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Executive Summary 

Water shortage is recognised in several regions around the world and in parts of Europe. Future 

predictions as made by the JRC1 show a growing water shortage in several regions in Europe.  As water 

is a crucial media for the process industry, increasing water shortage and water stress call for additional 

measures in the industry.  

Efficient and sustainable water management contributes to reduced water consumption. Water using 

processes and activities are also often connected to usage of chemicals, energy and other resources. 

Also, waste is generated from contamination of the water or additional chemicals in water treatment 

methods. Therefor a more holistic approach is needed when setting priorities or analysing 

improvement activities. A useful tool in doing so is the life cycle analysis (LCA) methodology. This report 

provides a framework for a resource efficient water management in process industry. The framework 

has been tested and developed during the INSPIREWATER project.  The idea is to provide a system 

approach for implementation where no dedicated water management exists. However, components 

of this system that can also be used and integrated into existing water management systems at 

companies within the process industry or other industrial processes using water. 

There are several driving forces that calls for a more elaborated water management. External demands 

may apply, such as water scarcity in the region, seasonal variation, legal demands, complaints from 

neighbours or environmental impact on recipients of wastewater. Also, internally there may be several 

driving forces, such as securing availability of process water, increasing efficiency in production, quality 

aspects or good will. 

This resource efficient water management system (WMS) proposed in this report considers 

experiences from existing frameworks and standards that usually address parts of the system. The 

suggested system is based on the different needs for different stakeholders like corporate 

management, site management, plant operators, the supply chain etc.   

The system consists of a stepwise approach: 

 Set the scope, identify initial current and future drivers and barriers 

 Assure engagement 

 Map current situation (baseline) including external and internal factors 

 Refine drivers and barriers  

 Define the strategy on different levels 

 Set up the water management system (WMS) 

 Define correct/appropriate KPIs (Key Performance Indicators) 

 Implementation of the WMS 

 Follow-up and improvement of the WMS 

 
1 https://data.jrc.ec.europa.eu/collection/water 
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The steps and implications for different stakeholders are explained. In the figure below the systematic 

approach is illustrated and how the content of these elements may be incorporated into the steps of 

a continuous improvement model commonly used by the industry. 

 

Also for the practical improvement activities of the site (mainly referring to the steps data collection, 

prioritising and target setting in the figure) a step by step model based on three levels is proposed: On 

level one, the overall site perspective is analysed, i.e. intake of water to outlet of water. On the next 

level two this is broken down to analyse the different water using activities, such as each process or 

operation, domestic usage and other water flows. On the third level each process is analysed in more 

detail to find options for improvements, process control and optimization. 

 An important part of the management system is to identify indicators for measuring and follow-up. 

Key performance indicators (KPI) are proposed for each of the levels described above, as well as a 

strategy to design efficient KPIs. The KPIs should provide the information needed to the relevant 

persons within or outside of the organization at the right time and in the right format; i.e. answering 

the question “who needs what information and for what reason”.  
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1. Introduction 

Water management is becoming increasingly important for many industrial sectors and locations due 

to increased water stress. Regions which traditionally have had little or no restrictions on process water 

now see a need to reduce freshwater uptake and a need to increase treatment of used water before 

it leaves the premises or is recirculated.  

In order to work efficiently with water management and to secure that the work done really 

contributes to a sustainable and more efficient water usage, it is necessary to set up a work strategy 

that will lead to this goal. To assist in setting up such a work strategy, a water management system 

(WMS) is a valuable tool. 

The focus in this document is processes and activities that are using water. However, these activities 

may also use other resources, such as process chemicals and energy. The processes may also create 

waste that sometimes can be recovered or needs special treatment. From a holistic perspective it is 

important to consider all these aspects, while working with water management. 

In the INSPIREWATER project a resource efficient water management framework have been developed to 

be used by the process industry aiming at increasing water and resource efficiency in their processes. The 

framework includes pre-requisites to be integrated into existing management systems and to facilitate 

innovative technology uptake. The framework is designed to be combined with existing management 

structures in companies, taking drivers and barriers for innovations in water treatment into account.  

The framework is presented together with a description of the thoughts behind it and a proposed 

“manual” for how it is intended to be used in order to be helpful for industries seeking a strategy for 

how to work with water management.  The design of the framework is based on experiences from the 

partners in the INSPIREWATER consortium, especially the three industrial partner and from other 

assignments on water management and results from previous EU funded projects, such as the E4 

Water project. 
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2. Meaning of a resource efficient Water Management 

System (WMS) 

Most companies have set up a management system for the organisation, following different standards 

such as ISO 9001, ISO 14001, ISO 45001, LEAN etc. In environmental management standards, 

identifying significant environmental aspects for a business is the basis for the continuous 

management work. Before working on a water management system, a company should assess the 

overall environmental impact from the business. The mapping of the environmental impacts can be 

performed in a traditional way through an environmental impact assessment and/or LCA (Life cycle 

assessment). What tool is used is dependent on what perspective the decision makers have. E.g. LCA 

is a powerful tool for mapping environmental impact from a product perspective. For mapping local 

impact from a site, an environmental impact assessment is used. 

In the light of climate change and increased water stress there are many reasons for working with 

water management, which will be further described in section 2.2.1. For a business it is important to 

choose the right operations that have a significant environmental impact. Setting up an organisation 

and raising commitment to the topic is fundamental. In the following section we elaborate on different 

aspects and propose some useful tools in the start-up phase of the management journey. 

2.1 Definition of Water Management System 

There is no real standard definition of water or resource efficiency management system. When 

focusing on water, it can be referred to as a “water demand management” i.e. how water resources 

within a geographic area can be utilized in a sustainable way. However, in this report we are also 

interested in investigating how water and resources are managed within an operation; reuse, 

recirculation, quality requirements, treatment etc.  

One attempt to define a water demand management is proposed by David Brooks (2006) as a system 

that will accomplish one (or more) of five things: 

1. Reduce the quantity or quality of water required to accomplish a specific task 

2. Adjust the nature of the task or the way it is undertaken so that it can be accomplished with 

less water or with lower quality water 

3. Reduce the loss in quantity or quality of water as it flows from source through use to disposal 

4. Shift the timing of use from peak to off-peak periods 

5. Increase the ability of the water system to continue to serve society during times when water 

is short in supply. 

The meaning and the scope of a water management can also be different by looking into the resources 

from different perspectives.  

A product perspective: In this case management system follows the product value chain, i.e. looking 

into the environmental impact from a life cycle perspective: water/resource usage in the supply chain, 

in own operation, during usage and at recycling. In this perspective it is important to secure a 
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sustainable resource usage at all stages in the life cycle and to secure that water issues does not raise 

any risks or concerns in the supply chain and that the product design take water usage into account. 

A corporate policy perspective: A cooperation with operations on several sites around the world must 

secure that water and resources are available and are used in a sustainable way at all sites. This may 

have implications on decisions related to where and how to locate its operation, selection of suppliers 

and reporting to external stake holders on management policies and results. 

A site perspective: At a production site water management will become a more hands-on topic. The 

site must secure sustainable supply, optimise the internal usage and manage resources. 

This report will mainly take the site and process perspective, but also give an outlook on corporate 

policy matters. Giving the scope of the project and demonstrations that were studied within the 

project the main focus will be the management of process and activities that are using water. 

2.2 Why implementing a water management system? 

There may be several driving forces that motivate an implementation of an WMS. From the industry 

perspective just “doing the right thing” i.e. activities within the company’s sustainability program are 

one example. Protection against water related risks, legislation on water usage and discharge, lack of 

water or resource supply or discharge infrastructure, cost or other business opportunities are 

examples of such driving forces. The production processes and other water and resource users within 

the site also have quality requirements.  

From other stakeholders’ perspectives, e.g. municipality, neighbours and environmental aspects, 

driving forces include water availability and water stress, emission and sensitivity of the recipient of 

the treated waste water etc. Collaboration between actors may also take place (e.g. reuse of water 

business to business). Also, water quality aspects are driving forces both for process requirements and 

effluent standard.  

Risk management is a good reason for developing a water management. However, risk management 

is more than a driving force and is therefore addressed as a separate issue. Risk related to water 

management may be issues like shortage of availability of water resources, more stringent future 

legislation, policies and permits, economic aspects and reputation. Risks must also be evaluated on 

both short- and long-term perspective, like seasonal variations to 10- or 50-years draught or flooding 

events. The expected climate change may change the future water situation in different ways. The 

assessment must also be performed on the local scale as water issues are very much related to the 

local situation. It must also take into consideration the probability for occurrence, consequences, 

prevention measures and cross-effect to other risks. 

2.2.1 Driving forces for water management 

Clearly formulated driving forces is a fundamental starting point for a water management work. In 

order to understand these more in detail, we have divided them into external and internal - related to 

production stability: 
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External driving forces 

An industrial operation must always consider how it interacts with the surrounding area and many 

stakeholders’ interests need to be acknowledged. The water status differs at different locations so the 

requirements may vary greatly. A holistic approach that takes other resources into consideration 

should be also applied. Some common aspects that may raise the need for a more elaborated water 

management may be:  

• New legal requirements  

• Questions or complaints from neighbors in the area 

• Effects in recipient due to waste water emissions or storm water run off 

• Foreseen water stress (e.g. decreasing groundwater availability / levels or competing water 

users) 

• Changes in seasonal variations in water availability and quality 

Internal driving forces 

Also, for internal reasons there are good arguments to get an improved knowledge about your water 

status in order to: 

• Secure access to water, increase resilience, and avoid water induced risks for production due 

to  

o Water stress 

o Non- compliance with legislation 

• Improve efficiency -” to do the right thing”:   

o Increase water efficiency; to follow up and set priorities for water related measures 

and follow-up on your water efficiency 

o Increased energy, chemical efficiency  

o Reduce waste from water treatment 

o Increase cost efficiency 

o Assure production and quality 

• Maintain a good relation and acceptance with external stakeholders. 

• In times of changes water issues need to be addressed and the change provides a window of 

opportunity to perform substantial improvements. Such changes may be due to: 

o Change in production (volume or set-up) 
o New production or new projects 
o Environmental awareness (e.g. update of environmental management or increased 

customer expectation) 
o Increased demand on water quality or quantity for the processes 
o Increased cost for water and waste water treatment 
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2.3 Water and resource efficiency 

The processes should be operated as efficient as possible and a water management system shall also 

have a resource efficiency focus. Within the concept of “lean production” it is common to talk about 

the “seven plus one wastes”:  

1) Inventory,  

2) Over production,  

3) Transport, 

4) Defects and rework, 

5) Unnecessary processes,  

6) Movements,  

7) Wait,  

+ one) Not use employee creativity.  

 

Many of these are very much applicable also for water management.  

Waste due to over production and unnecessary usage may occur when production equipment is 

inefficient and not optimised, water usage is not fully tuned with the process flow, for example water 

may be flushing although production is temporarily stopped (e.g. break time) or when there are gaps 

in the flow. Quality problems may lead to rework or defects. The quality loss may be due to poor water 

quality. Poor maintenance may lead to leakages or inefficiencies. Leakages are common during 

transportation of water in old pipes. Water stored in holding tanks may lose in quality due to bacterial 

growth. In a bottom-up approach many improvement opportunities may be discovered using the 

creativity of the employees, often low hanging fruits and low-cost improvements, that may not have 

been salient in a top-down prioritising.  

Water management should also consider other resources that appears through the water-based 

processes. From environmental and economical point of view this may even be the largest benefit of 

having an efficient water management in place, e.g.: 

 Energy efficiency in the water processes can be optimised by energy recovery, reduced need 

for heating process fluid etc.  

 Process chemicals added in the water may be reduced or recovered when the processes are 

optimised. 

 Waste generated from waste water treatment can be reduced, especially if the water 

processes includes circulation loops with chemical recovery. 

2.3.1 Water is used for a variety of purposes 

When looking into water usage in an industrial operation, or for that matter domestic usage, the 

reasons for using water can be different. The properties of the water medium are used in different 

ways and this may call for a variety on quality requirement, management strategies, reporting models 

and technical solutions. 
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Water as an energy carrier 

Water is used for cooling in several processes, either in a non-contact or a contact cooling process. In 

a non-contact cooling this is done through heat exchangers where the water is not in physical contact 

with the product and will not be contaminated by the process. The water is discharged to the recipient 

somewhat warmer, but there is no need for cleaning. The water flows may be very high and depends 

on the temperature, which may vary with the seasons. Cooling towers can be one way to reduce water 

usage.  

In a contact cooling process, the water will be contaminated in the contact with the products and 

needs further treatment. Some water may also be lost through evaporation. 

Water can also be used as heating medium, i.e. as steam. In this case the evaporation losses may be 

high.  

When water is used merely as an energy carrier the requirements on water quality is moderate and 

mostly related to the function of the equipment (heat exchangers, boilers etc.). Often surface water, 

even sea water, or ground water can be used.  

Water as a transport medium 

Water can be used for flushing or similar (e.g. in a water closet or flushing off contaminants on a 

surface). This water will be contaminated, and water treatment is normally needed. The water quality 

requirement for these applications is often low and, in many cases, recycled or recovered water can 

be used. 

Water as a solvent, cleaner or chemical 

In several applications it is the chemical properties of the water medium that is utilized. As solvent in 

chemical products (i.e. water-based paint), as cleaner in combination with a cleaning agent, for rinsing, 

pickling, scrubbers and other processes. 

In some processes water will have a dual (or triple) function as solvent, for cooling and/or for flushing, 

e.g. in a cutting fluid emulsion or in some scrubber applications. 

In these cases, wastewater treatment is mandatory and often rather advanced technologies are 

required. A clever water management can not only provide water saving, but there may also be 

possible to recover chemicals, which could be even more beneficial and a good argument for applying 

advanced water management both from resource efficiency and for economic reasons. An LCA 

approach can be helpful to identify the most sustainable set up. 

The quality requirements on water for these applications can be very high and pre-treatment of 

incoming water may be necessary (e.g. filtration or even deionisation). 

Water as part of the product 

Water may be a part of the product, e.g. a chemical product delivered dissolved in water. In these 

products the quality requirement will be crucial.  
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Food, beverages and sanitation 

Food and beverages contain water, and, in these cases, it is food grade standards that sets the quality 

requirements. However, the major water usage is often needed during the production and agricultural 

activities, e.g. to produce one cup of coffee more than 100 litres of water is needed. 

For sanitation the quality requirements vary but may be lower for some applications and recovered 

water may be an option. 

Landscape; gardening, ecology and recreation 

Gardening: An industrial site is not only processes and buildings, rather large areas may also be garden 

and other green area, so irrigation and other gardening activities must also be included in a water 

management program. The requirements on this water is that it must not include contaminants that 

give long term effect on the flora and fauna. Recovered water that meets these criteria can be used as 

well as harvested rain water (see below). Ponds and creeks can be a part of the landscape and can also 

be part of wastewater treatment, e.g. refreshing of domestic water after treatment in a biological 

process. 

Protection of water reservoir, such as ground water and surface water is one of the input parameters 

to a sustainable water management. It sets limitation to the amount that can be withdrawn for 

industrial usage and to emissions in outlet water to the recipient. 

Storm water 

Storm water must be taken into consideration in a water management. Seasonal variations, extreme 

weather occasions, etc. must be considered (as well as long term effects due to climate change). If the 

surface on the site is in some way contaminated there may be an issue with run- off water delivering 

pollutants to the environment. Proactive measures are recommended to prevent this. Collection ponds 

and filtering equipment may be needed to handle the issue. 

Storm water can also be collected and used on-site for various purposes (water harvesting), e.g. 

flushing, gardening or wherever it meets the quality requirements. With special water management 

actions, it may be used to restore ground water level, such as systems that support infiltration, in areas 

with heavy seasonal rainfalls. 

Conclusion  

Water is a resource that can be used for many different purposes and the requirement on the quality 

varies depending on what it is used for. The same goes for the need for treatment of the water after 

usage. Within the framework of water management, it is important to have an awareness of this and 

optimise the usage. There are often several opportunities for recycling or reuse. A process that needs 

high quality of water and does not contaminate it too much may deliver the used water to another 

process with low quality requirement in an industrial symbiosis manner. It is for example not necessary 

to use drinking water quality for cooling or flushing. In a way one could compare this optimisation 

analysis with a pinch analysis, which is a common industrial symbiosis practice within energy 

management, although a water pinch analysis must take more diverse quality aspects into account. 

The wastewater may also contain valuable chemicals that may be recovered. 
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In short: Use the right water for the right purpose.  

When reporting water usage, it may also be confusing when the different water usages are summed 

up to one figure, as the environmental impact and cost for the different usage are very different. E.g. 

non-contact cooling water applications often use large volumes but may not be much of a problem 

where water is readily available (such as surface water from a large lake or the sea), while water used 

for processes needs much aftertreatment and may also consume other valuable resources that 

potentially would be possible to recover.  Thus, it is wise to separate the different water reports so 

that water usage that needs more attention is not “drowned” into large numbers from other users. 

Industrial symbiosis 

A water management system should also look for opportunities for an integrated water management 

where water is supplied and recovered between several users within an industrial area. This would lift 

the complexity of a water management program to a higher level, but also present several advantages 

in optimisation and economic as well as environmental benefits and fit into the concept of circular 

economy. However, one of the hurdles that needs to be is that the regulatory requirements still often 

are based on a more linear thinking model where water is taken in, used and emitted. Thus, when 

water crosses the border between two organisations with individual permits the requirements may 

not match.  

2.4 Description of organisation and roles in water management 

In a large industrial corporation water and resources will be a topic for all levels in the organisation, 

however the roles and driving forces differs. Also, suppliers have an impact on the overall water 

footprint, not at least from a life cycle perspective. In this section the interactions and driving forces 

will be described. In the following we will focus on water management, since all processes described 

are depending on water. However, always keep in mind the holistic approach that may have an impact 

on the prioritising of activities that follows from the analysis of opportunities for improvements. Figure 

1 shows an overview. 

 

Figure 1. Roles and interactions in water management 
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2.4.1 Corporate  

The main role of the corporate function is to set a global policy, strategy and target on water 

management as well as to provide follow up and supporting activities. On this level general standards 

and requirements can be formulated for all entities, e.g. minimum standard for emission levels form a 

site that shall be fulfilled, even if the local legal requirements are less stringent. To support the 

organisation in water management a corporate function may coordinate activities by organising 

networks for knowledge sharing or perform or coordinate research & development activities within 

water management, water treatment methods etc. As for all other transformation and development 

activities in large organisations the engagement and encouragement from top management is crucial 

for success. 

Often environmental performance, such as water usage, is reported to external stakeholders on a 

corporate level, e.g. in annual reports. This requires information and reports from each site.  

Decision on large investments are also taken on this level and water matters can be one important 

input to such decisions, e.g. risk for delivery problems, cost or quality aspects due to water scarcity. 

The interactions with suppliers from this level are on topics like standards and environmental 

requirements on suppliers from the corporate purchasing organisation, which will be an input to the 

selection of preferred suppliers to the company. 

2.4.2 Site  

In general terms, the role of the corporate functions in a large organisation is to set the overall 

strategies and targets for the corporation, support the local initiatives and receive and evaluate reports 

on the result. However, although high level strategies are in place, it is a challenge to translate them 

into concrete actions for local operations. The concrete actions for water management also need a 

bottom-up perspective, as it is on the local level the problems and opportunities for improvements are 

seen. However, the real actions are much enhanced by a clear top-down commitment. 

On the site level the actual water management work is done. It is here water is used and changes can 

be made. For the site management it is important to ensure compliance with legal demands. These 

demands can differ greatly between sites, depending on the local situation related to water availability 

and infrastructure on waste water treatment. National and regional standards can also vary greatly. 

Apart from this corporate standards and requirements must be met.  Normally an environmental 

management system, such as ISO 14001 is in place to secure a good working practice. 

As water normally is a necessary resource for a stable production, the site must organise a secure 

supply and take seasonal variations into consideration. Also, a well-functioning effluent water 

treatment is a prerequisite for production. 

It is up to the site to test, decide and invest in the specific technical solutions for water management. 

Input from corporate R&D or networking with colleagues at other sites or industries is valuable in order 

not to re-invent solutions and make double work. Water efficiency is also a part of the sites general 

strive for continuous improvements and efficiency.  

Reporting to corporate on global KPI´s related to water is also required from the site level. 
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Local purchasing of commodities will also be a part of the water footprint, which is indirectly influenced 

by decisions on the site level. 

2.4.3 Supply chain   

As mentioned above suppliers may be a large part of the water footprint from a product. Therefore, 

interaction with suppliers is a part of the water management system.  

Reporting water footprint from the suppliers is important from an LCA perspective. In case a part of 

production is to be outsourced, the water usage will be so too, and although outsourcing will reduce 

the company´s own water footprint, no real improvement has been made, unless the supplier is more 

water efficient. 

As water is a necessary resource also for the supplier it is in the interest of the organisations that the 

supplier has a sustainable water situation in order to secure delivery stability. The supplier must also 

comply with corporate purchasing strategy and requirements. 

Although it is up to the supplier’s organisation to implement their own water management system, 

cooperation and exchange of experiences on the technical level with the organisation may be fruitful. 

In case a supplier is situated at the site or is working as a contractor a more intense cooperation is 

needed as the performance of the supplier may have a direct impact on the organisations own legal 

compliance. 

2.4.4 Key elements in a Water Management at a site 

The purpose of establishing systematic water management at a production site is to organise the usage 

and handling of water in a structured way, to create awareness and ownership, secure supply, reduce 

environmental impacts and costs for water handling as well as assure compliance to different 

requirements, such as legal and regulatory requirements, requirements from other stakeholders and 

policy aspects. The purpose is also to optimise the water using processes and reduce risks for 

disturbances. In practice, to ensure an effective system and secure synergies with other aspects at the 

site, water management should be integrated into existing procedures e.g. environmental and energy 

management.  

From a site perspective the key elements in a systematic water management are illustrated in figure 2 

below. The elements are based on general management system principles and designed to fit into 

exiting management systems, e.g. ISO 14001, ISO 50001, ISO 9001.  
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Figure 2. Key elements in water management 

 

The key elements of water management are divided into three main parts:  

• External conditions include external factors that has an impact on the site, in terms of  
o stakeholder requirements and engagement. 
o risk assessment of water related risks.   

• Control of the site´s water situation includes the operational control of all aspects of water 
handling at the site, in terms of: 

o the source of water, how it is supplied to the site and the withdrawal of water to the 
site,  

o the usage of water in different parts and processes at the site 
o discharge of water, including control of contaminants in effluents, as well as the 

destination of the water, e.g. to municipal treatment or directly to a recipient 

• Manage and steer performance includes  
o governance, roles and responsibilities and internal engagement  
o ambitions, targets and action plans to optimise and improve water management at 

the site, as well as  
o monitoring and reporting of performance. 

When developing strategies and plans for water management it is important to recognize that the 

situation can be very different at different locations. A “one-size-fits-all” type of approach can be costly 

and is usually not so helpful. At one location the supply of water can be very good, e.g. large basins 

with surface water, but the emission regulations can be stringent, and the recipient may be sensitive. 

In this case the focus should be on the discharge side and a zero-discharge for contaminated process 

water may be priority, while water usage per se may be less of an issue. On another site, which is in an 

area with water scarcity, the supply of water may need the most attention and processes should be 

optimized to minimize the water volumes needed. 
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3. Proposed framework for a holistic water management 

3.1 General principles 

As mentioned in the previous sections, water is lifted in many organisations as an important 

environmental aspect and water is used for many purposes in industrial operations. Without secure 

supply of water of the right quality production will not be possible. Many plants may have taken water 

supply for granted, but increased water stress, environmental quality demands and costs have put the 

issue on the agenda and there is a need to improve the knowledge about the water status short and 

long term. For others, however, this is not new and models for water management are used and 

developed. This proposed framework intends to support the organisation by a step by step approach 

to efficient water management both on a corporate, strategic level and with more hands-on 

implementation on an operational site. Water management will act on different levels as described 

above, including not only the own company, but also the water dependency and impact in the supply 

chain. 

In a specific company, not all parts of this system might be applicable, or some parts might already be 

in place.  The model allows for only specific parts to be used, however, the largest impact can be 

expected when the system is followed as a whole. During the journey new data and insights will arise 

that may challenge the original assumptions. In that way this is a living process and sometimes previous 

steps needs to be revisited. In the end the model can be used as also for a continuous improvement 

work and incorporated into other management processes, such as ISO 14001, 9000 etc. 

As a starting point of the journey towards an efficient water management an organisation that may 

not have had water as a high priority issue should sort out the driving forces, the “whys” (as described 

in section 2.1). Setting up an organisation and raising commitment to the topic is also fundamental. 

After this the practical work can start. In the following section we elaborate on different aspects and 

propose some useful tools in the start-up phase of the water management journey. 

3.2 Implementation step by step  

In Figure 3 the implementation model for water management is outlined. The suggested steps are 

described in the light blue boxes and below is an illustration of the top down as well as the bottom up 

interactions between the different parts of the organisation. 

The main steps are: 

 Set the scope, identify initial current and future drivers and barriers 

 Assure engagement 

 Map current (baseline) situation including external and internal factors 

 Refine drivers and barriers  

 Define the strategy on different levels 

 Set up the water management system (WMS) 

 Define correct/appropriate KPIs (Key Performance Indicators for each site and process) 
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 Implementation of the WMS 

 Follow-up and improvement of the WMS 

 

 

Figure 3. A step by step model of the process to implement a WMS, showing the roles and interactions 

between stakeholders in the organisation and supply chain.  (Grey boxes are external stakeholders) 

 

Behind each step, more detailed work is needed and described in the following sections. What work 

is needed is dependent on what level in the organisation work is performed. 

3.2.1 Set the scope, identify initial, current and future drivers and barriers 

The need for a more elaborated WMS can arise from any or a combination of the driving forces 

mentioned above, both from external and internal factors. These driving forces will be an input to the 

scope setting, so a first step is to identify and evaluate these.  

On corporate level this is made by setting water issues as strategically important and communicate 

this in the organisation.  

On site level, the local water situation and compliance matters will be guiding.  

On supply chain level, water induced dependencies along the supply chain will be the drivers. 

The key questions are:  

• Is water an important topic for the company or for the site?  

• What is the amount of water used? 

• Does the company or site have or can foresee water related (or water induced) problems? 

• How critical is water for production volume or quality? 

• What are the opportunities for water savings and efficiency improvements? 

• What are the costs for water treatment and what are the opportunities for cost reductions? 
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It is also important to get the same overview of the situation at key suppliers.  

3.2.2 Assure engagement 

The next step will be to assure engagement. This starts by creating awareness in the organisation. 

Information and engagement activities are planned directed to employees and more in-depth training 

to those who have a direct influence on water usage and water treatment. Activities must also be 

prepared for contractors active on the site, if their activity can be expected to have an influence on 

water usage or discharge.  

This information is also of importance for the corporate functions in order to establish common 

strategies, standards and support activities, e.g. provide training material or technical solutions that 

can be used by the organisation. 

3.2.3 Map current situation including external and internal factors 

As the awareness of the importance of the matter now has been raised it is time to increase the 

knowledge and map the situation as it is at this point.  

It is time to determine the basic conditions in more detail both from an external and internal 

perspective. It is also time to collect more information and to initiate measurements of important 

parameters.  

External conditions and environmental considerations that must be determined are: 

• Local and regional water resources, seasonal variations. In this analysis also future situation 

must be addressed, e.g. how climate change may influence on surface water temperature, 

availability or risk for flooding. 

• Upstream and downstream users (how our organisation have impact on other users in the 

area) and how other users may limit our water situation. 

• Recipient sensitivity, outlet water quality parameters and downstream treatment. I.e. how 

residual contaminants in in the waste water may affect the environment. A downstream 

treatment may be such as a municipal waste water treatment. 

• Regulatory compliance aspects 

• Risk management 

Measurement of the current situation:  

With the awareness of the external factors the next step is to investigate the internal requirements for 

a sustainable and secured production. Important parameters are: 

• Total water usage (in relation to availability) 

• Water demand for processes (Flow and quality parameters) 

• Water demand for domestic purposes 

• Water demand for cooling 

• Water demand for other purposes (e.g. gardening) 

• Cost for inlet water (grid costs and/or need for treatment prior to usage) 

• Total wastewater volume  

• Emission parameters  
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• Cost for water outlet treatment (including cost for handling of residues from the treatment, 

e.g. sludges, concentrates etc.) 

 

The “decision tree” approach described below and in appendix 2 is a helpful tool to identify main 

environmental aspects and to choose the correct actions from an overall resource efficiency 

perspective.  

3.2.3.1 Useful tools for water management, analysis and prioritizing of actions  

To support water management there are many systems and tools available. There are methods for 

assessing water risk, reporting of water usage and set priorities. Some of them is briefly mentioned 

here and more details on two frequently used methods for water risk assessment are given in appendix 

1. 

Water risk assessment:  

In order to get an overview of the regional situation there are several water risk assessments methods 

available. The two most frequently used tools to evaluate water scarcity are the WWF water risk filter 

and the WRI Aquaduct tool. These are described in more detail in appendix 1, together with links to 

the web sites. These tools present an overview of scarcity, ecological sensitivity, seasonal variations 

and other risks on a regional scale, normally the situation at the water basin level. However, there still 

may be very local variations to consider that is not fully covered by these tools, so it may not always 

show the full picture for a specific site location but will present a good general overview and provide 

a baseline for further investigations. 

Global Reporting Initiative (GRI): 

The purpose of the GRI is mainly to provide criteria and support to the sustainability report from the 

organization, to set a framework for criteria, comparison and transparency. It covers all three aspects 

of sustainability; environment, social and economic sustainability. Within the environmental 

framework the aspects are energy, material usage, water usage, biodiversity, emissions to air, water 

and waste, transport related, product related, compliance and costs for environmental related 

investments. Thus, water appears as both a resource issue and as an emission parameter. The 

indicators on water usage are:  

• Total water withdrawal by source 

• Water sources significantly affected by withdrawal of water 

• Percentage and total volume of water recycled and reused 

• Total water discharge by quality and destination 

It is thus indicators related to the boundaries of the site that are in focus, i.e. mainly an external stake 

holder perspective. Many of the other reporting systems, i.e. Dow Jones Sustainability Index, Carbon 

Discloser Program etc. are to a large extent using the GRI reporting principles. 

Collecting information from sites: 

In order to get an overview and a starting point for water management it can be useful to ask some 

key question to the site management on their water situation and maturity to proceed with 

improvement work on water. Within the INSPIREWATER project a self-assessment questionnaire was 
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developed and sent out to the partners to get an overview of activities and on reporting methodology. 

The questionnaire was used as a self-assessment tool, but it was then followed up by interviews with 

the relevant persons on the site by experts on water management.  

A word of warning is appropriate here: Self-assessments may often be a rather blunt method, as the 

response from an organization with high level of awareness often show more of self-criticism than the 

response for an organization that is unmatured on the topic and not yet aware of the water risks or 

opportunities. In the latter case it is not unusual that they will report a brighter, but maybe false 

picture. Therefore, the follow up interview is crucial, and the response of the questionnaire can be 

used more or less as an indicator and “conversation piece” during the interview. In appendix 3 and 4 

two examples are presented. 

There are also some standardised tools available for self-assessment or checklists for water 

management, such as the European Water Stewardship (EWS) Standard version 8 (2012) or the 

Alliance for Water Stewardship: AWS standard 2.0 (see intranet links in the reference section). These 

may be helpful in the mapping and target setting. These have mostly an external stakeholder and an 

organisational perspective. It is also possible to get an external audit related to the standards and a 

certificate. 

Life cycle perspective and environmental impact assessment  

When prioritising and analysing the activities on water management it is a good idea to widen the view 

and get a more holistic approach to the topic (i.e. going from just water management to a resource 

management perspective). Life cycle assessment (LCA) is a methodology that provide an assessment 

of several environmental aspects during the complete life cycle of a product or a process. The 

assessment may show where the most important environmental aspects are found for example: the 

magnitude of environmental impact due to water withdrawal, water emission, chemicals in the 

processes, material consumption, waste generation or water usage at other part of the production 

chain. For instance, it may show that although water scarcity is not a big issue in a specific case, it is 

worthwhile to optimise the water usage in the process in order to save or recover the process 

chemicals, or that the process quality aspects will have an impact of the lifetime of the product. 

A real LCA is normally performed by professionals in the area and follows standards, such as the ISO 

14040 series. However, the holistic perspective in the sense of widen the horizons in the analysis of 

the water situation may be applied anyway. An environmental impact assessment of the process or 

the site should be performed. The relevant aspects that are identified will indicate where actions are 

needed. 

An example of how results from an analysis from a life cycle perspective can be used is, the “decision 

tree model”. This methodology has been applied in the INSPIREWATER project to establish 

environmentally relevant metrics (key performances indexes, KPI) and to set priorities in the 

optimisation of the water using processes that were included in the project. The method is further 

described in Appendix 2.  
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3.2.4 Refine drivers and barriers  

With this initial analysis at hand and based on the conclusions from the mapping of current situation 

as described in section 3.2.3, it may be necessary to revise the analysis of drivers and barriers. 

3.2.5 Define the strategy on different levels 

Setting corporate level strategy and targets: 

With the awareness given from the situation at the various production sites and the knowledge of 

other corporate strategies, a corporate strategy on water related issues can be developed. This top-

down perspective is important in order to give the local management the support needed for giving 

priority and to allocate resources to improvement activities. When major changes in production or 

other investments are planned this is a good opportunity to consider water management in order to 

get the best solutions implemented from start.  

However, a corporate strategy must have the flexibility to allow each specific site to prioritise according 

to their need in order not to drive costs by requesting unnecessary actions (e.g. a very general water 

saving target may not make sense at a site with very good and secure water supply). 

Setting site level strategy and targets: 

Determine the available volume and quality as related to the present and future need; set strategy to 

safeguard production, fulfil stake holder requirements and eliminate environmental impact. Increased 

economic efficiency, reducing energy consumption and material resources, such as production 

chemicals and elimination of waste, are also targets that should be considered in relation to water 

efficiency. 

A SWOT (strengths – weaknesses – opportunities and threats) analysis may be performed at this stage. 

3.2.6 Set up the Water Management System  

Based on the analysis performed so far, a draft water management system can be formulated. 

3.2.7 Define correct/appropriate KPIs 

Some initial key performance indicators (KPI) can be designed although they may need to be refined 

later as the work on water management proceeds. In section 4.5 the matter of formulation and set up 

of KPIs will be further discussed and some examples on KPIs are given. A starting point is to establish 

an overall site level KPI, i.e. a set of KPIs that determine that the site is operated within the acceptable 

window (e.g. m3/time not exceeding sustainable usage). 

3.2.8 Implement the Water Management System 

The water management system must address the findings from the previous steps and include 

• Limiting factors 

• Description of the water usage 

• Risk analysis 

• Future process developments and changes 
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• Action plans 

The implementation itself will be different depending on the pre-requisites and company culture in 

each company. A typical approach is to have a combination of a bottom-up and top-down approach, 

i.e. setting a framework from the corporate level, together with an interaction with the site-level and 

implementation based on the local pre-requisites.  It is also possible to use more of a bottom-up 

approach, where the sites define the possibilities and where the corporate functions provide support 

and co-ordination within the company. It is advisable to have a common corporate framework.  Not 

all parts of the WMS described here might fit for all companies and sites, depending on size and what 

the current water management status, but parts should be applicable and could give ideas and 

guidance. 

3.2.9 Follow up and improve the Water Management System 

Coming this far the organisation is expected to have a much better overview of the water situation. 

On corporate level this means a good overview of the situation as a whole and a special focus on those 

sites that have been addressed to need more attention. Preferably an active knowledge-sharing and 

R&D activity is in place to support the organisation. For follow up the central organisation requests 

information and can conduct on-site audits. On site level all pre-requisites are determined, the as-is 

situation is described, and action plans are in place.  

On the supplier side the water status is assessed, and the dialogue is ongoing, followed up by revisions 

and information sharing. The dialogue may now also include knowledge sharing and technology 

development, if appropriate. 

As the information is compiled and the first results are reviewed it is most likely that topics for 

improvements are identified and these are implemented in regular revision of the WMS. 

Starting from the key elements of water management, as described in section 2.4.4 and figure 2, we 

have created this step-wise approach (see figure 4 below) which could be used as basis in the further 

development and implementation of water management plans at the locations. The approach follows 

the classic Plan-Do-Check-Act (PDCA) Deming cycle, and identifies key activities in different stages of 

the journey. This includes the elements of the implementation steps from above, but structure to fit 

into a PDCA cycle. This model is intended to be used in the further work and may also support 

integration into management systems at the sites. 
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Figure 4. The elements in the WMS as a PDCA cycle for continuous improvement. 
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4. Water management step by step on operational site level 

In chapter 3.2 a step by step implementation methodology has been described. The focus has been on 

the different phases as well as the interactions between different parts in a large organisation, their 

specific roles and an iterative process to align the activities. However, it is on the site level that water 

is really used and where the problems may arise as well as where solutions are implemented. This 

applies both to sites within the organisation as well as sites at suppliers along the value chain. 

Related to the step by step approach, described above, the following section can serve as a guideline 

to perform the steps Collect data, prioritising efforts and setting targets in figure 4 and a guidance for 

a step by step approach for implementation of a WMS on site level. Also, an overview of how KPIs 

related to water management can be used is presented, however formulating good and appropriate 

KPIs that really support the improvement activities needs more attention and will be further 

elaborated in section 4.5. 

The decision tree approach described in appendix 2 can be used as a tool to evaluate environmental 

aspects and set KPIs and priorities from an LCA perspective.  This analysis can be refined further when 

analysing each specific process, as the importance of various aspects may differ.  

4.1 Water management on overall site level  

On the overall site level (level one in this guideline) a water balance over the site will be the starting 

point for the WMS and the as is situation should be analysed, i.e: 

Determine the available volume and quality as related to the present and future need; set strategy to 

safeguard production, stakeholder requirements and eliminate environmental impact. This can be a 

one-time job if no real issues are identified but may need annual update if there are. However, a 

regular review and update should be foreseen, as especially usage of water up and downstream the 

region´s water basin might change, and this information may not reach the site management 

automatically. 

Improvements in economic efficiency, reducing energy consumption, chemical usage, waste and effect 

on water quality due to incoming materials/substrates are also a part of the strategy and target setting 

that should be considered. 

The inlet water flows should be determined by source, as described in Figure 5: 

• Grid 

• Well 

• Surface water 

• Reused water from external sources (e.g. treated municipal waste water) 

• Rain water recovery 

On the outlet side the volume flows and qualities must be measured from the emission points (e.g. 

water treatment plants, surface water run-off, overflow). Special attention should be given to water 

that may be contaminated by hazardous substances. Also, the amount of water lost through 

evaporation or delivered with outgoing products should be estimated.  
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Waste generated from water treatment shall be monitored and classified according to regulations (e.g. 

hazardous non-hazardous or waste that needs special treatment). Opportunities to recover valuable 

materials from waste fractions can be considered for further target setting and improvement. 

On the overall site level, the selected set of KPIs must allow a monitoring and assessment that secures 

that the site is operated within the predefined window (in the following this set of KPIs will be referred 

to as KPI level 1).  

Example: 

In this model a sewage treatment plant is included on the site. However, there may be necessary to 

have more treatment plants on the site. These are treating water from different sources based on 

contaminant composition, treatment method etc. E.g. domestic water should not be treated in the 

same plant as industrial etc. More treatment plants can be operated for specific processes in the 

production. In some case a treatment of storm water run-off may be needed due to site contamination 

or regulatory requirement. 

 

Figure 5. Overall water balance over a site (inlet flows to the left and on the top and outlet to the right. 

4.2 Water management broken down to specific water users  

The next step is to get a view of the processes and water users (level two) inside the factory and make 

a water balance on each one of these and measure (or as a start estimate) water flows in the factory 

as well as outlet water flows: 

• Water use in processes (divided and eventually broken down to each process and operation) 

• Water uses for domestic purposes 

• Water uses for cooling 

• Water for other activities 

• Other water flows, e.g. storm water 

Many of the water processes are also using other resources and generates other environmental 

aspects and costs, which also should be monitored and part of the improvement activities. For some 

processes these may be more environmentally problematic and costly than the water usage as such.  

• Process chemicals in the production processes 
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• Chemicals used in water treatment (both in pre-treatment and in waste water treatment) 

• Waste generated from the processes and from water treatment 

Figure 6 below shows an example of a procedure for defining a process specific water management 

system. With this it is possible to identify and quantify main users, to identify and highlight flows and 

materials that are critical from value/cost, environmental, energy or other resources point of view and 

start creating action programs with focus on: 

• Large users 

• “Low hanging fruits” 

• Stand-by losses  

The priority should be to reduce as much as possible – replace with less harmful alternatives, when 

possible – and recycle.  

Analyse how water usage correlates with activity (e.g. production volume) and set targets on each 

user. 

With this information the overall targets and strategies can be reviewed, as new awareness and 

opportunities may have been identified. It is also possible to start execution of the WMS by broken 

down water management plan for selected operations, setting metrics related to targets and define 

relevant KPIs on level 2 (KPIs specifically designed to be used on process level) and start finding 

improvements through engagement, including directed training activities, technology scouting to find 

best available solutions etc. 

Based on an analysis of the water quality after sewage treatment it should be investigated if this water 

can meet quality requirements for some of the water using activities within the plant. If so, this is an 

option for recycling, possibly after some further polishing operation. It can also be possible to increase 

the recycling after making a review of the chemical usage and adjust by substitution of problematic 

products. 

As the work progresses several loops of information, coordination between processes and other water 

users etc. may be identified and implemented into the management program. As such opportunities 

are identified new targets will be set and measurement methods and KPIs will be revised as a part of 

the improvement program. 
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Figure 6: Water management approach for specific plants, users or departments (level 2). The steps in the 

WMS development process are marked in green, specific activities coupled to the steps are white and the red 

squares indicates where the KPI setting activity should be implemented. Where KPI level2 indicates overall KPIs 

related to the specific user (e.g. total water usage) and level 3 are more detailed KPIs related to optimisation of 

the processes. The small boxes indicate that the same procedure can be applied on other water users inside 

the plant as well (here: user 2 and user 3) 

Example 

In Figure 7 an example of this is shown. This is a generic model of a factory with 4 different water 

consuming production processes, water for domestic usage (lavatory, locker rooms, canteen etc.) 

water used for gardening on the premises and water used for cooling. 

• Process 1 is a closed loop system with well-defined usage of chemicals and internal recycling 

and high demand on water quality 

• Process 2 is an open loop process with a mixture of chemicals and contaminants 

• Process 3 has a high amount of evaporation, it may be e.g. spray process with high 

temperature, an open cooling, scrubber, paint spray booth or alike 

• In process 4 water is used for cooling, but through a heat exchanger and without physical 

contact with the process. 

In reality, any process may have parts of all these aspects; i.e. quality requirements on inlet water, 

evaporation, partly recycling etc. Each of these needs specifically designed KPIs for follow-up, control 

and improvement. 
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Figure 7. A generic model of a factory with four water using processes. 

4.3 Water management on process level  

To get really in depth and find opportunities for water optimisation and improvement program etc. 

activities on detailed operational level (level 3) should be formulated. As every process is unique, this 

must be done in close cooperation with the process expertise and operational personnel. It may also 

be a very iterative process as more knowledge is created and improvement measures are 

implemented. 

An example of such a process is shown in figure 8. 
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Figure 8. Example of a production process with high water usage. In the figure the white arrows show clean 

water, the light blue arrows are representing water flows with some contamination of process fluids, while the 

dark arrows represent flows with high amount of process chemicals. Red arrows are bleed sent to waste water 

treatment. 

 

This is a generic production process with a process bath and two rinse steps. The rinse water has one 

recycling loop and the process bath is recovered through another loop, where valuable chemicals are 

recovered while by products and contaminants are removed. Some water is lost through evaporation 

and needs to be replaced by a water feed with low conductivity. 

On this level several parameters should be monitored and used for process control. Mostly measured 

with the purpose to stay in the right process window on chemical balance, rinse water requirement, 

control of contaminants as well as other parameters important for the process, e.g. temperature, pH, 

spray nozzle pressure etc. In a complex process a digital modelling may be required.  

Also, the different recycling equipment’s are controlled by a variety of measured parameters; pressure, 

internal flow, concentration gradients, operating temperature etc.   

As some chemicals in this example is recovered and feed back to the process it is very important to 

secure that there always is the correct mixture of chemicals in the process and no accumulation of 

contaminants or other unwanted elements, or if depletion of process chemicals take place in process 

bath and in the rinse baths. It may be necessary to design a touch up chemical mixture to match the 

composition in the recovered chemicals. The supplier of the process chemicals should be able to give 

support on these chemical balance matters. 
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4.5 Design of Performance indexes (KPIs) within the Water 

management framework  

” To measure is to know” is an often-quoted sentence, which normally bares a lot of wisdom. When 

evaluating all improvement work it is important to know and follow the progress in measurable terms. 

In industry a lot of measurement is going on and the results are often presented and reported as 

“indicators”, some even “Key indicators” (or KPI, Key Performance Indicator). Sometimes the flora of 

indicators becomes so huge that they cause more confusion than understanding. Many has also 

experienced that data are reported just because the data are available, rather than because it is 

needed (figure 9). 

 

DATA       INFORMATION  KNOWLEDGE     UNDERSTANDING 

 

Figure 9. The goal of a well-designed KPI can be said to provide data to give information that supply knowledge to the 

relevant stakeholders that in turn creates understanding of the activities going on in the organization. 

 

It is thus appropriate to elaborate a bit on how efficient KPIs are designed and can be used in a WMS. 

There are mainly three purposes for designing a KPI: 

1. For reporting. e.g. emission parameters to authorities, data to be included in annual reports etc. 

2. For control, e.g. that a process is operated within the process window 

3. For improvements, e.g. evaluation of the results of a change 

The purpose of the KPI will be important to consider and shall have an impact on the design of it; the 

level of detail, who is the target group and what are they supposed to do with the information, the 

frequency of reporting etc.  

In Figure 10 a “pull approach” is described that is helpful:  Starting by asking why measurement is 

needed, who needs the information and in what format and at last, what kind of method or 

measurements are needed to get the important information.   

 
Figure 10. The recommended pull approach to design KPIs (adapted from SuRE BPMS Handbook (2017)). 
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In the WMS network there may thus be a variation of KPIs depending on the different roles people 

have in the organization. For example: 

• Authorities and other external stakeholders need reports related to permit levels (water 

withdrawal or emissions) 

• Corporate functions need to know general water standards from sites or suppliers for decisions 

on investment, for reporting of improvement’s or for setting and follow up of corporate 

policy’s and targets. 

• Site management need information about water availability, risks and to secure control of 

emissions and production efficiency 

• Production department and operators need data for process control and evaluation of 

improvements 

In appendix 5 a matrix of such information at a production site is outlined. 

A performance indicator can be just a simple reading from an instrument, e.g. actual water flow into 

the plant, but the word “performance” indicates that it in some way should be related to something, 

a parameter that shows the efficiency of the water usage. E.g. the actual production (for example m3 

of water needed to produce a certain unit). In that way the KPI can be useful even when other 

conditions are varying. However, when using these aggregated data, it is crucial to be aware of how 

they relate to each other; is the water usage really proportional to the production volume? Is there a 

baseline of water usage regardless of actual production intensity, or are other parameters more 

determining the water need? Domestic water usage may be more related to the number of persons 

working at the site, cooling water volume depends on the temperature of surface water, which varies 

with season etc.  

The point is that the more one gets to know about the water flows and processes the better KPIs can 

be designed and inaccurate metrics be replaced by indicators that gives the valuable understanding. 

One can speak about a “life cycle” for a KPI and it is important to remove irrelevant metrics to be able 

to focus on the important ones. During improvement activities special KPIs will be used, e.g. stand by 

losses and other non-production related users will be analyzed during non-production (i.e. zero 

produced units). 

4.5.1 Examples of KPIs for an operational site 

Overall Site level (level 1) 

On level 1 the Site is regarded as a black box with water going in and water going out. The main reasons 

for formulating KPI are to secure supply of water, react on excess water usage, report to external 

stakeholders (including corporate functions) on withdrawal and emissions. The target for the 

information is mainly site management, environmental coordinators, corporate functions and external 

stakeholders. 
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KPI Why? Who? Comment 

Total flow source by source (grid, surface 

water, well etc. measured in m3/time). 

Secure supply, 

keep permit 

levels 

Site 

management, 

external 

Reporting frameworks, 

such as GRI can be 

used 

Quality parameters, e.g. pH, conductivity, 

suspended solids etc. on each source and 

relate it to the intended usage.  

Secure product 

quality, 

optimize cost 

for treatment. 

Site and 

production 

management 

Identify need for 

internal water 

treatment prior to 

usage 

Flow related to plant activity, e.g. 

m3/produced unit or m3/employee or 

working hour. 

E.g. Identify 

trends 

Site 

management, 

Corporate 

reporting 

This efficiency KPIs 

requires detailed 

knowledge of how 

production and water 

usage correlates  

Costs: purchase cost and cost for pre-

treatment due to quality aspects. 

 

Site 

management 

E.g. for decision 

on investments 

and water 

treatment 

 

Costs OPEX and CAPEX of emission 

treatment 

Site 

management 

E.g. for decision 

on investments  

 

Emission of water (m3/h) Environmental 

protection, 

legal demands 

External 

treatment 

facilities and 

authorities 

 

Emission parameters, contamination Environmental 

protection, 

legal demands 

Site 

management, 

environmental 

coordinator and 

external 

treatment 

facilities and 

authorities 

 

 

KPIs for specific water users (level 2) 

The following examples of KPIs can be used to report, monitor and understand the situation for the 

processes and water users inside the factory. The starting point is to make a water balance on each 

one of these and measure (or as a start estimate and to analyse how water usage correlates with 

activity (e.g. production volume) and set targets on each user: 

• Water use in processes (divided and eventually broken down to each process and operation) 

• Water uses for domestic purposes 

• Water uses for cooling 

• Water for other activities 
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• Other water flows, e.g. storm water 
 
 

KPI Why? Who? Comment 

KPI for water user     

Intake in m3/h and quality parameters of 

raw water, e.g. pH, conductivity, 

suspended solids etc.  

 

Awareness of 

water usage, 

priority in WMS 

Site and 

production 

management 

Analyse flows at both 

production and non-

production to find 

losses and 

optimisation 

Flow and quality parameters after 

pretreatment and the internally recycled 

water flow  

Awareness of 

water usage, 

priority in WMS 

Site and 

production 

management 

 

Energy usage during production as well as 

non-production 

Optimization 

and prevention 

of losses 

Production 

management 

 

Costs: OPEX and CAPEX for each water 

user for raw water, pre-treatment and 

recycling  

Cost 

optimisation 

Plant 

management 

Quality aspects may 

be determining. E.g. 

raw water for cooling, 

drinking water quality 

for domestic users. 

Flow related to production, e.g. 

m3/produced unit.  

at follow up on 

improvements, 

process 

optimisation 

and to analyse 

stand by losses. 

Site and 

production 

management. 

Department 

management 

When looking into 

balance on user level it 

may be easier to find 

the correlation with 

activity and if there 

may be a baseline 

usage unrelated to 

production volume.  

Flow and quality of water to Sewage water 

treatment plants. 

 

1.Control and 

optimization of 

the wastewater 

treatment  

2. Improvement 

activities at the 

process 

Operators at 

treatment 

plant. 

 

Operators at 

the process 

Including review of 

chemicals used and 

how they can have an 

impact on treatment 

result and other 

process parameters 

Volume, content, cost and classification 

(legally controlled) of residues from the 

process, e.g. waste, sludge, concentrated 

effluents etc. 

 

1. Legal demand 

2. Cost control 

3. Resource 

efficiency 

1. authority 

reports 

2 and 3. 

Improvement 

activities at site 
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KPIs for waste water effluents from 

treatment plant. 

  If there are several 

treatment plants on 

the site each one 

needs its own KPIs. 

Emission of water (m3/h) Environmental 

protection, legal 

demands 

external Normally required by 

authorities 

Emission parameters, contamination 

(amount, e.g. kg/time and concentration 

e.g. mg/l) 

Environmental 

protection, legal 

demands 

Site 

management, 

environmental 

coordinator and 

external 

Normally required by 

authorities 

Flow and quality parameters for treated 

water to internal recycling 

 

Quality 

requirements 

and flow are set 

by the receiving 

process 

Secure product 

quality 

For water to internal 

reuse the 

requirements may be 

less stringent than the 

requirements for 

outlet to recipient. 

This may give 

opportunities for 

simplified treatment 

methods or just 

changes in 

methodology. 

Content and amount waste fraction. Follow up Waste 

contractors 

Often required to 

report to authorities 

All relevant control parameters needed to 

run the plant. 

Secure 

operation and 

optimization  

Operators  

Costs: e.g. equipment, additives, waste 

handling, energy, analyses, people 

Follow up and 

improvement 

Plant and 

production 

management 

 

 

KPIs for a process (level 3) 

As each process is unique the KPIs used are also different. The set-up of KPIs on each process will 

mainly relate to the water and material balance of the process (incoming water and outgoing) and 

various metrics needed for process control and optimization and for securing product quality.  

Process control may need follow up of several parameters with complex correlations. In such case a 

digital optimization and evaluation method is needed. 
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Appendix 1. More on water risk assessment models; WWF 

water risk filter and WRI Aquaduct 

 

The design of the water management must be adapted to the local situation, which will guide the 

priorities; i.e. whether the focus should be directed to water saving, more on emission control or zero 

discharge. On corporate level it is also of interest to follow up and set requirements and support to 

sites with water scarcity.  

Thus, one important indicator is how the water usage is set into relation of the surrounding conditions 

such as availability, water quality and effluent issues. To enable evaluation of the potential risks at the 

geographical area where the plant is located, several tools and models have been developed and are 

available on line. These tools address risk on water withdrawals as well as risks related to discharge. In 

one case (WRI Aqeduct tool) prospects for future risk (2020, 2030 and 2050) have been estimated for 

some areas. Normally the level of detail in information is on regional water basin data.  

Some of these tools are listed in the CEN Workshop agreement report, CWA 17031. Below is a short 

description of two of the most commonly used.  

• WWF together with DEG (German Insurance Company) have developed a comprehensive 

Water Risk Filter tool which allowing review water use and availability, and the resulting 

environmental, reputational, policy and social risks associated with an organizations’ water 

use. http://waterriskfilter.panda.org/   

• Another Water Risk Assessment tool that helps identify the priority water risks is the WRI 

Aqueduct tool. It allows companies to explore the complexity of geographic water risk with a 

high level of detail, as it combines sophisticated hydrological modelling and a robust analytical 

tool that uses up-to-date and publicly available data to help understand critical dimensions of 

water risk. http://www.wri.org/our-work/project/aqueduct” (p21) 

 

The different tools are to some extent using similar approaches, but there are differences in data 

sources and resolution. 

Although most of these tools use regional water basin as input data it is important to realise that it 

may happen that the situation on a specific site can deviate from the rest of the area, so a local 

assessment on a case by case basis should be performed as well. 

  

http://waterriskfilter.panda.org/
http://www.wri.org/our-work/project/aqueduct
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Appendix 2. LCA decision tree model 

An example of how results from an analysis from a life cycle perspective can be used is, the “decision 

tree model”. This methodology has been applied in the INSPIREWATER project to establish 

environmentally relevant metrics (key performances indexes, KPI) and to set priorities in the 

optimisation of the water using processes that were included in the project.  

The decision tree is designed to improve the understanding of the environmental impact of the 

processes, giving a first estimation of significant factors. The following decision trees are designed for 

assessment of a selected water using process. 

Is a KPI found with the help of the decision tree, the followed steps are proposed: 

• All legislation must be met (e.g. restrictions, legal amount and concentration of additives in 
the country)  

• Review of the options for improvements.  A summary of all different kind of best available 
technologies (BAT) supports this step.  

• As a last indicator to evaluate the success, the KPI should relate to the results of other scientific 
researches oriented to the future and evaluating the situation under consideration of science, 
sustainability and continuity 
 

The starting point is the evaluation of the relevancies by a streamlined LCA. 

 

Figure 1 Basic decision tree based on an LCA approach. 

Process 

component 
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Instructions: 

• For each evaluation, first the basic tree must be worked through, serving as an initial selection  

• The first level of the decision tree is based on a screening (and not detailed) LCA  

• The 5% mark will be determined. However, the boundary could also be lower or higher. 

• If you will arrive on a check out box in bold you have to continue the mentioned next tree.  

• The next tree will be more specific and helps to figure out further details of your possible KPI  

• Bold words mean continue otherwise the last box indicates your possible KPI 

 

Figure 2 shows a schematic diagram of the mass and energy flows of a process or a production site. 

Every flow is linked with environmental impacts. Concerning the selection of the KPI’s it is important 

to know the relevancies of the different flows. 

 

 
Figure 2. Basic tree. Schematic mass and energy flow of a process or production site 

 

The evaluation of the estimations in this step may show that different projects will give different 

answers. The choice of KPI must be set on a case by case basis. 

In the next step a more detailed analysis of each environmental aspect can be made to provide further 
information and detailed analysis, as well as decision criteria for the selected significant environmental 
aspects. In the following figures (3-5) specific decision trees for these different components are shown. 
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Figure 3. Specific tree, water related sludge and solid waste. 

 

 

Figure 4. Specific tree, additives.  
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Figure 5. Specific tree, energy.  
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Appendix 3: Self-assessment questionnaire 1 

 

Water is becoming increasingly important for many industrial sectors and locations due to increased 

water stress. Regions which traditionally have had little or no restrictions on process water now see a  

need to reduce freshwater uptake and a need to increase treatment of used water before it leaves the 

premises. This, the need for systematic water management is increasing.  

 

As part of The Company´s overall sustainability framework, a target has been set that all production 

sites shall develop and implement local water management plans, based on the specific conditions at 

each site. The plan can include e.g. current water uses and water efficiency improvements, 

conservation activities, water-reduction targets, stakeholder engagement, etc.  

 

As a first step in this, we want to assess the current status for how you are currently working with 

water management. We therefore ask you to answer this self-assessment questionnaire.  

The results will be used as basis to support the local development and implementation of water 

management plans.  

  

The self-assessment questionnaire contains six parts, covering different aspects of water management: 

• The site´s water situation: Water supply, water usage & water discharge incl. effluents 

• Risk assessment 

• Stakeholder requirements and engagement 

• Measurement/follow-up and reporting 

• Ambitions, targets and action plans 

• Governance and standards 

 

Please return the filled in questionnaire by # (date).  

 

Kind regards 

xxx 
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The site´s water situation:  

Water supply, water usage & water discharge incl. effluents 

What is the origin of your water supply?  

For example, shares in groundwater (own wells / public supply), surface water, reuse of water reclaimed from processes on 

site, alternative resources (e.g. rainwater, municipal wastewater, …) 

Have you made a water use mapping per activity or process step at the site? 

For example, mapping of usage in specific production process steps, for domestic water, for gardening, etc... 

Which are the main activities or processes responsible for the water usage at the site?  

If possible, please quantify per activity/step and provide a flow chart or similar, describing the water usage at the site 

What is the destination for your water discharge?  

What is your effluent treatment method?  

Please describe all treatment steps; on site and external, as well as treatment method and recipient. If possible, please also 

include approximate volumes and type of effluent for each treatment.     

Do you currently recycle any water?  

If yes, please describe. For example, recovery and recycling of waste water, .. 

Risk assessment  

Do you evaluate water risks? If yes, how do you evaluate risks?  

Water risk can for example be evaluated using third party tools like WRI Aqueduct Water Risk Atlas (https://www.wri.org/our-

work/project/aqueduct) or WWF Water risk filter (http://waterriskfilter.panda.org/ ).  

Are you located in an area considered to be water stressed? 

For example; in an area with limited water availability or accessibility, poor water  quality, etc.  

Supply chain risks: Is water usage a critical issue for your suppliers?  

Stakeholder requirements and engagement 

Government and regulators:  

 

What are the requirements from authorities on water issues?  

For example, limits on water withdrawal, requirements on effluents,  

Local stakeholders:  

 

What are the requirements and expectations from local stakeholders on water issues?  

Do you engage/cooperate with local stakeholders around water issues?  

Local stakeholders include local communities and other industries/companies/users sharing the same water supply 

Other stakeholders: 

Are there any requirements on water issues from other stakeholders? 

Other stakeholders include e.g. Non-Governmental Organisations (NGOs), customer, employee, .. 

https://www.wri.org/our-work/project/aqueduct
https://www.wri.org/our-work/project/aqueduct
http://waterriskfilter.panda.org/
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How do you keep updated on changes in stakeholder requirements? 

Measurement /Follow-up and reporting 

Which parameters do you currently monitor for incoming water at your plant? 

For example; water withdrawal, water quality (contaminants, etc)  

Which parameters do you currently monitor for outgoing water at your plant? 

For example discharge volumes, water quality (contaminants, etc)  

How do you measure or estimate these parameters? 

For example; measured using water meters, invoice from water supply company, estimated based on e.g. production volumes, 

etc.  

What parameters do you report to authorities or other external stakeholders on water withdrawal, 

emission regulations and other parameters? 

Other external stakeholders include e.g. sustainability reporting. 

Ambitions, targets and action plans 

Do you have targets on water saving or other water related objectives?  

If yes, what are the targets and on what level are they?  

For example, targets on regional level (relevant for Americas); on site level; on specific processes /water users at site 

Do you have any action plans for water related issues to meet targets?  

If yes, what are the action plans? 

For example plans around water saving, water recycling, optimizing usage, minimising contaminants in effluents, engaging 

with stakeholder,  .. 

Governance and standards 

Do you have internal policies and standards that govern water management? If yes, please describe.  

Have you assigned clear responsibilities for different aspects of water management? 

Are water issues integrated into business planning and strategy processes?  
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Appendix 4. Self-assessment questionnaire 2 

For most questions, there is also some more information provided for your guidance, not that all points 

are covered with this information. Neither is it meant that all details are applicable for all. 

EXTERNAL REQUIREMENTS AND CONDITIONS 

1. Are you located in an area considered to be water stressed? 

- how are you evaluating this? (e.g. by using some specific evaluation and classification tool, 
like WWF, Eurostat or alike) 

2. What is the origin of your water supply 

- shares in groundwater (own wells / public supply), surface water, reuse of water reclaimed 
from processes on site, alternative resources (e.g. rainwater, municipal wastewater, …) 

3. What are the requirements from authorities on water issues 

- water withdrawal limits 
- requirements on effluents 
- other requirements 

4. What are your reported parameters to authorities or other external stakeholders on 

- water withdrawal 
- emission regulation 
- other parameters and KPIs 

5. How do you plan actions when parameters and/or KPIs exceed the limits? 

INTERNAL ACTIONS, MONITORING AND CONTROL 

6. What are your targets on water saving (or other water related objectives)? 

- on corporate level 
- on site level 

7 Which water related parameters and performance indicators (KPIs) are you currently monitoring and 

/ or reporting from your plant? How are these measured? 

- Are these parameters and KPIs measured or estimated? 

8. To whom are which parameters and KPI reported? 

- Corporate management? 
- Site management? 
- Department  
- Official sustainability report? 
- Authorities? 

9. How are the results of the parameters and KPI´s used in your work with water issues?  

- By corporate management? 
- By site management? 
- On the departments?  
- In the official sustainability report? 
- By authorities? 

10. Do you report according to a standard, e.g. GRI (Global Reporting Initiative), Dow Jones or alike? 
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11. Do you have a water management plan? comprising e.g.  

- water balance? 
- water use mapping per activity? 
- emission control and measurements? 
- system for collecting data and reporting (e.g. coupled to overall plant management)? 
- action planning and follow up, e.g. investments for water efficiency? 

EFFLUENT TREATMENT AND RECYCLING 

12. Please describe your effluent treatment (including approximate volumes and type of effluent for 

each treatment);  

- on site treatment,  
- external treatment,  
- treatment method,  
- recipient   
- Do you currently do any water recycling? If yes, please describe.  
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Appendix 5. Industrial water management KPI perspectives 

for different stakeholders  

Topic Stakeholder:  

 Plant operator / 

technician 

(Water) 

Plant 

Management 

(Water) 

Plant 

Management 

(Production) 

Company/Site 

Management 

(Water & 

Production) 

External 

stakeholders 

Fresh water  

 Fluctuation in 

demand 

Fresh water 

demand p.a. 

Fresh water 

demand vs. 

availability 

Fresh water / 

unit of product 

n.b. with 

awareness of 

the relationship 

water usage = 

f(production + 

baseline) 

Fresh water 

demand 

compared to 

benchmark 

value 

Fresh water 

management 

for the region, 

scarcity  

 Fluctuations in 

incoming water 

quality 

Fresh water 

saving 

Fresh water 

quality 

parameters 

Cost savings 

in Fresh 

water supply 

CAPEX / OPEX 

Fresh water 

demand per 

compartment 

(groundwater, 

surface water, 

tab) 

  Ratio own vs. 

3rd party 

supply 

   

 Pre-treatment 

effort 

CAPEX / OPEX 

for pre-

treatment  

   

   Share accounted 

to production 

CAPEX / OPEX 

site fresh 

water 

infrastructure 

 

Wastewater  

 Fluctuation in 

quantity and 

quality 

Total 

wastewater 

wastewater / 

unit of product 

 Recipient 

environmental 

quality 
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generation 

p.a. 

 Complexity of 

waste water 

treatment 

WW 

treatment 

CAPEX / OPEX  

  Care for 

downstream 

users or water 

protected 

areas 

 Complexity of 

waste water 

treatment 

technology 

operation 

   Effects on 

municipal 

waste water 

treatment 

  WW Reuse - 

cost ratio 

   

  Clear water 

quality 

 Compliance 

with 

regulation 

 

   Share accounted 

to production 

CAPEX / OPEX 

site 

wastewater 

infrastructure 

 

Energy  

 Energy for 

process (e.g. 

temperature 

control) 

Energy cost for 

freshwater 

pre-treatment 

 Energy 

demand in 

water 

management 

 

  Energy cost for 

waste water 

treatment 

   

  Energy cost 

saving fresh 

water /waste 

water 

 Cost savings 

in energy use 

CAPEX / OPEX 

 

Maintenance in water management  

 Maintenance 

effort (work) 

Maintenance 

cost 

Impact on plant 

productivity 

 Municipal 

water and 

sewage 

infrastructure 
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 Maintenance 

chemicals 

(safety) 

Maintenance 

frequency 

   

  Response time 

for unplanned 

defects 

   

Strategic aspects  

   Waterborne risk 

of production 

interruption 

Resilience 

against 

waterborne 

risks of 

production 

interruption; 

Financial 

value of 

increased 

resilience 

Water risks 

for 

neighbours, 

environment 

and society 

   Waterborne risk 

on product 

quality 

Risks for 

changes in 

regulation 

Need for 

setting new or 

further 

regulations  

  Response time 

for failures  

   

 

 

 

 

 


