycling, reuse, 

and measures that reduce the consumption (Matani, 2006) (Brouckaert & Buckley, 2000). To 

increase the understanding of water reduction measures in industry, a literature study of 

previous cases was conducted. It indicated that reduction of water use can be achieved 

through changes in processes, feeding discharged water to other operations, regenerating 

effluent water through treatment processes and reusing or recycling it (Kim, 2012). The aim 

is often to reduce the water intake and amount of water discharged. In other words, the aim is 

to increase the water use efficiency. Below a more detailed explanation of findings is 

presented. 

Water Reduction 

An increase in water use efficiency has been achieved in several ways, often by combining 

several measures. Core processes can be optimized by changing their design to facilitate 

cleaning and by changing the cleaning medium (e.g. using steam instead of water) (Euler, 

2017). New processes for treatment and reuse can be designed to decrease the amount of 

water being discharged and reduce the water intake from city networks (Euler, 2017). To put 

a number to it, reduction and reuse of water at a Procter & Gamble manufacturing facility in 

China enabled saves of 60 000 m3/year compared to baselines from similar sites. 40 000 m3 

of these savings are referred to core process optimization, and the additional 20 000 m3 to 

reuse of water (Euler, 2017). Optimization of wastewater treatment and reuse can create a 

win-win situation between a company´s economic objective and its water reduction 

objectives (Quaglia, et al., 2013). Involving several actors outside the fence has the potential 

to increase the reuse of wastewater and reduce the freshwater use and water stress in certain 

areas (Euler, 2017). Solutions to improve the water situation in certain geographical areas can 

therefore be found outside the fence. An alternative source of water is treated wastewater, 

especially in areas affected by water scarcity (Voulvoulis, 2018).  
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Energy Reduction 

Energy use in processes often stands for a significant share of the total cost in industrial 

facilities. The aim of previous water related cases is often to reduce the amount of water used, 

with low focus on the interrelated energy aspect. For industrial companies, optimization of 

processes have a potential to generate cost savings by reducing the amount of wastewater 

treatment or water pumping. This directly affects the amount of energy needed for the 

processes to function (Buchholz, 2017). Some processes in industry has certain quality 

requirements for water. For example, heated water may be needed to meet the requirements, 

which turns the water stream into an energy carrier. Process integration with the aim of 

utilizing the energy hot water streams carry has indicated a potential to lower both water and 

energy use (Wising, et al., 2005). Early stages of process integration research have focused 

separately on water and energy, with current trends were these factors are simultaneously 

addressed to achieve optimal conditions (Chew, et al., 2013). In the pulp and paper industry 

simultaneously optimizing energy and water use, by optimizing water network design, has 

proven results in significant reduction in the use of both resources (Chew, et al., 2013). 

Attitudes 

Large companies are increasingly acknowledging that not only economic value is used to 

judge a company´s activities. Sustainability, including both environmental and social values, 

is becoming more important (Meyers, 2005). Research indicates that many companies still 

have room for significant improvement (Meyers, 2005). When it comes to water, actions to 

reduce the consumption are often taken in areas with water stress, or if the company has set a 

target to reduce the amount of water used (Mianzan, 2017) (Euler, 2017). If the aim is purely 

cost reduction, studies indicate that companies with high availability of water resources, and 

apparently low cost, are less likely to reduce their consumption (Seiler, et al., 2019). Cost 

savings achieved from water related efficiency measures is not sufficient to motivate the 

implementation of these (Walsh, et al., 2016). Studies furthermore indicate that these 

companies do not know the true cost or value of the water they are using (Walsh, et al., 2016) 

(Clere, 2016). Lack of perception of the water related costs in turn affects the attitude towards 

water related measures.  

A primary focus on minimizing costs and maximizing production in process industry, 

combined with low costs for water services, does not foster a water reduction culture 

(Barrington, et al., 2013). The combination of long payback periods for water efficiency 

measures, and a focus on short term financial returns implicates that few employees perceive 

incentives to minimize the water use (Barrington, et al., 2013). To achieve successful 

employee commitment for water management, employees from all levels within a company 

need to feel some kind of responsibility for the environmental performance (D.Bixio, et al., 

2008), which in this case translates as efficient water use. A corporate culture that values 

water lowly does not motivate employees to exert the effort required to reduce water use 

(Barrington, et al., 2013). Such a corporate culture is likely to result in lack of detailed water 

metering, monitoring and reparative action (Barrington, et al., 2013). In order to successfully 

improve an industry´s water use, policies within a company has to aim for employee 

involvement to create a sense of personal responsibility throughout the organization. Water 

management should therefore not only be conducted by a dedicated environmental 

department (Barrington, et al., 2013). 
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2.4 Industrial Cooling and Utilization of Excess Heat 

There are a variety of industrial processes available depending on the requirement in the 

specific industry. In the manufacturing industry, industrial processes are undoubtedly one of 

the key components for producing goods. In this study, several industrial processes that are 

reliant on water will be examined. Since water has superior properties as a cooling medium, it 

is often used in industrial cooling processes that can contribute vastly to an industry´s total 

water withdrawals. For certain industrial processes water also requires heating, which makes 

the medium an energy carrier. The utilization of excess heat embedded in water has a 

potential to increase the efficiency of an industry´s energy use. Below, the water use for 

industrial cooling purposes and related to industrial excess heat will be clarified. 

2.4.1 Industrial Cooling 

Water is often used as a cooling medium in industries. Cooling water stands for one of the 

largest water requirements in industry, and there are several different types of cooling 

processes. The effectiveness of heat transfer when using water as a medium is hard to reach 

with other mediums, why for e.g. air cooling is often not preferable from an efficiency point 

of view. Cooling processes that use water and directly discharge it after heat absorption is 

referred to as once-through systems. This also implies that the absorbed excess heat is 

discharged, contributing to less efficient energy use. Generally, cheap supply of freshwater 

and low temperatures on the generated hot stream contributes to the use of once-through 

cooling systems. These can on the other hand end up being a more expensive solution in the 

long run, since the system specification requires large quantities of water from nearby sources 

to function (Loew, et al., 2016). Once-through systems are facing an increased regulatory 

pressure, when trends are going towards more circular and reduced use of water 

(EUROPEAN COMMISSION, 2018). These systems can be replaced by using re-circulating 

systems (also referred to as wet cooling or cooling towers) or other technologies such as air-

cooled systems (referred to as dry-cooling) to reduce fresh water intake (Loew, et al., 2016). 

In Table 3 below, the amount of water required for the specific technologies are shown.  

Table 3: Water amount required for industrial cooling through once-through, re-circulating or air-

cooled systems (Loew, et al., 2016) 

Description Water use [L*kWh-1] 

Once-through 20.44 𝑡𝑜 33.31 

Re-circulating systems 0.68 𝑡𝑜 1.44 
Air-cooled systems 0 

 

The numbers are based on a case study covering natural gas combined cycle (NGCC) plants 

in Texas. These can therefore vary vastly between different industries. They are used to 

initially compare the water withdrawals for the different technologies mentioned. The 

changes in energy use between the cooling systems should also be considered when 

comparing different solution. 

Re-Circulating Cooling Towers Systems 

To minimize the freshwater intake for cooling purposes, re-circulating systems is a widely 

used option. The overall water withdrawals are lowered since make-up water is only needed 

to replace losses from evaporation and from tower blowdown to prevent build-up of minerals 
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in the cooling system (Loew, et al., 2016). Industrial cooling towers are used to discharge 

heat absorbed in the circulating cooling system. As seen in Table 3, the amount of water 

required for 1 kWh of cooling is significantly lower compared to once-through systems. The 

water demand for re-circulating cooling tower systems is referred to the loss of water during 

operation through blowdown and evaporation. Make-up water is therefore required for the 

cooling tower system to function (Kim, 2013). 

Dry-Cooling 

Air-cooled systems are closed systems with a circulating medium absorbing the heat and 

transporting it to an external heat exchanger. These systems do not require make up water to 

function and therefore has the potential to significantly reduce water withdrawals (Loew, et 

al., 2016). Dry-cooling systems uses air to exchange heat from the circulating fluid. To 

transport air to and from the heat exchanger, electricity is required to power fans. It is 

therefore important to be aware of a possible increase in energy use if choosing dry-cooled 

systems to completely eliminate cooling water use in specific processes. When comparing 

annual operational costs, previous studies indicate that dry-cooling systems is about two 

times more expensive compared to re-circulating systems, due to increased energy costs 

(Loew, et al., 2016). 

2.4.2 Industrial Excess Heat 

There are currently several definitions of excess heat, of whom none is generally accepted. In 

this study, excess heat is defined as industrial excess heat generated in industrial processes as 

a by-product, which could be, but currently is not used to create benefits for the industry and 

society (Viklund & Johansson, 2014). Of the total energy demand in the industry sector, a 

noticeably large share of 70% is used as process heat (S.Zuberi, et al., 2018). Excess heat in 

the industry sector has a potential to cover a significant share of the required process heat 

(S.Zuberi, et al., 2018). Thus, the total energy demand is reduced by utilizing heat energy 

more efficiently. Heat energy recovery can be feasible option if there is a continuous demand 

within a favorable distance. As a frequently used cooling medium, water has the potential to 

transform excess heat into an asset by transporting and transferring heat between processes. 

For example, integrating hot cooling water streams with colder return water used for heating 

of facilities has the potential to lower a company´s withdrawal from the district heating (DH) 

network. Also, if the utilization of excess heat lowers the total energy demand, both CO2eq 

emissions and economic costs can be reduced (Thekdi & Belt, 2011). 

Priorities when Utilizing Excess Heat 

Before exploring the possibilities of excess heat utilization, the possibility to reduce the 

amount of excess heat itself should be examined (Viklund & Johansson, 2014). This would 

lead to a lower energy demand and more efficient processes. Excess heat that impossibly can 

be eliminated typically should be used in the same process as it originates from, since this is 

the most viable option from an economic and heat loss perspective (Viklund & Johansson, 

2014). Through heat exchange, excess heat can be used to preheat incoming water, air, or 

material (Viklund & Johansson, 2014). If no possible options to utilize excess heat in the 

origin process are available, external processes within a fair distance from the heat source 

represent another possibility for excess heat utilization (Viklund & Johansson, 2014). Heated 

water has the possibility to be transported through pipes with small diameters to remote 

buildings. 
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Compressors and Excess Heat  

To power a compressor, an electric motor is used. The compressor cycle is of interest in this 

study because of the cooling demand that the electric motor generates. The production of 

compressed air in large industries can amount for up to 80% of the total energy costs (Atlas 

Copco, 2019). Up to 94% of the electric energy required for a compressor can be recovered 

(Atlas Copco, 2019). Substantial amounts of heat could be recovered from compressors, with 

a return of investment (ROI) usually ranging from 1-3 years (Atlas Copco, 2019). Other 

processes than compressor cooling, where hot water streams are present, are also of interest 

for heat recovery.  

Surface Treatment and Excess Heat  

There are many different treatment processes of metal surfaces and not all are dependent of 

water to function. The connection to industrial water use arises in wet surface treatment 

processes that often require large amounts of water. In these processes, water is used for 

surface preparation of raw materials, intermediates, or final products (e.g. washing or rinsing) 

(Mirata & Emtairah, 2014). Water requires energy to be treated to the desired quality for 

specific processes for surface treatment (e.g. heat, deionizing, pumping). Reviewing the 

surface treatment processes therefore has a potential to address reductions in both water and 

energy use by focusing on excess heat reduction and recovery. For example, large open pools 

with water has the potential to generate losses by evaporation that affects both the total water 

withdrawals and energy losses. The wastewater from metal surface treatment should also be 

considered, since it can contain high concentrations of pollutants. Advanced treatment and 

separation of pollutants are therefore required for the wastewater (Dworak, et al., 2007).  

2.5 The True Value and Cost of Water 

Applying economic principles to non-metered water is difficult (Walsh, et al., 2016). It is 

important for companies and other actors to understand the value of water, preferably by 

developing a value system approach (Walsh, et al., 2016). Thus, the costs that can be derived 

to water use should be defined. The value and costs of water can vary significantly, 

depending on geographic location and prerequisites, and whether you consider it from the 

society´s or a company´s point of view. The question of the right price for water is a long-

debated subject by utilities, policy makers, academics and the public (Deloitte, 2016). 

Different industries also have widely spread requirements on the water quality that is needed 

in their specific processes. Depending on the quality requirements, companies can have 

highly variable costs that are not perceived. This section primarily aims to define the factors 

that affect the value and costs of the most significant entity for global and local development, 

namely water (Mughees & Al-Ahmad, 2014). Low cost of water supply within the process 

industry does not result in sufficient financial savings to motivate a wide practice of saving 

measures or research within the area (Walsh, et al., 2016).  

It is challenging to value something that is an absolute necessity for life as we know it today. 

In an environment with extremely high water stress residents, farms and companies are 

dependent on limited amounts of water, which creates a threatening situation impinging on 

economic growth. If an industry is exposed to the risk of stopping its production due to water 

shortage, it might value water higher than industries that have no issues with water shortages. 

When there is a shortage of a necessity, it is often very palpable. The trend is that rising 

energy prices and an increased ecological awareness in society has led companies and 
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governments to pursue higher energy efficiency in industrial processes (Bunse, et al., 2011). 

More efficient utilization of water typically result in reduced energy use, why more efficient 

water use have a potential to lower overall costs (Walsh, et al., 2017). To enable an effective 

progress to value water in industrial environments, a presently lacking standardized method 

for determining the true value of water needs to be established (Walsh, et al., 2016).  

2.5.1 Value of Risks 

The value of water is also dependent on numerous societal issues that affects a company´s 

value chain (Porter & Kramer, 2011). Many externalities, or societal problems, have the 

capability to inflict economic costs in the value chain (Porter & Kramer, 2011). The success 

of companies is strongly influenced by suppliers, service providers and other related 

businesses and their combined productivity (Porter & Kramer, 2011). An unsustainable use of 

water and energy that lead to a critical shortage have the potential to lower a company´s 

productivity. Employee health can be compromised, supplier access lowered, and skilled 

employees can move to other locations. These are all factors that lowers productivity by 

directly affecting the company, or indirectly by affecting other actors in the value chain 

(Porter & Kramer, 2011). The availability of water and how it is managed affect the shared 

value, and it is often associated with risks. Businesses often divide water related risks into 

four categories, which are presented in Figure 4 below: 

 

Figure 4: The interplay between the four risk categories divided into reputation, regulation, financial 

and operation, that are associated with water-related risks (Clere, 2016) 

Reputation is associated with water related incidents that the company is responsible for. 

Changes in laws for water use or treatment is associated with regulatory risk. Increased water 

prices are a typical financial risk, whilst reduced accessibility of water is regarded as an 

operational risk. 

Water 
risks
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Monetizing the risks affects the value of water. It is obvious that companies have begun to 

value risks, since several companies have developed strategies and monitoring systems to 

minimize risks and increase the efficiency of water use (Clere, 2016). When risks materialize, 

they can have a financial impact. However, putting a monetary value on risks before they 

occur is a diffuse task. An even more difficult task is to identify missed opportunities 

associated with water use. For example, selling water to stake holders can create added value, 

as well as missed opportunities due to the experienced water situation (Clere, 2016). Risks 

and (missed) opportunities clearly affect the value of water for a company, but it is hard to 

connect to the actual costs of water.  

2.5.2 Water Related Costs 

The cost for water supply in Sweden is divided into fixed costs associated with the facility, 

and variable costs associated with the amount and flow rates of water. Fixed costs for large 

facilities may include annual fees depending on total water supply and fees for runoff water 

based on the surface area of the industry. The possibility to address fixed costs with water 

saving measures is limited. For smaller industries, the distribution of the total costs between 

fixed and variable costs in Sweden should be around 40% for fixed costs, and 60% for 

variable costs. Larger industries with higher water use may have a different distribution. 

(Tekniska verken i Linköping AB, 2018) 

The perceived cost of water is often related to the water supply cost, while other additional 

values and resources are neglected (Barrington, et al., 2013). The true cost of water in 

industrial water systems is often underestimated, which results in over utilization (Barrington, 

et al., 2013). In a manufacturing process there are other costs associated with water use. The 

value of raw water is inexpensive compared with the value added in required industrial 

processes that treat the water to process-specific requirements (e.g. adding chemicals, 

deionizing or heating) (Walsh, et al., 2017). 

It is important to understand the interrelationship between water use, process efficiency, and 

energy use. These factors in turn have the potential to affect labor costs, amount of chemicals 

needed, and in the end the surrounding environment and company productivity. 

Transportation, pumping, pre-treatment of water and treatment of wastewater are processes 

that require energy to function and thereby results in energy costs. Equipment deprecation, 

system maintenance, chemical treatment, disposal of water, related labor and regulatory costs 

can also directly be referred to water use (Walsh, et al., 2017) (WBCSD, 2017). Identifying 

the processes that add value to water will facilitate the task of determine the value of water. 

There is no standardized framework or methodology to assign values to water at present 

(Walsh, et al., 2016). Therefore, it is important to understand the costs associated with water 

for specific processes to understand how changes in the system affect the costs. 

Water Related Costs 

To bring further clarification to the subject, deionized water in manufacturing industry is an 

example. First potable water has to be purchased from the municipal water supply system. On 

its way through a factory, this potable water requires treatment to be deionized and reach the 

desired quality, energy for treatment, monitoring and sampling of water quality, system 

maintenance, waste separation, pH reduction, and offsite dilute and concentrated waste 

disposal (Walsh, et al., 2017). A previous case study indicates that the true cost of deionized 

water, when all value adding activities are considered, is 14.05 times the water supply cost 
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for that specific case (Walsh, et al., 2017). To put it in a perspective, the supply cost from the 

municipal water supply network accounted for 7%, energy use for 18% and system 

maintenance for 30% of the true cost of deionized water (Walsh, et al., 2017). Similar 

indications are found when investigating the cost of purification of water in industries. A case 

study indicated that municipal energy in this case accounted for 6% of the total cost, further 

added value by monitoring quality and adding chemicals for 35%, and mains water for 59%. 

(Seiler, et al., 2019). The cost of industrial water depends on the processes where it is used, 

treatment steps and volumes (Seiler, et al., 2019). These costs may be assigned to the final 

product rather than the water stream. By adding this value to water it has a potential to 

enhance the awareness of employees working with water demanding processes to not waste a 

valuable resource, eventually resulting in reduced water use and related energy use, and 

finally to cost savings (Walsh, et al., 2017). Costs associated with water mentioned above are 

summarized in Figure 5 below. 

 

Figure 5: Typical costs associated with water use in industrial processes, where municipal potable 

water often is the only perceived cost (WBCSD, 2017). The size of the slices in the pie diagram is not 

representative for the actual share of costs 

It is clear when studying Figure 5 that there are several costs that are not perceived, which are 

indicated in green. Municipal potable water, indicated in blue, is often the only perceived cost 

and can be found in the company´s invoice. The share of these costs in Figure 5 is not 

relevant, and the costs can vary depending on the specific situation.  
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General principles for determining the water cost exist and can be presented as (Deloitte, 

2016): 

 Full supply cost – Covers all water supply costs including maintenance, operational 

and capital costs 

 Full economic cost – In addition to the full supply cost, opportunity costs (e.g. 

alternative use of water) and economic externalities (e.g. impact of water pollution) 

are added 

 Full costs – Covers the full economic cost and includes environmental externalities 

(e.g. impact on ecosystems and public health). 

Most industries focus on the full supply cost, which has a distinct disconnection to the 

increase of water scarcity (Deloitte, 2016). It is argued that finding a balanced price that 

reflects the true cost of water may lie in understanding the value of water for business growth 

and economic development (Deloitte, 2016). 

2.5.3 Value of Water and Societal Needs 

International companies planning to expand in water-stressed countries (e.g. India, China and 

parts of Africa) are likely to face increased scrutiny over their water management practices 

(Deloitte, 2016). Generally, companies lack an understanding of what risk factors they are 

exposed to and affecting associated to water access, and therefore the consideration of 

improvements in their water management practices is low (Deloitte, 2016). Water is a shared 

resources, and current businesses´ narrow and low focus on their own water management 

practices omits the impact on other stakeholders that are part of the water cycle (Deloitte, 

2016). The water costs are viewed as a minor business expense for many companies, but 

disruption in water supply can quickly increase the value of water to significantly exceed the 

costs of water supply (Deloitte, 2016). Most companies only account for the direct costs of 

water (i.e. supply cost), while managing costs of externalities are neglected (Clere, 2016). 

Currently, not only economic needs define the markets, but also societal needs. Internal costs 

for companies can be generated through social harms (Porter & Kramer, 2011). Furthermore, 

energy embedded in water creates a link between water and energy, directly affecting the 

value of water (Chew, et al., 2013). To understand the value of water for a company, the 

societal need embedded in the water and energy, and the company´s processes and products, 

should be identified. All these factors affect the company´s competitive advantage, as shown 

in the framework in Figure 6, proposed by Porter and Kramer (2011).  



24 

 

 

Figure 6: Social issues that affect company productivity and competitive advantage, where water and 

energy use are two interrelated factors (Porter & Kramer, 2011) 

The factors included are subject for change, but both water and energy use are gaining much 

attention. These in turn affect other factors, as environmental impact, employee health (e.g. 

access to potable water) and access of suppliers in the region, to mention few. All factors in 

Figure 6 are interrelated to each other, which implies that irresponsible use of water and 

energy in turn can affect other factors negatively. Conversely, for example low employee 

skills can result in ineffective use of water and energy. It is argued that many of these 

externalities eventually can result in negative economic effects on a company´s value chain, 

why the interrelation between the factors should be considered (Porter & Kramer, 2011).   
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3 Case company: Saab Group 
In this section, an overview of Saab will be presented to familiarize the reader with the 

company. A brief history overview is followed by a presentation of Saab´s current business 

areas and their functions. As a global company, Saab is on a mission to make people safe. 

This is a direct reflection of the company´s vision, stating that ‘It´s a human right to feel safe’ 

(Saab Group, 2019). The vision and mission translate onto the company´s products, services, 

and solutions which require that new technology is constantly adopting, improving and 

developing.  

3.1 Saab´s History 

In the 1930s, the Swedish Government decided to promote the establishment of a Swedish 

defense industry (Saab Group, 2019). In 1937, Svenska Aeroplan AB was established to 

maintain Sweden´s sovereignty and national security by supplying the nation with military 

aircrafts (Saab Group, 2019). This company is today known as Saab. The company has on its 

journey gone through significant development and changes. During the 1940´s, Saab entered 

the civil market with two civil aircraft projects and a civil car project (Saab Group, 2019). 

During the 1950´s, the electronic development led to more complex aircrafts and projects, 

resulting in increased costs and longer development cycles (Saab Group, 2019). From the 

1970´s, Saab´s product portfolio has changed several times. The manufacturing of civil cars 

and civil aircrafts has been abandoned. Saab´s main focus is instead to serve the global 

market with products, services and other solutions for military defense and civil security 

(Saab Group, 2019). 

3.2 Saab Group´s Organization 

Saab is a global company operating on every continent with around 17 000 employees in 

2018. To meet the changing needs of its customers, about 23% of Saab´s annual sales (33.156 

MSEK in 2018) are re-invested in research and development (R&D) (Saab Group, 2019). In 

2018, 85% of Saab´s sales came from the defense market, and the remaining 15% from 

commercial markets (Saab AB, 2018)  

Saab´s current organization is divided into six business areas, shown at the left side in Figure 

7 below. Employees, production and other processes from different business areas are often 

present at the same site. Each business area in turn has specific business units that in general 

are spread out on different sites. The demand of water and energy vary depending on the 

activities that are performed within each business unit at Saab´s different sites. When 

investigating Saab´s water use, it is important to understand the business areas present at the 

specific site investigated, how they interrelate to each other, and what industrial processes 

they are responsible for. 
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Figure 7: Saab´s organizational structure consisting of six business areas, five market areas, and 

seven different group functions 

The market areas and group functions are vital for the company to operate successfully. 

These in turn rely on revenues generated by the business areas. It is within the six business 

areas to the left in Figure 7 that water and energy use in industrial processes are present, due 

to manufacturing and other production related activities. 

To understand the main focus within each business area, these are described in more detail 

below. This provides an overview of Saab´s current operations. Not all business areas 

produce goods that require manufacturing or other industrial processes that might be water 

demanding. With this study focusing on industrial processes, Aeronautics will be the main 

focus of this study when identifying water saving measures.  

Aeronautics 

Aeronautics engages in research, development and production of advanced aircraft systems. 

This business area is responsible for the development and production of the Gripen fighter 

jet. Another example of the business area´s operations is the ongoing research for future 

manned and unmanned aircraft systems. Aeronautics had 3212 employees and stood for 23% 

of the total share of sales in 2018. (Saab AB, 2018). The operations this business area is 

responsible for implies that heavy industrial processes are required for manufacturing. 
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Dynamics 

Dynamics product portfolio consists of torpedoes, missile systems, ground combat weapons, 

training systems and signature management systems that are used by armed forces. Specific 

product examples are the Carl-Gustaf recoilless rifle, land-based air defense systems and air-

to-surface missiles. Advanced camouflage systems are also part of this business area´s 

product portfolio. Dynamics has other niche products for civil and defense markets. Remotely 

operated underwater vehicles for offshore industry is one example of such products.  

Dynamics had 2252 employees and stood for 15% of the total sales in 2018. (Saab AB, 2018)  

Surveillance 

Surveillance provides solutions and products for airborne, ground-based and naval 

surveillance systems. Surface and nose radars for fighter aircrafts, self-protection systems 

that warns for threats, and air born surveillance systems as Global-Eye are typical products. 

Included in the portfolio are also solutions within electronic warfare and combat management 

systems. Surveillance had 3770 employees and stood for 21% of the total sales in 2018. (Saab 

AB, 2018) 

Industrial Products and Services  

Industrial Products and Services focuses on civilian customers. The portfolio includes 

technical consulting services, technology for public safety and traffic management, and 

production of wings, flaps and other parts for the commercial aircraft manufacturers as 

Airbus and Boeing. The business area also support industry, public and defense sectors with 

services as digitalization, R&D and cyber security. Industrial Products and Services had 3566 

employees and stood for 14% of the total sales in 2018. (Saab AB, 2018)  

Support and Services 

Support and Services are responsible for supporting all of Saab´s market areas with technical 

maintenance and service, support solutions in all areas, and spare parts. The core activities 

within Support and Service focus on support and maintenance. Support and Service had 1851 

employees and stood for 16% of the total sales in 2018. (Saab AB, 2018)   

Kockums 

Kockums is Saab´s business area that focuses on production and development of submarines, 

surface vessels and advanced naval systems. The air-independent Stirling system and 

submarine rescue systems are examples of some products. On top of submarines, warships 

with minesweeping systems and stealth technology are also included in the product portfolio. 

Kockums had 1205 employees and stood for 10% of the total sales in 2018. (Saab AB, 2018)  
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3.3 Saab Group´s Water Goal and Prerequisites  

Saab has set a target to reduce the organization’s water use with 20% by 2025 compared to a 

baseline, which previous to this study was yet to be defined. The reduction goal is in line with 

Saab´s sustainability strategy, which is linked to the SDGs set by the UN (Saab Group, 2019). 

On specific sites, Saab´s water use is under good track. Still, on a corporate level, there is a 

lack of understanding of the overall combined water specific situation. The way to translate 

the goal into action is therefore a challenge, and no detailed studies have been conducted to 

identify what appropriate actions to take if the goal is to be achieved. Furthermore, the effects 

of goal fulfillment is not known, neither have the relevance and possibility of goal fulfillment 

been evaluated. Previously, studies focusing on explicitly evaluating water saving measures 

have not been a common feature in the company´s work. For example, at Saab´s largest sites 

no detailed studies focusing on water use in industry have been conducted. This is also true 

for the majority of Saab´s other sites, except for the possibility of some local studies of 

varying detail level on specific sites. By increasing the focus on water saving throughout the 

organization, a better understanding of the organizations water use can be achieved. This in 

turn has a potential to bring appropriate actions to the surface, which would take the 

organization towards goal fulfillment.  

3.4 The Site in Tannefors, Sweden 

A majority of the identified measures on process in this study are at the site in Tannefors, 

located in the town of Linköping in Sweden. Therefore, this site deserves a more detailed 

description that further familiarize the reader with a large industrial site. Tannefors is Saab´s 

largest site in number of employees. With 4839 employees in 2018 and thereby accounting 

for 28% of Saab´s employees worldwide, Tannefors is the largest production site within 

Saab.  

Aeronautics represents the major business area at the site, with its 3212 employees in 2018. 

The business area Industrial Products and Services also has a significant presence with 632 

employees in 2018. It is at the Tannefors site where the development and production of 

Saab´s fighter jets is carried through. By manufacturing fighter jets and other products, the 

site is involved in large scale and heavy industrial production. Even if there is heavy 

industrial production, a significant share of the employees is working with screen-based 

tasks. The site in Tannefors includes some similar industrial processes that are present at 

Saab´s other sites, why the results may be transferrable to and from other locations when 

focusing on this specific site.  

Overall, the site could be regarded as an industrial park containing both heavy manufacturing 

and production processes, as well as offices. Conducting a more detailed case study focusing 

on the site in Tannefors therefore has several advantages. Firstly, the large scale of the site 

implies that several manufacturing processes are present and possible to investigate in regard 

to water use and other related factors. Secondly, the variation of manufacturing processes 

enables a study of the interaction between industrial processes and whether the water flows 

can be integrated to promote higher water use efficiency. Thirdly, it is most likely that the 

total water use at the site is higher compared to Saab´s other sites. Therefore, the effects of 

water use and related saving measures on the surrounding environment can be investigated 

more extensive in Tannefors.  



29 

 

4 Method 
This section firstly presents the overall methodology practiced in this study to obtain the 

required information. The methods used are then described in more detail, which provides an 

explanation to how the results are found. In the last section, the equations used and the theory 

behind these are presented. 

4.1 Overview of Methodology 

This study has a footing in the qualitative research method to enable a structured and 

stepwise progress of the study (Bryman, 2012). Because of a shortage in detailed quantitative 

data on process levels, the research required a qualitative approach to obtain the information 

needed. Even if detailed quantitative data has been available, the amount of detailed data is 

far from sufficient to exclusively be used in this study. To provide the study with the 

necessary information, the steps in Figure 8 below have been used. 

 

Figure 8: Main steps conducted in this study consisting of 1) Initial data collection, 2) Development 

of standardized approach, 3) Site visits, 4) Further data collection, and 5) Analyzing data 

The process described in Figure 8 is iterative in its nature. When findings in one step have 

required a return to the previous step, such a return has also been practiced. Especially after 
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finishing the interpreting of collected data in the last step, the need for further data collection 

has been identified several times. Further data collection has then been required, which in 

turn sometimes required more site visits, interviews, and document studies. When the desired 

information was retrieved, the linear progress once again proceeded towards the last 

analyzing data-step. Within each category, specific methods have been used to drive the work 

forward. To provide clarity in the progress, the relevant methods and insights will be 

described on an overall level below. 

Initial Data Collection 

The first key point considered in this study was what to find out and why. Not all researchers 

stress the importance of research questions at the beginning of an investigation (Bryman, 

2012). Rather, it is relevant literature that will influence the research questions (Bryman, 

2012). To determine the initial general research questions, a literature review was conducted 

to identify previous research related to industrial water use. The literature study has been an 

ongoing process throughout the study, aiming to identify theoretical ideas as they emerge 

from the collected data in later stages. By identifying gaps between previous research and 

industry as a whole, the research questions have been tighter specified at later stages, aiming 

to close the existing gap.  

Developing Standardized Approach 

The initial literature review partly aimed to retrieve, analyze and combine current research 

and well-known models to enable an organized and holistic approach addressing industrial 

water use. In chapter 5, the proposed standardized approach for industrial companies is 

presented. This approach serves as the basis when identifying saving measures and 

organizational constraints in this study. It is presented as the second step in Figure 8. The 

purpose is to provide support for the iterative process of data collection and analysis. The 

foundation of this thesis relies on this developed approach, which provides industrial 

companies with a framework that does not require expertise to use in practice. Furthermore, it 

enables an analysis of identified processes to evaluate the functionality of the approach.  

Selection of Relevant Sites and Processes 

By initial interviews with employees and document studies at the case company, the most 

suitable sites to elaborate current research on the subject of industrial water use were 

identified. Later on, with a footing in the literature review and the developed standardized 

approach, relevant processes covering the subject was identified and chosen for further 

investigation. The following criteria in descending order were used to prioritize what 

processes to focus on: 

 The possibility to measure water use in detail for the specific site and process should 

be prioritized 

 The processes with high water use should be prioritized  

 The possibility to extract detailed process-specific information from document studies 

and interviews should be prioritized 

The first criterion was used to initially gain an understanding of Saab´s current water use, 

both locally and globally. By choosing processes that are under measurement, and in the 

second step prioritizing the once with high water use, the focus processes have been 
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identified. After ensuring that the chosen processes can be investigated further and neglecting 

those with unfavorable conditions for further investigations, the focus processes in this study 

have been selected. This implies that water demanding processes that are not under 

measurement are neglected in this study, due to the priority of enabling data collection of 

good quality that arises from the two latter priorities above.    

4.2 Data Collection Methods 

The ongoing process of constantly reviewing literature as the work progressed provided the 

study with relevant data. At the same time, collecting relevant data from the case company 

require interviews, document studies, and participant observation, which are described as 

qualitative in their nature (Bryman, 2012). How these methods have been applied in this 

study are described in further detail below. 

4.2.1 Literature review 

In all research, existing literature is an important element (Bryman, 2012). The literature 

review in this study has been planned and targeted to determine crucial aspects related to the 

topic. Key points found from the literature has been summarized, and the key ideas have been 

synthetized. This has been done with the objective of applying and combining previous 

research to develop new ideas originating from this study. Initially, the following questions 

has guided the literature review (Bryman, 2012): 

 What is already known about industrial water use? 

 What theories and concepts have been applied in industry to achieve water saving? 

 What research methods have been applied to investigate and evaluate industrial water 

use? 

By focusing the literature study on answering these questions, sufficient information was 

collected to relate the case company´s situation to current research. Previous research and 

existing literature are the main sources of information to the methods and approaches used 

throughout this study. Instead of reinventing the wheel, well-established theories found in the 

literature review are re-used in this study. Literature is also the main source of describing and 

defining industrial water use in general, providing this study with structure and clarity.  

The majority of the research and literature has been found in Linköping University´s online 

library1. Some literature has been found through Google Scholar, and a few sources of 

information from Google searches only. The focus has been on finding relevant journal 

articles on the subject in English. To do so, relevant keywords have been used. The word 

‘water’ has been included frequently, combined with words as ‘security’, ‘scarcity’, 

‘regulation’, ‘audit’, ‘efficiency’, ‘reuse’, ‘recycling’, ‘use’, ‘saving potential’, ‘industrial’, 

‘true cost’ and ‘metering’. Key words as ‘circular economy’, ‘key performance indicators’, 

‘PDCA’, ‘energy management’, and ‘energy efficiency’ have been used to widen the 

literature, still with a focus on water related aspects. From the list of articles when limiting 

the search to the chosen keywords, the focus has been on identifying and further analyzing 

articles from well-known journals. 

                                                 
1 Provided by EBSCO Discovery Service 
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4.2.2 Interviews 

Except from existing literature, interviews have functioned as an important information 

source. To obtain the required information from within the organization, individuals with the 

requested knowledge have been identified and interviewed. To gain a thorough understanding 

of Saab´s organization, interviews have taken place with employees working with specific 

processes and daily operations. Management responsible for goal completion and that 

operations comply with current regulations have also been interviewed, as well as employees 

on levels in-between the two mentioned categories. By interviewing a variety of employees 

across Saab´s organization, information that reflects the current status has been retrieved. The 

absolute majority of the interviews have been semi-structured. In a semi-structured interview, 

an interview guide consisting of a list of fairly specific topics and a list of questions is used 

(Bryman, 2012). Excluding follow up questions and specific questions based on the 

interviewee´s role, these standard questions have been asked during the absolute majority of 

the interviews:  

Q: What business areas do you believe are the most water demanding? Why? 

Q: What are the sources of water supply to this site or to this specific process? 

Q: Where are the sources with greatest water use at this site? Why? Do you have more in-

depth information of these, or do you know someone who can tell me more? 

Q: Do you know any processes where water is treated before discharge? 

Q: Do you believe that this site can reduce its water use? Do you find a value in increasing 

the water use efficiency? 

Q: Are there any obstacles for modification of the water demanding processes identified? 

Q: From your point of view, what actions should Saab take to successfully reduce the 

organizations water use, both from a site-specific view and an organizational perspective? 

What is working today, and what is creating obstacles in the organization? 

These questions always lead to follow up questions, providing the study with further insights. 

The aim has been to firstly identify water demanding processes, and thereafter initially 

evaluating their reduction potential. Secondly, all individuals have been asked questions 

about what organizational requirements they find suitable for successful implementation of 

water saving measures. Some more informal and unstructured interviews have also been 

conducted when the meeting has been unplanned. Informal interviews in this study have not 

been prepared beforehand. In these interviews, questions covering a relevant topic have rather 

been created ad-hoc during the conversation. To make the results more trustworthy, a 

protocol has been kept of each interview conducted, both formal and informal. The number of 

semi-structured interviews counts to 20, while an additional six have been informal in their 

nature.  

These interviews have all contributed to the direction of this study. All semi-structured 

interviews have been constructed with a focus on the developed standardized approach, so 

that they provide further insights related to this. The aim has been to identify suitable actions 

to secure commitment and reduce the water consumption. This has been achieved by asking 

several individuals similar questions regarding topics covering a wider area (e.g. water 

related goals, opinions and ideas). This has been done to enable a comparison of attitudes and 
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ideas, as well as investigate the interplay between different sites. The interviews have always 

tried to be held objective, by asking the interviewee of their personal opinions and knowledge 

without initially providing information from previous findings in the study.  

Interviews with employees working with specific processes were often combined with 

factory visits. The questions during these interview sessions aimed to identify prevailing 

opinions and values, what potential and barriers the employees find related to water saving 

measures, and if they have identified any potential reduction potential at their workplace 

previously not investigated. These interviews also have a footing in the questions presented 

above. Furthermore, to fully understand reduction potentials, the employees were asked to 

perform a guided tour and further explain the processes. Factory visits and specifically asked 

questions provided the study with sufficient information to identify and prioritize potential 

options for the identified locations. If no data regarding water flow rates or energy use have 

been available on a process level, employees with recognized good knowledge have been 

asked to estimate the values, if possible.  

To fully understand certain processes, interviews have also been conducted with individuals 

working for other companies than Saab. For example, employees from local water service 

providers have provided their view on Saab´s energy and water related efficiency work. Their 

technical knowledge of the cooling tower in this study also provided important information 

regarding restrictions and possibilities. To understand the function of a dry-cooling system 

present at one of Saab´s sites, employees working for the company that installed the system 

have been interviewed. This has been done to retrieve data to enable calculations in this 

study, and to understand such a system´s restrictions and operating conditions.  

Participant Observation  

The participant observations have often been combined with factory visits. When visually 

investigating the identified processes within the case company, a participant observation 

methodology is used (Bryman, 2012). This has been done by observing behavior, asking 

questions and interacting with field workers. A protocol of each of these meetings that 

resulted in relevant information has been kept and are included in the number of informal 

interviews. Participant observations in this case has mostly been used to validate information 

from semi-structured interviews and to understand how specific processes function. In two of 

the six informal interviews, behavior has been observed that provided the study with further 

information. It is similar to the informal interviews conducted, with the addition that pure 

behavior is included as an additional aspect.  

4.2.3 Document Studies  

All water related documentation has been found either from bills, the municipal office, or 

from site-specific documentation. In Tannefors, the potential location for water saving 

measures was explicitly identified through document studies. The municipal office provided 

data from all water meters on the site. To access water discharge volumes for certain 

processes, documents from the environmental department has been included. The majority of 

the quantitative data has been retrieved from documents possessed by the case company, or 

from the municipality office. To acquire data for specific processes, other companies have 

been contacted. All numerical data for a site´s or a specific process’s water use is collected 

from previous documentation and investigations. The number of water meters, and the 

routines for reading and documenting the values, directly affect the resolution of data 
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available regarding the water use. The majority of the water meter reading are available in 

monthly resolution, which is a resolution high enough to identify changes throughout a year. 

The absence of a unified documentation method required processing of information found in 

documents. For example, some water meters are remotely read, while some requires manual 

reading and documentation. The manual readings and documentation in some cases had to be 

processed and inserted into Excel to match the remotely read data. Regarding the site in 

Tannefors, readings from 27 meters in total are being documented and available in a monthly 

resolution for the years 2015-2018. Data from all years has been used, but the focus has been 

on the year of 2018, which will function as a baseline year. At this site detailed measurement 

is available for water charged as cooling water. The cooling water is delivered through the 

municipal water network, but requires detailed measurement, since its pricing differs from the 

other municipal water delivered. 

4.2.4 Interpreting Collected Data 

To identify organizational constraints that currently are present within the case company´s 

organization, the collected data has to be interpreted. This neglects numerical data that is 

interpreted and analyzed through calculations. The majority of this data is retrieved from 

interviews, which lays the foundation for analyzing organizational constraints. All interviews 

have been summarized and evaluated to pin-point current organizational constraints. Since 

interviews have taken place with employees across Saab´s organization, similarities and 

dissimilarities between employees´ perceptions can be identified. When interpreting of the 

collected data indicated similarities in the views regarding organizational constraints, the 

subject has been investigated in more detail. By connecting findings with relevant literature 

when interpreting collected data, credibility is added to the findings. 

4.3 Determining Water Related Risks and Water Reduction Potential 

The water related risks in specific geographic areas, and the reduction potential for certain 

sites in these areas, are both of great interest. This section aims to clarify a scale for both 

water related risks, and water reduction potentials, that in turn enables a clarifying overview 

of the case company´s sites.  

4.3.1 Categorization of Water Related Risks 

The risk values in this study are based on values from Water Resources Institute (Water 

Resources Institute, 2019). When explaining the water related risks, the following scale is 

applied, ranging from 0-5 (Water Resources Institute, 2019): 

 Low risk between 0-1 

 Low to medium risk between 1-2 

 Medium to high risk between 2-3 

 High risk between 3-4 

 Extremely high risk between 4-5 

All risk values are retrieved from the Water Resources Institute, which in turn has determined 

the risk levels based on factors regarding water quantity, quality, regulatory, and reputational 

risks. For Sweden, the values used are county specific to provide more detailed results based 

on local prerequisites. For other sites outside Sweden, the country specific risk value is 

retrieved and used. To investigate possible implications of substantial water related risk, 
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interviews with individuals familiar with the water use of the sites in Australia and South 

Africa were conducted. The question was also asked during interviews at Swedish sites. 

4.3.2 Categorization of Water Reduction Potential 

For the reduction potential, the same interval is applied. When estimating the reduction 

potential, the current operations and volume of water used are considered. In this case a 

higher value implies a higher reduction potential. Below, a clarification of the interval is 

presented: 

 Low reduction potential between 0-1 

 Low to medium reduction potential between 1-2 

 Medium to high reduction potential between 2-3 

 High reduction potential between 3-4 

 Extremely high reduction potential between 4-5 

A low reduction potential implies that a very small amount of water potentially can be saved 

due to the impossibility to reduce water use, or that the water use already is very low. A 

medium reduction potential implies that there are few reduction potentials, but these would 

not significantly reduce the site´s overall water use. When a high reduction potential is 

achieved, several major reduction potentials can be implemented that significantly would 

reduce the site´s total water use. An extremely high reduction potential additionally would 

result in significant water reduction in regard to Saab´s global water use. For sites with high 

water demands, a lower percentage reduction share may contribute more significantly to the 

organization´s overall water use than smaller sites with higher site-specific reduction shares. 

The scale is therefore intended to visualize what sites that has a potential to reduce the 

organization´s total water use. The reduction potentials are roughly estimated based on 

information from interviews combined with other sources of data (e.g. water use and number 

of employees). A validation with employees possessing high level of overall knowledge of 

the case company´s operations has been done to confirm and finally determine the reduction 

potentials for certain sites and geographic areas. 

4.4 Investigating Pipe Leakage 

To enable an analysis of whether pipe leakage has a significant role to reduction of industrial 

water use or not, detailed water metering is required. This also has to be documented in order 

to enable an analysis in this study. The site in Arboga was identified with detailed 

measurement that enables a detailed analysis of pipe leakage inside the fence. By comparing 

the main water meter readings against the summarized readings for facilities using water, a 

significant difference can indicate a leak. Also, if the total water supply suddenly peaks 

without explanation, it can also be the result of pipe leakage. In Arboga, the cost of water 

supply is 16.2 SEK/m3, which is used to calculate the leakage cost by multiplying with the 

leakage amount identified. 

Björkborn is another site with relatively high detailed water metering, which is further 

investigated to analyze water leakage inside the fence. Since several other companies are 

present at the area, the readings from the facilities are not able to be compared against main 

meters. When investigating the leakage at this site, a different approach is therefore required. 

The total monthly water use for the site from a similar period without leakage is then instead 

averaged. The averaged value is thereafter applied for the months during leakage to enable an 
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estimation of the leak. The estimation is done by comparing the actual water use where 

leakages are included with normalized values based on the average values calculated. These 

normalized values represent the estimated water use for the same period without leakages and 

are based on the average values calculated. The leakage cost is based on a water supply cost 

of 4.62 SEK/m3 that is found in internal documents. By multiplying the supply cost with the 

difference between the actual and normalized water use, the cost for the leakage is obtained.  

4.5 Calculations  

Certain calculations are necessary to enable an analysis of how identified measures perform 

compared to current operating conditions. This section presents the calculations and the 

methods behind these that are used in this study.  

4.5.1 Saab Group´s Global Water Use Estimation 

Presenting the results for the entire organizations water use for 2018 fulfills two purposes. 

Firstly, it enables the use 2018 as a baseline year to benchmark against. Saab´s organizational 

goal of a reduction with 20% until 2025 can thereby be evaluated. Secondly, the impact of 

identified measures can be put in a global perspective. Furthermore, it provides an initial 

overview of where Saab´s water use is located. Saab´s water use is investigated for all sites 

consisting of 19 employees or more. Out of Saab´s 17065 employees in 2018, 16718 are 

working at sites consisting of 19 employees or more. For sites outside Sweden, the specific 

number of employees in a country is regarded as one site. When applying this site definition, 

Saab had 55 sites consisting of 19 employees or more in 2018. Of these, only 12 have been 

able to provide primary data of the water volumes delivered. If no documentation of the exact 

water consumption at a specific site has been done, the water use is estimated in two different 

ways. 

First Prioritized Estimation Method 

The first prioritized way of estimating the water use for a specific site is done by finding the 

water payments. Even if no meter readings are available, the water payments found in 

document studies enable an estimation with relatively low error margin, especially if the 

water supply cost can be extracted, neglecting fixed costs. The estimation is performed by the 

following calculation: 

𝑈𝑤𝑎𝑡𝑒𝑟,𝑠𝑢𝑝𝑝𝑙𝑦 =
𝐶𝑤𝑎𝑡𝑒𝑟

𝐶𝑠𝑢𝑝𝑝𝑙𝑦
  (1) 

𝑊ℎ𝑒𝑟𝑒: 

𝑈𝑤𝑎𝑡𝑒𝑟,𝑠𝑢𝑝𝑝𝑙𝑦 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑤𝑎𝑡𝑒𝑟 𝑢𝑠𝑒 𝑏𝑎𝑠𝑒𝑑 𝑜𝑛 𝑠𝑢𝑝𝑝𝑙𝑦 𝑐𝑜𝑠𝑡 [𝑚3]  

𝐶𝑤𝑎𝑡𝑒𝑟 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 [𝑆𝐸𝐾] 

𝐶𝑠𝑢𝑝𝑝𝑙𝑦 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑠𝑢𝑝𝑝𝑙𝑦 [
𝑆𝐸𝐾

𝑚3
] 
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Second Prioritized Estimation Method 

The second prioritized option of estimation is used if no information of water costs or amount 

of use is available. The estimation is then based on the number of employees, since this 

primary data easily can be obtained. This method includes a significant error margin, but is 

motivated by the fact that the water use at smaller sites has less impact on the total amount 

used. By obtaining primary data for Saab´s largest sites, this estimation is only used to 

roughly estimate Saab´s sites that have not been able to provide any data. By using primary 

data obtained from some of Saab´s sites, the intensity of water use per employee is 

calculated: 

𝐼𝑤𝑎𝑡𝑒𝑟 =
𝑈𝑤𝑎𝑡𝑒𝑟

𝑁𝑒𝑚𝑝
   (2) 

𝑊ℎ𝑒𝑟𝑒: 

𝐼𝑤𝑎𝑡𝑒𝑟 = 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑢𝑠𝑒 [
𝑚3

𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒
]  

𝑁𝑒𝑚𝑝 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠 

The intensity metric for Saab´s sites with primary data is then averaged by: 

𝐼𝑤𝑎𝑡𝑒𝑟,𝑎𝑣𝑔 = ∑ (
𝐼𝑤𝑎𝑡𝑒𝑟,𝑗

𝑘
)𝑘

𝑗=1    (3) 

𝑊ℎ𝑒𝑟𝑒  

𝑘 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑖𝑡𝑒𝑠 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑  

The annual water use can thereafter be estimated for each site by multiplying the average 

water intensity metric with the site´s number of employees: 

𝑈𝑤𝑎𝑡𝑒𝑟,𝑒𝑚𝑝 = 𝐼𝑤𝑎𝑡𝑒𝑟,𝑎𝑣𝑔 ∗ 𝑁𝑒𝑚𝑝 (4) 

 

𝑊ℎ𝑒𝑟𝑒 

𝑈𝑤𝑎𝑡𝑒𝑟,𝑒𝑚𝑝 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑤𝑎𝑡𝑒𝑟 𝑢𝑠𝑒 𝑏𝑎𝑠𝑒𝑑 𝑜𝑛 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠 [𝑚3] 

The total water use for Saab can then be calculated with data consisting of a combination of 

primary data and estimations. This is done by summarizing the water use for each of Saab´s 

sites.  

4.5.2 Greenhouse Gas Emissions 

When investigating measures that have a potential to influence the demand for water and 

energy, the effects on greenhouse gas (GHG) emissions should be investigated. In this study, 

the emissions from all greenhouse gases will be considered by using the measurement CO2eq.  

Standard company reporting systems for emissions, as GHG Protocol (GREENHOUSE GAS 

PROTOCOL, 2019), practice this approach. This implies that direct and indirect greenhouse 

gas emissions generated by the company will be accounted for converted into CO2eq. This 

measure estimates how much global warming potential a specific GHG has by transforming 

other GHGs to the equivalent concentration of CO2. To clarify, the Global Warming Potential 
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(GWP) of releasing 1 kg of Nitrous oxide (N2O) to the atmosphere is equivalent to releasing 

265 kg of CO2 when applying a cumulative forcing over 100 years (Myhre, et al., 2013). The 

100-year GWP (GWP100) is currently a recognized and widely used metric that has been 

adopted in the Kyoto Protocol (IPCC, 2014). In Table 5, a list of common GHGs and their 

GWP100 is presented. 

Table 4: GWP100 values and chemical nomenclature for common greenhouse gases (IPCC, 2014) 

Description Chemical nomenclature Value [GWP100] 

Carbon dioxide 𝐶𝑂2 1 

Methane 𝐶𝐻4 28 

Nitrous oxide 𝑁2𝑂 265 

Carbon tetrafluoride 𝐶𝐹4 6630 

Hydrofluorocarbon 

(refrigerant) used in air-

conditioning systems 

𝐻𝐹𝐶 − 152𝑎 138 

 

Applying the CO2eq metric implies that the GWP100 values in Table 4 above have been 

accounted for. Therefore, it is important to understand the difference between CO2 and CO2eq 

when reporting emissions. If only including CO2 emissions in the reporting, the impact from 

other greenhouse gases is neglected. Furthermore, if other gases than CO2 are to be 

considered, the CO2eq measure should consistently be used without mixing the values to 

provide valid results.   

Nordic Electric Grid Emissions 

Once the concept of CO2eq is understood, the emissions from the electricity grid can be 

defined. In the Nordics, electricity is traded between several countries with different 

compositions of the power industry. The emission factor therefore needs to be chosen with 

care to ensure that a representative value is used. In this study, the emission factors are based 

on a previous study for the Nordic energy market, excluding Iceland. These are presented in 

Table 5 below. 

Table 5: Average emission factors for electricity generation and distribution during 2005-2009 

(Martinsson, et al., 2012) 

Description Nomenclature Value [gCO2eq*kWh-1] 

Electricity production and 

distribution with regard to 

gross imports and exports 

𝐸𝐹𝑒𝑙,1 131.2  

Electricity production and 

distribution with regard to 

net imports and exports 

𝐸𝐹𝑒𝑙,2 125.5  

Electricity production only 𝐸𝐹𝑒𝑙,3 105.1  
 

The authors of the study argue that the true emissions are represented by 𝐸𝐹𝑒𝑙,1 (Martinsson, 

et al., 2012). Also, strong variations for the emission factors between the years 2005-2009 

can be seen, why the average value from the study is used and presented in Table 5. 



39 

 

Emissions from District Heating 

Tekniska verken is responsible for the supply of DH in Linköping. The emission factor for 

DH in Linköping varies depending on what is investigated. For decisions between heating 

solutions, the value is negative. This value reflects the true impact on the district heating 

network. For a company´s reporting of emissions, a higher value is used. These are presented 

below in Table 6: 

Table 6: Average emission factors for district heating for evaluation and company reporting 

(Tekniska verken, 2019) 

Description Nomenclature Value [gCO2eq*kWh-1] 

Emission factor for DH if 

evaluating heating 

solutions 

𝐸𝐹𝑑ℎ,1 −40  

Emission factor for 

company reporting of DH 

used 

𝐸𝐹𝑑ℎ,2 137  

 

In this study, when evaluating the potential of excess heat recovery, 𝐸𝐹𝑑ℎ,2 will be used. This 

is motivated by the potential reduction of DH used by the case company, which 𝐸𝐹𝑑ℎ,2 is a 

representative value of. If comparing DH against other heating solution, 𝐸𝐹𝑑ℎ,1 would be 

used instead. To clarify, reducing the DH demand with 1 kWh in this study results in a 

reduction of 137 g CO2eq in GHG emissions.  

Emissions from Water Supply 

If an industry uses municipal water inside the fence, the water use directly affects the amount 

of water required to be purified and distributed. If the water is discharged as wastewater in a 

sewer system, energy is also required for treatment outside the fence. The operation of 

waterworks and sewer systems stands for a 90% share of the energy required for operating 

municipal water networks (Shimizu, et al., 2012). In Table 7 below the energy intensity rate 

used in this study is presented. The waterworks electricity requirement represents the 

electricity for the activities required to transport water to the fence of an industry. If water is 

being discharged as wastewater, the sewer system´s electricity requirements represent the 

activities required for water treatment.  

Table 7: Energy intensity rate for municipal water networks based on information from all 

waterworks in Japan between 1990-2008 (Shimizu, et al., 2012) 

Description Indicator Value [kWh*(m3)-1] 

Waterworks system electricity 

requirement 

𝐸𝑤𝑤 0.499  

Sewer system electricity 

requirement 

𝐸𝑠𝑠 0.512  
 

 

The values are based on information from all waterworks in Japan from 1990-2008 (Shimizu, 

et al., 2012), which implies that vastly varying transporting distances and groundwater 

pumping requirements are considered. It is not possible to retrieve a value based on the 
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specific transporting distance from the study. Furthermore, Swedish water suppliers have not 

been able to provide a corresponding value, which further indicates that the emissions from 

water supply and discharge is not widely requested by companies or other stakeholders. Also, 

few similar studies have been conducted, but the conducted research indicate that the 

variation in the intensity metrics are minimal. In Japan, the total value of 1.011 kWh/m3 do 

not differ vastly compared to studies in other countries. The corresponding value in UK is 

0.98 kWh/m3 (Thames Water, 2012), Taiwan 0.78 kWh/m3 (Cheng, et al., 2012), and China 

1.37 kWh/m3 (Toyosada, et al., 2012). The values in Table 7 are applied for the Swedish 

waterworks system, assuming the values to be representative. This is motivated with the 

several studies presented, which are indicating low variations in energy requirements.  

The dependence between the emission factor from electricity production and water use affect 

the generated emissions. Combining the energy requirements in Table 7 with the emission 

factors for the Swedish electricity grid in Table 5 enables a calculation of the indirect 

emissions from an industry´s water use. The following equation is used to calculate the GHG 

reduction achieved from a reduced water use: 

𝐺𝐻𝐺 = 𝐸 ∗ 𝐸𝐹𝑒𝑙 ∗ 𝑉𝑠𝑎𝑣𝑖𝑛𝑔,𝑤𝑎𝑡𝑒𝑟  (5) 

𝑊ℎ𝑒𝑟𝑒: 

𝐺𝐻𝐺 = 𝐺𝑟𝑒𝑒𝑛ℎ𝑜𝑢𝑠𝑒 𝑔𝑎𝑠 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 [𝑔𝐶𝑂2𝑒𝑞] 

𝐸 = 𝑇𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 𝑓𝑜𝑟 𝑤𝑎𝑡𝑒𝑟 𝑠𝑢𝑝𝑝𝑙𝑦 [
𝑘𝑊ℎ

𝑚3
] 

𝐸𝐹𝑒𝑙 = 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑔𝑟𝑖𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 [
𝑔𝐶𝑂2𝑒𝑞

𝑘𝑊ℎ
] 

𝑉𝑠𝑎𝑣𝑖𝑛𝑔,𝑤𝑎𝑡𝑒𝑟 = 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑤𝑎𝑡𝑒𝑟 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 𝑓𝑟𝑜𝑚 𝑖𝑑𝑒𝑛𝑡𝑖𝑓𝑖𝑒𝑑 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑠 [𝑚3] 

Energy and Excess Heat inside the Fence 

Inside the fence water sometimes require electric energy to be treated to the desired quality. 

By calculating the energy required and comparing how system modifications affect the 

energy, the change in emissions can be calculated: 

𝐺𝐻𝐺 =  𝐸𝑝𝑟𝑜𝑐𝑒𝑠𝑠 ∗ 𝐸𝐹𝑒𝑙 (6) 

𝑊ℎ𝑒𝑟𝑒: 

𝐸𝑝𝑟𝑜𝑐𝑒𝑠𝑠 = 𝐸𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒 𝑓𝑜𝑟 𝑎 𝑠𝑝𝑒𝑐𝑖𝑓𝑐 𝑝𝑟𝑜𝑐𝑒𝑠𝑠 [𝑘𝑊ℎ] 

This equation is also used for evaluating the potential of excess heat recovery. By using the 

factors for DH and multiplying with the potential heat recovery, the reduction in GHG can be 

calculated. 
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4.5.3 Evaporation from Open Tank 

When the saturated pressure for the water is greater than the partial water vapor pressure in 

the surrounding air, water mass from the tank will be lost through evaporation (Ekroth & 

Granryd, 2006). The rate of evaporation is affected by the temperature and the movement of 

the water surface (Fredriksson, 2012). To calculate the evaporation rate, the experimental 

factors in Table 8 below are required. The values are retrieved from a previous study where 

they are based on previous experiments. These empirical factors are dimensionless and used 

to compensate the evaporation rate for different conditions. 

Table 8: Experimental empirical factors 𝜀𝑑 applied when calculating the evaporation rate to 

compensate for different conditions (Fredriksson, 2012) 

Water tank situation Empirical factor 𝜺𝒅 

Covered tank 0.5 

Stagnant water in tank 5 

Pool with moderate use 15 
 

The experimental empirical factor illustrates the importance of considering whether the tank 

is covered or not, since it affects the value of 𝜀𝑑 with a factor ten. Furthermore, but not 

considered in this study, the 𝜀𝑑 value increases with a factor three if some movement is added 

to the water. This is presented to show that during operations, even more water is lost through 

evaporation. 

Calculating the evaporation rate is done by the following formula for the covered tank, and 

tank with stagnant water (Fredriksson, 2012): 

�̇�𝑑 = 𝜀𝑑 ∗ 𝐴 ∗ (𝑝𝑣 − 𝑝𝑙)  (7) 

𝑊ℎ𝑒𝑟𝑒: 

�̇�𝑑 = 𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 [
𝑔

ℎ
] 

𝐴 = 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 [𝑚2] 

𝑝𝑣 = 𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑 𝑣𝑎𝑝𝑜𝑟 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑎𝑡 𝑡ℎ𝑒 𝑤𝑎𝑡𝑒𝑟 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 [ℎ𝑃𝑎] 

𝑝𝑙 = 𝑃𝑎𝑟𝑡𝑖𝑎𝑙 𝑣𝑎𝑝𝑜𝑟 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑎𝑡 𝑡ℎ𝑒 𝑎𝑖𝑟 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑖𝑛 𝑝𝑟𝑒𝑣𝑎𝑖𝑙𝑖𝑛𝑔 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠 [ℎ𝑃𝑎] 

𝜀𝑑 = 𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑡𝑎𝑙 𝑒𝑚𝑝𝑖𝑟𝑖𝑐𝑎𝑙 𝑓𝑎𝑐𝑡𝑜𝑟 [
𝑔

ℎ ∗ 𝑚2 ∗ ℎ𝑃𝑎
] 

To find the value for the partial vapor pressure 𝑝𝑙 the following relation is used (Storck, et al., 

2016): 

𝜙 =
𝑝𝑙

𝑝𝑣
→ 𝑝𝑙 = 𝜙 ∗ 𝑝𝑣 (8) 

𝑊ℎ𝑒𝑟𝑒: 

𝜙 = 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 ℎ𝑢𝑚𝑖𝑑𝑖𝑡𝑦 [%] 
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4.5.4 Heat Loss from Tank 

Heat loss from open water tanks inside a facility will occur through convection, conduction 

and radiation, which are three different modes of heat transfer. From the top of open water 

tanks heat loss through diffusion will also occur, which together with convection will be the 

main modes of heat loss (Ekroth & Granryd, 2006). Overall, the heat loss through diffusion, 

also called evaporation, is most likely to be greatest source of heat loss (Ekroth & Granryd, 

2006). In this case, the tanks are heated with electricity. The following assumptions are 

applied when calculating heat loss in an open tank: 

1. Steady state is assumed since the temperatures are assumed to remain constant 

2. Air is an ideal gas 

3. The local atmospheric pressure is 101.325 kPa 

4. Natural convection is assumed along the tank bottom and sides 

5. The heat transfer coefficients are calculated once for the tank without insulation and 

assumed constant when adding insulation 

6. The tanks are assumed to only contain water without additional substances 

Heat Loss through Sides and Bottom 

Without insulation, the overall heat transfer coefficient 𝑈𝑠 will be higher than compared to 

the overall heat transfer coefficient 𝑈𝑠𝑖 when insulated. Depending on the materials present in 

the tank walls, their thickness 𝑑 and thermal conductivity 𝑘 the overall heat transfer 

coefficient 𝑈 will be affected. In Figure 9 and Figure 10 below the situations with and without 

insulation are visualized. 

 

Figure 9: Side of tank with and without insulation visualizing the heat transfer Q through the sides, 

the placement of the water temperature Twater,  inner temperature Ti, outer temperature Ty, 

surrounding temperature T∞, and the heat transfer coefficient hs 

For the bottom, the same conditions apply. The only difference is how the heat transfer 

coefficient ℎ is calculated due to the fact that it is a horizontal plate. In Appendix 9, the 

formulas used for calculating ℎ in this study are presented, as well as other important input 

data. The heat transfer coefficient on the outside of the tank, represented by ℎ𝑏 in Figure 10, is 

calculated for the case without insulation, and held constant when insulation is added.  
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Figure 10: Bottom of tank with and without insulation visualizing the heat transfer Q through the 

sides, the placement of the water temperature Twater,  inner temperature Ti, outer temperature Ty, 

surrounding temperature T∞, and the heat transfer coefficient hb 

All values for the material thickness 𝑑𝑗 and thermal conductivity 𝑘𝑗, the area 𝐴 and 

temperatures 𝑇𝑖 and 𝑇∞ can be found in Appendix 9. The heat loss through the tank walls is 

calculated by the following formula (Storck, et al., 2016): 

�̇� = 𝑈 ∗ 𝐴 ∗ (𝑇𝑖 − 𝑇∞)  (9) 

𝑊ℎ𝑒𝑟𝑒: 

�̇� = 𝐻𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑟𝑎𝑡𝑒 [𝑊] 

𝑈 = 𝑇ℎ𝑒 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 [
𝑊

𝑚2 ∗ 𝐾
] 

𝐴 = 𝐴𝑟𝑒𝑎 [𝑚2] 

𝑇𝑖 = 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑜𝑛 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑖𝑛𝑠𝑖𝑑𝑒 𝑡𝑎𝑛𝑘 [℃] 

𝑇∞ = 𝑆𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔 𝑎𝑖𝑟 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑜𝑢𝑡𝑠𝑖𝑑𝑒 𝑡𝑎𝑛𝑘 [℃] 

The overall heat transfer coefficient through the tank is calculated by the following formula 

(Storck, et al., 2016): 

1

𝑈
= ∑

𝑑𝑗

𝑘𝑗
+ (

1

ℎ
)𝑗 → 𝑈 = (∑

𝑑𝑗

𝑘𝑗
+ (

1

ℎ
)𝑗 )

−1

  (10) 

𝑊ℎ𝑒𝑟𝑒: 

𝑑 = 𝑇ℎ𝑒 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 [𝑚] 

𝑘 = 𝑇ℎ𝑒 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 [
𝑊

𝑚 ∗ 𝐾
] 

ℎ = 𝑇ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡  [
𝑊

𝑚2 ∗ 𝐾
] 
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Heat Loss through Diffusion 

In Figure 11, the heat losses from an open tank in this study are visualized. When the 

evaporation rate �̇�𝑑 is known, the heat loss can be calculated. 

 

Figure 11: Heat loss from an open water tank split in half, with heat loss occurring through 

evaporation at the tank top, and through heat transfer at the tank´s sides and bottom 

The other case considered is a covered tank. If not recovering the excess heat from the tanks 

in the surface treatment, there is a potential to place a cover on the top of the water tank 

according to Figure 12 below. 

 

Figure 12: Heat loss from a covered water tank split in half, with heat loss occurring through 

evaporation at the tank top, and through heat transfer at the tank´s sides and bottom 
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The evaporation rate for a covered tank, and an open water tank with stagnant water was 

previously calculated. With the knowledge of the specific evaporation rate for the two cases, 

the heat loss through diffusion (i.e. evaporation) can be calculated by the following formula 

(Ekroth & Granryd, 2006): 

�̇�𝑒𝑣𝑎𝑝 = 𝑟 ∗ �̇�𝑑  (11) 

𝑊ℎ𝑒𝑟𝑒: 

�̇�𝑒𝑣𝑎𝑝 = 𝐻𝑒𝑎𝑡 𝑙𝑜𝑠𝑠 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑎𝑡 𝑡𝑎𝑛𝑘 𝑡𝑜𝑝 [𝑊] 

𝑟 = 𝐻𝑒𝑎𝑡 𝑜𝑓 𝑣𝑎𝑝𝑜𝑟𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟  [
𝑘𝐽

𝑘𝑔
] 

4.5.5  Potential Savings from Tank Insulation 

Adding a layer of insulation enables a comparison of �̇�𝑠 and �̇�𝑠𝑖 in Figure 9 and Figure 10. The 

heat loss for all sides with insulation is calculated and compared to the initial value without 

insulation previously calculated. The effect on the heat transfer coefficient ℎ, for the sides 

and bottom, is neglected and based on the calculated values for the uninsulated tank. This is 

motivated with the fact that the lower temperature will not significantly affect the value. The 

reduction in the heat transfer rate from the sides is calculated by: 

�̇�𝑟𝑒𝑑,𝑠 = ∑ �̇�𝑠 − ∑ �̇�𝑠𝑖  (12) 

𝑊ℎ𝑒𝑟𝑒: 

�̇�𝑟𝑒𝑑,𝑠 = 𝐻𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑟𝑎𝑡𝑒 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑛 𝑡𝑎𝑛𝑘 𝑠𝑖𝑑𝑒𝑠 𝑎𝑛𝑑 𝑏𝑜𝑡𝑡𝑜𝑚 [𝑊] 

�̇�𝑠 = 𝐻𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑟𝑎𝑡𝑒 𝑓𝑟𝑜𝑚 𝑡𝑎𝑛𝑘 𝑠𝑖𝑑𝑒𝑠 𝑎𝑛𝑑 𝑏𝑜𝑡𝑡𝑜𝑚 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 [𝑊] 

�̇�𝑠𝑖 = 𝐻𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑟𝑎𝑡𝑒 𝑓𝑟𝑜𝑚 𝑡𝑎𝑛𝑘 𝑠𝑖𝑑𝑒𝑠 𝑎𝑛𝑑 𝑏𝑜𝑡𝑡𝑜𝑚 𝑤𝑖𝑡ℎ 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 [𝑊] 

 

Potential savings from Covering of Tank  

The heat loss through evaporation if the tank top is covered during the weekends is calculated 

by: 

�̇�𝑟𝑒𝑑,𝑡 = �̇�𝑒𝑣𝑎𝑝,𝑜 − �̇�𝑒𝑣𝑎𝑝,𝑐  (13) 

𝑊ℎ𝑒𝑟𝑒: 

�̇�𝑟𝑒𝑑,𝑡 = 𝐻𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑟𝑎𝑡𝑒 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑛 𝑡𝑎𝑛𝑘 𝑡𝑜𝑝 [𝑊] 

�̇�𝑒𝑣𝑎𝑝,𝑜 = 𝐻𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑟𝑎𝑡𝑒 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝑜𝑝𝑒𝑛 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 [𝑊] 

�̇�𝑒𝑣𝑎𝑝,𝑐 =  𝐻𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑟𝑎𝑡𝑒 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 [𝑊] 
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Energy Savings from Reduced Heat Transfer Rate  

By multiplying the values with the corresponding time, a value for the saved kWh can be 

found. This calculation is performed by the following formula: 

𝐸𝑠𝑎𝑣𝑖𝑛𝑔 = �̇�𝑟𝑒𝑑,𝑠 ∗ 𝑡𝑦𝑒𝑎𝑟 + �̇�𝑟𝑒𝑑,𝑡 ∗ 𝑡𝑐𝑜𝑣𝑒𝑟𝑒𝑑 (14) 

𝑊ℎ𝑒𝑟𝑒: 

𝐸𝑠𝑎𝑣𝑖𝑛𝑔 = 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 [𝑘𝑊ℎ] 

𝑡𝑦𝑒𝑎𝑟 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑟𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 [ℎ] 

𝑡𝑐𝑜𝑣𝑒𝑟𝑒𝑑 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑟𝑠 𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 [ℎ] 

The reduced heat transfer rate results in lower electric demand for heating. This in turn leads 

to reduced emissions, which can be calculated by Equation 6, using the 𝐸𝑠𝑎𝑣𝑖𝑛𝑔 value instead 

of 𝐸𝑝𝑟𝑜𝑐𝑒𝑠𝑠. 

Potential Water Savings from Top Insulation  

By covering the tank, the mass loss from evaporation can be reduced. This is achieved mainly 

due to the increase in relative humidity for the humid air under the cover, resulting in less 

evaporation from the water surface. It should be remembered that the air under the cover is 

heated by the warm water. Therefore, there is a potential to increase the convective heat loss 

through the tank cover as a result of rising air temperatures. This effect is neglected in this 

study. To calculate the annual water savings from reduction in evaporation, the following 

formula is used: 

𝑉𝑠𝑎𝑣𝑖𝑛𝑔,𝑤𝑎𝑡𝑒𝑟 = (�̇�𝑑,𝑜 − �̇�𝑑,𝑐) ∗ 𝑡𝑐𝑜𝑣𝑒𝑟𝑒𝑑 ∗ 𝜌𝑤𝑎𝑡𝑒𝑟    (15) 

𝑊ℎ𝑒𝑟𝑒: 

𝑉𝑠𝑎𝑣𝑖𝑛𝑔,𝑤𝑎𝑡𝑒𝑟 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑟𝑒𝑑𝑢𝑐𝑒𝑑 𝑤𝑎𝑡𝑒𝑟 𝑙𝑜𝑠𝑠 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 [𝑚3] 

�̇�𝑑,𝑜 = 𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑜𝑝𝑒𝑛 𝑡𝑎𝑛𝑘 [
𝑘𝑔

ℎ
] 

�̇�𝑑,𝑐 = 𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑡𝑎𝑛𝑘 [
𝑘𝑔

ℎ
] 

𝜌𝑤𝑎𝑡𝑒𝑟 = 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 [
𝑘𝑔

𝑚3
] 

For other cases when the water reduction is calculated, the difference in water supply 

occurring with reduction measures are considered.  
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4.5.6 Excess Heat Recovery 

In this study, the potential to recover excess heat from a hot water stream is calculated. The 

energy can be recovered through a heat exchanger. By identifying the temperature difference 

of the inlet and outlet water, and the mass flow, the heat transfer rate can be calculated. This 

is conducted by using the following formula:  

�̇�𝑒𝑥𝑐𝑒𝑠𝑠 = �̇�𝑓𝑙𝑜𝑤 ∗ 𝐶𝑝,𝑤𝑎𝑡𝑒𝑟 ∗ (𝑇2 − 𝑇1)   (16) 

𝑊ℎ𝑒𝑟𝑒: 

�̇�𝑒𝑥𝑐𝑒𝑠𝑠 = 𝐸𝑥𝑐𝑒𝑠𝑠 ℎ𝑒𝑎𝑡 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑟𝑎𝑡𝑒 [𝑊]  

�̇�𝑓𝑙𝑜𝑤 = 𝑀𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 [
𝑘𝑔

𝑠
]  

𝐶𝑝,𝑤𝑎𝑡𝑒𝑟 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 ℎ𝑒𝑎𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑓𝑜𝑟 𝑤𝑎𝑡𝑒𝑟 [
𝑘𝐽

𝑘𝑔 ∗ 𝐾
] 

𝑇2 = 𝐼𝑛𝑙𝑒𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 [℃] 

𝑇1 = 𝑂𝑢𝑡𝑙𝑒𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 [℃] 

The mass flow of water is often not used in industry. A more common measurement is 

volume flow, which in turn enable the calculation of the mass flow:  

�̇�𝑓𝑙𝑜𝑤 = �̇�𝑤𝑎𝑡𝑒𝑟 ∗ 𝜌𝑤𝑎𝑡𝑒𝑟   (17) 

𝑊ℎ𝑒𝑟𝑒: 

�̇�𝑤𝑎𝑡𝑒𝑟 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑓𝑙𝑜𝑤 [
𝑚3

𝑠
] 

The utilized excess heat can then be calculated by: 

𝐸𝑒𝑥𝑐𝑒𝑠𝑠 = �̇�𝑒𝑥𝑐𝑒𝑠𝑠 ∗ 𝑡𝑢𝑡𝑖𝑙𝑖𝑧𝑒𝑑   (18) 

𝑊ℎ𝑒𝑟𝑒: 

𝐸𝑒𝑥𝑐𝑒𝑠𝑠 = 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑒𝑥𝑐𝑒𝑠𝑠 ℎ𝑒𝑎𝑡 [𝑘𝑊ℎ] 

𝑡𝑢𝑡𝑖𝑙𝑖𝑧𝑒𝑑 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑡𝑖𝑚𝑒 ℎ𝑒𝑎𝑡 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑖𝑠 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 [ℎ] 

The recovered heat results in lower demand for heating, reducing in lower cost of district 

heating. In Tannefors, the consequential perspective for district heating is applied (Tekniska 

verken, 2019), which takes secondary benefits into account (e.g. electricity generation). By 

doing so, the emissions from using district heating is viewed as negative. Hence, 

implementing measures that reduces DH demand from combined heat and power (CHP) 

plants can lead to increased GHG emissions (Nordenstam, et al., 2018). Therefore, the effects 

from a reduced demand could theoretically generate increased emissions, why this bias is 

neglected in this study. However, a performed study shows that the consequential analysis 

approach is pro lowering the purchase of DH, and against increasing purchase of DH 

(Nordenstam, et al., 2018). Thus, utilizing excess heat is assumed to lower the emissions 

through reduced purchase of DH with 137 gCO2eq/kWh according to Table 6. 
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4.5.7 Cost Calculations 

To calculate how water saving measures affect the overall costs the following approach in 

Figure 13 will be used.  

 

Figure 13: Costs taken into account in this study regarding water supply cost (Csupply), costs 

associated with processes (Cel,cool,heat) and investments (I) inside the fence, and discharge costs 

(Cdischarge) that occurs when water leaves the industrial facilities 

The costs in Figure 13 are considered in this study. Most of the water in this study is 

discharged as stormwater. Since the supply cost is available and directly affected by changes 

in water use, the discharge costs are neglected if not discharged as wastewater. Otherwise, if 

discharged as wastewater, the treatment cost is assumed to be equal to the supply cost, which 

is the case for the absolute majority of the sites in this study. The supply cost and discharge 

cost are often equal, why 50% of the total water supply cost is excluded in some agreements 

where water is not discharged (e.g. cooling water that is lost through evaporation). Also, 

fixed costs associated with runoff water based on the surface area within the fence is not 

considered, since a change in water use is not going to affect this cost. In Table 9 below the 

costs are described in more detail for Tannefors. If other costs than the once presented in 

Table 9 are used, this is clearly mentioned in the results. For example, the supply cost varies 

across Saab´s sites, which affects the economic results based on water supply amount.  

Table 9: The supply costs for water, electricity, heating, and cooling for the site in Tannefors 

Description Term Value 

The water supply cost, 

representing the purchase cost 

of water to the fence. 

𝐶𝑠𝑢𝑝𝑝𝑙𝑦 
11.92 [

𝑆𝐸𝐾

𝑚3
] 

The water supply cost for 

cooling water, excluding the 

discharge cost 𝑪𝒅𝒊𝒔𝒄𝒉𝒂𝒓𝒈𝒆 

𝐶𝑐𝑤 
6.32 [

𝑆𝐸𝐾

𝑚3
] 

Electricity costs for circulating 

pumps, heating, and cooling of 

water. 

𝐶𝑒𝑙 600 [
𝑆𝐸𝐾

𝑀𝑊ℎ
] 

Cost for district heat 𝐶ℎ𝑒𝑎𝑡 
580 [

𝑆𝐸𝐾

𝑀𝑊ℎ
] 

Cost for district cooling 𝐶𝑐𝑜𝑜𝑙 200 [
𝑆𝐸𝐾

𝑀𝑊ℎ
] 
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All costs in Table 9 have been retrieved from documents and interviews. The costs for district 

heating and cooling is included to enable the possibility to investigate savings or additional 

costs from heat exchange, or modifications in the cooling processes. To calculate the costs, 

the power and running time is required. The total annual operating cost can then be calculated 

by adding the sum of energy costs with the cost of water supply, which includes the treatment 

cost if included in the invoicing: 

𝐶𝑡𝑜𝑡𝑎𝑙 = ∑(𝑃𝑒𝑛𝑒𝑟𝑔𝑦 ∗ 𝑡 ∗ 𝐶𝑒𝑛𝑒𝑟𝑔𝑦) + 𝐶𝑤𝑎𝑡𝑒𝑟 ∗ 𝑉𝑤𝑎𝑡𝑒𝑟   (19) 

𝑊ℎ𝑒𝑟𝑒: 

𝐶𝑡𝑜𝑡𝑎𝑙 = 𝑇𝑜𝑡𝑎𝑙 𝑎𝑛𝑛𝑢𝑎𝑙 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 [𝑘𝑆𝐸𝐾] 

𝑃𝑒𝑛𝑒𝑟𝑔𝑦 = 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑝𝑜𝑤𝑒𝑟 𝑓𝑜𝑟 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑡𝑦, ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑜𝑟 𝑐𝑜𝑜𝑙𝑖𝑛𝑔 [𝑘𝑊] 

𝐶𝑒𝑛𝑒𝑟𝑔𝑦 = 𝐶𝑜𝑠𝑡 𝑓𝑜𝑟 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦, ℎ𝑒𝑎𝑡 𝑜𝑟 𝑐𝑜𝑜𝑙 [
𝑆𝐸𝐾

𝑀𝑊ℎ
] 

𝑡 = 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑝𝑟𝑜𝑐𝑒𝑠𝑠 [ℎ] 

𝑉𝑤𝑎𝑡𝑒𝑟 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑤𝑎𝑡𝑒𝑟 𝑠𝑢𝑝𝑝𝑙𝑦 [𝑚3] 

𝐶𝑤𝑎𝑡𝑒𝑟 = 𝐶𝑜𝑠𝑡 𝑓𝑜𝑟 𝑤𝑎𝑡𝑒𝑟 𝑠𝑢𝑝𝑝𝑙𝑦 [
𝑆𝐸𝐾

𝑚3
] 

 

The difference in operating costs for current conditions compared with identified saving 

measures is calculated by using Equation 19 and later indicated with ∆𝐶. 

Not all costs are present for every single process inside the fence. For example, a once-

through cooling system only directly affects the water supply costs, but modifications to the 

system may result in reduced costs from utilization of excess heat. Modifications often result 

in additional investment costs, which will be considered when calculating the payback period. 

The water related costs appearing on the invoice are associated with 𝐶𝑠𝑢𝑝𝑝𝑙𝑦 . Other costs 

inside the fence are often not perceived (Walsh, et al., 2017). To widen the approach, the cost 

of district heating, cooling, and electricity is considered in this study. The motivation for this 

is that the effects from specific proposals for water savings measures specially focus on the 

interplay between water and energy. Depreciation costs, labor costs and other costs that 

potentially add costs related to water (Walsh, et al., 2017) are left out in this study, since the 

main focus is the water and energy nexus (see Figure 5 for other costs related to water). 
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Estimating Operating Time for Process 

For the processes in facility 2 that will be investigated, the operating hours has to be 

estimated for the water demanding processes. By using a value based on previous studies for 

the water demand 𝑉𝑜𝑡 for a once through cooling system, the annual cooling demand can be 

estimated, if the water requirement 𝑉𝑤𝑎𝑡𝑒𝑟 is known. The cooling demand is then calculated 

by:  

𝐸𝑐𝑜𝑜𝑙 =
𝑉𝑤𝑎𝑡𝑒𝑟

𝑉𝑜𝑡
   (20) 

𝑊ℎ𝑒𝑟𝑒: 

𝐸𝑐𝑜𝑜𝑙 = 𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑜𝑙𝑖𝑛𝑔 𝑑𝑒𝑚𝑎𝑛𝑑 [𝑀𝑊ℎ] 

𝑉𝑤𝑎𝑡𝑒𝑟 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑤𝑎𝑡𝑒𝑟 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 [𝑚3] 

𝑉𝑜𝑡 = 𝑊𝑎𝑡𝑒𝑟 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 𝑓𝑜𝑟 𝑐𝑜𝑜𝑙𝑖𝑛𝑔 [
𝑚3

𝑀𝑊ℎ
] 

To increase the credibility of the 𝑉𝑜𝑡 factor, a validation based on information in the 

interviews is conducted and presented in the results. 

Interviews provided this study with the required cooling power 𝑃𝑐𝑜𝑜𝑙. With this information, 

the operating time can be estimated by using the previously calculated cooling demand 𝐸𝑐𝑜𝑜𝑙: 

𝑡 =
𝐸𝑐𝑜𝑜𝑙

𝑃𝑐𝑜𝑜𝑙
   (21) 

The operating hours have to be known to evaluate the viability of changing the cooling 

system.  

Calculating Electricity Demand for Dry-cooling System 

The electricity demand for a dry-cooling system is calculated by dividing the total cooling 

demand with a factor for how much cool is being produced by each MWh electricity in the 

dry-cooling unit: 

𝐸𝑒𝑙 =
∑𝐸𝑝𝑟𝑜𝑐𝑒𝑠𝑠

𝐷𝐶𝑓𝑎𝑐𝑡𝑜𝑟
  (22) 

𝑊ℎ𝑒𝑟𝑒: 

𝐸𝑒𝑙 = 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑑𝑒𝑚𝑎𝑛𝑑 𝑓𝑜𝑟 𝑐𝑜𝑜𝑙𝑖𝑛𝑔 𝑠𝑦𝑠𝑡𝑒𝑚 [𝑀𝑊ℎ] 

𝐷𝐶𝑓𝑎𝑐𝑡𝑜𝑟 = 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑟𝑎𝑡𝑒 [
𝑀𝑊ℎ𝑐𝑜𝑜𝑙

𝑀𝑊ℎ𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦
] 
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Monetizing Risks  

In this study some risks associated with current water use is present. To monetize the risk 

value, the likelihood for them to occur, and their potential financial impact is required. In this 

study, the concept of expected monetary value (EMV) will be used when evaluating risks: 

𝐸𝑀𝑉 = 𝐸[𝑋𝑖] = ∑ 𝑥𝑖 ∗ 𝑝𝑖 
𝑘
𝑖=1  (23) 

𝑊ℎ𝑒𝑟𝑒:  

𝐸𝑀𝑉 = 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑚𝑜𝑛𝑒𝑡𝑎𝑟𝑦 𝑣𝑎𝑙𝑢𝑒 [𝑘𝑆𝐸𝐾] 

𝑥𝑖 = 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑖𝑚𝑝𝑎𝑐𝑡 [𝑘𝑆𝐸𝐾] 

𝑝𝑖 = 𝑃𝑟𝑜𝑏𝑎𝑏𝑙𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑜𝑐𝑐𝑢𝑟𝑟𝑖𝑛𝑔 [%]  

With information from interviews the identified risks associated with water use can be 

estimated in form of probability and value if occurring.  

Investments 

The economic viability of an investment in this study is evaluated by calculating the payback 

period. By using the payback period-calculation, the time for an investment to repay itself can 

be calculated: 

𝑃𝑃 =
𝐼

∆𝐶
  (24) 

𝑊ℎ𝑒𝑟𝑒: 

𝑃𝑃 = 𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑝𝑒𝑟𝑖𝑜𝑑 [𝑌𝑒𝑎𝑟𝑠] 

𝐼 = 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡 [𝑘𝑆𝐸𝐾] 

∆𝐶 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 [𝑘𝑆𝐸𝐾] 

The calculated change in costs is assumed to be constant from year to year. Thus, no time 

adjustment with discounted cash flows are practiced in this study. Depending on a company´s 

specific investment decision model, other financial evaluation methods may be preferable. 

Also, note that an investment not necessarily will be justifiable from an economic 

perspective, since operating costs for a proposed investment can be higher than under current 

conditions, resulting in a negative value for ∆𝐶. 
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5 Proposed Approach for Enhanced Industrial Water Use 

Efficiency 
In chapter 5, the results for a proposed approach for industrial companies is presented. By 

combining previous research and well-known models, implementation of water saving 

measures in industry are specifically addressed. The results in this chapter provides 

companies with a standardized approach with a strong connection to existing research. This 

approach is presented in a simple way that reduces the need for specific expertise to 

successfully follow the steps. Firstly, a plan-do-check-act (PDCA) cycle for water efficiency 

projects is presented. Thereafter, the content in each step of the iterative cycle is described in 

detail, providing required information to use the model in practice.  

5.1 Customized Deming Cycle for Water Efficiency Programs 

The Deming Cycle consisting of a PDCA cycle is a well-known iterative management 

method. It is used to control and enhance continuous process improvements (Johnson, 2016). 

Planning aims to identify the problem, and planning for a change of the identified 

opportunities. Doing refers to testing the change. Checking is thereafter used to analyze 

results to enable lessons learned from the performed test. Acting refers to taking appropriate 

action, based on the learnings in the previous step. If the change was identified as successful 

in the checking-step, the learnings can be incorporated into other changes. Otherwise, with 

unsuccessful changes, the cycle has to be gone through again with a new plan. (Johnson, 

2016). The Deming Cycle is powerful in that sense as it can identify standardized solutions 

that can be applied in similar settings in the future (Johnson, 2016). With a footing in this 

approach, a water specific system approach has been developed. This is presented below in 

Figure 14. 

 

Figure 14: Main steps in an iterative cycle for successful implementation of water efficiency 

programs based on the Deming Cycle (Mirata & Emtairah, 2014) 

1. Review & 
Plan

2. Secure
Commitment

3. Identify
Options

4. Prioritize & 
Implement

5. Monitor & 
Correct
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To increase water efficiency in industrial facilities a systematic approach according to Figure 

14 minimizes the risks of unorganized, ad-hoc solutions that generate sub-optimal results if 

implemented (Mirata & Emtairah, 2014). By practicing a systematic approach with the aim of 

increasing water use efficiency, the maximum return on investments can be ensured and the 

overall success of efficiency measures increased (Mirata & Emtairah, 2014). In the following 

sections, each step is described by covering related literature. By doing so, a favorable 

approach for industrial companies is developed, which is supported by current research. 

5.1.1 Review & Plan 

The purpose of the first step is to develop an understanding through a site review and 

planning (Mirata & Emtairah, 2014). This step should result in sufficient information to 

understand aspects related to the site-specific water use. Information sources (e.g. employees, 

costs, flow diagrams and water meters) should be identified that can provide information to 

achieve a base-line understanding of the water use (Mirata & Emtairah, 2014). The first step 

lays the foundation for a successful continued work with water efficiency measures. To ease 

the planning process for a company, the collected data can be used to initially evaluate what 

processes should be focused on. These proposed criteria can be applied (Page, 2010): 

1. Impact: How much does the process´s water use affect the business? 

2. Implementation: Is it feasible to modify the water use in the process? 

3. Current State: How efficiently is the process using water today? 

4. Value: What is the value of improving the process from an economic, societal, risk, 

and regulatory perspective? 

The impact-category can preferably focus on the amount of water used in specific processes. 

Thereafter, the feasibility of implementing saving measures can be valued by regarding the 

complexity of the process, available resources and number of people that has to be included 

in the work. These factors in turn affects the time required for implementation (Page, 2010). 

The current state and value of implementing saving measures can thereafter be weighed 

against each other, to determine what saving measures to proceed with. 

5.1.2 Secure Commitment  

To successfully implement water efficiency measures, support and efforts is required from 

within the organization (Mirata & Emtairah, 2014). Every management effort will confront 

both support and constrains, why a process of evaluating the chosen approach can expose its 

strengths and weaknesses, laying the foundation for more effective strategies (Margerum, 

2001). The strategy to overcome constraints has to be of different focus depending on the 

constraint, focusing on the organization or the individual, or both (Margerum, 2001). It is 

viewed as particularly important to secure responsiveness from employees to deliver on 

initiatives (Collier & Esteban, 2007). Before successfully securing commitment towards 

environmental initiatives within the organization, employee motivation has to be present 

(Collier & Esteban, 2007). Motivation is described as a force that elicit action, often derived 

from personal needs (Locke, 1997). To achieve employee motivation, defining and setting 

goals is described as a key element (Collier & Esteban, 2007). This aims to address the 

employees´ personal needs by providing clarity to why, and for what purpose certain actions 

are undertaken (Collier & Esteban, 2007).  
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Commitment is described as a force which binds individuals to actions aiming towards 

particular targets (Meyer & Herscovitch, 2001).  By achieving commitment, behavior that 

fosters goal fulfillment is encouraged (Collier & Esteban, 2007). Regarding successful 

implementation of water saving measures in an industrial facility, commitment is especially 

important to secure from building owners, functional managers, and for industrial facilities 

especially top management (Mirata & Emtairah, 2014). The key to secure the important high-

level commitment is to ensure that top management has a good understanding of the water 

related work and its objectives. Their commitment should also be clearly communicated 

throughout the organization, for example by issuing water related policies, including water as 

a KPI, and assigning employees with responsibilities for implementation of water efficiency 

measures. (Mirata & Emtairah, 2014). Other functions as production, maintenance and R&D 

within an organization may be subject to implications from water related work, why line 

managers and maintenance staff should be informed and engaged in the water related work. 

Furthermore, activities related to a company´s CSR work, as responsible use of water, is 

positively related to the organizational image and employees´ job satisfaction (Barakat, et al., 

2016). Involvement from employees on all levels to successfully implement desired changes 

in the daily routines is required (Mirata & Emtairah, 2014). Furthermore, employees are often 

the source of ideas for improvement (Mirata & Emtairah, 2014). Employees should therefore 

be involved in water efficiency programs from early stages. To secure commitment and 

engagement, reward for employees´ contributions to water saving measures through incentive 

schemes are often highly effective (Mirata & Emtairah, 2014). With background to current 

research presented above, Figure 15 below summarizes a model for companies to take into 

consideration. 

 

 

Figure 15: The important factors for securing motivation, commitment, and employee involvement in 

an organization´s water related work based on a combination of interviews with employees across 

Saab´s organization and information in section 5.1.2 
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The research on motivation, commitment and employee involvement is extensive. Employee 

commitment is a complexed phenomenon influenced by several factors (Collier & Esteban, 

2007), why the model in Figure 15 aims to bring forward the most important factors to 

achieve commitment. Commitment is in turn argued to be dependent on motivation, and also 

to be related to the success of employee involvement. Current literature points out the 

interplay between motivation, commitment and employee involvement, which is not easy to 

define and can be investigated even further. However, the effective use of the factors 

presented in Figure 15 can facilitate organizational and individual commitment, which is 

viewed as important before beginning to identify options. 

5.1.3 Identify Options 

To identify improvement potentials, an established hierarchy can be used. This facilitates the 

identification of favorable water efficiency measures (Mirata & Emtairah, 2014). In Figure 16 

below the Water Management Hierarchy (WMH) for holistic water minimization is 

presented. The WMH is divided into five levels, where the top level 1 is the highest priority 

option, and level 5 the least preferred. However, when focusing on pure water reduction, the 

often-included energy recovery aspect in various variants of the Waste Management 

Hierarchy is often neglected in current research. Therefore, the energy aspect is included as 

an integrated part in the WMH in this study, to avoid sub-optimization, and acknowledge the 

fact that water in many cases is an energy carrier. The WMH has striking similarities with the 

EU directive regarding waste management. Even if the terminology for the Waste 

Management Hierarchy can vary (Gertsakis & Lewis, 2003), the prioritized order is often 

similar to the one described in the EU directive, with highest priority mentioned first 

(EUROPEAN PARLIAMENT, 2008): 

 Prevention 

 Preparing for re-use 

 Recycling 

 Recovery of energy 

 Disposal 
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In Figure 16, the developed WMH in this study is presented. The included aspects are 

described in more detail below the figure.

 

Figure 16: The Water Management Hierarchy (Alwi, et al., 2006) and in this study included 

interrelated energy aspects 

1. Elimination refers to entirely eliminating water use in some processes, if possible. For 

example an alternative cooling media can be used. Elimination is viewed as the 

ultimate goal, but in many cases a total elimination of water use is not possible. 

(Rafidah & Alwi, 2013) 

2. Reduction is the second option to purse when elimination is not possible. Reduction in 

the MWH covers actions or attempts to reduce water use in processes that are the 

source of water use (Rafidah & Alwi, 2013). 

3. Direct reuse/Outsourcing is the third option. Direct reuse of water is the process 

described in Figure 2 as situation b, where water is used in several processes without 

treatment in between. The definition of outsourcing in the WMH means that the 

possibility to use external water sources (e.g. rainwater) is investigated. (Rafidah & 

Alwi, 2013) 

4. Regeneration reuse/Recycling is similar to direct reuse, except from that the water 

requires treatment before being reused/recycled. In Figure 2 regeneration reuse is 

described as situation c, while situation f describes regeneration recycling. Level 4 

could also use external water sources. 

5. Fresh water is the least preferable option and should only be considered when 

wastewater in level 3 or 4 cannot be reused or recycled. It should be avoided using 

fresh water to dilute wastewater to desired level of purity. (Rafidah & Alwi, 2013) 
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The aim of the WMH is to reduce fresh water use and legitimate the measures from an 

economical point of view (Rafidah & Alwi, 2013). Therefore, when analyzing industrial 

water use, the priority order of this model can be used. However, the recovery of energy 

included in the Waste Management Hierarchy (EUROPEAN PARLIAMENT, 2008) is in this 

study integrated to the WHM. By doing so, industrial companies can take more variegated 

decisions when identifying options according to the WHM, regarding possible energy 

recovery, or increased energy supply, if implementing identified options. Water Pinch 

Analysis (WPA) is a methodology for increasing water reuse. However, this only considers 

the third and fourth level in the WMH, which does not provide a holistic approach for 

industrial water use (Alwi, et al., 2006), since the aspects of elimination and reduction is 

neglected.  

5.1.4 Prioritize & Implement 

A company´s resources when it comes to efficiency improvements are limited. The 

probability is that all identified measures cannot be implemented, and therefore these have to 

be ranked in a priority order (Mirata & Emtairah, 2014). It should be considered how 

identified improvements would impact workplace safety, product quality, and process 

stability (Mirata & Emtairah, 2014). To achieve the highest possible cost to benefit ratio, 

water saving measures should not negatively affect safety concerns, reduce product quality or 

decrease process stability (Mirata & Emtairah, 2014). Water saving measures also has the 

potential to positively address and minimize the impact of long-term risks (e.g. regulations or 

water shortage). If elimination of these risks can be expressed in monetary values, or if 

identified water saving measures overall generate significant cost reductions, the decision is 

more likely to be taken in their favor (Mirata & Emtairah, 2014). A proposed categorization 

of identified measures is presented below (Mirata & Emtairah, 2014): 

1. Category 1 should be implemented immediately. These measures have low 

implementation cost, or would generate high returns when regarding savings and 

investment costs, or other aspects such as risks with insufficient supply, or regulatory 

risks.  

2. Category 2 are measures that are lacking sufficient information to draw correct 

conclusions. These should therefore be investigated further before deciding if they are 

to be implemented or not. 

3. Category 3 measures should not be implemented due to lack of cost-efficiency. These 

should be reconsidered in a one-year time to re-evaluate and keep track of changes in 

the environment (e.g. regulations and costs).   

The proposed criteria by Page (2010) in 5.1.1 can function as a basis and be developed to 

regard more aspects, as long-term risks mentioned above. By using a holistic approach 

starting with the company´s situation, the most favorable and necessary measures can be 

identified.  
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5.1.5 Monitor & Correct 

To evaluate performance, companies often develop indicators to provide information. An 

established definition is the Key Performance Indicator (KPI). KPIs are task-specific metrics 

designed to provide information from operating indicators to relevant employees in an 

organization (Haber & Schryver, 2019). Developing and selecting of KPIs for system level is 

done with the aim of easing performance evaluation by reducing the amount of data collected 

and its tracking (Willet, et al., 2019). In connection to a company´s water use, KPIs can be 

used to understand the impact of actions taken. Developing KPIs evaluating the water use 

performance over time might seem as an easy task, but developing successful and meaningful 

KPIs requires thoughtfulness. Many organizations using KPIs are of the opinion that it has 

not led to any difference in performance (Parmenter, 2007). The reason for this is that 

companies begin with the selection of KPIs, rather than the required preparation to eventually 

get the measures to drive performance (i.e. the four previous steps in Figure 14 are not 

satisfyingly worked through) (Parmenter, 2007).  

For successful implementation of KPIs, a company should have a positive setting to the 

purpose of introducing KPIs, and have an understanding of the processes involved 

(Parmenter, 2007). KPIs require reporting and documentation, which in turn is time 

consuming. If the value of reporting and documentation of KPIs is not perceived by 

employees, the implementation will likely meet resistance. Especially in larger and more 

complex organizations, these factors could be an issue if no reporting framework at all levels 

is implemented. Developing a reporting framework within an organization and choosing KPIs 

should be an iterative process (Parmenter, 2007). This will educate the individuals involved 

in reporting of the KPIs and increase the chance of developing successful KPIs. It also helps 

assuring that the KPIs make sense within the organization, and that these are in line with the 

current strategies (Parmenter, 2007). 

When focusing on KPIs for the amount of water use in industry it is important to understand 

that it has a potential to affect energy use, maintenance costs, labor costs, and other factors 

depending on the specific situation. If a company develops strategies to reduce its water use, 

the options of monitoring other factors linked to water use should be considered. Aggregate 

measures of water use can be chosen (e.g. m3/employee or m3/process) as indicators. It is 

important to understand that such an approach lacks the consideration of cause-effect 

relationships (May, et al., 2015). Water use in manufacturing industry has a strong correlation 

to the amount of produced goods. When using aggregate measures, it is therefore important to 

understand factors that may affect water use to draw the correct conclusions.  

More specific KPIs in regard to water use require more detailed measurement of water flows, 

and could be hard to implement due to lack of sufficient data. Still, the power of KPIs should 

not be underestimated. For example, visualizing KPIs for water use in specific processes to 

employees has the potential to increase the awareness, and thereby correct behavior and 

affect attitudes. By letting these employees be involved in planning and reporting of KPIs, 

they are more likely to execute activities linked to these (e.g. activities reducing water use), 

which in turn is related to employee commitment (Malmi & Brown, 2008). KPIs on a more 

detailed level could also be in question for water, for example to keep track of discharged 

water in regard to effluent discharge standards (Mirata & Emtairah, 2014). To exemplify 

KPIs that can be used on an organizational level, proposals from the Global Reporting 
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Initiative (GRI) are presented below in Table 10 (Hřebíček, et al., 2011) (Hřebíček, et al., 

2007): 

Table 10: Examples of KPIs for monitoring of water use on an organizational level 

Indicator Unit 

Total annual water use 𝑚3

𝑦𝑒𝑎𝑟
 

Total water withdrawal by source 𝑚3 𝑏𝑦 𝑠𝑜𝑢𝑟𝑐𝑒 

Total water discharge and quality 𝑚3 𝑑𝑖𝑠𝑐ℎ𝑎𝑔𝑒𝑑 𝑝𝑒𝑟 𝑞𝑢𝑎𝑙𝑖𝑡𝑦 

Percentage of water reused and recycled % 

Total volume of water reused and 

recycled 

𝑚3 

Water use in production for certain 

products 

𝑚3

# 𝑆𝑜𝑙𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡
 

Water use related to total sales 𝑚3

𝑇𝑜𝑡𝑎𝑙 𝑠𝑎𝑙𝑒𝑠 [𝑀𝑆𝐸𝐾]
 

 

The use of KPIs on an organizational level in turn requires data from sites within the 

organization. This enables the comparison of the organization´s water use for certain time 

frames. These can also be applied in one industry to evaluate the annual performance, which 

should be one of the requirements when constructing organizational KPIs (Hřebíček, et al., 

2007). The KPIs presented in Table 10 are suitable for different purposes. The focus can be on 

the organization´s water use in terms of total water use, water withdrawals by source and the 

quality of discharged water, where the latter focuses on reuse, recycling and the water 

requirements for certain products. The KPIs presented are an assortment focusing on the 

entire organization. Other may be constructed to suit specific situations or processes with a 

footing in the proposals in Table 10.  
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6 Results from Saab Group´s Organization 
In chapter 6 the results from Saab´s organization are presented. In the first section, the results 

that covers the entire organization´s water use are presented. Thereafter, the results for water 

reduction potentials and the implication of water related risks on Saab´s sites are presented. 

The last section presents the findings of organizational constraints. Chapter 6 does not present 

any identified saving measures. The evaluation of specific saving measures is presented in 

chapter 7. The results in chapter 6 are however essential to understand Saab´s and similar 

organizations´ situation in a context of industrial water use and interrelated aspects.  

6.1 Saab´s Global Water Overview for 2018 

In Appendix 1 all data for Saab´s water use is presented for the sites considered in this study. 

The estimated values for sites without primary data are calculated by using Equations 1-4. In 

Table 11 below the primary data obtained for 2018 is presented. The water use and costs for 

all other sites found in Appendix 1 and not presented in Table 11 are estimated.  

Table 11: Primary data for 2018 obtained for twelve of Saab´s sites regarding the site-specific water 

use, share of Saab´s global water use, water use intensity, supply cost, and whether the site has water 

demanding production 

Site Water 

use [m3] 

Share 

of 

global 

water 

use 

[%] 

Intensity 

[m3/employee] 

Supply 

cost 

[kSEK] 

Cost 

[SEK/m3] 

Significant 

water 

demanding 

processes? 

Linköping, 

Tannefors 

187944 38 38.8 1723 𝑆: 11.92 
 𝐶: 6.32 

𝑌𝑒𝑠 

Björkborn 𝐿: 84386 

𝑁: 48544 

17 209.4 390 4.62 𝑌𝑒𝑠 

Järfälla 42346 9 32.6 775 18.3 𝑁𝑜 
Arboga 𝐿: 28674 

𝑁: 20000 

6 56.9 465 16.2 𝑁𝑜 

Karlskrona, 

Amiralitetsgatan 

23000 5 32.8 336 14.6 𝑌𝑒𝑠 

Linköping, 

Malmslätt 

18745 4 42.2 223 11.9 𝑁𝑜 

Göteborg, 

Solhusgatan 

13007 3 10.0 161 12.4 𝑁𝑜 

Huskvarna 7588 2 14.0 154 20.2 𝑁𝑜 
Germany, 

Medav 

6500 1 4.4 7 13.0 𝑁𝑜 

Australia, 

Melbourne 

4240 < 1 10.3 93 21.9 𝑁𝑜 

South Africa, 

Centurion 

4142 < 1 5.8 73 17.6 𝑁𝑜 

Östersund 2753 < 1 14.7 37 13.6 𝑁𝑜 
 

A few of Saab´s sites contribute significantly to the total water use. Saab had 36 sites in 

Sweden that had 19 employees or more in 2018. Of these sites, Tannefors is the largest site 
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with 4839 employees. It is also the site with the highest water consumption. The water cost 

(SEK/m3) for municipal water in Tannefors is indicated with S, while C represents the cost 

for water used for cooling purposes. For Karlskrona, the water use of 23 000 m3 is based on 

eight weeks of readings. Knowledgeable employees have determined whether the site-

specific operations contribute significantly to the organization´s water use, or if they are 

negligible. Further complexity is added for some sites where other companies are responsible 

for the water demanding processes, why addressing this water use is more problematic for 

Saab. However, this water use is viewed as insignificant and is present at some sites with 

‘No’ significant water demanding processes. Both Björkborn and Arboga suffered major 

leaks during 2018, which are indicated with L in Table 11. A representative water use without 

leakage would for these sites would be 48 500 m3 in Björkborn, respectively 20 000 m3 in 

Arboga, which in Table 11 are indicated with N. The total supply cost in Medav, Melbourne 

and Centurion has been converted from the local currencies to SEK. 

Average Values Calculated from Relevant Primary Data  

From the data in Table 11 above, average values are calculated to enable an estimation of 

Saab´s global water use with Equation 3. This value is then used in Equation 4 to estimate the 

site-specific water use for some sites presented in Appendix 1. The same method is used for 

calculating the average cost, which in turn is multiplied with the estimated water use. As 

interviews indicate that the majority of Saab´s sites do not have significant water demanding 

processes, the sites indicated with ‘No’ in Table 11 are assumed to be representative for all 

other sites regarded in this study. The water use intensity and supply cost for these sites are 

therefore used to represent Saab´s other sites. This is also confirmed by knowledgeable 

employees. In the calculations for average values with Equation 3, the representative value of 

20 000 m3 replaces the water use with leakage included in Arboga. The average values are 

presented below in Table 12. In Appendix 2, the values for water use intensity used to obtain 

the results below can be found. The supply cost for these sites can be found in Appendix 1. 

Table 12: Average values for water use per employee and average water supply cost per m3 based on 

primary data from representative sites 

Description Value 

Average water use per 

employee  19.3 [
𝑚3

𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒
] 

Average cost of water 

supply 
16.1 [

𝑆𝐸𝐾

𝑚3
] 

 

The fluctuating characteristic of Saab´s operations (e.g. variations in annual orders and 

payments) complicates the comparison and construction of intensity metrics. In this study, the 

number of employees is known for each site and therefore used for estimating the water use. 

This is also associated with large uncertainty. However, when evaluating the primary data 

available, it is the most preferable option. The estimation can deviate from the true currently 

unknown water use, and should be considered thereafter.  
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Dividing Saab Group´s sites into Geographic Areas  

Due to variation in pricing between the sites, the dependence is not completely linear. Still, 

the sites with most water use will be the greatest contributors to Saab´s annual cost of water 

supply. To put it in a perspective, Saab´s sites in Sweden stands for 5388 kSEK of the supply 

cost in Europe based on primary and estimated values, with Tannefors contributing to 1723 

kSEK of the Swedish total supply cost. The low water supply cost in Björkborn results in this 

site´s annual supply cost being 390 kSEK. Without the major leakage during 2019, this cost 

would have been reduced over 50%, why it should not be viewed as a representative value 

under normal conditions. Still, leaks inside the fence is a regular feature at Saab´s sites, and it 

will be further investigated in coming sections. With no major production sites comparable to 

Tannefors and Björkborn identified outside Sweden, Saab´s water use globally is mainly 

derived to Swedish sites. In Table 13 below the water use is divided into geographic areas. 

Table 13: Estimated water use, global water use share, and supply cost divided into geographic areas 

Geographic 

area 

Water use 

[m3] 

Share of global 

water use [%] 

Supply cost [kSEK] 

Sweden 477762 92 5388 
Europe excl. 

Sweden 

15662 3 252 

North 

America 

13713 3 221 

Africa 4702 < 1 82 
Australia 4240 < 1 93 
Asia 2453 < 1 40 
South 

America 

908 < 1 15 

Total 𝟓𝟏𝟗𝟒𝟒𝟎 𝟏𝟎𝟎 𝟔𝟎𝟗𝟏 
 

The total global water supply is estimated to be approximately 519440 m3, with a total cost of 

around 6091 kSEK. The sites in Europe, consisting of 14703 employees in 2018, are the 

largest contributors with a share of 95%. Of this share, Saab´s sites in Sweden amounts to 

about 92% of Saab´s global water use. The estimated values for North America, consisting of 

650 employees in the U.S, and 60 employees in Canada, has the second largest water use 

with around 13713 m3 annually. Australia consisting of primary data, and Africa with 

primary data for one of the two sites in the region, contribute insignificantly to the 

organization´s global water use. The same is valid for the Asian and South American sites, 

with the difference that no primary data from these sites has been available, resulting in pure 

estimations of the annual water use.  
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6.2 Water Use Reduction Potential and Water Related Risks for Saab Group 

In this section the findings for Saab´s water use reduction potential, and the impact of water 

related risks for the company´s operations are presented. Firstly, an organizational overview 

of the reduction potential and water risks is presented. Saab´s sites are there divided into 

categories, enabling a clear visualization of each category´s situation in regard to reduction 

potential, actual water risk, and amount of water used. Thereafter, specific findings related to 

water risks perceived by Saab are presented in more detail for the sites located in Australia 

and South Africa. These sites are operating in geographic locations suffering of high water 

risk and provides an indication of how high water stress is affecting Saab´s sites. Lastly, the 

results for water related risks in Sweden are presented with findings from Karlskrona and 

Tannefors. In Sweden, no other significant risks have been identified during the study. Also, 

no individuals in Asia have been interviewed, why this high risk area is left out in this study.   

6.2.1 Overview of Water Use Reduction Potential and Water Risks 

In Figure 17 below, the risk values are based on summarized and average values for the 

specific geographic area, except for the sites in Tannefors, Björkborn and Karlskrona that are 

based on site-specific data. All risk values can be found in Appendix 1. The Y-axis represents 

the potential to reduce water, the X-axis the level of water related risks, and the bubble size 

the volume of water supply.  

  

 

Figure 17: Water use, risk, and reduction potential for Saab´s sites divided into categories based on 

geographic location. The sites in Sweden with water demanding processes are individually 

represented, followed by the remaining Swedish sites, other sites in EU excluding the Swedish sites, 

and lastly sites are divided by continent 
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The majority of the European sites in Figure 17 have a low or low to medium risk. Medium 

water risks over 2 are present in Germany and Denmark. In Sweden, the highest water related 

risk of 1.7 is reached in Tannefors. For the continent of Africa, the South African site has a 

significant water related risk of 2.9, compared to Kenya where the risk of 0.9 is low. The sites 

in North America and South America are facing similar low to medium risks as the European 

sites. Australia, with a risk of 2.7, indicates that water related risks are higher than in Europe 

and comparable to the risk in South Africa. Of Saab´s sites, the highest water related risk is 

located in Asia. Except from Singapore with a risk value of 2, Saab´s sites in Saudi Arabia, 

United Arab Emirate, and India are located in countries suffering from extremely high water 

related risks. The results in Figure 17 indicate that the majority of Saab´s water use currently 

is derived from low, or low to medium risk locations. It is obvious that the water use in 

Tannefors is higher compared to any other individual site, with a risk that is higher than the 

majority of the European sites, but still within the low to medium category. Interviews with 

employees in Björkborn indicated a high reduction potential, and projects to increase the 

water use efficiency have already been identified. When it comes to pure amount of water 

used with the leakage included, the water use in Björkborn is still significantly less compared 

to Tannefors. For the rest of the 33 Swedish sites, excluding Tannefors, Björkborn and 

Karlskrona, the majority does not have very water demanding processes. Their total 

summarized water use of an estimated 182500 m3 is comparable to the total water use in 

Tannefors only.  

6.2.2 Water Related Risks for Saab Group in Australia  

Saab´s site in Melbourne has a water related risk of 2.7. For the year ending 2018, the site 

comprised of 401 employees, all working within the business area Surveillance. The majority 

of the employees within the facility conduct screen-based work on computers. Thus, the site 

would classify as a typical office environment. No products are produced physically, why the 

water consumption of 4240 m3 in 2018 is limited to the cafeteria, restrooms, kitchens, and 

laundry area for cleaners.  

SA Water is the authority that manages the water delivery, quality and consumption in the 

region. There are water restrictions imposed on the site in Australia that are comparable to the 

residential measures in the area. Most of the business related measures ensure that Saab does 

not contribute to pollution by ensuring that discharged water is free from prohibited 

pollutants. Pure water saving measures Saab Australia has consists of efficient watering of 

outside gardens, where the watering time is planned and adjusted depending on the season. 

The water system is also checked for leaks. Cisterns with a minimal water refill requirement 

have also been installed to reduce water consumption. Saab Australia´s desire is to deliver in 

line to expectations of a responsible company, and therefore ensure that water related 

measures are undertaken. 

To fully understand the situation in Australia, it is important to be aware of some history in 

regard to the use of water. On December 1th, 2010, SA Water lifted then present water 

restrictions and replaced them with water wise measures. Due to the El Nino effect, South of 

Australia had a drought period from 2001 to 2007, followed by extreme hot conditions from 

2006 to 2009 (Australian Government: Bureau of Meterology, 2015). Similar environmental 

effects have the potential to change the water stress in the region, putting more pressure on a 

company´s operations. Even if the water related situation in Australia requires Saab to 

implement certain measures, the operations consisting of non-industrial processes are not 
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severely threatened, based on the interviews conducted. The situation however forces 

authorities to develop smart solutions to ensure safe water supply. For example, SA Water is 

taking actions in the region to increase the use of recycled water for toilets and washing 

purposes (SA Water, 2019).  

6.2.3 Water Related Risks for Saab Group in South Africa  

Saab´s site in Centurion has a water related risk of 2.9. For the year ending 2018, the site in 

Centurion comprised of 695 employees within the business area Surveillance. There is some 

production at the site, but heavy production and other water reliant processes are absent, 

resulting in the relatively low water consumption of 4142 m3 in 2018. If investigating 

processes at the site, it should be done from an energy point of view, including aspects as air 

conditioning and lightning. From Saab´s perspective, the energy related issues have a heavier 

impact compared to water related challenges. There are major issues with energy supply due 

to load-shedding, which requires Saab to use diesel generators to produce the required 

electricity, that in turn result in increased emissions. To partly address this issue, Saab has 

installed solar panels. These have resulted in electricity savings and are projected to pay off 

within 5-6 years. 

Most of the water at the site is for domestic purposes only. The water is delivered through 

municipal water networks, which in turn take water from various rivers. These rivers often go 

through several countries and therefore is a source of potential conflict issues (Wyk, 1998). 

Climate change, change in rainfall, and drought are mentioned as currently present challenges 

in the region related to safe water supply. From Saab´s perspective, the current situation in 

regard to water supply is safe and operations are not threatened. To ensure safe operating 

conditions in regard to water aspects, Saab has implemented measures at the site in 

Centurion. Water storage tanks are installed to enable operations for a couple of days without 

constant water supply, which also include water for production operations in the calculations. 

Without constant water supply, various other sources are available at the site. Since the 

operations do not require large amounts of water, there is a possibility to deliver water with 

trucks, if necessary. This would not limit the operations, but rather increase the supply cost of 

water. Water reduction measures has been implemented at the site, such as optimization of 

the garden watering system, and adjusted toilet flushing systems. The results from these 

measures are still unknown. Saab in Centurion also runs an awareness campaign by releasing 

a newsletter every second week to its employees. Included in the newsletter are Saab´s 

environmental goals, and motivations why it is important to work towards their fulfillment, 

including reduced water consumption. The perception is that this newsletter reaches a 

listening audience and actually increases the awareness for the employees in Centurion. 

6.2.4 Water Related Risks for Saab Group in Sweden 

The risk levels in Sweden are low compared to the two previously presented sites. However, 

water related risks have been identified during interviews. Interviews with employees in 

Karlskrona provided evidence that an increased pressure on the local water sources are 

impinging on companies´ operations in the area. In Karlskrona, the business area Kockums 

has installed a new surface treatment (Petersson, 2018). This was done in line with Saab´s 

decision to invest in the shipbuilding industry and to it related aspects. The new surface 

treatment has reduced the lead time noticeably, but no evident focus on increased water use 

efficiency has been identified, or specifically focused on. During interviews employees 

mentioned that the groundwater levels is getting lower for each year, and that lakes are 
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suffering from shortage of water. In the region, there are also water demanding paper mills, 

which indicates that industry´s water withdrawals significantly contribute to an increasing 

water stress in the area. Watering restrictions are also a common element in the region. With 

this background, employees motivated that new investments as the surface treatment have 

room for an increased focus on increased water use efficiency.  

Currently, Saab´s operations in Karlskrona are not threatened by the water situation. The 

falling groundwater levels do not impose significant restrictions on the daily operations. 

However, employees believe that within a time horizon of 20-30 years, Saab must develop a 

plan to address the constantly firming situation for the site in Karlskrona. Otherwise, the 

current dependence on groundwater can impose restrictions on Saab´s operations. Employees 

mention that there is a potential to reduce the dependence on municipal water supply. For 

example, the new surface treatment installed is supplied with potable water from the 

municipal network, but other sources of water supply could be used. Furthermore, after being 

used in the treatment processes, the water is treated and directly discharged as stormwater. 

When initiating new investments, as the surface treatment plant, the water aspect is currently 

not given much thought. This is not only the case in Karlskrona, but apply for a vast majority 

of Saab´s sites operating in areas with a favorable water situation, where a current focus on 

water use is missing. 

Another significant risk related with Saab´s water use in Sweden was identified, which 

derives to the water quality rather than quantity. During interviews and factory visits a risk 

related with the water temperature of the water supplied from municipal networks was 

identified. During summer months, the supplied water temperature in Tannefors can reach up 

to 20oC. The combination of cooling systems reliant on municipal water, and an increased 

cooling demand during the summer months, increase the risk for impingement on some of 

Saab´s operations in Tannefors. The high water temperature is mainly impinging on the 

efficiency of once-through cooling systems, which is not a factor weighed in when 

determining the water related risk.  
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6.3  Identified Organizational Constraints 

In this section the developed approach and identified options for water reduction are 

connected with current organizational constraints. These constraints have been identified 

during interviews with employees that have specified these as complicating factors for 

implementation of water saving measures. The identified constraints are divided into three 

sections which are strongly linked to each other. In Figure 18, the major organizational 

constraints identified are presented. 

 

Figure 18: Major organizational constraints identified for Saab related to successfully implementing 

water saving measures in the organization, consisting of lack of communication, incentives for 

employees and economic incentives generating a virtuous cycle 

The current lack of communication, incentives for employees and economic incentives create 

a virtuous cycle that negatively affect the organization´s commitment and incitements. Lack 

of communication and incentives, combined with economic constraints, disenable the 

required investments for achieving the corporate water reduction goal. Saab´s water reduction 

goal is initially constructed to achieve a 20% reduction of the entire organization´s water use. 

By investigating how the goal translates to the entire organization and identifying constraints, 

results that complicates the implementation can be recognized. To achieve a corporate goal, 

the entire organization has to contribute, if not excluding certain areas. The findings within 

the categories in Figure 18 are presented in more detail in the sections below. 
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6.3.1 Lack of Communication 

Interviews indicate that one of Saab´s main challenges is related to lack of communication. In 

a large and complex organization this shows in different ways, both between and within sites. 

In Figure 19 a simplified overview of the major issues with communication in regard to the 

water related goal is presented. 

 

Figure 19: Simplified visualization of the identified reasons for communication issues within Saab´s 

organization by categorizing the organization into corporate level, site level, and the level of 

operations 

The corporate reduction goal defined by the environmental department meets resistance 

within other departments at corporate level. Other factors as economic viability or other 

priority areas are preferred by other departments, why the perceived importance of achieving 

water reduction varies vastly. The business value of working with enhanced water use 

efficiency is not perceived, which results in inertia within the corporate functions towards 

achieving the water related goal. It also complicates the communication between departments 

within Saab regarding specific subjects, as prioritizes are not always in line between 

departments.  

Furthermore, the relative low anchoring of the water reduction goal within corporate level 

functions directly reflects on the site level functions. Saab´s property function is often 

responsible for invoicing the sites operations for water and energy use. In Tannefors, the low 

focus on water use derived from the perceived low cost results in lack of detail water 

metering, which implies that the operations are not invoiced according to the amount of water 

used, since this amount is unknown. Investments for detailed water metering at larger sites, to 

enable invoicing of certain operations according to their water use, is not perceived to be 

•Saab Group´s water reduction goal 
is defined on corporate level by 
environmental department

•Other departments have high 
focus on economic viability of 
investments  

•Lack of common understanding of 
the corporate water goal

Corporate 
Level

•Property-function responsible for 
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•Lack of detailed metering forces 
the use of flat fees for water use

•Varying site characteristics affect 
the perceived importance of 
water efficiency measures

Site Level
•Low to none information about 

the generated water costs from 
specific processes

•No incentives to reduce water use 
for employees

•No knowledge of water reduction 
goal
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economically motivated. Furthermore, some sites with low presences of water demanding 

processes do not value an increased focus on water reduction. 

When communicating from site level onto operational level (i.e. industrial process level), the 

perceived cost of water is lost. Many employees working with certain operations have no 

information regarding the water use and related costs in their processes. The supply can be 

described as taken for granted based on interviews with Swedish sites. Also, employees lack 

incentives to reduce water use and the actual knowledge of the corporate water reduction 

goals is missing. In reality, the communication ways are more complex. However, Figure 19 

aims to visualize the major communication issues within different levels in the organization, 

and between these levels.  

Tannefors 

The site in Tannefors enables presentation of what communication issues that can be present 

within a site. Indications in interviews with operators working at the site show foremost two 

factors. These factors should be viewed generally and are presented here since they 

complicate the implementation of water saving measures: 

 The communication of goals is often poor which creates irritation and resistance  

 Employees working with certain processes have improvement proposals that are not 

perceived within the organization. 

Interviews with operators indicate that the lack of goal communication sometimes results in 

that employees are not even aware what goals that have been set. Employees also feel that the 

construction of goals is a top-down process, which implicates the process for them to change 

what is sometimes viewed as impropriate goals. The combination is not ideal and results in 

confusion. Well-functioning processes can change, but without employees knowing why. 

This is perceived as annoying, especially when the goal is communicated months later. ‘Why 

do they not tell us right away?’ This is the situation in general, and employees highlighted 

these factors as the main improvement potentials to successfully gain commitment within the 

organization. 

Operators in Tannefors clearly communicated a favorable approach when constructing water 

related goals. Foremost two critical points that connect to the lack of communication was 

identified: 

 Management should ask operators or other knowledgeable staff of the reduction 

potentials and related costs 

 Management should value the information possessed by operators or other 

knowledgeable staff higher. 

Generally, operators feel that their knowledge is not utilized in the organization. Their view is 

that management should value this information higher, and explicitly ask for this. During 

several occasions, operators expressed that the interview questions asked during this study 

was the first time someone asked for their information. The lack of communication leads to 

that potential site-specific saving measures are not recognized by the organization. 

Employees with insights indicate that plans to further involve operators are being developed. 
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Furthermore, Saab´s organization is divided into multiple departments responsible for 

varying areas at different sites. For larger sites as Tannefors, interviews indicate that this 

results in inertia, as it complicates the communication paths. Also, values change across 

departments, why insufficient goal communication results in varying perception of the goal 

related importance. For example, the municipal district heating, cooling, and water supplier 

Tekniska verken also provides the site in Tannefors with energy related improvement 

proposals. Interviews with employees from Tekniska verken indicate that proposals are 

communicated, but very few are actually realized. Tekniska verken perceives that there is a 

potential to improve the collaboration, while Saab perceives the collaboration to be 

successful. When it comes to water, it should be remembered that this is a relatively new 

focus area. To successfully work towards the fulfillment of the water reduction goal, it has to 

be successfully communicated throughout the departments to make these susceptible for 

indications from internal and external stakeholders.  

Other Sites 

Findings during visits and interviews at other sites provides a broader insight in the 

organization related to its water use: 

 Smaller sites with less business areas have better communication  

 The water related goal is not anchored at all sites 

 Solutions implemented across Saab´s sites are not communicated between the sites. 

When interviewing employees in Malmslätt, Huskvarna and Gothenburg, it stood clear that 

the communication is much better. The reason for this can partly be derived to the presence 

of a key person, who drives on implementation of measures that generate energy related 

savings. These individuals possess a holistic view of all operations on site. This enable them 

to analyze and identify favorable measures. This key person, or persons, are viewed as 

important to carry through measures. Furthermore, even if certain individuals are aware of 

the water reduction goal, it is still not known for operational staff working at other smaller 

sites. This implicates that even if some key persons have been tracking the sites water use, 

they are unaware of the corporate water related goal.  

In interviews during site visits, employees presented smart solutions that generated savings. 

Some of these are applicable on other sites. However, the communication of detailed 

solutions between the organization´s business areas and sites is missing. Several of these 

solutions are directly linked to reduced and more efficient water use. One solution for 

facilitating the corporate goals was identified in interviews with employees from Saab´s site 

in Centurion. Every second week the employees receive and environmental newsletter, where 

the current corporate and site-specific goals are presented. Interviews indicated that these are 

positively perceived by employees, and fulfill the purpose of increasing the awareness at the 

site. 
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6.3.2 Lack of Incentives for Employees 

Related to the water reduction goal, a lack of incentives has been identified across Saab´s 

organization. Due to the lack of functioning communication, these aspects amplify. The most 

significant factors that negatively affect the implementation of water saving measures are: 

 Resistance, as some sites do not feel they further can reduce their water use 

 Water is not an aspect integrated into decision making 

 Lack of measurement and perception of the water related costs. 

Interviews indicate that the operations at each site strongly affect the water reduction 

potential. Employees at some sites therefore resist the goal itself. Some point out that water 

saving measures have already been implemented, and further significant reduction is 

impossible. Combined with a lack of goal communication, this increases the resistance. 

Interviews with management indicate that the purpose of the goal is to increase the resource 

use efficiency. However, this is not perceived by all sites. ‘Now somebody in Linköping once 

again has set an unrealistic goal that is not applicable on our operations’ is one example of 

how the water reduction goal is perceived in Saab´s organization. 

Furthermore, water is not an integrated part when deciding on new investments. Interviews 

with employees indicate that the water aspects can be given much more attention when 

designing new investments. This is connected to the lack of measurement, which furthermore 

decreases the possibility to communicate the cost of water. When showing operators in 

Tannefors the amount and cost of water derived from their operations, a clear interest is 

raised. Several employees have asked for the water cost generated in their facilities. For 

example, one employee said that ‘I want to show my colleagues the effects from our water 

use, and that it is a significant post in the organization.’ 

Management in Tannefors are aware of the lack of measurement, which in turn disenables the 

possibility for invoicing based on the amounts used in certain facilities. With the entire site 

carrying the water cost, it is perceived low, and certain operations do not see their share of 

the cost. Interviews with both management and operators indicate that the possibility to 

perceive the generated cost would create incentives to reduce the water consumption. 

Measuring that enables invoicing based on the amount used would increase the incentive to 

reduce water use, as costs would be lowered. Interviews with employees across the 

organization also indicate that an increased focus from top-management on water related 

aspects would increase the acceptance of the goal. This is also a question of communication 

that can increase the incentive.  

6.3.3 Lack of Economic Incentives 

Even if communication is improved, and measurement enables another invoicing model, 

economic constraints will remain. Overall, Saab as a for-profit organization has certain 

priorities for investments. Interviewees indicate that R&D is often prioritized. The economic 

incentives gained from potential water reduction measures are not perceived to create enough 

business value. The following factors have been identified during interviews: 

 The low supply cost of water generates low economic incentives 

 Strict yield requirements on investments does not favor water efficiency enhancing 

investments 
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Interviews indicate that the low supply cost of water does not make it a prioritized area of 

investment. Rather, the prioritization is to focus on regulatory aspects, such as pollutants in 

discharged water. An absolute majority of the interviewees stress the importance of economic 

viability on investments. Therefore, many employees perceive an inertia towards 

implementing saving measures. Furthermore, this aspect is often mentioned in connection 

with the lack of measurement and the impossibility of deducing costs. The department 

responsible for invoicing the organization for facility and production related operations is 

pointed out to have an important role. Lack of incentives are often derived to economic 

constraints in interviews. The clash between communication, incentives and economic 

motivation is believed to create an environment that complicates to secure the commitment 

required for goal fulfillment.  
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7 Identified Water Saving Measures 
In chapter 7, the technical results for identified water saving measures are presented. First, 

the results from pipe leakage in Arboga and Björkborn are presented. Thereafter, the saving 

measures in Tannefors are presented by dividing these into sections based on their location. 

Lastly, the results of the organizations water reduction goal by saving measures that are 

possible to implement simultaneously are presented. This is done to convey a holistic view of 

what water reduction that is achievable for Saab, based on the findings in this study. 

7.1 Pipe Leakage 

In the following sections, the results for identified and measured leaks at Saab´s site in 

Arboga and Björkborn are presented. Due to favorable metering routines at these sites, the 

effects from pipe leakage inside the fence can be thoroughly investigated and presented. Both 

sites suffered from major leaks during 2018. The way water metering is conducted, especially 

in Arboga, can provide insights of new metering routines that may be motivated when 

considering the losses presented in this section.  

7.1.1 Detailed Measurement and Leakage in Arboga 

In Arboga, the main meters are measured against meters placed at each facility inside the 

fence. The situation is presented in Figure 20 below. 

  

Figure 20: Visualization of water metering in Arboga, where main meters readings are compared 

reading with readings from meters in facilities inside the fence 
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By measuring both the main water meters and the water used in the facilities, indications of 

possible leaks inside the fence can be recognized. By comparing the summarized water use in 

the facilities with the amount of water passing through the main meters for a specific time 

period, indications of leakage can be identified, if present. In Figure 21 below, the monthly 

data throughout 2018 is presented. 

 

 

Figure 21: Summarized water supply through main meters and to facilities in Arboga during 2018 

The detailed measurement conducted in Arboga show clear indications of a leakage that 

started around June and continued throughout the year of 2018. In Appendix 3, the available 

readings are presented in monthly resolution for a longer time period. There it can be seen 

that the leakage was repaired in the beginning of 2019. Before the leak occurred, the 

difference between the readings is not that significant. In February and March, the facilities 

even consumed more water than documented from the main meters. Most likely there is a 

time lag between the readings in these cases. Typically, there are constant leaks occurring in 

old pipelines. These could contribute to around 10% of the total water use without being 

detected, according to interviews employees across Saab´s sites. This can be seen for April 

and May in 2018, where the difference between the main meters and facilities are 6% 

respectively 14%. The leakage was detected and repaired in January 2019, which can be seen 

with a difference of 4% in February 2019. In this case, the leakage was identified by keeping 

track of the water meters, i.e. it was not visually identified. Results from factory visits and 

interviews show that depending on the consistence of the earth inside the fence, the 

possibility to identify leakages vary. In Tannefors, the earth consists primarily of clay, why 

water leakages are easier to identify due to lower runoff. In Malmslätt, where the earth is 

primarily sand, the runoff of water is higher and leakages are harder to visually identify. 

From interviews, it is clear that leakages in pipelines are usual. In Tannefors, there is a major 

leak approximately every two years, partly due to old pipelines. 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Main meters 1835 1847 1826 2310 1672 1707 1782 2873 3101 3942 3233 2546

Facilities summarized 1825 1890 1944 2163 1430 1021 1021 1107 1592 2111 1682 1225

Percentage difference 1% -2% -6% 6% 14% 40% 43% 61% 49% 46% 48% 52%
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Cost of Leak 

The leak in Arboga shows that there is a potential to reduce the costs from leakages by 

reducing the time from leak occurrence to leak identification. The leaked volume for each 

month, and accumulated cost of lost water is presented below in Figure 22. 

 

Figure 22: Water amount lost through leakage and the correlating cost of water losses in Arboga 

from June 2018 to January 2019 

Assuming that all of the difference presented in Figure 22 originates from the leak inside the 

fence, the leakage cost reaches 164 kSEK. If only comparing monthly differences between 

main meters, possible leakages may not be identified directly, since the difference in water 

use due to natural variations. The results indicate that detailed measurement can be used to 

more efficiently identify major leaks and take proper actions to address them. 

7.1.2 Major Leakage and Complications in Björkborn 

A similar leakage occurred in Björkborn (see Appendix 4 for monthly water meter readings). 

The provided readings and interviews confirmed that a major leak occurred at the site during 

the period from October 2018 to May 2019. Awareness of the leakage was obtained in early 

stages due to an abnormally high water supply, but it took several months to precisely 

identify the location of the leak. In this case, the location was piping underneath a house, 

which hampered the possibility to identify and correct the leakage. It is estimated that 

approximately 42% of the water supply in 2018 was lost through the leak. During 2019, the 

share lost is estimated to 59% until October 2019.   

Table 14: Water amount lost through leakage and the correlating cost of water losses in Björkborn 

during 2018-2019 

Description Water amount [m3] Cost [kSEK] 

Water leak during 2018 35891 166 
Water leak during 2019 60421 279 

 

Jun Jul Aug Sep Oct Nov Dec Jan

Cost of leakage 11 23 52 76 106 131 153 164

Amount of leakage 686 761 1766 1509 1831 1551 1321 674
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The values in Table 14 illustrates a significant economic impact from water leaks. Without the 

leakage, the total water volume used in Björkborn would most likely ended up below 50000 

m3 in 2018. Measures that ease the identification and correction of leaks clearly has a 

potential to result in savings, if the time for leak correction is reduced.  

7.2 Tannefors: Overview of the Water Use 

The results presented in previous chapters indicate that Saab´s site in Tannefors is a major 

contributor to the organization´s total water use and water supply costs. Improvements in 

regard to water use efficiency at the site could potentially contribute significantly to reducing 

Saab´s global water use. To increase the understanding of how an industry can reduce its 

water use, the results from the detailed investigation of the Tannefors site will be presented in 

a structural way in this section. In Figure 23 below, an overview of the currently derivable 

water streams in Tannefors is presented. 

 

Figure 23: Derivable water streams at Saab´s site in Tannefors, Sweden 

All of Tannefors´s water supply comes from the municipal water supply network, which 

delivers water of potable quality. This is delivered through six main water meters, of which 

only four are considered in this study and shown in Figure 23. The other meters neglected 

only deliver to a specific area in Tannefors, with an annual volume of around 500 m3 only. 

Water entering the facilities at the site cannot be derived to specific main meters, why the 

water streams fictitiously passes through a collection node (C). A groundwater source (G) is 

present inside the fence, from which water is currently pumped and discharged. Besides the 

facilities under measurement indicated with numbers, a cooling tower is present at the site 

providing the facilities and some processes with district cooling. The cooling water streams 

are indicated by hot returning and cold outgoing cooling water. 

The readings from water meters numbered 1-4 are documented and supply this study with 

annual data of the site´s total water use. As seen in Figure 23, not all facilities or processes are 
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under measurement. This is visualized by stream of non-measured water that reaches 

unknown locations. For these locations, it was not possible to extract information of the water 

use. The facilities indicated with numbers in Figure 23 are measured since the water price for 

these locations is discounted. Without the detailed measurement, Saab could not be charged 

properly by the water supplier. The ability to properly charge Saab´s water use by enabling 

the measurement of cooling water used is the main reason for the use of detailed 

measurement.  

7.2.2 Annual Water Supply in Tannefors 

Before further breaking down the results, the annual water supply to the site is presented in 

Figure 24 below. The total water supply is put in relation to the measurement which enables 

derivation of water use inside the fence. The percentage of water being measured inside the 

fence is also presented. All readings are found in Appendix 5 in monthly resolution. 

 

 

Figure 24: Amount of annual water supply that is used in unknown locations, water under detailed 

measurement and the percentage of water being measured in Tannefors during 2015-2018 

Of the water supplied to the fence, a share between 41%-49% is being measured inside the 

fence. Depending on where the water is being used, this share varies between the years. The 

majority of the water use can therefore not be derived to specific facilities or processes. This 

water ends up in the unknown location node in Figure 23. In total water supply, some 

variation can be seen between the years. The year of 2017 stands for the most significant 

difference compared to the other years with a lower total water supply to the site. Variation in 

production rates and cooling requirements are possible explanations to the lower value in 

2017. The accumulated monthly values in Figure 25 below further illustrates the variation 

during a year.  

 

2015 2016 2017 2018

Unkown location 106939 106624 93722 95634

Measured water 88410 79665 64612 92310

Percentage measured 45% 43% 41% 49%
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Figure 25: Monthly water use for Tannefors during 2015-2018, and average monthly water use share 

for the same period 

When summarizing the water supply per month from the years 2015 through 2018, it is clear 

that the amount of water required increases during the warmer months of the year. This is 

shown by the average monthly share, based on the values from 2015 through 2018. An 

exception is the month of July, which typically is characterized by vacation and thereby less 

production, which in turn reduces the demand for water. 

  

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2015 16525 13878 13940 17526 18882 26125 10547 18059 14456 15514 15567 14332

2016 13079 13677 15999 14718 16631 29497 11770 14317 29973 9575 8505 8548

2017 11106 10854 14708 16993 13015 11488 10189 16109 11115 16295 13214 13249

2018 15058 12762 12907 13652 20594 16487 15808 20938 16756 17158 14754 11070

Average monthly share 8% 7% 8% 9% 9% 11% 7% 10% 10% 8% 7% 6%
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Annual Supply Cost in Tannefors 

Based on the amount of water supply presented above, the cost for the water supply in 

Tannefors is calculated. The annual supply cost of water in Tannefors is presented below in 

Figure 26. 

 

Figure 26: Annual known and unknown water supply cost, and percentage of known costs in 

Tannefors during 2015-2018 

The annual cost for water supply is directly affected by the share of water classified as 

cooling water or supply water invoiced according to ordinary tariff. The lower cost of cooling 

water implies that the percentage of known costs is lower than the percentage of measured 

water inside the fence. The share of known costs is lower than the share of measured water in 

Figure 24. As cooling water is both cheaper and measured, the more expensive unmeasured 

water supply results in a share of known costs between 27%-34% in Figure 26. Figure 25 

  

2015 2016 2017 2018

Cooling water 536 492 408 583

Unkown location 1275 1271 1117 1140

Percentage known costs 30% 28% 27% 34%
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The Water Supply to Addressed Facilities in this Study 

Before shifting focus to specific processes at the Tannefors site, the total water volume 

considered in this study is presented in Figure 27 below. 

 

Figure 27: Water use for facilities where saving measures are investigated in this study and their 

share of total water supply for the site in Tannefors during 2015-2018 

In this study, the cooling tower, equipment for product testing in facility 2, and surface 

treatment in facility 1 will be investigated in more detail. By addressing these three locations, 

between 28%-44% of Tannefors´s total water supply will be taken into consideration. 

Comparing to the measured share in Figure 25, it can be seen that only 5% of the measured 

water is neglected for 2018 in this study. The increase in the percentage of total water supply 

for 2018 can partly be explained by the increased demand of make-up water in the cooling 

tower. This is combined with a significant increase in cooling demand in facility 2. 

Interviews indicate that the summer of 2018 was exceptionally warm, which provides an 

explanation for this increase. Furthermore, the increase in percentage of total water supply 

indicates that other water demanding processes have not contributed to a significant rise in 

total water supply. Current absence of detailed measurement of water limits the possibility of 

including more processes for further detailed investigations, why these three locations have 

been chosen.  

  

2015 2016 2017 2018

Facility 1 16225 17500 15513 13875

Facility 2 21762 20573 20466 29380

Cooling tower 16515 20504 18924 40108

Percentage of total water supply 28% 31% 35% 44%
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7.2.3 Water Use in the Cooling Tower 

In the cooling tower, cooling is produced with an absorption cooling system and 

compressors. To understand the effects from some process modifications aimed to decrease 

water use, it is necessary to understand the functionality of the decentralized cooling tower 

placed inside the fence. Even if Tekniska verken is responsible for the operation of the 

cooling tower, the required makeup-water is delivered through Saab´s main meters. Saab is 

therefore invoiced for both the produced cool and the delivered make-up water. In Figure 28 

below, the available data for water supply amount and cost is presented. In Appendix 6, the 

water meter readings and historic cooling water costs are presented in more detail. 

 

 

Figure 28: Water supply and cost for cooling tower during 2015-2018 

Especially the year of 2018 differs from the other years. This is the results of the 

exceptionally warm summer. In October 2017, the cooling system replaced a separate cooling 

central, which further increased the load on the system. Still, employees with high knowledge 

of the cooling system claim it is not in the risk of being overloaded, if more processes are 

integrated to the system. To visualize the effects of a warmer summer on water use in the 

cooling tower, Figure 29 is presented below. 
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Figure 29: Monthly makeup-water in the cooling tower during 2015-2018 

When summarizing the monthly values from 2015 through 2018, the month of August has the 

highest water demand, closely followed by July. The amount of makeup-water during the 

summer of 2018 is exceptionally high when compared to the other years. This is partly due to 

the warm summer that occurred in 2018. Information from interviews also indicates that the 

cooling tower is not working under optimal conditions. The temperature difference between 

the outgoing and incoming circulating cooling water is currently too low, which implicates 

that the cooling effect is not optimal. The functionality of the cooling tower system is not 

further investigated in this study, but its potential improvement is identified as a potential 

water use reduction measure. The cooling tower requires both water and electricity to 

produce cool. For the water requirements, the values are available for the year 2015 and are 

presented in Figure 30 below. 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2015 0 541 644 1297 1225 2171 200 5055 2025 1162 1114 1081

2016 143 255 507 1245 2003 1350 5657 2876 3820 1238 805 605

2017 288 242 895 753 1899 1946 2918 3309 1376 2479 1613 1206

2018 512 130 113 1858 6919 5534 8168 7050 4624 0 1600 3600

Average monthly share 1% 1% 2% 5% 13% 11% 18% 19% 12% 5% 5% 7%
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Figure 30: Monthly water required to produce cool in 2015 for the cooling tower located in 

Tannefors 

The values for produced cool are based on an internal energy audit performed in Tannefors. 

This study was conducted in line with legal requirements for energy auditing of large 

companies in Sweden. Separate water meter readings provide the amount of makeup-water. A 

large difference can be seen in July, where the makeup-water is relatively low. The 

explanation for this is that some of July´s water supply is included in August, due to a 

deviation in reading routines. Still, it stands clear that the amount of makeup-water follows 

the amount of cooling produced. If investigating water saving measures that increase the 

cooling demand, the amount of makeup-water will be affected. By calculating a yearly 

average based on the values from each month in Figure 30, a share of water for each produced 

kWh of cool can be found. The average makeup-water required for cool production is 

calculated to 1.4 L/kWhcool based on the values in Figure 30. Increasing the load on the 

cooling tower is assumed to increase the makeup-water with this value. As indicated in 2.4.1, 

the value of makeup-water in Table 3 of 1.4 L/kWh is within the range of previous studies 

conducted (Loew, et al., 2016). 

  

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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Water amount 0 541 644 1297 1225 2171 200 5055 2025 1162 1114 1081
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Alternative Water Sources as Makeup-Water 

Currently, the municipal water network is supplying the cooling tower with makeup-water of 

potable quality. The water is supplied to six water tanks of 1 m3 each. Due to risks with 

Legionella bacteria, enrichment of impurities that cause corrosion, and scale formation the 

water quality in the cooling tower is regularly controlled. Using other water sources than the 

municipal water network is possible, if the water is not containing high amounts of 

impurities. If integrating the water stream from one process to reach a higher grade of reuse, 

the cooling tower can be considered as a water sink. The only limitation identified in 

interviews with knowledgably employees is the water quality, which for example makes the 

direct use of untreated groundwater that is not of potable quality problematic. 

7.3 Tannefors: Facility 1 – Surface Treatment 

On the site in Tannefors a surface treatment process line is installed. In relation to the current 

production present at the site, the surface treatment is over dimensioned. This implies that 

more energy and water is required to operate the surface treatment than the products 

necessarily demand. A simplified overview of the situation is presented in Figure 31 below. In 

reality the anodizing line (A-line), cleaning processes (Clean 1-2) and the few parts line (FP-

line) consist of several baths with different purposes and water qualities, which is not clear in 

Figure 31.  

 

Figure 31: Overview of the surface treatment water network in facility 1 in Tannefors 

The surface water treatment process requires deionized water to function which is partly 

being discharged after treatment, or partly being recycled through an ion exchange process, 

depending on the process line. The refill water to compensate for lost water through 

discharge after treatment and evaporation from open water tanks is delivered by the 

municipal supply network, and is of potable quality. Two water meters are installed which 
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enables the measurement of the amount of water supplied and discharged. In Figure 32, the 

readings from the water meters are presented (see Appendix 7 for monthly resolution).  

 

Figure 32: Water supply, water discharge and share of water lost for the surface treatment in facility 

1 in Tannefors during 2015-2018 

The amount of water being discharged through water meter 2 is lower compared to the inlet 

in water meter 1. On average, 31% of the water supply is lost before being discharged. The 

cost of the water supply is presented below in Table 15. The value of the discharged water, if 

applying the cost of cooling water, is also presented in Table 15. 

Table 15: Cost of water supply and value of discharged water from the surface treatment in facility 1 

with a supply cost of 6.32 SEK/m3 during 2015-2018 

Description/Year 2015 2016 2017 2018 

Water supply 

cost [kSEK] 

98 108 98 88 

Discharged 

water value 

[kSEK] 

71 74 64 61 

 

Some water is lost in the surface treatment process, for e.g. through evaporation. However, 

the discharged water is currently not utilized which implies a missed opportunity cost, 

presented as discharged water value in Table 15. The utilization of this water stream is further 

investigated later in this study. 

  

2015 2016 2017 2018

Water supply to surface treatment 16225 17500 15513 13875

Water discharge from surface
treatment

11777 11965 10066 9698

Percentage water losses 27% 32% 35% 30%
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7.3.1 Current Conditions for Spray Rinses  

The over-dimensioned anodizing line comprise of several baths with various purposes, 

including two spray rinse baths. Parts are being rinsed by firstly being placed on a ladder and 

lowered into an empty tank with spray nozzles mounted inside. Water is then sprayed through 

the nozzles directed towards the ladder, with the purpose of cleaning the parts. Each time the 

spray rinse bath is used, it requires a certain amount of water. All of the water from the spray 

rinses is transported to the treatment process and thereafter discharged as stormwater. New 

nozzles have already been installed, which resulted in a 50% decrease from 6 m3 to currently 

3 m3 of water required each time the spray rinse is being used. Interviews and participation 

observation show that further measures have the potential to reduce the amount of water used 

even more. Two measures that focus on reduction have been identified: 

1. Reduction through improved production planning 

2. Reduction through further equipment modification 

The current water use referred to the two spray rinses in the anodizing line are presented in 

Table 16. 

Table 16: Current data from the section consisting of spray rinses in the surface treatment in facility 1 

in Tannefors, including number of runs, water use, and discharge water share 

Description Value 

Times used daily  6 [𝑇𝑖𝑚𝑒𝑠] 
Total amount of water per use for two 

spray rinses 

6 [𝑚3] 

Estimated number of operating days 

yearly  

200 [𝑇𝑖𝑚𝑒𝑠] 

Annual water use from two spray rinses  7200 [𝑚3] 
Average share of discharged storm water 

based on annual discharge data 2015-

2018  

67 [%] 

 

The times used, amount of water and operating days are estimated by employees familiar 

with the spray rinse process. When estimating the number of operating days per year, the 

month of July is excluded, and natural disruption taken into account by employee 

estimations. In Appendix 7, data for the discharge water can be found. The results indicate 

that a majority of the water discharged as storm water originates from the two spray rinses in 

the anodizing line.  

One reduction measure that does not require any equipment investments, or process 

modifications, is more efficient production planning. It has the potential to reduce the number 

of times the spray rinse is being used by treating more parts simultaneously. This requires 

that more parts are being placed on the ladder before entering the rinsing process. For 

example, reducing the times used daily to four runs would generate annual savings of 

approximately 29 kSEK, without any investment cost for the process line. Based on 

information from interviews, communicating and educating employees of the potential of 

smart production planning is the first step to achieve a reduction. Furthermore, the efficient 

production planning system practiced in the new surface treatment process in Karlskrona 
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(mentioned in 6.2.4) can potentially bring new insights to improve the production planning in 

Tannefors. 

7.3.2 Reduction – Modification of Spray Rinses 

To enhance the water use efficiency of the spray rinses, the possibility to divide the rinsing 

baths into three sections with separating valves is investigated. Some parts entering the 

rinsing process are classified as urgent. This forces employees to run the ladder with only a 

few parts and results in a low utilization rate of water, since all nozzles have to be used 

during the process. One measure could be to redesign the entire process line to match current 

requirements. This would require large investment costs and is not considered in this study. 

However, the possibility to not use all rinses simultaneously, if not required, would 

significantly reduce the waste of water when treating single parts that are urgent. In Table 17 

below, the estimated operating conditions are presented if the two spray rinses where to be 

divided into three sections each. 

Table 17: Estimated operating conditions with modification of the spray rinses by dividing the baths 

into sections in the surface treatment in facility 1 in Tannefors, including number of daily runs for 

specific setups and new water use demands 

Description Value 

Daily runs with 1/3 of nozzles in each 

rinse 

2 [𝑇𝑖𝑚𝑒𝑠] 

Daily runs with 2/3 of nozzles in each 

rinse 

2 [𝑇𝑖𝑚𝑒𝑠] 

Daily runs with all nozzles in each rinse 2 [𝑇𝑖𝑚𝑒𝑠] 
Water use 1/3 of nozzles in each rinse 2 [𝑚3] 
Water use 2/3 of nozzles in each rinse 4 [𝑚3]  
Water use all of nozzles in each rinse 6 [𝑚3]  
Annual water use from to spray rinses 4800 [𝑚3]  

 

In total, the six daily runs are now distributed equally across the three different operating 

conditions. To calculate the economic effects of this measure Equation 19 and Equation 24 

are combined. The reduction in emissions is calculated by Equation 5. In Table 18 below, the 

results are presented. Due to low electricity savings in the surface treatment process these are 

neglected. For water supply, a cost of 6.32 SEK/m3 is practiced.  

Table 18: Results for water reduction, cost savings, investment cost, payback period, and annual 

emissions reduction if dividing spray rinses into three sections in the surface treatment in facility 1 in 

Tannefors 

Description Nomenclature Value 

Annual reduction in water 

use 

𝑉𝑠𝑎𝑣𝑖𝑛𝑔,𝑤𝑎𝑡𝑒𝑟 2400 [𝑚3]  

Annual supply cost 

reduction 

∆𝐶 15 [𝑘𝑆𝐸𝐾] 

Estimated investment cost 𝐼 100 [𝑘𝑆𝐸𝐾] 
Payback period 𝑃𝑃 6.7 [𝑦𝑒𝑎𝑟𝑠] 
Annual emissions reduction 𝐺𝐻𝐺 0.2 [𝑇𝑜𝑛𝑛𝑒𝑠 𝐶𝑂2𝑒𝑞] 
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Assuming that each configuration is used two times daily, and that reducing the number of 

nozzles used linearly reduces the amount of water used, approximately 2400 m3 of water can 

be saved annually. Since all of the water from the rinsing process is treated and discharged 

with no reuse, the amount of refill water should decrease approximately with the same 

amount, leading to a cost reduction of 29 kSEK on an annual basis. The fact that a reduction 

in water treatment is achieved is neglected in the results, but would contribute positively to 

cost reduction and furthermore decrease the payback period. Due to low cost of electricity 

and low emission reduction in this case, the effects from less treatment is neglected. 

7.3.3 Reduction of Water and Energy Supply – Covering Heated Water Baths and 

Excess Heat Recovery 

The result of insulating and covering heated water baths in the surface treatment is presented 

below. For a covered tank, the evaporation rate is assumed to be reduced with a factor ten 

compared to an open tank in the same conditions, as indicated from previous studies 

(Fredriksson, 2012). In practice, a more humid air and other temperature conditions in 

between the cover and water surface has the potential to reduce the evaporation rate even 

more. By using Equation 7, Equation 8 and Equation 15 the water savings if covering the 

tank during weekends is calculated. Neglecting investment cost and potential decrease in 

energy demand, Equation 19 is used to calculate the annual savings from water reduction 

only. This is done by calculating the difference in water supply cost if the measure was to be 

implemented, using a supply cost of 6.32 SEK/m3. By using Equation 5 and the energy 

demand for water supply, the reduction in emissions is calculated. All data used in the 

calculations, as operating times, are found in Appendix 9. 

Table 19: Reduced water loss through evaporation achieved when covering an open tank in the 

surface treatment in facility 1 in Tannefors 

Description Nomenclature Value 
Evaporation rate open 

tank 

�̇�𝑑,𝑜 
21.9 [

𝑘𝑔

ℎ
] 

Evaporation rate covered 

tank 

�̇�𝑑,𝑐 
2.2 [

𝑘𝑔

ℎ
] 

Annual loss through 

evaporation open tank 

𝑚𝑙𝑜𝑠𝑠,𝑜 191.8 [𝑚3] 

Annual loss through 

evaporation with cover 

during weekends  

𝑚𝑙𝑜𝑠𝑠,𝑐 137.5 [𝑚3] 

Annual water savings 𝑉𝑠𝑎𝑣𝑖𝑛𝑔,𝑤𝑎𝑡𝑒𝑟 54.3 [𝑚3] 

Cost reduction water 

supply  

∆𝐶 0.3 [𝑘𝑆𝐸𝐾] 

Annual emission reduction 𝐺𝐻𝐺 3.6 [𝑘𝑔 𝐶𝑂2𝑒𝑞] 

 

The reduction in water lost through evaporation is low. Therefore, the reduction in emissions 

and cost savings are not significant. From a water saving perspective, this measure should not 

be realized. Still, when viewing water as an energy carrier, this measure has a potential to 

achieve savings in energy, which is further investigated below. 
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Insulating Heated Water Baths – Reducing Energy Demand  

A previous study conducted by Saab indicates that the electricity demand in the surface 

treatment is relatively high. The measured baseload (i.e. the electric power required when no 

production occurs) is approximately 320 kW. In the study, the baseload is primarily referred 

to electric heated baths in the anodizing line that are not insulated. By not only addressing 

water reduction, but also regarding the fact that water is an energy carrier, the potential to 

achieve more savings is increased. The results and potential savings from insulating one of 

the warm water bath in the anodizing line is presented below in Table 20. To calculate the 

heat loss through evaporation, the evaporation rate results are combined with Equation 11. 

Equations 9-13 are used to calculate the reduction in power, while Equation 14 calculates the 

annual energy reduction. To calculate the economic aspect of the saving measure Equation 19 

and Equation 24 are combined. The reduction in GHG emissions is calculated by Equation 6. 

Table 20: Potential power, energy and cost savings, and reduced emissions from insulating and 

covering one of the warm water baths in the surface treatment in facility 1 in Tannefors 

Description Nomenclature Value 

Heat loss sides and bottom 

without insulation 
∑�̇�𝑠 17.4 [𝑘𝑊] 

Heat loss sides and bottom 

with insulation 
∑�̇�𝑠𝑖 

0.2 [𝑘𝑊] 

Evaporation heat loss top 

without insulation 
�̇�𝑒𝑣𝑎𝑝,𝑜 49.4 [𝑘𝑊] 

Evaporation heat loss top 

covered 
�̇�𝑒𝑣𝑎𝑝,𝑐 5 [𝑘𝑊] 

Heat loss reduction with 

insulation on sides 
�̇�𝑟𝑒𝑑,𝑠 17.2 [𝑘𝑊] 

Heat loss reduction with 

cover during weekends 
�̇�𝑟𝑒𝑑,𝑡 44.4 [𝑘𝑊] 

Annual energy savings 

from insulation on sides 

and cover during 

weekends 

𝐸𝑠𝑎𝑣𝑖𝑛𝑔 273.2 [𝑀𝑊ℎ] 

Cost reduction from 

annual energy savings 

from insulation on sides 

and cover during 

weekends 

∆𝐶 164 [𝑘𝑆𝐸𝐾] 

Estimated investment cost 𝐼 300 [𝑘𝑆𝐸𝐾] 
Payback period 𝑃𝑃 1.8 [𝑌𝑒𝑎𝑟𝑠] 
Annual emission reduction 

from reduced electricity 

use if insulating sides and 

covering top 

𝐺𝐻𝐺 35.8 [𝑇𝑜𝑛𝑛𝑒𝑠 𝐶𝑂2𝑒𝑞] 

 

By covering the tank during weekends the current evaporation rate of approximately 0.5 

m3/day is reduced to approximately 0.05 m3/day. The savings from a decrease in water 

volume are relatively small compared to the savings achieved from reduction in heat loss 
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presented in Table 20 above. Covering the tank top and insulating the tank with a 5 cm thick 

layer of mineral wool theoretically can save over 160 kSEK annually (see Appendix 9 for 

more details). It should be remembered that the steady state conditions not exactly represent 

the in reality more complex operating conditions. For example, the heat loss through the sides 

that heat the surrounding air is neglected. Also, an increase in the evaporation rate will be 

present during operations, when movement in the water surface increases the rate of 

evaporation. 

Energy Recovery – Utilizing Excess Heat from Water  

Covering the open water tanks in the surface treatment is possible theoretically, but 

interviews indicate that this practically can be challenging. Due to hazardous substances, the 

vapor has to be ventilated outside the building. Currently, the baths that could result in 

significant amounts of hazardous substances in the inside air are connected to a ventilation 

system. An extract air system transports the hazardous vapor from above the baths, but the 

baths are not completely sealed, why the effects on the evaporation rate of a cover is not 

present. If covering the water tanks, it has to be ensured that no hazardous substances pollutes 

the inside air, why the lid has to be completely sealed or otherwise combined with 

ventilation. Even without covering the top, there is potential to increase the efficiency by 

implementing heat recovery in the ventilation. Currently, there is no heat recovery from the 

ventilation that extracts air from the warm water tanks. Previous studies indicate that 

approximately 308 MWh/year of heat could be saved through heat recovery from exhaust air 

in facility 1. This equals about 220 kSEK in annual savings from reduced heat supply. Due to 

the hazardous substances in the vapor, the heat has to be transferred to the incoming air 

through a circulating medium (i.e. the outgoing and incoming air cannot be mixed). This 

lowers the efficiency of the heat recovery, but is still sufficient to save 308 MWh/year and 

179 kSEK/year from all warm water baths, based on previous studies conducted by the case 

company. Covering and insulating a single warm water tank would almost achieve the same 

savings. The practical possibility to either cover the tank when not used, or recover the heat 

lost through evaporation, should be more firmly investigated. Both options have the potential 

to generate significant annual savings, even if installing a heat recovery system is estimated 

to cost 600 kSEK. By combining information from the previous energy audit conducted in 

Tannefors with Equation 6 and Equation 24, the results in Table 21 are obtained. It is assumed 

that the recovered excess heat is used to heat incoming air in the ventilation system. Thereby, 

the demand for DH is reduced.  

Table 21: Results from previous studies conducted by Saab in Tannefors for installation of heat 

recovery from exhaust air from the surface treatment in facility 1 

Description Nomenclature Value 

Annual energy savings 𝐸𝑠𝑎𝑣𝑖𝑛𝑔 308 [𝑀𝑊ℎ] 

Cost savings ∆𝐶 179 [𝑘𝑆𝐸𝐾] 
Investment cost 𝐼 600 [𝑘𝑆𝐸𝐾] 
Payback period 𝑃𝑃 3.4 [𝑌𝑒𝑎𝑟𝑠] 
Annual emission reduction 

from reduced DH demand 

𝐺𝐻𝐺 42.2 [𝑇𝑜𝑛𝑛𝑒𝑠 𝐶𝑂2𝑒𝑞] 
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When comparing the values of insulating and covering one warm water tank, with the option 

to recover heat from exhaust air from several baths, the first option theoretically generates 

more savings. The possibility of combining heat recovery and insulation should be 

investigated, since the results above assume that the tank is covered during the weekends 

only. Also, all warm water baths should be included when estimating the potential of 

insulation and cover during weekends, or even during non-operating hours over night.  

7.3.4 Regeneration Recycling – Utilization of Treated Wastewater  

The water discharged as storm water after treatment theoretically can be modified to equal a 

regeneration recycling process. The modified system is shown in Figure 33 below. 

 

Figure 33: Water network in the surface treatment in facility 1 in Tannefors when modified into a 

regeneration recycling process 

Inside the surface treatment, some of the deionized water is already being recycled. Water 

that currently is not recycled is transferred to the treatment process that removes cadmium. 

The water leaving the treatment process is of potable quality, which equals the quality of the 

municipal water that currently supplies all of the refill water. As mentioned in 2.3.1, a closed 

recycling and treatment process as in the modified system in Figure 33 has the potential to 

save around 60% of the water used (Mirata & Emtairah, 2014). A certain amount of required 

blow-down and losses through evaporation makes it an impossibility to completely exclude 

the need of water refill. Currently, there are no plans to recycle the water from the surface 

treatment that is discharged as stormwater. To investigate potential obstacles for recycling 

this water, several employees with insight in the surface treatment process have been 

interviewed. In these interviews, no evident obstacles were identified to return the treated 

water to the ion exchange process. In Table 22 below, the potential water savings are applied 

on the discharged water. The amount of water required for the surface treatment does not 
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change. Reduction is achieved through recycling, not by lowering the water demand through 

reduction measures for the specific processes. 

Table 22: Current water supply and potential new reduced water supply if using regeneration 

recycling in the surface treatment in facility 1 in Tannefors 

Description Value 

Potential water savings 60 [%] 
Average annual water 

discharge 2015-2018 

10876 [𝑚3] 

Average annual water 

supply 2015-2018 

15778 [𝑚3] 

New annual average water 

supply requirements 

9252 [𝑚3] 

 

When assuming that 60% of the discharged water can be saved, the new annual water supply 

is estimated to an average of 9252 m3. In Table 23 below, the savings from recycling water in 

the surface treatment process is presented in more detail. The economic calculations are 

conducted through combining Equation 19 and Equation 24. Equation 5 is used to calculate 

the reduced emissions generated by a reduced water supply. 

Table 23: Reduction in water use and supply cost, estimated investment cost, payback period, and 

reduced emissions if using regeneration recycling in the surface treatment in facility 1 in Tannefors 

Description Nomenclature Value 
Average annual water 

recycling  

𝑉𝑠𝑎𝑣𝑖𝑛𝑔,𝑤𝑎𝑡𝑒𝑟 6526 [𝑚3] 

Annual supply cost 

reduction 

∆𝐶 41 [𝑘𝑆𝐸𝐾] 

Estimated investment cost 𝐼 250 [𝑘𝑆𝐸𝐾] 
Payback period 𝑃𝑃 6.1 [𝑌𝑒𝑎𝑟𝑠] 
Emissions reduction 𝐺𝐻𝐺 0.4 [𝑇𝑜𝑛𝑛𝑒𝑠 𝐶𝑂2𝑒𝑞] 

 

The water supply cost is assumed to be equal to the cooling water cost of 6.32 SEK/m3. In 

practice, the saving measure can be implemented. Currently, the refill water is transported to 

a water tank, from which the refill water is supplied to the ion exchange process. By 

redirecting the discharged water from the treatment process to the supply water tank, a certain 

amount of municipal water can be replaced. A tank for the regenerated water can also be 

installed, to separate the municipal water and regenerated water and mixing these before 

entering the process. If obstacles are found to reuse the water according to Figure 33, the 

following results in the study investigate other options to increase the circularity of the water 

use.  
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7.3.5 Regeneration Reuse – Utilizing Treated Water from Surface Treatment in the 

Cooling Tower  

If not directly reusing the water after treatment in the surface treatment, the water could 

instead be used to supply the cooling tower with make-up. The water would then require 

pumping to the water tanks in the cooling tower that have a summarized volume of 6 m3. In 

Figure 34 below, the situation is visualized.  

 

Figure 34: Overview of the site in Tannefors if surface treatment water stream currently treated and 

discharged as stormwater is integrated to the cooling tower 

Since the discharged water is of potable quality and not reaching temperatures over 20oC, it 

meets the quality requirements to serve as make-up water for the cooling tower. The 

integration in Figure 34 does not completely eliminate storm water discharge, since the 

amount of discharge water for certain time periods exceeds the cooling tower´s water 

demand. Based on the monthly data available for water discharge from the surface treatment 

(see Appendix 7) and make-up water supply to the cooling tower (see Appendix 6), 

backtracking can be conducted to investigate the potential of integrating these two processes. 

When integrating the cooling tower and surface treatment discharge water based on monthly 

values, Figure 35 below illustrates the amount of water that could have been utilized in the 

cooling tower during the period from 2015 through 2018. 
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Figure 35: Monthly water discharge from the surface treatment in facility 1 in relation to the cooling 

tower´s monthly water requirements in Tannefors, shares of reduced municipal water supply and 

unutilized discharged stormwater during 2015-2018 

During the winter months, when the amount of make-up water is lower in the cooling tower, 

the amount of discharged water from the surface treatment is higher than the demand. This is 

especially the case for January, February and March. For these months, the water supply from 

the surface treatment exceeds the water demand in the cooling tower. Water would have to be 

discharged as storm water during these months, if not used elsewhere. During the summer 

months, all of the discharged water would be able to partly supply the cooling tower with 

make-up water. On average, 2411 m3 would be discharged as storm water due to the 

impossibility to utilize the water in the cooling tower. As the year of 2018 indicates, the share 

of discharged stormwater does not decrease with a higher demand of make-up water. The 

supply has to meet the demand throughout the year to improve the utilization of regenerated 

water. In 2017, the supply meets demand relatively well, why no more than 12% of the 

regenerated water has to be discharged. Under current conditions, water from the surface 

treatment can replace over 50% of the municipal water supply, if the demand does not 

increase drastically during the summer as in 2018, resulting in only 17% of the municipal 

water supply being replaced. In Table 24, the average annual water saving amount for this 

saving measure is presented. The economic calculations in Table 24 are performed by 

combining Equation 19 and Equation 24. Equation 5 is used to calculate the emissions from 

water reduction.  
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Water supply from surface
treatment to cooling tower

9243 9125 8854 6641

Annual municipal water supply to
cooling tower

7272 11379 10070 33467

Percentage discharged as
stormwater

22% 24% 12% 32%

Percentage water supply from
facility 1 of demand in cooling tower

56% 45% 47% 17%
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Table 24: Results in form of average values if utilizing treated wastewater from surface treatment in 

the cooling tower in Tannefors 

Description Nomenclature Value 
Average annual water 

supply from surface 

treatment to cooling tower 

during 2015-2018 

𝑉𝑠𝑎𝑣𝑖𝑛𝑔,𝑤𝑎𝑡𝑒𝑟 8466 [𝑚3] 

Average annual supply cost 

reduction 

∆𝐶 54 [𝑘𝑆𝐸𝐾] 

Estimated investment cost 𝐼 400 [𝑘𝑆𝐸𝐾] 
Payback period 𝑃𝑃 7.4 [𝑌𝑒𝑎𝑟𝑠] 
Emissions reduction 𝐺𝐻𝐺 0.6 [𝑇𝑜𝑛𝑛𝑒𝑠 𝐶𝑂2𝑒𝑞] 

 

On average, 54 kSEK can be saved annually, based on information from 2015 through 2018 

and a water supply cost of 6.32 SEK/m3. If the on average 2411 m3 of water discharged as 

stormwater can be utilized in the surface treatment, a further 15 kSEK would be saved. On 

average, 41% of the water supply to the cooling tower could be replaced by the discharged 

water from the surface treatment. The payback period of over 7 year for such an investment is 

relatively long. The water reuse measure is hard to motivate with less than 1 tonne reduction 

in GHG emissions. Most likely, the required pumping that is not considered in these results 

would rather increase the emissions.  
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7.4 Tannefors: Facility 2 – Testing Equipment  

In facility 2 there is testing equipment for testing both Saab´s and external customers´ parts. 

This equipment requires cooling to function, which is currently achieved by using water from 

the municipal network. Currently, there are no systems in place that aim to reduce the water 

use inside the building. Saab´s site in Karlskoga has similar processes, but the cooling water 

is supplied from a nearby lake rather than the municipal water network. Interviews conducted 

in Malmslätt, Huskvarna, and with employees from Tekniska verken, conclude that the 

current solution where cooling is performed with municipal water is not preferable. In this 

section, different options to address the water use in facility 2 are investigated. The current 

water streams inside facility 2 are presented below in Figure 36. 

 

 

Figure 36: Overview of current water streams connected to testing equipment for cooling purposes in 

facility 2 in Tannefors 

Except from the processes included in Figure 36, the facility is connected to the district 

cooling network, which is supplied with cooling produced in the cooling tower. The two 

water meters enables detailed measurement of the water streams inside the building that 

require cooling. Only once-through cooling is applied for the processes inside the facility, 

and the warm water is being discharged as storm water after absorbing heat from the 

processes. In Appendix 8, the water meter readings in monthly resolution can be found. 
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Figure 37: Overview of readings from water meters 1 and 2 in facility 2 in Tannefors during 2015-

2018 

Of the total water supply to the facility, on average 81% can be referred to water meter 2. 

This indicates that the cooling requirements for the equipment supplied through this meter is 

higher. The average values based on the results in Figure 37 are presented below in Table 25. 

The emissions from the water supply are also calculated by using the current water supply 

and Equation 5. This number will be interesting when evaluating the possibility to replace the 

current cooling system with a dry-cooling system. 

Table 25: Calculated average values for water supply, cost and GHG emissions in facility 2 in 

Tannefors for current operating conditions 

Description Nomenclature Value 
Average annual water use 𝑉𝑤𝑎𝑡𝑒𝑟 23045 [𝑚3] 
Annual operating cost 

from water supply 

𝐶𝑠𝑢𝑝𝑝𝑙𝑦 146 [𝑘𝑆𝐸𝐾] 

Emissions from water 

supply 

𝐺𝐻𝐺 1.5 [𝑇𝑜𝑛𝑛𝑒𝑠 𝐶𝑂2𝑒𝑞] 

 

It can be seen that on average 81% of the water supplied to facility 2 passed through water 

meter 2. The majority of this water is required to cool the two compressors, of which 

compressor 1 is operating the absolute majority of the time. This compressor has a 

mechanical valve installed, that reduce the water flow a certain amount based on the water 

temperature. An interviewed employee indicated that the mechanical valve reacts slowly to 

temperature changes. Consequently, the achieved water reduction from the mechanical valve 

is low and insignificant. Employees therefore occasionally manually reduce the water flow by 

manually shutting the valve, based on the temperature of the water leaving the compressor. In 

2015 2016 2017 2018

Water meter 2 16478 16259 17176 25640

Water meter 1 5284 4314 3290 3740

Cost meter 2 100 100 109 162
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21762 20573 20466

29380

0

20

40

60

80

100

120

140

160

180

0

5000

10000

15000

20000

25000

30000

35000

C
o

st
 [

kS
EK

]

W
at

er
 a

m
o

u
n

t 
[m

3
]

Overview water use facility 2 2015-2018



100 

 

compressor 2, no valve is installed to enable the reduction of water use. However, the 

operating hours for this compressor is low and is therefore not considered further in this 

study. 

Regarding the vibration rigs that receive the cooling water through meter 1, the required 

cooling is approximately 30 kW for Vib 1, and 80 kW for Vib 2. The municipal water is 

supplied to heat exchanger in the vibration rigs, and directly being discharged as stormwater 

after absorbing heat. Currently, no heat is recovered from the cooling water leaving facility 2. 

Interviews indicate that the hours of operation for the equipment in facility 2 vary 

significantly. Employees could not estimate an average value for the operating hours for the 

largest water users. This is further illustrated in Figure 38 below, where the fluctuating water 

use indicate vast variations in operating hours. 

 

Figure 38: Monthly water meter readings from meter 2, and the average monthly share of water use 

in facility 2 in Tannefors during 2015-2018 

With fluctuating water demand over the years, it is hard to estimate a representative value for 

the operating hours, and no documentation for the operating hours has been found. The 

cooling power required can be combined with the interval in Table 3: Water amount required for 

industrial cooling through once-through, re-circulating or air-cooled systems Table 3 in 2.4.1 for 

once-through cooling systems (20.44-33.31 L/kWhcool). With this background it is assumed 

that 30 liters/kWhcool is a representative value. The cooling power and annual water demand 

is known. By assuming the water requirement for once-through cooling, the average annual 

cooling demand can be estimated, and furthermore the operation hours. For the processes 

connected to water meter 1, the calculations for annual cooling and operating hours are based 

on the total water supply, and then transferred to each process based on their required cooling 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2015 3100 1180 1085 451 1611 2655 298 640 967 898 2171 1422

2016 485 1612 1389 746 2343 1012 1163 1202 1211 2834 1579 683

2017 798 877 809 481 337 1568 174 2685 1212 3760 1106 3369

2018 4230 2692 2329 1401 1219 2165 102 2635 1955 3415 2723 774
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power. The calculations are performed by using Equations 20-21. In Table 26 the values for 

water meter 1 are presented.  

Table 26: Results derived from water meter 1 and the connected equipment in facility 2 in Tannefors  

Description Nomenclature Value 
Average required water 𝑉𝑤𝑎𝑡𝑒𝑟 4157 [𝑚3] 
Annual energy 

requirements 

𝐸𝑝𝑟𝑜𝑐𝑒𝑠𝑠 138.6 [𝑀𝑊ℎ] 

Required cooling power  𝑃𝑝𝑟𝑜𝑐𝑒𝑠𝑠,𝑖 110 [𝑘𝑊] 

Estimated operating time 𝑡𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 1260 [ℎ] 

 

The required cooling power was identified in interviews during factory visits. From 

interviews it was also found out that the flow for the vibration rigs are approximately 50-55 

L/min. When multiplying the estimated water requirement with estimated operation hours, a 

value between 3780-4158 m3 is found, which increases the credibility of the value for 𝑉𝑜𝑡 as a 

representative value as the average required water 𝑉𝑤𝑎𝑡𝑒𝑟 in Table 26 is within this range. 

The results obtained by using the same calculations as above to estimate the operating time 

for water meter 2 are presented in Table 27. 

Table 27: Results derived from water meter 2 and the annual energy requirements, cooling power, 

and estimated operating time for the connected equipment in facility 2 in Tannefors  

Description Nomenclature Value 
Average required water 𝑉𝑤𝑎𝑡𝑒𝑟 18888 [𝑚3] 
Annual energy 

requirements 

𝐸𝑝𝑟𝑜𝑐𝑒𝑠𝑠 629.6 [𝑀𝑊ℎ] 

Required cooling power 𝑃𝑝𝑟𝑜𝑐𝑒𝑠𝑠,𝑖 480 [𝑘𝑊] 

Estimated operating time 𝑡𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 1312 [ℎ] 

 

The results in Table 26 and Table 27 above are then further investigated by assuming that the 

operating time for all equipment is equal. Information for the required cooling of the 

equipment is based on interviews with employees very familiar with the processes. Equation 

19 is used to calculate the average annual cost of water supply for each specific equipment. A 

version of Equation 18 is used to calculate the estimated annual cooling demand, where �̇� 

instead represents the cooling power.  
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The more detailed results are presented below in Table 28. 

Table 28: Current operating conditions based on data from 2015-2018 for the testing equipment in 

facility 2 in Tannefors 

Description Cooling 

required 

[kW] 

Estimated 

average 

annual 

cooling 

[MWh] 

Average 

annual water 

requirements 

[m3] 

Average 

annual cost 

[kSEK] 

Estimated 

operating 

hours [h] 

Compressor 

1 

400 524.8 15740 100 1312 

Climate 

testing 

equipment 

30 39.4 1181 8 1312 

Cooling 

process 

50 65.6 1968 12 1312 

Vibration 

testing 

110 138.6 4157 26  1260 

 

The average annual costs are based on the cost of cooling water supply of 6.32 SEK/m3. The 

largest contributor to the water use in facility 2 is Compressor 1, due to its high cooling 

demand. The vibration testing equipment supplied through water meter 1 has the second 

largest cooling demand in the facility, also contributing significantly to the water use in the 

facility. The information in Table 28 is presented with an aim to enable more detailed 

investigations of potential water saving measures.  

7.4.1 Elimination – Installing a Dry-Cooling System  

When visiting Saab´s site in Malmslätt, an installed dry-cooling system was identified. The 

cooling capacity for this specific system is 1000 kW. To completely eliminate the cooling 

water requirements in facility 2, a similar system can be installed. Such a system is visualized 

in Figure 39 below. 

  

 

Figure 39: An identified dry-cooling system with circulating cooling medium in Malmslätt when 

applied in facility 2 in Tannefors 
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In Figure 39, the cooling medium is circulating in a closed circuit, absorbing heat through a 

heat exchanger placed on the equipment. The medium is then transported to the roof where 

the dry-cooling unit, powered by electricity, cool the medium with outside air through a heat 

exchanger. Interviews with the installer of the dry-cooling system in Malmslätt supplied this 

study with relevant information to evaluate such an installation in facility 2. The installer 

claimed that a similar installation requires approximately 25 kW of electricity to produce 

1000 kW of cool, when all circulating pumps and air-fans are included. The installer also 

roughly estimated the investment cost to 1 MSEK. The results if installing a similar dry-

cooling system as in Malmslätt in facility 2 are presented below in Table 29. For the results, 

Equation 5, Equation 19, Equation 22 and Equation 24 have been used. 

Table 29: Results for electricity demand, cooling demand, operating costs, investment costs, payback 

period, and GHG emissions from increased electricity use if installing a dry-cooling system in facility 

2 in Tannefors 

Description Nomenclature Value 

Factor dry cooling 

system 

𝐷𝐶𝑓𝑎𝑐𝑡𝑜𝑟 
40 [

𝑀𝑊ℎ𝑐𝑜𝑜𝑙

𝑀𝑊ℎ𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦
] 

Annual cooling 

demand 
∑𝐸𝑝𝑟𝑜𝑐𝑒𝑠𝑠 768.2 [𝑀𝑊ℎ] 

Annual electric 

demand for required 

MWh cooling 

𝐸𝑒𝑙 19.2 [𝑀𝑊ℎ] 

Annual operating 

cost for electricity 

based on cooling req. 

𝐶𝑒𝑙 12 [𝑘𝑆𝐸𝐾] 

Annual reduction in 

operating costs 

∆𝐶 134 [𝑘𝑆𝐸𝐾] 

Estimated 

investment cost 

𝐼 1 [𝑀𝑆𝐸𝐾] 

Payback period 𝑃𝑃 7.5 [𝑌𝑒𝑎𝑟𝑠] 
Emissions from 

electricity 

𝐺𝐻𝐺 2.5 [𝑇𝑜𝑛𝑛𝑒𝑠 𝐶𝑂2𝑒𝑞] 

 

Based on the values from the installer of the dry-cooling system, an investment in a similar 

system would have a payback period of 7.5 years. The relatively large investment cost raises 

the payback period. If the pure operating costs is compared to the current conditions, a 

reduction of on average 134 kSEK is achieved with this option. When comparing the GHG 

emissions from the current once-through cooling system, with the GHG emissions if 

replacing it with a dry-cooling system, an increase of 1 tonne CO2eq can be seen. The increase 

is not significant, and weighted against the annual cost reduction it could be motivated. 

However, in the coming section 7.4.2, a system modification of the dry-cooling system is 

presented, which further decreases the GHG emissions and operating costs. For the measure 

in this section, the initial investment cost is high. Even if the annual operating cost of 12 

kSEK generates a significant cost reduction, the initial investment cost raises the payback 

period to over 7 years.  
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7.4.2 Elimination and Energy Recovery – Including Excess Heat Recovery in a Dry-

Cooling System 

In Malmslätt, excess heat from a compressor is used to heat water inside a building. This 

water is circulated in a closed loop, absorbing heat from the DH network, and releasing it 

inside the building. The compressor´s excess heat is utilized after the heat from the DH 

network has been released. This is done by heating the colder return water. By doing so, the 

required withdrawals from the district heating network are lowered. This solution has a 

potential to be integrated into the dry-cooling system presented in 7.4.1. By recovering excess 

heat before heat is absorbed by the dry-cooling system, the heat supply from the district 

heating network can be lowered simultaneously with a lower cooling demand. This system 

modification is presented in Figure 40 below. 

  

 

Figure 40: Overview if integrating excess heat recovery into a dry-cooling system in facility 2 in 

Tannefors 

In Figure 41 below, the nomenclature is further clarified for the conditions around the heat 

exchanger that extracts excess heat from the hot water stream in Figure 40. 

 

Figure 41: Evaluation of excess heat recovery potential clarified 

Assuming that the same temperature conditions as in Malmslätt would be present, an 

estimation of the potential of excess heat can be conducted. In Malmslätt, the water leaves the 

compressor at 32oC (𝑇2) and returns at 28oC (𝑇1). Assuming relatively similar operating 

conditions to the cooling system in Malmslätt results in a water flow, �̇�𝑤𝑎𝑡𝑒𝑟, around 100 

L/min when operating if implemented in Tannefors. With the density of water, 𝜌𝑤𝑎𝑡𝑒𝑟, of 1 
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kg/L, a mass flow can be estimated by Equation 17. Also, estimating that the system would 

be operating 1300 hours/year, equally distributed over 12 months, and that the excess heat 

can be utilized during 6 months every year, implies that 𝑡𝑢𝑡𝑖𝑙𝑖𝑧𝑒𝑑 equals 650 hours. 

Furthermore, assuming that the amount of excess heat is withdrawn from the cooling and 

heating demand, a new economic estimation can be conducted. By using Equation 6 and 

comparing the emissions from electricity demand and reduced DH demand, the GHG 

emissions are calculated. For the other results Equation 16, Equations 18-19 and Equation 24 

combined with the above described assumptions are used to obtain the results Table 30 below. 

Table 30. Mass flow of cooling medium, available and utilized excess heat, new cooling and 

electricity demand, achieved cost savings, and new emissions if integrating excess heat recovery into 

a dry-cooling system in facility 2 in Tannefors 

Description Nomenclature Value 

Mass flow of water �̇�𝑓𝑙𝑜𝑤 
1.7 [

𝑘𝑔

𝑠
] 

Available excess heat �̇�𝑒𝑥𝑐𝑒𝑠𝑠 28.4 [𝑘𝑊] 

Utilized excess heat 
annually and reduced 
heat demand 

𝐸𝑒𝑥𝑐𝑒𝑠𝑠 18.5 [𝑀𝑊ℎ] 

New annual cooling 
demand 

𝐸𝑐𝑜𝑜𝑙 749.7 [𝑀𝑊ℎ] 

New annual electricity 
demand 

𝐸𝑒𝑙 18.7 [𝑀𝑊ℎ] 

New operating cost for 
electricity 

𝐶𝑒𝑙 11 [𝑘𝑆𝐸𝐾] 

Savings from utilized 
excess heat 

𝐶𝑠𝑎𝑣𝑖𝑛𝑔 11 [𝑘𝑆𝐸𝐾] 

Payback period 𝑃𝑃 6.8 [𝑌𝑒𝑎𝑟𝑠] 

Emissions when 
comparing electricity 
demand with reduced 
DH demand 

𝐺𝐻𝐺 ≈ 0 [𝑇𝑜𝑛𝑛𝑒𝑠 𝐶𝑂2𝑒𝑞] 

 

It can be seen that the utilization of excess heat reduces the annual operating cost to zero, if 

the savings from heat utilization are put against operation costs for the dry-cooling system. 

The payback period when comparing the savings achieved is still relatively high with slightly 

under 7 years, assuming the same investment cost. This is a solution that based on the results 

should be investigated more thoroughly and taken into consideration, if planning to change 

the cooling system. Also, the environmental performance is enhanced as including excess 

heat recovery neutralizes the GHG impact from the electricity supply. 

  



106 

 

7.4.3 Elimination - Connecting to District Cooling 

To eliminate the water use in facility 2, the district cooling system theoretically can be used 

to replace the current once-through cooling system. Connecting all equipment to the district 

cooling system would slightly increase the required make-up water. In this case, the possible 

increase in electricity in the cooling tower is neglected. In Table 31 below, the results if all 

equipment was connected to the district cooling system is presented.  

Table 31: Share of transferred water demand and costs if using district cooling to cool testing 

equipment in facility 2 in Tannefors 

Description Value 

Annual water use 

transferred to cooling 

tower 

1075 [𝑚3] 

Annual transferred water 

cost 

7 [𝑘𝑆𝐸𝐾] 

Annual cooling cost from 

cooling tower  

154 [𝑘𝑆𝐸𝐾] 

Payback period 𝑁𝑒𝑣𝑒𝑟 
 

The water use of on average 23045 m3 is eliminated in facility 2 if the equipment was 

integrated to the cooling tower. This solution increases the demand on the cooling tower and 

transfers a water use of 1075 m3 in increased make-up water, based on the previously 

calculated water requirement of 1.4 L/kWhcool in section 7.2.3. A significant reduction in 

water use can be seen, but with a cost factor of 200 SEK/MWhcool for district cooling, the 

solution would never be economically viable. With a cooling water supply cost of 6.32 

SEK/m3, the solution to use the district cooling system for cooling would reduce costs only if 

the water requirement would exceed 32 liters/kWhcool. This is not the case in facility 2. 

Options to reduce the water flow are also available and presented below, which further 

decreases the potential for this solution from an economic perspective. 

Practically this solution needs to address certain obstacles that eventually would increase the 

investment costs. Interviews indicated that the current piping from the cooling tower to the 

building only allows the climate testing equipment to be connected. Otherwise, it cannot be 

guaranteed that the current pipe dimension is sufficient to provide the required volumes and 

flow rates of the circulating cooling medium. Connecting the climate testing equipment to 

current piping would require relatively low investment costs, compared to installing new 

piping and thereby enabling the connection of more equipment. Connecting the climate 

testing equipment would eliminate around 1181 m3 of water use annually in facility 2. With 

an annual cooling requirement of 39.4 MWh this would lead to a cost of 8 kSEK annually, if 

neglecting the increased need of make-up water in the cooling tower. Compared to the 

current cost with the once-through cooling setup of 7 kSEK, the solution to cool the climate 

testing equipment with the district cooling network would not be a profitable option. 
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7.4.4 Reduction – Installing an Automatic Water Valve for the Compressor 

In an interview with an employee, a reduction measure that can be applied on the 

compressors in facility 2 was identified. The mechanical valve installed in compressor 1, with 

the aim to reduce water use, is very ineffective. Employees therefore manually adjust the 

flow of cooling water to reduce the water amount needed. Otherwise, the flow of cooling 

water vastly exceeds the demand. The flow has a potential to be lowered and still deliver the 

desired cooling. The interviewed employee indicated that a proportional-integral-derivative 

(PID) controlled valve is a solution to reduce water use. By regulating the water flow on the 

temperature from three sensors (e.g. two temperatures inside the compressor and of 

discharged cooling water), the water flow would automatically be adjusted and optimized. A 

valve that not fully optimize the flow of cooling water would still have a significant reduction 

potential. The interviewed employee proposed a standard solution for this type of valve. 

Roughly estimated, a PID-controlled valve would cost 35 kSEK, with a potential to lower the 

cost if increasing the produced quantity. Regulating water pumps is regarded as more 

expensive and complicated. With automatic valves, employees estimated that realistically up 

to 40% of the water use in the compressor can be saved. The results for this measure are 

presented below in Table 32. Equation 5, Equation 19, and Equation 24 are used to perform 

the calculations. 

Table 32: Water reduction, new operating cost, cost savings, installation cost, payback period, and 

reductions in emissions if installing automatic valve for compressor 1 in facility 2 in Tannefors based 

on values from 2015-2018 

Description Nomenclature Value 

Potential annual water 

reduction 

𝑉𝑠𝑎𝑣𝑖𝑛𝑔𝑠 6296 [𝑚3] 

New annual operating 

cost 

𝐶𝑠𝑢𝑝𝑝𝑙𝑦 60 [𝑘𝑆𝐸𝐾] 

Annual cost savings ∆𝐶 40 [𝑘𝑆𝐸𝐾] 
Installation cost valve 𝐼 35 [𝑘𝑆𝐸𝐾] 
Payback period 𝑃𝑃 0.9 [𝑌𝑒𝑎𝑟𝑠] 
Emission reduction 𝐺𝐻𝐺 0.4 [𝑇𝑜𝑛𝑛𝑒𝑠 𝐶𝑂2𝑒𝑞] 

 

Installing an automatic valve that regulates the water flow for compressor 1 has a potential to 

reduce the annual operating costs with almost 40 kSEK. The low estimated investment cost 

generates a favorable payback period of under a year. Since compressor 1 is one of the largest 

water users in facility 2 this can be a favorable option with a short payback period, if the aim 

is not to completely eliminate the use of municipal water. The possibility to recover excess 

heat is also present, but not investigated for this case. To calculate the potential of heat 

recovery, the same methodology used for the results in 7.4.2 can be applied. 
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7.4.5 EMV of Risks with Current Operating Conditions 

In interviews with employees it was identified that the current once-through cooling setup is 

increasing the operational risk. During warmer summer months, the water delivered from the 

municipal water supply network can have high temperatures reaching almost 20oC, which 

creates palpable challenges with meeting the cooling need. Employees estimated that about 

5% of the annual production is in the risk zone, especially during the month of August. For 7-

8 years ago, one interviewed employee described that the issue with cooling stressed the 

production. This employee said that during the month of August, the amount of water used 

was equal to the accumulated use from January to July the same year. The problem is partly 

solved by postponing production until the cooling demand can be met. However, Saab´s 

internal demand for testing has decreased, which in turn has increased the testing of parts 

from external companies. Employees estimated that around 20 kSEK of production is in the 

risk zone of being postponed in August. If comparing the water meter 2 readings in Figure 38 

from August 2018 with the same period in 2015, an increase of around 2000 m3 can be seen 

in water use, which is for cooling purposes only. The possibility of having such strong effects 

that production needs to be halted is estimated to occur twice in ten years, i.e. 20%. 

Neglecting the risk of losing external customers, the risk can be given a monetary value with 

Equation 23, based on the information found in interviews. The results are presented in Table 

33 below. 

Table 33: Expected monetary value (EMV) for risks with water quality related to current cooling 

system modification in facility 2 in Tannefors, the possibility for occurrence, annual costs for 

postponed production and increased water cost if risks occur 

Description Nomenclautre Value 

Estimated possibility of 

occurring 

𝑝 20 [%] 

Annual cost for postponed 

production 

𝑥1 20 [𝑘𝑆𝐸𝐾] 

Annual water cost increase 

for August if occurring 

𝑥2 13 [𝑘𝑆𝐸𝐾] 

Monetary value of risk 𝐸𝑀𝑉 7 [𝑘𝑆𝐸𝐾] 
 

An EMV for the risks associated with current operating conditions generates a value of 7 

kSEK. This value is low, but has a potential to be higher if warmer summers implicates that 

production has to be postponed. In the long term, external customers can choose to use other 

suppliers of similar services. This has the potential to drastically increase the EMV if 

considered, but is not considered in this study. The interviewee indicated that Saab´s services 

already are slightly more expensive than compared to competitors´. Customers thereby have 

more incentives to change the provider of the services, if Saab is not able to deliver on time. 

If monetary decrease of risk elimination is considered when evaluating saving measures, the 

results would be more favorable. It is still not enough to motivate an integration to the district 

cooling system that results in an annual increase of 8 kSEK in operating costs. 
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7.5 Tannefors: Outsourcing by Utilizing an Unconventional Water Source 

At the site in Tannefors, pumping of groundwater is required in some locations. One of these 

locations require 40 m3 of groundwater to be pumped on a daily basis. This is currently being 

pumped and thereafter discharged as wastewater. In Table 34, the current groundwater 

pumping conditions are presented. Equation 5 and Equation 19 are used to calculate the 

results. The energy requirements for the pumping inside the fence is neglected. 

Table 34: Current groundwater pumping amount, costs and generated emissions for one groundwater 

source in Tannefors 

Description Value 

Annual discharged water volume 14600 [𝑚3] 
Annual cost of discharged water 174 [𝑘𝑆𝐸𝐾] 
Generated emissions from sewer system 1 [𝑇𝑜𝑛𝑛𝑒 𝐶𝑂2𝑒𝑞] 

 

When neglecting the electricity required for the pumps inside the fence to pump the 

groundwater, the annual cost is around 174 kSEK with a water supply cost of 11.92 SEK/m3. 

If on-site treatment can be performed to enable the water to be discharged as stormwater, the 

water potentially could be used in other processes before being discharged.  
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7.5.1 Outsourcing - Groundwater Integrated to Facility 2 

If doing a similar comparison as if connecting the surface treatment to the cooling tower, the 

option of integrating the ground water source to other processes can be investigated. 

Practically, the distance from the ground water source to facility 2 is somewhat favorable 

when comparing to other options, which has a potential to lower the initial investment cost. 

Figure 42 below shows the water streams if integrating the groundwater source to facility 2. 

 

 

Figure 42: Overview of water streams if groundwater source is integrated to facility 2 

Theoretically, a significant share of the groundwater can be utilized as cooling water in 

facility 2. The results are presented in Figure 43 below.  
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Figure 43: Results if groundwater is integrated to facility 2 in Tannefors for water supply from 

groundwater source, new water supply from municipal water network, percentage of groundwater not 

utilized and reduced municipal water supply 

On average, only 11% of the pumped groundwater has to be directly discharged, if not 

connecting more processes to the water flow, or installing large storage tanks. Due to 

fluctuations, storage tanks still have to be installed to enable constant flow of cooling water 

when needed. In Table 35, the average values if utilizing groundwater in facility 2 is 

presented.  

Table 35: Average values for groundwater supply and municipal water supply if groundwater source 

is integrated to facility 2 in Tannefors 

Description Nomenclature Value 

Average annual water 

supply from groundwater to 

facility 2 2015-2018 

𝑉𝑔𝑟𝑜𝑢𝑛𝑑𝑤𝑎𝑡𝑒𝑟 12963 [𝑚3] 

Average annual water 

supply from municipal 

network when integrated 

2015-2018 

𝑉𝑤𝑎𝑡𝑒𝑟 10083 [𝑚3] 

 

By comparing these values to current operating conditions, the potential reduction for this 

solution can be calculated. The water demand is not changed, but the utilization of 

groundwater lowers the average water supply 𝑉𝑤𝑎𝑡𝑒𝑟 to 10 083 m3, by replacing the other 12 

963 m3 with treated groundwater 𝑉𝑔𝑟𝑜𝑢𝑛𝑑𝑤𝑎𝑡𝑒𝑟. The results in Table 36 are calculated with 

Equations 5-6, Equation 19, and Equation 24. 

2015 2016 2017 2018

Water supply from groundwater 13026 13654 11681 13489

New municipal water supply to facility 2 8736 6919 8785 15891

Percentage not utilized groundwater 11% 7% 20% 8%

Percentage reduced municipal water
supply

60% 66% 57% 46%
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Table 36: Results for annual electric cost, cost reduction from reduced municipal water supply, 

investment cost, payback period, and GHG emissions if integrating the groundwater source to facility 

2 in Tannefors 

Description Nomenclature Value 

Estimated annual electric 

cost 

𝐶𝑒𝑙 4 [𝑘𝑆𝐸𝐾] 

Average annual reduction 

in municipal water supply 

∆𝐶 82 [𝑘𝑆𝐸𝐾] 

Estimated investment cost 𝐼 500 [𝑘𝑆𝐸𝐾] 
Payback period if not 

considering cost reduction 

from wastewater 

𝑃𝑃 6.4 [𝑌𝑒𝑎𝑟𝑠] 

Payback if including cost 

reduction from 

wastewater discharge 

𝑃𝑃 2 [𝑌𝑒𝑎𝑟𝑠] 

Emissions reduction 𝐺𝐻𝐺 𝐴𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑒𝑙𝑦 𝑠𝑎𝑚𝑒 𝑓𝑎𝑐𝑡𝑜𝑟𝑠 
 

Based on the average values from 2015-2018 it can be seen that integrating groundwater has 

the potential to decrease the supply of cooling water. With an estimated electricity demand of 

0.512 kWh/m3 for water treatment, the cost is estimated to 4 kSEK annually. With a current 

price of 6.32 SEK/m3 for water supply, the reduced water withdrawals from the municipal 

network would result in a cost reduction of 82 kSEK. The GHG emissions are not 

significantly affected, due to the similar emission factors between water supply and 

treatment. If implementing this measure, a smaller treatment plant is required. All regulations 

and limitations are not considered when evaluating this option, why these may inhibit the 

possibility to implement a similar solution. The economic results indicate a relatively low 

payback period if reduction from wastewater discharge is regarded, why the option should be 

investigated more thoroughly. The payback period of 2 years is based on the cost elimination 

of 174 kSEK for discharged water, and that the on average 1517 m3 of treated groundwater 

not utilized is discharged without any cost as stormwater.  
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7.5.2 Outsourcing – Groundwater Integrated to Cooling Tower 

A similar integration of the groundwater can be done with the cooling tower. This is 

presented in Figure 44. 

 

Figure 44: Overview of water network in Tannefors if groundwater source is integrated to the cooling 

tower after treatment 

Due to the uncertainty of the fluctuating water demand in facility 2, an integration of treated 

groundwater to the cooling tower may be a better solution. In Figure 45 below, the results are 

presented if groundwater had been integrated to the cooling tower. As indicated in the results 

for the cooling tower, the water demand during the winter months is minimal, why a larger 

share of the groundwater has to be discharged on an annual basis. 
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Figure 45: Results if groundwater is integrated to cooling tower in Tannefors for water supply from 

groundwater source, new water supply from municipal water network, percentage of groundwater not 

utilized and reduced municipal water supply 

If the conditions for 2015 would apply, a share of 66% of the total annual water supply to the 

cooling tower could be replaced with water from the groundwater source. During the summer 

months, the groundwater supply is not sufficient to fulfill the need of make-up water. Also, it 

should be remembered that the water quality requirements for the make-up water could affect 

the viability of this solution. The values in Table 37 indicates how this solution theoretically 

would perform. 

Table 37: Average values for groundwater supply and municipal water supply if groundwater source 

is integrated to the cooling tower in Tannefors 

Description Nomenclature Value 

Average annual water 

supply from groundwater to 

cooling tower 2015-2018 

𝑉𝑔𝑟𝑜𝑢𝑛𝑑𝑤𝑎𝑡𝑒𝑟 11014 [𝑚3] 

Average annual water 

supply from municipal 

network when integrated 

2015-2018 

𝑉𝑤𝑎𝑡𝑒𝑟 10083 [𝑚3] 

 

  

2015 2016 2017 2018

Water supply from groundwater 10827 10834 11903 10491

New municipal water supply to
cooling tower

5688 9670 7021 29617

Percentage not utilized groundwater 26% 26% 18% 28%

Percentage reduced municipal water
supply

66% 53% 63% 26%
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In Table 38, the results are presented for the case with the groundwater source integrated to 

the cooling tower. The results are calculated with the same method as for facility 2 with 

Equations 5-6, Equation 19, and Equation 24. 

Table 38: Results for annual electric cost, cost reduction from reduced municipal water supply, 

investment cost, payback period, and emissions if integrating the groundwater source to the cooling 

tower in Tannefors 

Description Nomenclature Value 

Estimated annual electric 

cost  

𝐶𝑒𝑙 4 [𝑘𝑆𝐸𝐾] 

Average annual reduction 

in municipal water supply  

∆𝐶 70 [𝑘𝑆𝐸𝐾] 

Estimated investment cost 𝐼 700 [𝑘𝑆𝐸𝐾] 
Payback period if not 

considering cost reduction 

from wastewater 

𝑃𝑃 10 [𝑌𝑒𝑎𝑟𝑠] 

Payback if including cost 

reduction from 

wastewater discharge 

𝑃𝑃 2.9 [𝑌𝑒𝑎𝑟𝑠] 

Emissions reduction 𝐺𝐻𝐺 𝐴𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑒𝑙𝑦 𝑠𝑎𝑚𝑒 𝑓𝑎𝑐𝑡𝑜𝑟𝑠 
 

It can be seen that in theory this solution does not utilize the groundwater as effective as if 

integrated to facility 2, when the calculations are based on monthly values. The same factor 

of 0.512 kWh/m3 is used to calculate the electricity costs. To calculate the payback period of 

2.9 years, it is assumed that the annual cost of 174 kSEK is eliminated, and that on average 

3590 m3 of treated water not utilized can be discharged as stormwater without any cost. The 

average annual water supply from the groundwater source is lower when supplying the 

cooling tower, which in turn increases the payback period. However, the demand is more 

constant in the cooling tower than in facility 2, why this could be a more preferable solution. 

To draw sufficient conclusion of which options to pursue if the choice is to utilize the 

groundwater, more detailed data is required. Also, the question whether cooling should be 

performed with once-through systems supplied with potable water from municipal networks 

should be asked. By viewing the discharged groundwater as a source instead of waste, several 

integration options are enabled. The water stream can be used in other processes where 

potable water is not required and reduce the water supply amount and cost. 
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7.6 Identified Measures and Saab Group´s Global Reduction Goal 

Using the obtained results for 2018 as a baseline year, the potential savings from identified 

reduction measures can be evaluated. All measures presented in previous sections cannot be 

implemented simultaneously, since several measures are based on the same water source, but 

function as alternative solutions to specific processes. The results presented in Table 39 

provides a foundation for further analysis of the corporate goal. 

Table 39: Possible annual water savings for Saab if implementing identified saving measures in 

Tannefors that allow simultaneous implementation, eliminating leakages in Arboga and Björkborn, 

the cost reduction achieved from the water reductions, the site-specific water reduction share, and 

achieved reduction in GHG emissions 

Description Water 

savings 

[m3] 

Cost 

reduction 

[kSEK] 

Global 

water use 

reduction 

potential 

[%] 

Site-specific 

water use 

reduction 

potential [%] 

GHG emissions 

reduction 

[Tonnes CO2-eq] 

Saving 

measures in 

Tannefors 

40585 471 8 22 0.4 

Identified 

leakage in 

Arboga 2018 

10099 164 2 35 0.7 

Identified 

leakage in 

Björkborn 

2018 

35891 330 7 42 2.3 

 

In Tannefors, the measures of regeneration recycling in the surface treatment process (7.3.4), 

elimination and excess heat recovery in facility 2 (7.4.2), and outsourcing by utilizing 

groundwater in cooling tower (7.5.2) are combined. The global water use reduction is 

estimated to 8% compared to the estimated annual water use for Saab of 519439 m3. For the 

water supply to Tannefors, a potential reduction of 22% is achieved with the chosen saving 

measures if compared to the 2018 value of 187944 m3. This results in costs savings of around 

471 kSEK annually.  

If quickly addressing and stopping the identified leaks, a noticeable global water use 

reduction of 9% is achievable. The site-specific water use for Arboga and Björkborn can 

significantly be reduced by addressing leaks in an early stage, with a 35% reduction in 

Arboga respectively 42% in Björkborn. In total, the implementation of saving measures and 

fast reparation of leaks can achieve a GHG emission reduction of 3.4 tonnes CO2-eq. In Table 

40 on the next page, all saving measures are presented to provide an overview of these.



117 

 

 

Table 40: All identified saving measures summarized by presenting their section number, changes in water and energy demand, site specific water use reduction, changes in GHG emissions, 

operating and investment costs, and payback period 

Measure Chapter Water 

savings 

[m3] 

Change in 

energy 

demand 

[MWh] 

Site-specific 

water use 

reduction 

potential [%] 

Change in GHG 

emissions 

[Tonnes CO2-eq] 

Change in costs 

[kSEK] 

Investment 

[kSEK] 

Payback Period 

Pipe leakage 

Arboga 

7.1.1 10099 − 35 0.7 −164 − − 

Pipe leakage 

Björkborn 

7.1.2 35891 − 42 −2.3 −330 − − 

Reduction  7.3.2 2400  1.3 −0.2 −15 100  
Reduction of 

water and 

energy 

supply  

7.3.3 54.3 −273.2 − −35.8 −164 300 1.8 

Energy 

recovery 

7.3.3 − −308 − −42.2 −179 600 3.4 

Regeneration 

recycling  

7.3.4 6526 − 3.5 −0.4 −41 250 6.1 

Regeneration 

reuse  

7.3.5 8466 − 4.5 −0.6 −54 400 7.4 

Elimination 7.4.1 23045 +19.2 12.3 +2.5 −134 1000 7.5 
Elimination 

and energy 

recovery 

7.4.2 23045 +0.2 12.3 0 −146 1000 6.8 

Elimination 7.4.3 21970 − 11.7 − +8 − 𝑁𝑒𝑣𝑒𝑟 
Reduction 7.4.4 6296 − 3.3 −0.4 −40 35 0.9 
Outsourcing 7.5.1 12963 − 6.9 − −82 500 2 𝑜𝑟 6.4 
Outsourcing 7.5.2 11014 − 5.9 − −70 700 2.9 𝑜𝑟 10 
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All saving measures in Table 40 on the previous page are located in Tannefors, except the 

pipe leakages in Arboga and Björkborn, which are presented in the first two rows. The 

chapter-column indicates in which section the saving measures are presented in this report. 

Table 40 only summarizes the information for each saving measure, why no new information 

can be found in the table. It enables an easy comparison between the different measures in 

this report. A plus (+) sign before a number represents an increase, while a minus (–) sign 

represents a decrease. For the two last rows, where the results for outsourcing saving 

measures are presented, the shorter payback period considers the reduction in costs for 

discharge of wastewater, assuming that the unutilized water can be discharged as stormwater 

(see section 7.5.1 and 7.5.2 for a more detailed description). The site specific water use 

reduction potential for all saving measures, except the pipe leakages, is based on the annual 

water use in Tannefors for 2018. Some cells in Table 40 are empty. For these empty cells, the 

corresponding results are not calculated for the specific saving measure. All saving measures 

are compared against the operating conditions in 2018.  
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8 Discussion & Analysis 
In chapter 8, the previously presented results are discussed and analyzed. The processing of 

the results from chapter 5, 6, and 7 connects them to the research questions of this study. 

Firstly, to clarify the limitations with the results in this study, the applied methods are 

discussed. Thereafter, the results are discussed and analyzed to point out factors that provide 

information to successfully answer the research questions. To address RQ1, how industries 

can approach water efficiency projects to increase the degree of successful implementation, 

the proposed approach is discussed. Before addressing the identified saving measures, the 

case company´s water use is discussed on a general level. To address RQ2, the saving 

measures and their water reduction potential is then analyzed in detail. Thereafter, RQ3 is 

addressed by analyzing economic, environmental, societal, and risk performances of the 

saving measures. Finally, the organizational constraints are touched to address RQ2, followed 

by a section that aims to discuss and analyze the use of KPIs in corporations, thereby 

addressing RQ1.  

8.1 Method Discussion 

To answer the research questions, the methods required are of both qualitative and 

quantitative nature. Even if the aim has been to provide a holistic view of the case company 

that in turn can be related to other industrial companies’ operations, there is room to broaden 

the approach further. Far from all sites have been investigated in detail, which means that 

some significant water users may have been left out. For the sites considered, the low 

availability of water related data, and its limitation to monthly resolution, constrains the 

available results. Especially the estimation of the water intensity per employee, which enables 

the estimation of Saab´s organization´s entire water use, is associated with great uncertainty. 

Alternative methods, as categorization of the sites based on more parameters, and developing 

more representative metrics for estimation, could be preferable.  

As it comes to the metrics, the choice to relate the water use to the sites´ specific number of 

employees is problematic, since it is not directly linked to the water use in industrial 

processes. However, with no site-specific revenue streams available, and operations often 

characterized by changing production rates making assumptions difficult, the only primary 

data left is the number of employees. Even if the estimated water use may deviate from the 

actual number, it should be remembered that primary data is obtained from several larger 

sites. It is rather the smaller sites with less operations that are estimated. Thus, the impact 

from the error margin is most likely smaller, with the estimated sites contributing lesser to the 

organization´s water use. Furthermore, due to the complexity at some sites where other 

companies have operations in Saab´s facilities, or where Saab is renting facilities together 

with other companies, the actual water use for Saab´s operations has been impossible to 

extract. With the complexity in mind, the current method is regarded as the most efficient 

method, especially with regard to the limited time frame of the study. 

If an increased detail level would be available of the input data, the results and conclusions 

may be subject for change. There is a possibility that processes not included in this study also 

are supplied through the water meters assumed to supply specific processes. Even if the data 

has been validated with knowledgeable employees, the complex water networks contributes 

to the fact that the correctness of all data cannot be completely confirmed. When 

investigating the organizational requirements, the complexity of the organization is another 
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challenge. The most important factors then had to be identified with a limited amount of 

interviews. The extent of individuals interviewed has therefore aimed to include vastly 

different roles, both within the case company and in companies related to it. However, the 

individuals included are far from representative for the entire organization. It should rather be 

viewed as a sample that provides indications from the case company. Furthermore, the 

situation in other industrial companies may not be comparable to the case company used in 

this study. The results in this study are therefore per se not always transferrable to other 

organizations´, or even not to all sites within the case company. Also, industrial processes are 

different across a variety of industry sectors. Thus, it can be argued that all water efficiency 

work requires individual audits. The methods in this study can provide a foundation for 

companies to successfully approach their water related work, rather than definite answers to 

their potential motivation to increase the focus on water. This is foremost related to the 

developed framework in chapter 5, where current research is merged to develop an overall 

approach for companies within all industry sectors that use water. 

The foundation for successful development of an approach for enhanced water use efficiency 

has been extensive data collection. Previous research was retrieved from existing literature, 

while interviews and document studies provided information related to the case company. 

Especially the information from interviews and documents are hard to validate. Excluding the 

possibility of interpretation of incorrect data is therefore impossible. While all calculations 

performed are of good repute, the input data may influence the coherency of the results with 

the reality. The lack of research regarding the energy requirements for water supply is one 

example. It is characterized by a next to nonexistent knowledge of energy requirements for 

water supply and treatment locally. The global GHG emissions generated from an industry´s 

water use outside the fence therefore have a potentially high error margin. Furthermore, 

assumptions are made to enable the use of some calculations. This often implies in assumed 

steady-state operating conditions, while the reality always is much more complex. With 

economic costs and emissions based on the calculated water use, there is an embedded error 

margin in the calculations themselves. When calculating the economic results, the time value 

of money is neglected by not including any discount rate. Possible price variations are not 

taken into consideration either. Hence, the payback period used in this study should be 

viewed as an initial comparison between the measures, why further calculations may be 

needed before deciding on investments.  

8.2 Proposed Approach for Industrial Companies 

The proposed approach in chapter 5 presents a new developed WMH and further develops the 

concept of the Deming Cycle with a focus on water efficiency projects. As the aim has been 

to ease the entire process of implementing water saving measures without requiring special 

expertise, the developed approach aims to explain the complex reality in a comprehensible 

manner. The approach combines technical aspects related to organizational requirements for 

successful implementation. Thus, the importance of addressing both aspects should be 

stressed to achieve water reduction objectives in large corporations. The identified 

organizational constraints for Saab, presented in section 6.3, further consolidates the need for 

organizational commitment. New models and methods for water reduction in industry can be 

developed, but without incentives and working communication in large corporations the 

positive contributions will hardly be put into use.  
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One more strength with the proposed approach is the expansion to include energy aspects in 

the WMH, which is a focus that previously has been lacking. If only focusing on identifying 

options according to the WMH (Alwi, et al., 2006) without considering the changes in energy 

demand, sub-optimization is possible. Proof for this is found when analyzing the results in 

section 7.4.3. Even if water use is significantly reduced, the increase in energy demand 

results in higher annual operating costs. The combination of excess heat recovery in section 

7.4.2 furthermore shows the importance of considering the energy aspect. In this case, the 

water use is eliminated by installing a new cooling system. By utilizing the possibility of 

excess heat recovery, the annual operating cost is lowered and the environmental 

performance enhanced. Hence, neglecting the fact that water often is an energy carrier, i.e. 

not considering the energy aspects in the WMH, potentially can result in lower environmental 

and economic performance for identified water saving measures. The importance of including 

energy is also supported in current literature findings that are presented in section 2.4. 

Investments in new re-circulating cooling systems and dry-cooling systems can significantly 

reduce the water use. However, if simultaneously weighting the economic costs and 

environmental aspect of GHG emissions, the prioritized order in the WMH may not be valid. 

Excess heat mentioned in 2.4.2 is further proof that including the energy aspects should be 

done, due to the fact that all processes using water more or less require energy to function.  

In section 5.1.1, the developed approach does consider the associated risks with water use by 

mentioning the value of improving a specific process. The connection to company 

productivity from both water and energy use, to mention few, is clear when investigating 

current research presented in section 2.5.3. The water and energy use of a company can have 

an impact on the environment and negatively affect supplier access and viability, thus 

inflicting costs on the company´s value chain (Porter & Kramer, 2011). Furthermore, the 

results in 6.3.2 and 6.3.3 confirm the statement in 2.5.2, where it is indicated that the cost for 

water supply is often the only perceived costs with e.g. energy costs being neglected 

(WBCSD, 2017). In section 6.3.3, a focus on the water supply cost only is indicated, which 

does not include the maintenance, operational and capital costs in the full supply cost 

practiced by most industries presented in 2.5.2. In 6.3.2, the absence of costs associated with 

water use within the organization is obvious, which in turn is related to the inability to 

communicate the matter and inability to derive the water use to specific processes. Also, 

effects from increased water stress projected in 2.1.2 is present for the case company. In 

sections 6.2.1-6.2.3, the results indicate that operations are present in locations suffering from 

high water stress. Interviews indicate that Saab´s operations in South Africa and Australia are 

limited by regulation addressing the current water situation. Interestingly, results in 6.2.4 

indicate that Swedish sites have some impact from water related risks today. Hence, 

considering more detailed projections for water stress, and also evaluating the use of other 

water sources than the important fresh water described in 2.1.1, seem to be important issues. 

As the water related situation currently is not significantly affecting Saab´s sites in Sweden, it 

can be argued that for other companies with operations in areas suffering from a water related 

risk somewhere of 2.0 and above according to the Water Resources Institute (2019), should 

proactively review the operations at the site. When determining what locations a global 

company should focus on, which currently is not focused on in 5.1.1, a similar figure as in 

Figure 17 can be a favorable first step. By visualizing a site´s specific water reduction 

potential, water related risk and water use simultaneously, the most important areas to 

address can be chosen.         
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8.3 Overview of Saab Group´s Water Use 

In Saab´s case, Tannefors stands for the absolute majority of the organization´s entire water 

use, with an estimated amount of 38%. When investigating the results presented in Table 11, 

which can be viewed as a sample of Saab´s sites with primary data, the difference in water 

use intensity (m3/employee) between production sites and sites with primarily screen-based 

work can be seen. Generally, office sites have an intensity metric ranging between 4.4-14.7 

m3/employee, while sites with significant water demanding processes fall between 32.8-209.4 

m3/employee. The value in Björkborn of 209.4 m3/employee in this case includes water 

losses from a major leakage. Thus, this value under normal conditions would be around 120 

m3/employee, which is still significantly higher than for Saab´s other sites. Exceptions of 

sites with no significant water demanding processes identified are also present. These sites 

are Järfälla, Arboga, and Malmslätt, with relatively high water use intensity even though 

there is an absence of significant water demanding processes. As the case for Arboga and 

Björkborn suggests, currently unidentified pipe leakages could be one explanation to the high 

metrics calculated. As mentioned in 7.1.1, the soil in Malmslätt consist of primarily sand, 

which complicates the identification of leaks. Therefore, the possibility of ongoing leakages 

cannot be dismissed without a thorough investigation at the site. Unidentified water 

demanding processes can also be an explanation to the high intensity metrics at these sites. 

However, the results in Table 11 give motivation to reason around the well-known Pareto-

Principle, or 80/20 rule stating that 20% of the causes result in 80% of the consequences. 

Replace the word ‘cause’ with ‘site’, and ‘consequence’ with ‘water use’, and an illustration 

of the situation can be presented. If the focus is water use reduction of the entire organization, 

the favorable approach is indicated to initially address the largest sites. This is further 

supported when examining the reduction potentials and water use amounts in Figure 17, 

where Tannefors, Björkborn and Karlskrona stand out in regard to a combination of high 

water use and reduction potential. Furthermore, an estimated 92% of Saab´s global water use 

share is derived from the Swedish sites, why specific geographic areas can function as an 

initial categorization to explain a corporation´s water use. As all organizations are different, 

the results may vary and thereby other conclusions could be drawn, depending on the 

organization´s situation.  

Neither the average water use per employee or average cost of water supply in Table 12 

should directly be applied in other organizations to provide a representative value, since these 

are highly dependent on a company´s specific characteristics. Still, for companies with 

similar processes, it could provide an initial estimation of the organization´s water use, if no 

other data is available. Except for water currently being a new focus area within Saab due to 

the recently set reduction goal, the situation can be visualized as a seesaw as in Figure 46. 



123 

 

 

Figure 46: The balancing factors between water efficiency projects and other projects 

The factors perceived in Saab for water efficiency measures, and probably other similar 

organizations too, are not as heavy compared to other projects focusing on e.g. GHG 

emission reduction from the company´s operations. Reducing energy use, let it be from 

employees traveling to and from the workplace, or in industrial processes, receives a 

significant amount of attention. Even the public debate focuses on energy, and how to 

achieve sustainable energy supply. This achieves much focus due to the fact that energy 

generation, and thereby energy use eventually results in GHG emissions. Consequently, 

companies focus on energy reduction measures to achieve both cost savings and reduction of 

GHG emissions. Simply by identifying the factors, if there are any, for increased water 

related focus can balance the seesaw and motivate water efficiency work in industrial 

companies.  

  

Water efficiency 
projects or 
measures

Other projects 
or measures
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8.4 Saving Measures and Water Reduction  

Before analyzing and discussing the meaning for industries to address their water efficiency, 

the identified saving measures deserves attention. This section focuses on the aspect of 

reduction in water use. In upcoming sections, the economic and environmental performances 

of identified saving measures are discussed in more detail. By analyzing the identified saving 

measures, the business value of initiating water efficiency projects can be evaluated. It also 

provides further insights to whether additional factors that balance the seesaw in Figure 46 can 

be identified.  

8.4.1 Leakage 

Detailed analysis of leakage inside the fence was conducted in Arboga and Björkborn. For 

these sites, the share of water lost through leakage in 2018 was significant. In Figure 21 it can 

be seen that over 60% of the total water supply in Arboga was lost through leakage in the 

month of August. During the leakage in Arboga, over 40% of the water supply was lost 

monthly. The same indications are found in Björkborn, where an estimated 42% of the total 

water supply was lost through leakage in 2018. What makes it remarking is that the leakage 

started as late as October 2018. For 2019, the leakage in Björkborn continued and the losses 

in water amount was even higher than compared to 2018. If the identified leakage during 

2018 would not have occurred, Saab´s global water use for the year could have been reduced 

with 9%, when investigating the presented results in Table 39. What is even more alarming is 

that the results indicate that these leakages are hard to identify, and potentially challenging to 

repair. In Arboga, only detailed measurement enabled the identification of the leakage, 

without any visual indications. In Björkborn, the leakage was identified through strong 

deviation in water amount logged in meter readings, but the leakage´s placement underneath 

a building proved it challenging to address. Considering the fact that leakage is only 

considered for two sites, and that the contribution to Saab´s overall water use even though is 

significant, the potential effects from leakages should not be neglected. To increase the 

trustworthiness of these findings, interviews indicate that old piping causes major leakages in 

Tannefors approximately every second year. In these cases, due to the clay content in the soil, 

they are often visually identifiable. However, if the piping is in soil primary consisting of 

sand, there is no guarantee for visual identification. The fact that Saab has over 50 other sites 

regarded in this study, where significant leaks potentially can result in unidentified water 

losses, certainly motivates a focus on increased preventative measures. In 2.2.1, it was 

presented that aging infrastructure often is the result of increased water leakage for the supply 

side. The results found in this study also indicate that the losses through leakage inside the 

fence is a factor for companies to consider.  

It can be argued for the role of detailed measurement as in Arboga according to Figure 20. 

Such a metering design enables early and clear identification of leaks if closely monitored by 

tracking the difference between water use in the facilities and supply through main meters. 

Due to fluctuations in production rates, only monitoring the total water supply makes it more 

challenging to identify a leak that is not of the extent as in Björkborn. To exemplify, only 41-

49% of the water in Tannefors is being measured inside the fence. For the year of 2018 this 

implies over 95000 m3 of water with unknown destination, as 51% of the water supplied 

through the main meters is not further measured. Identifying leaks with current fluctuating 

production rates and high share of unmeasured water use is in this case very challenging. 

Especially if the leak is occurring in a location that makes visual identification impossible, as 
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in Björkborn. Based on the results in this study, preventive actions that focus on leak 

detection should be considered. Also, if pipelines inside the fence are old, a careful review to 

identify current leakage is another action to address the issue. 

8.4.2 Water Reduction in Tannefors 

When initially reviewing the monthly water use shares in Tannefors in Figure 25, a slight 

increase during the summer months can be identified. If the month of July would not be a 

typical month for vacation, it would likely be comparable to July and August in pure water 

amounts used. The increased cooling demand directly increases the required make-up water 

in the cooling tower with a calculated 1.4 L/kWhcool. In this study, the results focus on saving 

measures for industrial processes. However, addressing the reasons for an increased cooling 

demand potentially can result in reduced supply of make-up water. The obvious reason when 

investigating retrofitting of current buildings is to reduce the heating demand. In this case, 

focusing on reduced DH demand by better energy performance in the buildings on-site would 

also lead to reductions in cooling demand during summer months, and in turn to reduced 

requirements of make-up water. For other geographic locations with warmer climate, the 

relationship between buildings´ energy performances and cooling demands should receive 

attention. 

When investigating the water use in Tannefors, the findings can be transferred to represent an 

industrial park. In this case, the same company owns all facilities in the park, which makes it 

easier to get a holistic view of the water use. This can be argued to ease the identification of 

saving measures that require integration of water streams between facilities. Otherwise, with 

several companies present at one site, these have to collaborate to unlock the potential 

fulfillment of some water saving measures. Still, with only Saab present at the site, over 40% 

of the water use cannot be derived to specific processes. For a large and complex industrial 

site, the role of measurement is an important foundation for conducting a successful review. 

Without the share of 49% detailed measurement in Tannefors, the scope of this study would 

have been significantly limited. Imagine a large industry that only tracks the total water 

supply. The conditions to perform a detailed site review is then more challenging, as other 

methods has to be used than methods based on water meter readings. 

Facility 1 

In this study, the results for Saab´s surface treatment process in Tannefors is presented in 

section 7.3. The surface treatment in Facility 1 is a typical example of a large scale industrial 

process line that would not function without water as a medium. Numerous industry sectors 

have different requirements for metal surface treatment equipment of varying scales and 

specifications. Overall, the results presented in this study motivates two general approaches 

to enhance the water use efficiency. Either the surface treatment´s system design can be 

directly targeted, which in this study is represented by modifying the spray rinses, increased 

reuse or covering of baths. Alternatively, the surface treatment process itself can be left 

untouched. The site´s total water supply would then be decreased by utilizing discharged 

water from the surface treatment in other processes. This is an approach that all industries 

should pay attention to, and not only limited to surface treatment processes. As the results 

indicate, saving measures addressing the process line can be challenging to implement 

practically. This is experienced to be the case at Saab, where an ‘if it works, do not change it’ 

mentality can be identified. Particular caution and resistance towards implementing saving 
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measures that address the process itself are most likely present at industries in general, if 

clear benefits cannot be perceived. The point here is that if giving up on implementing saving 

measures addressing the process itself, there is still an opportunity to enhance the site´s total 

efficiency by regarding wastewater as an asset.  

In section 7.3.5, the discharged water from the surface treatment is integrated to the cooling 

tower, reducing the sites total water supply with almost on average 8500 m3 during the years 

of 2015-2018. If analyzing the saving measures focused on reduction of the surface 

treatment´s water use, not even modifying the surface treatment to a regeneration recycling 

process reaches a total water supply reduction comparable to 8500 m3, with this measure´s 

average reduction of 6500 m3. The first glance of these results may be that utilizing 

discharged wastewater in other processes is the prioritized approach towards reducing a site´s 

total water supply. Most certainly this is not the case, for two reasons. Firstly, if only 

focusing on utilizing wastewater by integrating water flows, the actual water demand from 

the processes on the site is not lowered. This is also in line with the WMH, where elimination 

and reduction are prioritized before considering any reuse options. Secondly, as the results in 

7.3.5 indicate, it is hard to fully utilize wastewater due to fluctuating differences between the 

availability of wastewater and actual demand in the integrated process. In this case, around 

23% is still discharged as stormwater from the surface treatment, even if integrated to the 

cooling tower. For sure, some storage tanks that stores water when supply exceeds demand 

can reduce the discharged amount, but still solely focusing on circular flows is not favorable. 

Instead, when the results are combined, a combination of circular flows and saving measures 

improving the process itself should be pursued if possible. Only then can the total water 

demand and increased circularity of flows with focus of reduction in losses be addressed 

simultaneously.  

By including the energy aspect, the consideration of other saving measures is unlocked. The 

results in 7.3.3 are the first presented that indicate the importance of including the energy 

aspect to evaluate saving measures. The calculated 54 m3 reduction in evaporation losses 

achieved when covering a heated bath is almost impossible to motivate if comparing to other 

measures. Even if this measure was implemented on ten similar heated baths, the value would 

still be relatively low. However, including energy calculations has essential importance to 

unlock another dimension of positive contributions from the identified saving measures. As 

mentioned in 2.4.2, it is argued that before exploring the possibilities of excess heat 

utilization, examination of the reduction potential of excess heat itself should be examined 

(Viklund & Johansson, 2014). For the results in 7.3.3 this statement is proven to be valid. By 

combining insulation and covering of one single heated bath, the annual energy savings 

achieved is over 273 MWh. In regard to water saving measures, the statement can be 

developed further to ‘Wherever energy is embedded into water, its reduction potential should 

be examined before investigating the energy recovery potential, simultaneously with pure 

water saving measures.’  
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This is given further support by comparing the achieved energy savings of 273 MWh from 

insulating and covering one heated bath, to recovering excess heat from all around ten heated 

baths in the surface treatment facility resulting in 308 MWh of savings. Even if not achieving 

significant water reduction from addressing energy reduction, the relationship between water 

and energy is obvious. Thus, to increase the benefits from water saving measures, the aspect 

of energy embedded in water should be included. It should however be remembered that 

insulating the warm water tanks results in less heat losses to the inside air. This reduced 

demand has to be covered by other heating systems. What often is discussed is the concept of 

energy quality, where high quality energy can produce more work than energy of lower 

qualities. High quality energy should therefore be used with care, i.e. not be wasted. 

Electricity is a typical example of high quality energy, whereas DH as relatively low 

temperature heat is low quality energy. Using high quality electricity for heating purposes can 

be compared to lighting a grill with expensive whiskey. It is not a preferable way of using 

high quality energy. There are better energy forms available for this purpose, as DH in this 

case. However, what is neglected in the results, is the increased DH demand that insulating of 

the tanks will result in. Still, the concept of energy quality motivates the insulation of these 

tanks. 

Facility 2 

The design of the cooling system in facility 2 itself results in high water demand and low 

water use efficiency. As the results indicate in section 7.4, once-through cooling systems are 

not preferable. In Tannefors, the water is supplied from the municipal water supply network. 

Imaging transferring a similar cooling system to the site in Centurion. The on average water 

use of 23045 m3 for the cooling in facility 2 would increase the total water use in Centurion 

over five times. Using once-through cooling systems in regions with high water stress is 

unthinkable. However, a combination of water´s good cooling properties, perceived unlimited 

availability, low supply cost, and lack of perception of the water use in facility 2 enables the 

current setup.  

Based on the results in Figure 38 it is hard to find any trends in the water use, why the 

fluctuating operating hours are affecting the water use. Even if processes are being cooled 

rather than buildings, there is a link between warmer summer months and the water needed. 

As indicated in 7.4.5, the supplied water during summer months has temperatures that 

impinge on the cooling ability. More water is then required to achieve the same cooling. The 

saving measures presented in 7.4 are focused on elimination of the water use in facility 2, by 

replacing the once-through cooling system. The exception is the relatively uncomplicated 

reduction measure presented in 7.4.4. Instead of pursuing complete elimination, the potential 

to achieve significant water reduction with measures of less extent is also possible. In this 

case one single automatic valve would decrease the water use in the facility with over 6000 

m3 annually.  

From a water reduction perspective, more favorable but at the same time more complex and 

expensive measures are possible to implement in facility 2. There is no question that 

elimination of water use is possible in facility 2. When the WMH was initially designed, 

elimination probably was thought to address unnecessary water use that easily is eliminated 

for e.g. by a change in routines. However, the results from facility 2 indicate that elimination 

measures may be rather extensive and complex. A dry-cooling system similar to the one 
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identified in Malmslätt would result in elimination of water supply for cooling purposes in 

facility 2, hence reducing the total water supply to the Tannefors site significantly. However, 

the evaluation of a dry cooling system further shreds light on the connection to energy from 

another angle than in facility 1. When eliminating water use, the new system design may 

have other energy requirements than the previous design. In this case, 40 MWh of cool can be 

produced by 1 MWh electricity. Replacing the cooling system with a dry cooling unit 

therefore results in a higher energy demand, and in turn higher GHG emissions as seen in 

7.4.1. The energy supply in Figure 16 is thereby affected. The results in 7.4.2 that takes 

energy recovery in Figure 16 into account, provides more foundation to the importance of 

considering both energy recovery and supply. Even if the water use is eliminated, energy in 

form of heated cooling medium is still embedded in the circulating dry-cooling system. By 

utilizing this excess heat to heat the building, the additional savings result in better economic 

and environmental performance.  

Furthermore, the results in 7.4.3 clearly demonstrates the importance of making the energy 

aspect an integrated part in the WMH, in this case by evaluating associated costs. Replacing 

the current cooling system in facility 2 with cool supplied from the cooling tower would 

significantly reduce the water use. To clarify the difference in water use for different cooling 

systems, Table 3 provides further insights. What should be considered for air-cooled systems 

is that the elimination of water use comes with an increased energy demand. To evaluate 

different cooling systems´ performances, the inclusion of energy aspects in the WMH is 

necessary. This is done by eliminating the water use in facility 2 and increasing the make-up 

water use by 1075 m3 in the cooling tower. However, the cost for 200 SEK/MWhcool mainly 

derived to energy requirements for production of cool results in higher operating costs than 

with current once-through system. Thus, not including the energy aspect also results in a risk 

for sub-optimization from an economic perspective.  

Outsourcing 

In the WMH, outsourcing is one of the measures to pursue, if elimination or reduction is not 

possible. In section 7.5, examples of possible sources of outsourcing in Tannefors are 

presented. In this case, a groundwater source inside the fence potentially can supply multiple 

processes with water inside the fence. Hence, water supply from the municipal water network 

can be reduced. In Tannefors, others outsourcing possibilities are not practically possible. 

However, in section 2.2, surface water is mentioned as another water supply source. In areas 

with severe water scarcity, the outsourcing choice should pay attention to local prerequisites 

to avoid unnecessary load on heavily constrained sources, which eventually can lead to 

unwanted consequences in the value chain. In Tannefors and other regions with relatively 

good water situations, outsourcing may be motivated by reduction in water supply and costs. 

In the case of Tannefors, the pumping of groundwater is unavoidable. Therefore, treating the 

water on-site enables the avoidance of discharge costs and replacement of municipal water in 

some processes. Assuming that the municipal water supply in turn is dependent on 

groundwater, this measure contributes to reducing the total groundwater withdrawals. This is 

achieved by replacing a share of municipal water supply with groundwater pumping that 

cannot be avoided. Putting measures in a wider context has the potential to show their full 

potential. Once again the importance of having matching demands between the source and 

the water using process is shown. Otherwise, as indicated in both 7.5.1 and 7.5.2, some of the 

treated groundwater has to be discharged.  
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8.5 The Performance of Water Saving Measures  

In this section other aspects than pure water reduction are discussed. The aim is to clarify 

what the business value in economic, environmental and societal terms are to implement 

water saving measures.  

8.5.1 Economic Performance 

For Tannefors, the supply cost of water for 2018 was 1.7 MSEK, which is significantly 

higher compared to Saab´s other sites. The low water supply cost in Björkborn of 4.62 

SEK/m3 results in the organization´s second largest water consuming site having a supply 

cost of only 390 kSEK. In a large corporation as Saab, many other costs related to the daily 

operations are larger. For example, the energy costs for all processes, heating and cooling 

easily reaches tens of millions SEK in Tannefors. For industrial companies, there is a risk that 

water costs disappear due to its low magnitude. For smaller sites with no water demanding 

processes and an annual supply cost around 100 kSEK, the economic incentives to even think 

about putting effort into decreasing the water use is hard to motivate. The exception is 

unnecessary water use, as leakage. The leaks in Arboga and Björkborn together has resulted 

in losses of over 600 kSEK during 2018-2019. Since major leaks as these has to be addressed, 

it is better to identify and repair them as soon as possible, as waiting only results in increased 

costs.  

The saving measures identified in Tannefors often are a combination of high investment costs 

and low annual cost reductions. Very few measures result in a payback period under 6 years. 

The characteristics of saving measures with low payback periods are that other costs are 

simultaneously reduced. With a low cost of water supply, simultaneous energy reduction or 

reduction in wastewater costs are required to achieve a payback period of around 3 years. The 

only exception is the relatively simple solution to install an automatic valve in facility 2 that 

would generate a payback in under 1 year. Thus, if aiming for economic viability, measures 

that only reduce water use are most likely not sufficient. The importance of visualizing other 

costs associated with water, i.e. the true cost of water, is obvious to generate the economic 

incentives required to motivate investments. Including the cost of materializing of risks 

potentially can change the view on water. The risk with supply of warm water during summer 

months identified in Tannefors in section 7.4.5 does not have the far reaching implications 

when excluding the potential loss of customers. However, one example shows that costs 

associated with water related risks can contribute with around $14/m3 (Clere, 2016). 

Including such a cost when evaluating saving measures would drastically change the 

economic viability of water. When comparing this value with the cost of risks in Tannefors, it 

is hard to argue for that this is a representative value applicable for Saab, or other companies 

with similar characteristics.  

Using Markets to Address the Value of Water  

Furthermore, some companies practice concepts of bringing the market inside, which could 

be used to enhance the performance of water saving measures. BP is one example, where 

business units within the company electronically traded emissions permits between 

themselves (Malone, 2004). Business units performing well could sell extra permits to other 

units having trouble meeting their targets (Malone, 2004). The same principle could be 

applied for water use reduction, both on an organizational level and site level. The latter 
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however requires detailed measurement of processes to enable the practice of a similar 

system. To clarify, an example situation in Figure 47 is presented below. 

 

Figure 47: The concept of bringing the market inside applied on water use visualizing a desired 

future state which requires water reduction  

In this fictive situation, the organization has set a reduction goal of 20000 m3 to a total use of 

80000 m3 until 2025, compared to the 100000 m3 used in 2018. The four business units, or 

processes, are determined to contribute with a 5000 m3 reduction each. In Figure 48 below, 

the fictive situation in 2019 is presented.  

 

Figure 48: The concept of bringing the market inside applied on water use visualizing the progress 

towards goal fulfillment 

For 2019, the allowed total water use in this example is 90000 m3. The included units are 

therefore only allowed to use 22500 m3. One unit achieves this target precisely, and does not 
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have to take any action. Two units achieve this target with margin, while another unit 

increases its water use. The units performing well can then sell permits to the unit struggling 

to meet its target, resulting in economic incentives to achieve set reduction goals.  

To enable a similar situation for processes within a site, the role of detailed measurement 

once again does itself reminded. The ability to monitor certain processes water use is 

essential to enable a similar practice to be used. Another question is what price to apply for 

water, and how to handle varying prices of water between sites. This should be set to generate 

economic incentives that cannot be overlooked. This practice should be considered with care, 

as it also can result in resistance rather than incentives. Some units or processes may have 

more favorable prerequisites to reduce their water use, where a change in employee behavior 

is enough to generate significant results. Others may require large investments to achieve any 

reduction. Thus, this concept is potentially powerful, if thoroughly evaluated and not rushed 

to turn all company operations to internal markets (Malone, 2004).    

8.5.2 Greenhouse Gas Emissions and Societal Impacts  

The environmental contribution from the saving measures identified for Saab is discussed 

below. This is done with an aim to relate the findings into a wider context. The environmental 

performance is divided into two subsections. The first section covers the effects on GHG 

emissions, and the second section focuses on possible societal impacts.  

Greenhouse Gas Emissions 

The reduction in emissions achieved from reduced water supply is linked to the energy 

requirements for treating and transportation of water to the site. Even if reduced water use 

directly reduces global emissions, the energy requirements for water supply does not result in 

significant reductions. For example, the current water use in facility 2 of 23000 m3 results in 

1.5 tonnes CO2eq with the method and emission factors applied in this study. As for the case 

of economic incentives, simultaneous energy reduction decreases the GHG emissions more 

significantly. However, as an average emission factor from electricity generation has been 

used in this study, the actual GHG emission reduction can be different. The CO2eq has been 

calculated for an average mix of fuels in the Nordics. Thereby, it is assumed that production 

and the amount of energy required has an equal effect on all production technologies in the 

geographic area (Johansson, 2016). With known electricity demand and supply, the method 

used in this study is commonly used for accounting purposes. However, for measures that 

affect future energy use, the method of marginal electricity production better reflects the 

consequences (Johansson, 2016). If applying the marginal electricity method, the effect on 

electricity generating technologies in the short-run is regarded. A changed energy demand 

from e.g. water saving measures then would affect the technologies with highest operational 

costs, why emission factors for specific technologies could be applied instead (Johansson, 

2016). However, this is not done in this study, but should be considered in future studies to 

reflect the actual consequences from saving measures. 

When applying the Nordic electricity mix and the energy requirements for water supply from 

previous studies, the achieved GHG reduction from simultaneously implementable saving 

measures in Table 39 is around 3.4 tonnes of CO2eq for 2018. The saving measures included 

do not directly address the energy aspects, rather only focus on water reduction. In Table 20, it 

can be seen that over 35 tonnes of CO2eq can be reduced by covering and insulating one 

heated bath. As for the economic results, simultaneously addressing energy and water 
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reduction results in a higher GHG emissions reduction potential. With today´s focus on 

reduction of GHG emissions, the emissions from water supply should not be neglected. If 

several water demanding industries are present in one area, and their water reduction 

potential is significant, there is a potential to achieve reductions in GHG emissions. Focusing 

on energy embedded in the water for the entire supply chain, and thereby addressing energy 

supply and recovery, can enhance the environmental performance of a company through 

reduced energy and water use combined.  

Societal Impacts 

Reducing water use and energy need can result in positive environmental contributions from 

reduced GHG emissions. Saab´s operations in this study demonstrates a responsible water use 

in high risk areas. In this case, efficient use of water and assurance of not discharging 

pollutants is primarily meant by responsible water use. Also, proactive measures as water 

storage to secure operations if disturbances in water supply would occur can be counted as 

responsible measures. As mentioned in 2.5.1, societal problems can inflict economic costs in 

the value chain (Porter & Kramer, 2011). Irresponsible water use is one factor that can have a 

negative impact on societal needs. Water pollution and unsustainable water withdrawals from 

shared sources are two factors, to mention few. The results for Centurion in 6.2.3, where 

environmental news letters to employees can be argued to address employee skills in Figure 6. 

Even if the extent of this action is relatively narrow, it can positively contribute to the societal 

needs and thereby increase company productivity. However, no clear demonstration in the 

results is identified for that Saab negatively affects the societal needs with its operations.  

This can be explained by the low water withdrawals in geographic areas with high water 

stress. The reduction potential of Saab´s water use in these locations is low. Hence, to 

improve the situation in regions where society is suffering from water stress or scarcity, 

companies may have to look for solutions outside the fence. For example, Saab´s sites in 

Centurion and Melbourne hardly can increase their water use efficiency to significantly affect 

the local situation. However, trying to view wastewater as a resource in these areas could 

provide positive contribution. If wastewater from Saab´s sites meets quality requirements for 

water in nearby companies´ processes, either directly or after treatment, increasing the 

circularity could contribute to a reduction in total water withdrawals in the region. For 

example, in Australia, recycled water is starting to be supplied in new residential 

developments by a separate network (SA Water, 2019). This water is not drinkable, but 

replaces the use of potable water in e.g. toilets, washing processes, and the operation of 

evaporative coolers (SA Water, 2019). Recycled water could obviously replace potable water 

in industrial processes. When limiting saving measures to one site rather than a geographical 

area, the potential to generate positive contributions to societal needs is reduced. 

Collaboration between companies therefore can reduce costs in both companies´ supply 

chains, and eventually increase company productivity by addressing several factors in Figure 

6. 
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8.5.3 Risks 

The overall results from Saab indicates that sites perceiving high water related risks have 

proactive measures in place to address specific risks. In Centurion, water storage tanks are 

installed to enable operations to run without constant water supply. In Melbourne, a focus of 

measures that increase the water use efficiency is obviously prioritized, as checking the 

garden watering system for leaks, to optimizing it. Stating that a similar focus on water 

efficiency at the Swedish sites is present would be false, most likely due to a different water 

related situation. The current risks perceived in Sweden are more likely linked to regulations 

of discharged water quality. In some processes dangerous chemicals are a part of the water, 

as in the surface treatment in facility 1. Accidents that result in untreated effluent water 

ending up in the surrounding environment can have significant negative financial and 

reputational impact. Changing regulations can also result in that companies have to modify 

their processes to meet the requirements, resulting in increased costs.  

The results also suggest that Saab and other organizations should focus on preventive actions 

to secure operations in the long run. The combination of a globally projected water stress 

increase in 2.1.2 and interviews with Swedish sites in 6.2.4 with indications of an 

increasingly strained situation supports this proposition. In Saab´s case, no heavy production 

in regions with high water stress was identified. However, other organizations may have 

significant water demanding sites in water stressed areas. The focus should not be limited to 

sites with high water use only, but also include the dimension of risks. The value of 

guaranteeing safe operations may be of more value than only pure water reduction of the 

organizations global water use. There are many different approaches and a single best 

practice is hard to determine for all companies to follow.  

Saab´s low water use in regions with significant water stress does not provide the most 

representative situation to fully evaluate the value of water risks. Hence, imagining a fictive 

situation where the sites in Melbourne and Centurion would have much higher reliance of 

water in their operations could potentially increase the priority to address the water use at 

these sites. Assuming that the reduction potential for these sites still is relatively low, but a 

higher water demand and dependence is present, potential costs of limitations from 

insufficient water supply can motivate a priority to address these sites in the first hand. The 

overall water use provides support to draw certain conclusions. However, other companies 

may prioritize and value other focus areas more. For example, other companies may have 

challenges regarding discharge outside the fence of black water rather than water supply. To 

prevent polluted discharged water from eventually resulting in increased supply chain costs 

for the company, or affecting company productivity in the long run, the aspect of improving 

the quality of discharged water may be more prioritized than enhancing the efficiency of 

water use in processes. Thus, careful analysis of a company´s specific situation is advocated, 

rather than full reliance of the conclusions derived from results in this study. 
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8.6 Organizational Requirements 

In Saab´s case, three major organizational constraints were identified and presented in Figure 

18. In Saab´s case it begins with a lack of communication in both directions, combined by 

lack of incentives. This in turn is fostered by a low supply cost of water, which is not 

compatible with strict yield requirements. Other corporate goals, e.g. related to hazardous 

materials, have to be achieved to meet legal requirements. For the majority of Saab´s sites 

there are no legal requirements to reduce the water use, except for the in this study identified 

sites in Australia and South Africa. There are restrictions in place that regulates the amount of 

water allowed for certain purposes, as watering of gardens. In these areas, where water stress 

is higher, the risks described by Clere (2016) in Figure 4 are hence more palpable. For the 

Swedish sites the municipal potable water is typically the only perceived cost, as indicated in 

Figure 5. Combined with the low costs for water supply, the results for Saab indicate that not 

even on corporate level a business value of enhanced water focus is perceived. Hence, the 

lack of economic incentives has significant implications on the motivation and willingness to 

prioritize the subject. For other large for-profit corporations in Sweden or other geographical 

areas with similar prerequisites, similar challenges are likely faced.  

To successfully communicate corporate goals to employees, and to successfully intercept 

employees´ ideas for improvement, results indicate that incentives in place would ease the 

process. When employees understand why certain actions are necessary, commitment is 

easier to obtain. Without site-specific functions perceiving a value of working towards 

enhanced water use efficiency from the corporate level, the mission to achieve a corporate 

water reduction becomes more challenging. At site level, a key person or persons committed 

to implement and carry through projects is a success factor within Saab. This is especially 

obvious at smaller sites, which can be explained by key persons easily obtaining a holistic 

view of the site´s operations. For smaller sites, the communication is also easier and often 

better between departments and individuals. As mentioned in 6.3.1, key persons presented 

smart solutions during site visits at smaller sites, primarily generating energy savings, but 

also directly reduction of water use. The successful implementation could be affected by 

different cultures at different sites and business areas, but still the connection between a key 

person and successful implementation is clear. 

The identified saving measures implemented by key persons often was perceived to be aimed 

at achieving cost reductions. With lacking awareness of both the corporate water goal, and 

the actual amount of water being used, the economic incentives for water reduction are harder 

to present. The feeling is that water is a resource taken for granted, why significant incentives 

for employees is missing. Lack of measurement results in employees working with water 

demanding processes not being fully aware of the water used and its related costs. As 

indicated in Figure 18, the combination of lack of incentives and communication results in a 

virtuous cycle. It is hard to pin point one single factor that has to be addressed in order to 

increase the focus on water use. The perception in Saab is that it is easier to work with 

decisions top-down, why communication and common understanding within the corporate 

level could firstly be addressed. For other companies this could also be a favorable approach. 

All companies do not per se have a need or business value to aim for reduced water use. 

Consequently, incentives should not be forced on the organization. Initially obtaining an 

overview of the corporation´s current state and the value of aiming for water reduction could 

be sufficient enough to provide initial incentives, if a value is identified. Thus, it is important 
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to be aware of the projections for water risks, and that positive impacts on the value chain can 

be achieved.  

8.7 Base-line and KPIs 

In Saab´s case, a reduction goal of 20% until 2025 has been set. Currently, a baseline to 

compare against has not been decided. Neither has the realistic possibility of actually 

achieving the goal been evaluated. This section of the discussion aims to analyze and bring 

clarity to how Saab and other companies can define a water reduction goal based on the 

results in this study.  

For a global corporation as Saab, it is a challenging task to define achievable goals, and 

determine what areas to focus on within the organization. Based on the findings presented in 

Table 13, the year of 2018 can be chosen as a base year with a water supply of 520000 m3 to 

benchmark against. In 7.6, the identified measures that can be simultaneously implemented 

are presented. If including the assumption that the leaks in Arboga and Björkborn had been 

identified and fixed immediately, the potential savings achieved for Saab in this study 

amounts to 17% compared to the benchmark supply. The reduction goal is thereby almost 

achieved by the measures identified at three sites included in this study. If regarding the site-

specific water use reduction presented in Table 39, a reduction potential of above 20% is seen 

for Tannefors, Arboga and Björkborn. Achieving significant site-specific reductions seems to 

be possible, but may be harder at sites with an absence of major water demanding processes. 

The demand for water in kitchens, showers and toilets is harder to address, and most certainly 

the contributions are not comparable to e.g. eliminating the water use in the once-through 

cooling system in facility 2.  

The issue with a corporate goal as 20% reduction until 2025 becomes evident when analyzing 

Appendix 1. The reason is that reducing the water use in Saab´s three most water consuming 

sites with 20% has a much greater impact on the corporate goal than reducing the water use at 

smaller sites. If the aim is reduction of the corporation´s global water use, large scale and 

water demanding production sites should favorably be focused on. In Saab´s case Tannefors, 

Björkborn and Karlskrona can initially be given site-specific reduction goals of 20% of the 

2018 values until 2025. If intensity metrics as e.g. m3/employee has been calculated, a goal to 

reduce this value could also be a favorable approach. With water use in industrial processes 

often being strongly depend on production rates, aggregate KPIs that catch this relationship 

can provide better data to monitor the organization´s water use. The obstacle to overcome is 

the ability to obtain primary data to use for follow-up. When developing KPIs, the purpose 

should be to ease the monitoring of the water use. For this purpose, data on an organizational 

level may be easier to obtain than data for specific processes. Designing KPIs for specific 

processes require more detailed data, which based on the low shares of detailed measurement 

in this study can be challenging.  

Furthermore, the KPIs designed on an organizational level and process level can vary. On an 

organizational level, keeping track of the total water use combined with aggregate measures 

are sufficient to catch changes in overall trends. Water supply results in CO2eq emissions as 

supply of electricity, heating and cooling. Hence, it could be included in standard reporting 

systems, as GHG protocol mentioned in 4.5.2. However, more research on the actual energy 

requirements for water supply and the resulting emissions has to be conducted to provide 

representative factors for reporting. The energy requirements and GHG emissions factors for 
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water supply used this study are general. Hence, more country specific values are necessary 

to increase the trustworthiness of reporting emissions from water supply. Saab already has an 

emission reporting system in place, where emissions from energy use and waste disposal for 

the company´s sites are calculated and reported. Most likely other companies have similar 

systems in place to ease the reporting and follow regulations. Integrating water use into 

already existing systems could be prioritized, since the effort required would be much less 

than developing a new, separate reporting system for water.  
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9 Conclusion 
RQ1: How should industries approach water efficiency projects to increase the 

degree of successful implementation?  

Industries should have a systematic approach towards water efficiency projects in order to 

increase the rate of successful implementation. Identification of water demanding processes 

and investigating saving measures are essential to bring forth possible actions. However, this 

is not enough to increase the degree of successful implementation. Organizational inertia and 

resistance, i.e. organizational constraints, have to be addressed to increase the degree of 

successful implementation. This study indicates that lack of communication within the 

organization, lack of incentives for employees, and lack of economic incentives are especially 

important factors to address. If considering these factors, commitment from important 

stakeholders is more likely to be secured, which is another essential factor to increase the 

degree of success.  

The proposed approach in chapter 5 includes all important factors that industrial companies 

should include for a successful systematic approach. The well-known Deming Cycle in 5.1 is 

a proposed starting point that covers all necessary areas to address. By following the steps 1) 

Review & Plan, 2) Secure Commitment, 3) Identify Options, 4) Prioritize & Implement, and 

5) Monitor & Correct in the iterative cycle, an approach that ease and increase successful 

implementation of saving measures is applied. To evaluate the performance of implemented 

saving measures, KPIs should be constructed and processes be in place to obtain the 

necessary data to successful monitoring.   

RQ2: What actions can industrial companies take to reduce water use and 

associated energy use for major identifiable and measured processes?  Are there 

any organizational constraints for implementation?  

Industrial companies can follow the developed WMH presented in 5.1.3, to identify 

appropriate actions for achieving a reduced water use. With energy often being embedded in 

water streams in form of heat, and some saving measures resulting in changed energy 

demands, energy use is often affected by enhancing the water use efficiency. By regarding 

the interrelated energy aspects of energy recovery and supply, energy and water use can 

simultaneously be reduced. Actions that in the first-hand result in reduced water demand in 

processes should be prioritized to lower actual demand. Thereafter, actions that increase the 

circularity by reuse or recycling can be considered, which lowers the amount of water supply. 

There is also a substantial risk for losses through pipe leakage. Actions to identify leakages in 

early stages, as detailed measurement and monitoring, should be considered for industrial 

sites. Changes in energy use for identified actions can affect the economic and environmental 

performance both positively and negatively. Hence, water reducing actions must be 

investigated from alternative levels in the WMH to avoid sub-optimization. Following the 

WMH top-down and neglecting the energy aspect therefore can lead to implementation of 

unfavorable measures. Risks associated with water and energy supply must also be 

considered for the specific location. This must be done in order to reduce the potential of 

future costs affecting the supply chain of a company.   

In this study, the major organizational constraints identified are 1) lack of communication, 2) 

lack of incentives for employees, and 3) lack of economic incentives. The presence of all 
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three constraints simultaneously results in a virtuous cycle where the three factors reinforce 

themselves. The combination of low supply cost of water and strict yield requirements does 

not generate favorable economic incentives. Perceived low economic incentives result in low 

focus and awareness of water use in processes, which in turn results in an organization´s 

inability to intercept employee´s improvement proposals. The results suggest that the 

organizational constraints are less limiting at smaller sites, where key persons are able to 

implement saving measures, as a result of better communication.  

RQ3: How would water saving measures in industrial companies affect : 

I. Economy 

There are economic motivations connected to implementation of water saving measures. Of 

the identified saving measures, only one measure resulted in higher annual operating 

expenses. Implementing water saving measure therefore often results in reduced costs and 

some economic viability. However, the combination of low water supply cost and high 

investment costs results in long payback periods.  

Measures that result in significant energy reductions achieve higher cost reductions. This 

results in shorter payback periods, which motivates the implementation of saving measures 

that simultaneously reduces water and energy use. To guarantee economic motivation for 

required investments, targeting all water reduction measures without significant energy 

reductions, a payback period of over 7 years has to be applied.   

II. Environment 

Reducing water use in industrial processes supplied from municipal water supply networks 

reduces the global GHG emissions, since municipal supply systems require energy to 

function. Even though, not all identified water saving measures in industrial processes 

necessarily result in positive environmental contributions. The relation between water and 

energy can result in increased GHG emissions, if only focusing on water reduction and 

neglecting changes in energy demand. To avoid sub-optimization from an environmental 

perspective when analyzing water saving measures, this relationship must be evaluated when 

choosing the most preferable measure to implement. If the water saving measure would not 

result in increased energy demand when implemented, there is a motivation to implement it if 

water is supplied through municipal water supply networks, due to reduced GHG emissions. 

Simultaneously achieving reduced energy supply and increased recovery of energy embedded 

in the water will generate higher motivation by achieving greater GHG emission reduction. 

Water saving measures shall neither result in discharge of water with dangerous amounts of 

pollutants. This would contribute negatively to the surrounding environment, potentially 

affecting the amounts of potable water available locally.   

III. Influence from water related risks 

Industrial companies have several motivations to implement water saving measures due to 

influence from risks. In areas with high water stress, water saving measures can contribute 

positively to the local situation and ensure safe operations for the company. There is a 

motivation for collaboration between companies in high risk areas to turn wastewater into an 

asset, enabling increased reuse of water and less stress on limited water supply. Risks with 

changes in regulations are one more motivation to implement water saving measures to 
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comply with all laws. The constantly increasing risks associated with water globally, 

combined with the increasingly strained water situation in currently low risk areas, results in 

a motivation for companies to implement water saving measures for preventive purposes. 

Choosing not to implement water saving measures eventually can contribute to increased 

costs in the supply chain by negative societal impacts. Company productivity is also linked to 

water and energy use, why there is a motivation to address appropriate risks to assure the 

company´s operations in the long run. 
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10 Proposed Future Work 
During this study it was found out that there is a need for more research on how to improve 

water use efficiency, not only in industry, but society as a whole. Furthermore, there is a need 

for studies that investigate country specific, or even local energy factors (kWh/m3) for 

municipal water supply and wastewater treatment. This should be done to ease the evaluation 

of GHG emissions that can be derived to water supply, and from there to actual use of water. 

Pipe leakage that is hard to detect is indicated to have a high potential to occur in this study. 

Combined with a low supply cost of water, effective and economically justifiable monitor 

systems that support identification of leakages for industries should be investigated further. 

This would also ease the monitoring of water flows on large industrial sites, which could 

provide data for identification of water saving measures.  

Research addressing the organizational constraints with a focus on industrial water use 

reduction could provide further insights to the findings in this study. In relation to this, 

studies that investigate future projections of water related risks and their effects on industrial 

operations is necessary. Especially how industrial dependence on municipal water supply 

compared to other sources of supply in currently low-risk countries, as Sweden, will develop. 

Price projections for water supply could also be further investigated, as different pricing 

models that reflects the actual value of water. These are all areas that can shred further light 

on where or whether water use in industry should achieve more attention.  

For Saab and other industrial companies, it is proposed that water efficiency is regarded when 

making new investments. Hence, favorable ways to include this aspect when making 

decisions should be investigated. Investigating the potential to reuse or recycle water is 

probably much easier when installing new equipment, rather than trying to retrofit existing 

equipment or processes. Companies are also encouraged to investigate possibilities of 

collaboration between each other to primarily increase the utilization of effluent water, and 

thereby increasing the circularity. If companies addressed their water use and increased the 

awareness of its importance, proactive measures are more likely to be implemented, 

addressing efficient use of the limited resource. 
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Appendix 1: Primary Data for Estimation of Saab Group´s Global Water Use 

The number of employees is known for each site or country. By using the average calculated 

values from the primary data, the water use and cost can be estimated for sites with unknown 

water use. The results of this is presented below. The water related risk values (Water 

Resources Institute, 2019) used in this study is also presented for each site or country.  

The data used for Saab´s sites with more than 20 employees for 2018 is presented below. 

Site or geographic 

area 

Water 

use [m3] 

Water 

risk 

[0-5] 

Number 

of 

employees 

Water use per 

employee 

[m3/employee] 

Water 

supply 

cost 

[SEK/m3] 

Annual 

Cost 

[kSEK] 

Linköping, 
Tannefors 

187944 1.66 4839 38.8 11.9 1723 

Karlskoga, 
Björkborn 

84386 0.22 403 209.4 5 390 

Järfälla 42346 0.73 1297 32.6 18.3 775 

Arboga 28674 0.01 504 56.9 16.2 465 

Karlskrona 23000 0.13 701 32.8 14.6 336 

Malmslätt 18745 1.66 444 42.2 11.9 223 

Göteborg 13007 0.07 1297 10.0 12.4 161 

USA 12554 1.85 650 19.3 16.1 202 

Linköping, 
Gelbgjutaregatan 

9194 1.66 476 19.3 16.1 148 

Linköping 
Universitetsvägen 

9039 1.66 468 19.3 16.1 146 

Karlskoga 8749 0.22 453 19.3 16.1 141 

Malmö 7668 1.48 397 19.3 16.1 124 

Huskvarna 7588 0.8 543 14.0 20.2 154 

Växjö 6605 0.16 342 19.3 16.1 106 

Göteborg 5369 0.07 278 19.3 16.1 87 

Melbourne 4240 2.67 410 10.3 21.9 93 

South Africa 4142 2.89 711 5.8 17.6 73 

UK 3940 1.4 204 19.3 16.1 63 

Stockholm, 
Gustavslundsvägen 

2955 0.73 153 19.3 16.1 48 

Netherlands 2878 1.61 149 19.3 16.1 46 

Trollhättan 2762 0.07 143 19.3 16.1 45 

Östersund 2753 0.02 187 14.7 13.6 37 

Denmark 1951 2.08 101 19.3 16.1 31 

Malmö, 
Djäknegatan 

1777 1.48 92 19.3 16.1 29 

Stockholm, Olof 
Palmes Gata 

1777 0.73 92 19.3 16.1 29 

Finland 1777 0.54 92 19.3 16.1 29 

Chech Republic 1758 1.29 91 19.3 16.1 28 

Gamleby 1545 0.27 80 19.3 16.1 25 
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Jönköping, Östra 
Storgatan 

1468 0.8 76 19.3 20.2 30 

Nyköping 1410 1.36 73 19.3 16.1 23 

Karlskoga 1371 0.22 71 19.3 16.1 22 

Switzerland 1217 0.8 63 19.3 16.1 20 

Canada 1159 0.88 60 19.3 16.1 19 

India 908 4.12 47 19.3 16.1 15 

Brazil 908 0.78 47 19.3 16.1 15 

Oslo 888 0 46 19.3 16.1 14 

Linköping 850 1.66 44 19.3 16.1 14 

Norrköping 850 1.66 44 19.3 16.1 14 

Luleå 831 0.12 43 19.3 16.1 13 

Haninge 773 0.73 40 19.3 16.1 12 

Germany, 
excluding Medav 

753 2.14 39 19.3 16.1 12 

Helsingborg 657 1.48 34 19.3 16.1 11 

UAE 637 4.26 33 19.3 16.1 10 

Karlskrona 618 0.22 32 19.3 16.1 10 

Kenya 560 0.93 29 19.3 16.1 9 

Singapore 502 2 26 19.3 16.1 8 

Medav 500 2.14 114 4.4 14.6 7 

Ljungbyhed 483 1.48 25 19.3 16.1 8 

Skövde 483 0.07 25 19.3 16.1 8 

Karlstad 464 0.22 24 19.3 16.1 7 

Västerås 464 0.01 24 19.3 16.1 7 

Landvetter 425 0.07 22 19.3 16.1 7 

Saudi Arabia 406 4.35 21 19.3 16.1 7 

Malmö 367 1.48 19 19.3 16.1 6 

Motala 367 1.66 19 19.3 16.1 6 

Total 𝟓𝟏𝟗𝟒𝟑𝟗 − 𝟏𝟔𝟕𝟏𝟖 − − 𝟔𝟎𝟖𝟗 
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Appendix 2: Water Intensity Metrics for Estimation of Global Water Use 

Below the intensity metric is presented for the sites used to calculate representative average 

values for water use in 2018. Based on these values, the average of 19.3 m3/employee has 

been calculated. 
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Appendix 3: Water Use in Arboga 

Water readings from main meters presented in m3. Data for 2017 is missing. 

Month/Year 2019 2018 2016 

January 2094 1835 3566 
February 1485 1847 1762 
March 581 1826 

 

April 336 2310 
 

May 1032 1672 
 

June 854 1707 
 

July 596 1782 
 

August 1165 2873 
 

September 1314 3101 
 

October 
 

3942 
 

November  3233  
December  2546  
Total 𝟗𝟒𝟓𝟕 𝟐𝟖𝟔𝟕𝟒  

 

Summarized water meter readings from all facilities on-site in m3. Data for 2017 is missing. 

Month/Year 2019 2018 2016 

January 1420 1825 3187 
February 1423 1890 1395 
March 1496 1944 

 

April 1289 2163 
 

May 1203 1430 
 

June 588 1021 
 

July 943 1021 
 

August 1230 1107 
 

September 1329 1592 
 

October 
 

2111 
 

November  1682  
December  1225  
Total 𝟏𝟎𝟗𝟐𝟏 𝟏𝟗𝟎𝟏𝟏 

 

 

  



155 

 

Appendix 4: Actual Water Use and Normalized Water Use in Björkborn 

Actual water use with leakage included in m3. 

Month/Year 2019 2018 

January 17274 4941 
February 18331 5560 
March 18758 4608 
April 17770 5263 
May 9858 4647 
June 4462 2785 
July 0 0 
August 6115 4990 
September 5250 3614 
October 3847 10034 
November 

 
21909 

December 
 

16890 
Total 𝟏𝟎𝟏𝟔𝟔𝟓 𝟖𝟓𝟐𝟒𝟏 

 

Normalized water use in Björkborn in m3. This is calculated by excluding the leakage period 

from October 2018 to May 2019, and taking the average value of the remaining values. 

Month/Year 2019 2018 

January 4045 4941 
February 4045 5560 
March 4045 4608 
April 4045 5263 
May 4045 4647 
June 4462 2785 
July 0 0 
August 6115 4990 
September 5250 3614 
October 3847 4045 
November  4045 
December  4045 
Total 𝟑𝟗𝟗𝟎𝟏 𝟒𝟖𝟓𝟒𝟒 

 

  



156 

 

Appendix 5: Water Meter Readings in Tannefors in Monthly Resolution 

Readings from main water meters in Tannefors summarized in m3. 

Month/Year 2018 2017 2016 2015 

January 15058 11106 13079 16525 
February 12762 10854 13677 13878 
March 12907 14708 15999 13940 
April 13652 16993 14718 17526 
May 20594 13015 16631 18882 
June 16487 11488 29497 26125 
July 15808 10189 11770 10547 
August 20938 16109 14317 18059 
September 16756 11115 29973 14456 
October 17158 16295 9575 15514 
November 14754 13214 8505 15567 
December 11070 13249 8548 14332 
Total 𝟏𝟖𝟕𝟗𝟒𝟒 𝟏𝟓𝟖𝟑𝟑𝟒 𝟏𝟖𝟔𝟐𝟖𝟗 𝟏𝟗𝟓𝟑𝟒𝟗 

 

Summarized readings from meters inside the fence for facilities under measurement in m3. 

Month/Year 2018 2017 2016 2015 

January 6682 2832 4285 7713 
February 4494 2919 5057 6103 
March 4656 4193 5128 5920 
April 5195 3199 5161 7477 
May 10861 5015 7839 6330 
June 9969 5432 8149 10603 
July 10419 5432 10360 3414 
August 12416 9052 7294 10763 
September 8869 4606 11797 8089 
October 6497 8767 6756 6342 
November 6136 7946 4590 8409 
December 6116 5220 3249 7247 
Total 𝟗𝟐𝟑𝟏𝟎 𝟔𝟒𝟔𝟏𝟐 𝟕𝟗𝟔𝟔𝟓 𝟖𝟖𝟒𝟏𝟎 

 

  



157 

 

Appendix 6: Cooling Tower Water Meter Readings in Tannefors, Cooling Water 

Costs 

Cooling tower water meter readings in m3. 

Month/Year 2018 2017 2016 2015 

January 512 288 143 0 
February 130 242 255 541 
March 113 895 507 644 
April 1858 753 1245 1297 
May 6919 1899 2003 1225 
June 5534 1946 1350 2171 
July 8168 2918 5657 200 
August 7050 3309 2876 5055 
September 4624 1376 3820 2025 
October 0 2479 1238 1162 
November 1600 1613 805 1114 
December 3600 1206 605 1081 
Total 𝟒𝟎𝟏𝟎𝟖 𝟏𝟖𝟗𝟐𝟒 𝟐𝟎𝟓𝟎𝟒 𝟏𝟔𝟓𝟏𝟓 

 

Historic Cooling Water Costs 

Description 2018 2017 2016 2015 

Cooling water 

cost [SEK/m3] 

6.32 6.32 6.18 6.06 

 

Cooling water cost for water supply in SEK. 

 

 

 

 

 

 

 

 

 

 

  

Month/Year 2018 2017 2016 2015 

January 3236 1820 884 0 
February 822 1529 1576 3278 
March 714 5656 3133 3903 
April 11743 4759 7694 7860 
May 43728 12002 12379 7424 
June 34975 12296 8343 13156 
July 51622 18444 34960 1212 
August 44556 20913 17774 30633 
September 29224 8696 23608 12272 
October 0 15667 7651 7042 
November 10112 10194 4975 6751 
December 22752 7622 3739 6551 
Total 𝟐𝟓𝟑𝟒𝟖𝟑 𝟏𝟏𝟗𝟔𝟎𝟎 𝟏𝟐𝟔𝟕𝟏𝟓 𝟏𝟎𝟎𝟎𝟖𝟏 
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Appendix 7: Water Meter Readings and Water Costs for Facility 1 in Tannefors 

Refill water to Facility 1 in m3. 

Month/Year 2018 2017 2016 2015 

January 1379 1157 1235 1384 
February 1266 1208 1490 1524 
March 1352 1590 1645 1099 
April 1221 1085 1571 1727 
May 1294 1356 1608 1121 
June 1073 969,6 1347 1577 
July 431 646,4 1861 422 
August 1256 1433 1217 1478 
September 1127 1151 1328 1482 
October 1365 1514 1610 1455 
November 1115 1176 1373 1388 
December 996 2227 1215 1568 
Total 𝟏𝟑𝟖𝟕𝟓 𝟏𝟓𝟓𝟏𝟑 𝟏𝟕𝟓𝟎𝟎 𝟏𝟔𝟐𝟐𝟓 

 

Discharged water from Facility 1 in m3. 

Month/Year 2018 2017 2016 2015 

January 1153 840 935 716 
February 894 827 1135 1173 
March 894 932 1044 1463 
April 835 792 1184 882 
May 706 1188 1586 782 
June 795 865 930 935 
July 0 0 0 568 
August 1100 1029 1089 994 
September 827 1163 991 1200 
October 870 837 1030 948 
November 756 842 1092 1089 
December 868 753 950 1028 
Total 𝟗𝟔𝟗𝟖 𝟏𝟎𝟎𝟔𝟔 𝟏𝟏𝟗𝟔𝟓 𝟏𝟏𝟕𝟕𝟕 
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Cost of water refill to Facility 1 in SEK. 

Month/Year 2018 2017 2016 2015 

January 8715 7312 7632 8387 
February 8001 7635 9208 9235 
March 8545 10049 10166 6660 
April 7717 6857 9709 10466 
May 8178 8570 9937 6793 
June 6781 6128 8324 9557 
July 2724 4085 11501 2557 
August 7938 9057 7521 8957 
September 7123 7274 8207 8981 
October 8627 9568 9950 8817 
November 7047 7432 8485 8411 
December 6295 14075 7509 9502 
Total 𝟖𝟕𝟔𝟗𝟎 𝟗𝟖𝟎𝟒𝟐 𝟏𝟎𝟖𝟏𝟓𝟎 𝟗𝟖𝟑𝟐𝟒 

 

Value of discharged water in Facility 1 in SEK. 

Month/Year 2018 2017 2016 2015 

January 7284 5308 5778 4336 
February 5653 5224 7012 7105 
March 5650 5890 6452 8868 
April 5275 5004 7317 5346 
May 4462 7506 9802 4740 
June 5023 5464 5747 5663 
July 0 0 0 3442 
August 6951 6506 6731 6026 
September 5225 7349 6124 7269 
October 5501 5287 6363 5745 
November 4779 5322 6748 6598 
December 5486 4757 5869 6230 
Total 𝟔𝟏𝟐𝟖𝟗 𝟔𝟑𝟔𝟏𝟔 𝟕𝟑𝟗𝟒𝟑 𝟕𝟏𝟑𝟔𝟖 
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Appendix 8: Water Meter Readings for Facility 2 in Tannefors 

Water meter 1 readings in facility 2 in m3. 

Month/Year 2018 2017 2016 2015 

January 248 88 118 427 
February 150 51 590 273 
March 513 125 234 511 
April 162 329 550 480 
May 51 182 708 467 
June 142 127. 5 472 561 
July 0 127. 5 615 195 
August 182 309 44 77 
September 213 326 434 446 
October 1258 222 158 251 

November 339 788 193 1059 
December 482 615 198 537 
Total 𝟑𝟕𝟒𝟎 𝟑𝟐𝟗𝟎 𝟒𝟑𝟏𝟒 𝟓𝟐𝟖𝟒 

 

Water meter 2 reading in Facility 2 in m3. 

Month/Year 2018 2017 2016 2015 

January 4230 798 485 3100 
February 2692 877 1612 1180 
March 2329 809 1389 1085 
April 1401 481 746 451 
May 1219 337 2343 1611 
June 2165 1568 1012 2655 
July 102 174 1163 298 
August 2635 2685 1202 640 
September 1955 1212 1211 967 
October 3415 3760 2834 898 
November 2723 1106 1579 2171 
December 774 3369 683 1422 
Total 𝟐𝟓𝟔𝟒𝟎 𝟏𝟕𝟏𝟕𝟔 𝟏𝟔𝟐𝟓𝟗 𝟏𝟔𝟒𝟕𝟖 
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Appendix 9: Values used for Heat Loss Calculations and Detailed Equations 

Detailed values used for heat loss calculations. 

Description Nomenclature Value 

Surface area on top and 

bottom 

𝐴𝑡𝑏 18 [𝑚2] 

Surface area long side 𝐴𝑙𝑠 12 [𝑚2] 
Surface area short side 𝐴𝑠𝑠 6 [𝑚2] 
Length, width and height 

of tank  

𝐿 ∗ 𝑊 ∗ 𝐻 6 ∗ 3 ∗ 2 [𝑚] 

Specific heat capacity for 

water between 20oC-50oC 

(Çhengel, et al., 2017) 

𝐶𝑝,𝑤𝑎𝑡𝑒𝑟 
4.18 [

𝑘𝐽

𝑘𝑔 ∗ 𝐾
] 

Thickness of aluminum 𝑑𝑎𝑙𝑢 0.02 [𝑚] 
Thickness of insulation 𝑑𝑖𝑛𝑠 0.05 [𝑚] 
Heat of vaporization of 

water at 101.35 kPa 

(Çhengel, et al., 2017) 

𝑟 
2257 [

𝑘𝐽

𝑘𝑔
] 

Density of water 𝜌𝑤𝑎𝑡𝑒𝑟 
1000 [

𝑘𝑔

𝑚3
] 

Gravity 𝑔 9.81 [
𝑚

𝑠2
] 

Boltzmann´s constant 

(Storck, et al., 2016) 

𝜎 
5.68 ∗ 10−8  [

𝑊

𝑚2 ∗ 𝐾4
] 

Surrounding temperature 

inside 

𝑇∞ 15 [℃] 

Water temperature 𝑇𝑤𝑎𝑡𝑒𝑟 65 [℃] 
Temperature inside 

surface of tank 

𝑇𝑖 60 [℃] 

Temperature outside 

surface tank 

𝑇𝑦 40 [℃] 

Emissivity anodized 

aluminum (Çhengel, et al., 

2017) 

𝜀𝑎𝑙𝑢 0.8 

Emissivity for water at 65 

dC (Çhengel, et al., 2017) 

𝜀𝑤𝑎𝑡𝑒𝑟 0.95 

Conductivity for 

aluminum at 300 K 

(Çhengel, et al., 2017) 

𝑘𝑎𝑙𝑢 
273 [

𝑊

𝑚 ∗ 𝐾
] 

Conductivity for air 

(Çhengel, et al., 2017) 

𝑘𝑎𝑖𝑟 
0.026 [

𝑊

𝑚 ∗ 𝐾
] 

Conductivity for mineral 

wool insulation 

𝑘𝑖𝑛𝑠 
0.05 [

𝑊

𝑚 ∗ 𝐾
] 

Prandtl for air at 20 dC 

(Çhengel, et al., 2017) 

𝑃𝑟𝑎𝑖𝑟 0.73 

Kinematic viscosity for air 

at 30oC (Çhengel, et al., 

2017) 

𝑣𝑎𝑖𝑟 
1.609 ∗ 10−5  [

𝑚2

2
] 
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Current operational time 

per year 

𝑡𝑦𝑒𝑎𝑟 8760 [ℎ] 

Operational time 

excluding weekends 

𝑡𝑜𝑝 6000 [ℎ] 

Time without operations 

during weekends 

𝑡𝑐𝑜𝑣𝑒𝑟𝑒𝑑 2760 [ℎ] 

Relative humidity for the 

surrounding air 

𝜙 40 [%] 

 

Calculating the Heat Transfer Coefficient  

The heat transfer coefficient on the outside surface of the sides and bottom is calculated by 

adding the linearized radiation heat to the convective heat transport, using the following 

formula: (Storck, et al., 2016): 

ℎ = ℎ𝑐𝑜𝑛𝑣 + ℎ𝑟𝑎𝑑 = 𝑁𝑢 ∗
𝑘𝑎𝑖𝑟

𝐿𝑐
+ 𝜎 ∗ 𝜀 ∗ ((𝑇𝑦 + 273)

4
+ (𝑇∞ + 273)4)  

𝑊ℎ𝑒𝑟𝑒: 

ℎ = 𝐻𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 [
𝑊

𝑚2 ∗ 𝐾
]  

𝑁𝑢 = 𝑁𝑢𝑠𝑠𝑒𝑙𝑡 𝑛𝑢𝑚𝑏𝑒𝑟 

𝐿𝑐 = 𝐶ℎ𝑎𝑟𝑎𝑐ℎ𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐 𝑙𝑒𝑛𝑔ℎ𝑡 [𝑚] 

𝜎 = 𝐵𝑜𝑙𝑡𝑧𝑚𝑎𝑛𝑛 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

𝜀 = 𝐸𝑚𝑖𝑠𝑠𝑖𝑣𝑖𝑡𝑦 

𝑇𝑦 = 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑡𝑒𝑚𝑒𝑟𝑎𝑡𝑢𝑟𝑒 [℃] 

𝑇∞ = 𝑆𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 [℃] 

 

The characteristic length 𝐿𝑐 for a vertical plate is equivalent to the height. For a horizontal 

plate the characteristic length is equivalent to the surface area divided by the perimeter 

(Çhengel, et al., 2017): 

𝐿𝑐 =
𝐴

𝑝
 

𝑊ℎ𝑒𝑟𝑒: 

𝑝 = 𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 [𝑚] 
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The dimensionless Nusselt number has to be calculated differently for horizontal and vertical 

plates. For vertical plates the following formula is used, assuming natural convection 

(Çhengel, et al., 2017): 

𝑁𝑢 =

[
 
 
 
 
 
 

0.825 +
0.387 ∗ 𝑅𝑎𝐿

1
6

[1 + (
0.492
𝑃𝑟𝑎𝑖𝑟

)

9
16

]

8
27

]
 
 
 
 
 
 
2

 

𝑊ℎ𝑒𝑟𝑒: 

𝑅𝑎 = 𝑅𝑎𝑦𝑙𝑒𝑖𝑔ℎ𝑡 𝑛𝑢𝑚𝑏𝑒𝑟 

For a horizontal plate with a hot surface underneath the Nusselt number is calculated by using 

the following formula, assuming natural convection (Çhengel, et al., 2017): 

𝑁𝑢 = 0.27 ∗ 𝑅𝑎𝐿

1
4 

Finally, the dimensionless Rayleight number has to be calculated by using the following 

formula (Çhengel, et al., 2017): 

𝑅𝑎𝐿 = 𝑔 ∗ 𝛽 ∗ (𝑇𝑦 − 𝑇∞) ∗ 𝐿𝑐
3 ∗

𝑃𝑟𝑎𝑖𝑟

𝑣𝑎𝑖𝑟
2  

𝑊ℎ𝑒𝑟𝑒: 

𝛽 =
1

𝑇𝑓
 

𝑇𝑓 =
𝑇𝑦 + 𝑇∞

2
+ 273 [𝐾] 

𝑔 = 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 [
𝑚

𝑠2
] 

𝑃𝑟 = 𝑃𝑟𝑎𝑛𝑑𝑡𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 

𝑣 = 𝐾𝑖𝑛𝑒𝑚𝑎𝑡𝑖𝑐 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦 [
𝑚2

𝑠
] 
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These two following calculations for the Nusselt number are not used in this study. However, 

if a horizontal plate with a hot surface on the top the Nusselt number has to be calculated, the 

following formulas depending on the Rayleigh number has to be used. These are valid when 

assuming natural convection (Çhengel, et al., 2017): 

𝑁𝑢 = 0.54 ∗ 𝑅𝑎𝐿

1
4  𝑓𝑜𝑟 104 < 𝑅𝑎𝐿 < 107 

𝑜𝑟 

𝑁𝑢 = 0.25 ∗ 𝑅𝑎𝐿

1
3  𝑓𝑜𝑟 107 < 𝑅𝑎𝐿 < 1011 

 


