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INTRODUCTION



Freshwater is sustaining life on our planet but is under increasing pressure due to popula-
tion growth, increased water consumption and pollution as well as climate change. Facing
freshwater scarcity is one of the major challenges of the 21st century and included in the
Sustainable Development Goals as a fundamental target of the international community UN
(2015). Also the World Economic Forum has been highlighting the “water crisis” as one of the
top global risks for many years (WEF 2020).

Water resources are unevenly distributed across the globe, which makes water scarcity a
local problem at many places around the world. At the same time, international trade is ex-
panding, and supply chains have an increasingly transnational character. Water that is used
in basins subjected to scarcity, often located in the Global South, is integrated in production
processes of industrialized countries (Lenzen et al. 2013; Tukker et al. 2014). Thus, a sustain-
able use of the world’s limited freshwater resources is a global responsibility.

So far, most organizations only measure water use of their own facilities by means of envi-
ronmental management systems or other internal accounting methods. These approaches,
though giving an overview concerning on-site water demand and potential uction measures
at the facility’s location, do not account for the whole sphere of influence of an organization
on the world'’s freshwater resources. Water footprint studies of industrial products have re-
vealed that water use at production sites is usually the tip of the iceberg only. The largest
part of a product’'s water use and resulting impacts often occur in supply chains, e.g. in the
production of agricultural goods, the mining of mineral resources, or the generation of fos-
sil-based electricity (Berger et al. 2012; 2017; Forin et al. 2019).

In order to address this mismatch between water related hotspots along value chains and the
focus of organizations on water use on their premises, the research project “Water Footprint
for Organizations — Local Measures in Global Supply Chains (WELLE)" has been launched.
It represents a multi-stakeholder research cooperation between TU Berlin, Evonik, German
Copper Alliance, Neoperl, thinkstep, and Volkswagen and was funded by the German Federal
Ministry for Education and Research (BMBF) within the funding measure GRoW (Global Re-
source Water). WELLE aims at supporting organizations in:

* Analyzing water use and resulting local consequences “beyond the fence” along value
chains, i.e. determining the Organizational Water Footprint

¢ Identifying local hotspots in global supply chains

» Taking action to reduce the Organizational Water Footprint and mitigate water scarcity at
critical basins and in cooperation with suppliers and local stakeholders

Typically, an organization is broadly defined as an entity which pursues a specific goal or
activity such as producing goods or providing services, for example, companies, public au-
thorities, NGOs, etc.



Within the WELLE project a method for analyzing an organization’s Water Footprint has
been developed (Forin et al. 2019) along with a database' and the WELLE Tool* supporting
its applicability. The method, database and presents the WELLE Tool have been tested and
refined in case studies conducted by the industry partners. While the results of this research
project have been published in great detail in scientific journals, this document intends to
provide guidance for practitioners who want to analyze water use and the resulting local
consequences along the supply chains of their organization. The next section describes the
procedure for conducting an Organizational Water Footprint study. Section 3 presents the
WELLE Tool, which supports the application of the method. Finally, measures which can be
taken to reduce an organization’'s Water Footprint and to mitigate water scarcity along supply
chains are discussed in section 4. Practical examples from a case study conducted by the
industry partner Neoperl are used throughout this guidance to illustrate the application of
the method and WELLE Tool.

1 https://welle.see.tu-berlin.de/#database

2 http://wf-tools.see.tu-berlin.de/wf-tools/owf
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MEASURING AN
ORGANIZATION'S
WATER FOOTPRINT




The Organizational Water Footprint denotes an organization’s water use and resulting local
impacts throughout its entire value chain. In other words, the Organizational Water Footprint
considers not only an organization’s water use at its production facilities, but also the water
used for energy generation and raw material production (upstream in the supply chain) as
well as water use during the use and end-of-life phases of products (downstream). Addition-
ally, all aspects of the organization itself are included, such as the water used by the cleaning
service, the organization’s garden and canteen, etc.

It should be noted that the term water use denotes the total freshwater input into an or-

ganization. Water consumption (consumptive use) is the fraction of water use which is not

returning to the originating river basin due to mainly evaporation

and transpiration as well as product integration and discharge into The O rg an | Zd 'th na |

other basins or the sea. Water pollution (degradative use) describes .
Water Footprint

denotes an organi-

a use of water which reduces water quality.

The Organizational Water Footprint method follows the life cycle
approach and builds upon the experience of two existing environ- zation's water use
r'nental .assessment frameworks: Water Footprint and Organiza- a nd resu |t| ng |OCO|
tional Life Cycle Assessment (O-LCA). Both frameworks have been
standardized by the International Organization for Standardization im pa cts throu g hout

and rely on the established Life Cycle Assessment (LCA) method. ItS entire VOer ChOin
The technical specification ISO/TS 14072 (ISO 2014) refers to the
application of LCA to organizations and is specified by the Guidance
on O-LCA (UNEP 2015). O-LCA is a multi-impact method, i.e. it considers multiple environ-
mental impacts (e.g. global warming, toxicity, acidification, etc.), not only those caused by

water use. Water consumption and water pollution related impacts can be included in Or-
ganizational LCA too — among other impacts. The reference standard for Water Footprint,
ISO 14046 (ISO 2014), does not exclude organizations but has been developed by taking a
product life cycle perspective. A detailed juxtaposition of the two standards has been carried
out in scientific literature (Forin et al. 2018). In order to facilitate the determination and anal-
ysis of Organizational Water Footprints, this Practitioners Guidance explains the main steps
in an application-oriented manner.

Following the LCA framework, the method is divided into four phases:
1. Goal and scope definition section 2.1

2. Inventory analysis section 2.2

3. Impact assessment section 2.3

4. Interpretation section 2.4



FIGURE1

The four phases of the Organizational Water Footprint method
12
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FIGURE 1 shows the four phases. The goal and scope definition and inventory analysis mostly
rely on the Organizational LCA method. In the impact assessment phase, methods analyzing
the local consequences of water use have been adopted from a Water Footprint background
to reflect specific aspects relevant in an organizational context.

The Organizational Water Footprint method illustrated in this Practitioners Guidance sets its
focus on performing an organization’s water scarcity footprint, i.e. in assessing the impacts
of water consumption throughout the value chain in relation to local water scarcity. How-
ever, the goal and scope and the inventory phase can also be used as a basis for assessing the
impacts of water pollution, not included in this Practitioners’ Guidance.



@ GOAL AND SCOPE DEFINITION

211

The goal and scope phase sets the framework for the Organizational Water Footprint study
and describes why and how the Organizational Water Footprint study is conducted.

GOAL

Organizations can pursue multiple goals when applying the Organizational Water Footprint
method — either as a stand-alone study or as a part of an O-LCA. The main opportunities for
companies and other organizations are of analytical, managerial, and societal nature UNEP
(2015). An overview according to this categorization is provided in FIGURE 2.

FIGURE 2
Potential goals of an organization identified for the O-LCA method

ANALYTICAL GOALS
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operations and value
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SOCIETAL GOALS

Reduce pressure on Enhance environmental

the environment tools for stakeholders

UNEP 2015
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Each organization and study is unique according to the main aims and their achievement
potential within the temporal framework of an Organizational Water Footprint study. Cer-
tain goals listed in FIGURE 2 can only be reached in the long run. This applies for example for
enhancing environmental tools with stakeholders and reducing operational costs. For this
reason, it is recommendable to formulate short-term and long-term goals (by indicating the
time frame) and prioritize them, to better manage expectations at all levels (see TABLE1). In
addition, practitioners should bear in mind that the achievement of each goal requires a spe-
cific set of methodological elements listed in TABLE 1 e.g. data collection or reporting.

Due to the water-specific character and the foreseen linkage with concrete measures to
mitigate water scarcity, more specific goals can be formulated for an Organizational Water
Footprint study. One possibility is to further specify the O-LCA societal goal “Reduce pres-
sure on the environment”. For example, the organization can set the goal of initiating a water
stewardship process (see section 4) in the main hotspots revealed by the study.

The water (scarcity)-related focus of this method suggests possibilities to prioritize goals.

According to other existing initiatives in this sector (CDP 2018), water related issues are of

great importance for shareholders, because they can bear severe business risks in certain

areas if the organization relies on locally scarce water resources. Therefore, understanding

business risks might be of high priority. Moreover, and in contrast to methods setting their

focus on on-site activities, Organizational Water Footprint allows

|deﬂtlfylﬂg WOter' for identifying water-related business risks along the whole supply
relcted bUSineSS riSkS chain, which in turn can support strategic decisions (e.g. the choice
of or cooperation with suppliers) and enhancing environmental tools

with Orgo nizational within stakeholders.

WOter FOOtprlnt Determining the goal also helps designing the study. TABLE 1 shows

can su p po r-t St rOteg iC the implications of different goals for the study design, e.g. for data
collection, data granularity and the choice of the reporting flow.

decisions

L B

Product related methods such as the Product Water Footprint and

product LCA often aim at comparing different products that fulfil the
same function. Organizations differ according to their sector, product portfolio and product
characteristics, internal procedures, size, and further characteristics. For these reasons, com-
paring the Water Footprint of different organizations might be misleading. ISO/TS 14072 re-
quires for Organizational LCA to unambiguously state in the goal and scope phase of a study
that the results are not intended to be used in comparative assertions for public disclosure.
Since Organizational Water Footprint has the same subject of study — organizations — this
method also does not foresee comparing different organizations. Notwithstanding this, one
of the most useful applications of Organizational Water Footprint is performance tracking, i.e.
comparing the organization’s Water Footprint for different years (see analytical goal: tracking
water-related environmental performance). This allows identifying whether managerial de-
cisions or mitigation measures put into place were effective. Additionally, comparisons can
be carried out internally to compare different facilities or production lines within the same
organization — and so analyze which processes have the lowest water-related impacts.

To be fully in line with ISO 14046 and ISO/TS 14072, the following elements need to be stated
additionally: the intended application, the reasons for carrying out the study, the intended
audience, i.e. to whom the results of the study are intended to be reported, and whether the
study is a stand-alone assessment or part of a LCA.
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21.2 SCOPE

Scoping the study means defining what is going to be analyzed and how. According to the
O-LCA guidance (UNEP 2015), the object of analysis is defined through three main qualitative
and quantitative elements: the reporting organization; the reporting flow?; and the system
boundary.

REPORTING ORGANIZATION

Defining what is going to be analyzed is the starting point of the scoping phase. To take ade-
quate account of the complexity of an organization, the subject of study, the consolidation
method and the reporting period need to be included.

Subject of study

An Organizational Water Footprint study may address either the whole organization or a part
thereof, for example one or more business division(s), brands, regions, facilities, or produc-
tion lines. An Organizational Water Footprint study for a part of the organization can be a
pilot assessment which can be extended to a complete Organizational Water Footprint study.
The name and the description of (the part of) the organization under study needs to be de-
clared in the scoping phase.

Consolidation method

Operations can have different legal and organizational structures. To provide a consistent
framework for the Organizational Water Footprint study, it should be guaranteed that the
responsibility for the environmental impacts identified can be attributed to the organization
according to consistent criteria.

ISO 14046 and ISO/TS 14072 require consolidating an organization’s potential environmen-
tal impacts related to water by one of the following approaches:

a. control: the organization assesses potential environmental impacts related to water use
of processes and physical units from facilities over which it has financial or operational
control;

b. equity share: the organization assesses potential environmental impacts related to water
use of processes and physical units from respective facilities, according to its share of
equity interest. For example, if the organization owns 60% of the facilities under study, its
Water Footprint corresponds to 60% of the overall Water Footprint of those facilities.

If the organization owns and controls all its units, the two approaches are equivalent. The
main advantage of the control approach is that only units on which the organization has full
control are included. This facilitates both data collection and the implementation of mitiga-
tion measures derived from the study results. On the other hand, the equity share approach is
3 I1SO 14072 introduces an element of the scoping phase called “reporting unit”, conceived as an equivalent

to the functional unit for organizations. In this Practitioners Guidance, the reporting unit is split into a qual-

itative part (the reporting organization) and a quantitative part (the reporting flow), in order to allow a more

precise description. Using the reporting unit as scoping element as in ISO 14072 is an option too.



able to capture the financial risk and rewards related to environmental impacts, and is more
straightforward for complex organizations. Both the control and equity share approaches
refer to direct activities (see section 2.2). Consolidation approaches do not apply for indirect
activities, which are determined by tracing back direct activities’ value chains.

Reporting period

The reporting period is the time frame for which the organization is being studied, e.g. a cer-
tain year. It is convenient to choose the reference period according to the requirements of
other reporting schemes, e.g. financial ones.

REPORTING FLOW

The reporting flow is a quantitative measure for the output of the reporting organization and
the reference for completing the inventory.

The reporting flow can be defined as the nature and amount of an organization’s product
portfolio. Organizations with a very diverse portfolio might cluster their products into pro-
duct groups. If considered relevant, further elements (for each product group), such as qua-
lity or duration of products, might be included in the quantification too. The reporting flow
can be expressed in physical terms (e.g. number of units for each product, mass, volume) or
non-physical terms (revenues, number of employees). The latter solution might be the most
suitable for organizations active in the service sector.

Activity variable

The Organizational Water Footprint method, though excluding comparisons between differ-
ent companies, is suitable for tracking the environmental performance of one organization
in different years. To deliver a meaningful interpretation of perfor-

mance tracking results, environmental impacts need to be set in rela- The O rganiza tional
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tion to the organization'’s output, which also varies depending on the WO -t er FO Ot p ri n-t m et h 0 d

reporting period considered. For performance tracking, certain op-

tions for the quantification of the reporting flow are not suitable. For IS SU |tO b I e fO r tl’O C kl n g
example, measuring the number of units per product type or pro- -the enVirOﬂmentﬂl

duct cluster might be insufficient for comparisons, since shifts in the

product mix between different reporting periods are likely to occur. perfo rmance Of
Aggregated values such as mass, volume, economic performance, or  one Q rg an V4 a t i on in

another type of “activity variable” might be preferred in this case.

For organizations with a diverse portfolio willing to track their per-

formance, defining both the activity variable (unitary value) and the ~ — — — — —
reporting flow (representing the diversity of the portfolio) is advisable: The activity variable
delivers a first and easily communicable figure to interpret the environmental performance
development, while considering the reporting flow can help understanding changes in over-

all performance (e.g. due to changes in the production mix).

different years



The system boundary defines which processes are included in the analysis in line with the
goal of the study.

Since organizations are complex systems, the system boundary should be defined along two
dimensions:

» The organizational dimension of the system boundary (also called “organizational bound-
aries” in ISO 14046) defines which parts of the organizations (i.e. which facilities, produc-
tion lines, supporting activities) are included in the study.

* The “life cycle” dimension of the system boundary defines which part of the value chain
is considered. According to the cradle-to-grave approach of the Organizational Water
Footprint, the whole life cycle should be included in the study and any exclusion needs to
be justified. For the downstream processes, in specific cases such as organizations acting
at the beginning of the supply chain (e.g. raw material suppliers) which lack information
about the further use of their products, the exclusion of the use phase and end-of-life
phase is acceptable. This does not apply if the use and/or end-of-life phase are known
to require water or energy. The upstream activities should always be included, and any
exclusion due to data unavailability needs to be explicitly stated.

ORGANIZATIONAL WATER FOOTPRINT OF NEOPERL - A CASE STUDY
ILLUSTRATING THE ORGANIZATIONAL WATER FOOTPRINT METHOD

Neoperl GmbH, located in Mullheim, is a German company that provides technological solu-
tions for the plumbing industry, with a focus on water saving devices. Given the success of
Neoperl's flow regulators’ Water Footprint study at the product level (Berger et al. 2017), the
company decided to evaluate the impacts of their whole value chain on local water resour-
ces by carrying out a water scarcity footprint study within the WELLE project.

The aim of the study was to gain insights into the company’s water use and resulting local
impacts, both within the factory gates and in the supply chain. The results are intended to in-
form management decisions on impact reduction opportunities and raise attention to global
water scarcity. The study was not intended for comparative assertions for public disclosure.

The operations controlled by the reporting organization were assessed cradle-to-gate for
the reporting year 2016. The reporting flow, which can be used as an activity variable for
cross-temporal performance tracking, was determined based on the amount of products
sold during the reporting period.

18



Further elements of the study should be defined in the scoping phase in line with ISO 14046
and ISO/TS 14072:

whether the study is intended for performance tracking

cut-off criteria, which specify whether inventory data can be excluded, e.g. inputs that
contribute less than 1% of the total input

allocation procedures, which specify the partitioning of process emissions between
several co-products

Water Footprint impact assessment methods, which translate the volumes of water con-
sumed along the supply chain into local impacts on the environment, human health and
freshwater resources

whether relevant local impacts are not covered by the selected impact assessment
methods

whether the results of the Water Footprint assessment will include one impact indicator
result (e.g. water scarcity footprint, water eutrophication footprint, etc.), a comprehensive
Water Footprint profile and/or a single-score Water Footprint after weighting

the temporal and geographical coverage and resolution of the study
data sources and data quality requirements

uncertainties and limitations

assumptions and value choices

type of critical review (if any)

Please refer to Forin et al. (2019), ISO 14046 and ISO/TS 14072 for further details.
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@ INVENTORY ANALYSIS

In the inventory phase, data is collected for all relevant water inputs and outputs:

» drawn from the environment and entering the system (as defined in the scoping phase)

without previous human transformation and

¢ leaving the system and released to the environment without subsequent human
transformation.

The water inputs and outputs are collected for the processes taking place within the system
boundary, i.e. not only the organization itself, but also primary and intermediate materials,
energy carriers, the use and end-of-life phase. Next to direct withdrawal of water from rivers
or aquifers, production processes often use tap water or deionized water. In such cases, the
elementary flows related to the water treatment process (e.g. the water withdrawn from an
aquifer to produce 1 m® of tap water) need to be considered.

Collecting data for a whole organization is a complex task, which requires coordination with-
in the organization itself and with suppliers. To facilitate this task, the Organizational LCA
method provides a list of so-called “activities” the organization might be involved in FIGURE 3.
Each activity includes several processes that possibly require water. Activities help mapping
the data need and organizing the data collection. Furthermore, if water flows are tracked for
each activity, it is easier to identify hotspots throughout the value chain and prioritize miti-
gation measures. Data for all activities included in the system boundary should be collected.
Their granularity should be chosen according to the goals of the study (see TABLE1).

Methods for environmental assessment at the organizational level propose different schemes
and criteria for categorizing an organization’s activities. The background is that internal or
direct activities, for which an organization is responsible, are easier to assess than external
or indirect activities, e.g. at the level of suppliers. Moreover, it is easier for an organization to
reduce the impacts of the activities which it controls directly.

Besides GHG-Protocol categorization into scope 1, 2 and 3, other approaches such as Orga-
nizational LCA follow the supply chain rationale in the categorization. Therefore, the activi-
ties related to an organization are categorized into direct activities, indirect upstream activi-
ties, and indirect downstream activities.

Direct activities are owned or controlled by the reporting organization, i.e. the organization
or part of the organization under study (UNEP 2015). The freshwater use associated with
direct activities includes the water used in activities owned or controlled by the reporting
organization. This means that e.g. tap water used in the reporting organization, also if pur-
chased, is accounted as direct water use. On the other hand, the water used to produce tap
water outside the reporting organization is considered as indirect water use.

Indirect activities (hot owned or controlled by the organization) are classified as upstream, if
they are related to the upstream suppliers or support the tasks of the reporting organization
(e.g. outsourced cleaning services, purchased machinery, external treatment of waste gene-
rated by the reporting organization). The freshwater use attributed to upstream suppliers
represents the amount of water in the production of the purchased products.

Indirect downstream activities take place after the products have left the reporting organiza-
tion and include distribution, the use and end-of-life phases of products. These include both
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FIGURE 3

Categorization of an organization’s activities and impact-based prioritization
for data collection
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Figure 3 by Forin et al. (2019) is licensed under CC BY 4.0.

the water directly required by the organization’s products in the use phase (e.g. water for
washing machines) and the indirect water use of the use phase (e.g. the water used in energy
generation needed to run the washing machine). For companies acting at the beginning of
the supply chain (e.g. raw material suppliers) it is difficult to gather information about the use
of their products. According to ISO/TS 14072, in such cases companies might exclude (part
of) their downstream activities from the system boundary. This exception does not apply if
the organization’s products are expected to have a high water use in the downstream phases,
both direct and indirect (e.g. through energy use).

The most common activities and the related categorization are displayed in FIGURE 3. For
example, mineral extraction can be performed either directly by the reporting organization
(- direct activity) or by suppliers (- indirect upstream activity). Business travels can also be
carried out with vehicles owned by the reporting organization (- direct activity) or other ve-
hicles (= indirect upstream activity). The same applies for transportation/distribution, which
can also occur downstream. Among the indirect upstream activities, two particular groups
are highlighted: capital equipment and working-environment related activities. They include
activities normally left unconsidered in product LCA or Product Water Footprint that are
part of the organizational setting. Capital equipment refers to purchased goods (vehicles,
machines, etc.) and is therefore in general indirect upstream. Working-environment related
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activities such as canteen, gardening, cleaning services etc. are often outsourced (- indirect
upstream) but can also be carried out by the organization itself (> direct).

It is important to consider that FIGURE 3 includes widespread activities and takes the produc-
ing industry as a reference, but is not exhaustive. Therefore, each organization might identify
further activities and disregards the ones that do not apply.

Categorizing activities is helpful for data collection, since an overview on categories gives
hints on “where to look at” when collecting data and helps “not to forget” relevant activities.
Inventory data and impact assessment results can be aggregated at the activity level and help
identifying activity-related hotspots. Therefore, it is recommendable to increase the granu-
larity of crucial activities, if a detailed hotspot analysis is considered. For example, data for the
direct activity “/manufacturing” might be clustered according to facilities or production lines
to obtain a more precise overview on critical processes.

PRIORITIZATION OF DATA COLLECTION EFFORTS FOR WATER SCARCITY FOOTPRINTS

Since collecting primary data is a time intensive task, criteria for identifying the most relevant
activities are described for the Organizational LCA method (UNEP 2015). The most relevant
criteria mentioned are quantitative aspects such as the expected environmental impacts and
the relative contribution to the total inputs of the reporting organization. For the particular
case of a single-indicator assessment such as water scarcity footprints considered here, these
two aspects can be summarized and advice for prioritizing data collection can be provided. A
first overview, based on the experience gained in various Water Footprint studies, is indicated
by the colors used in FIGURE 3: data collection should have the high priority for the activities
highlighted in orange, average priority for the activities highlighted in yellow; low priority for
the activities highlighted in green (see Forin et. al 2019 for more specific information). The
activity’s location plays a major role, so it is recommended to accord higher priority to ac-
tivities whose water use along the value chain takes place in water scarce regions (if known).

The following activities have variable priority levels, depending on specific characteristics
(as highlighted by the green-yellow-orange color gradient in FIGURE 3:

e Purchased fuels
o Fossil fuels: low
» Biofuels: high

¢ Purchased goods and materials
» Mineral aggregates (e.g. sand, gravel), plastics: average
» Otherwise: high

¢ Waste disposal or recycling
» Waste disposal/treatment: average
* Recycling: high

e Machinery
» If e.g. special metals, electronics, rubber included: average
e Otherwise: low

¢ Gardening
» Large garden surface: average
e Otherwise: low
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¢ Cleaning services
« High water need: average
» Otherwise: low

» Storage of sold products
» High energy use (e.g. for cooling): average
» Otherwise: low

¢ Use or consumption of sold products
» Water and/or energy use in the use phase: high
e Otherwise: low

End-of-life of sold products (see waste disposal or recycling)

¢ Leased assets and franchises
» Highly variable depending on the type of goods/services. Please consider similar activi-
ties as orientation

For further information on variable prioritization see Forin et al. (2019).

Please note: if a Water Footprint profile including also water quality is planned, the prioritiza-
tion can change. These recommendations refer to water scarcity footprints only.

Besides the criteria mentioned above based on the (expected) impacts, an organization might
consider further criteria for prioritizing data collection (UNEP 2015) such as:

* Spending and revenue (the activity/the supplier involved is economically relevant for the
organization)

o Suppliers’ closeness (tier 1 and tier 2 suppliers might be easier to reach for obtaining pri-
mary data)

* Influence of the reporting organization on decision making (highest for direct activities,
for suppliers mainly depending on the contractual conditions of the reporting organiza-
tion and its market position)

» Risk exposure of the reporting organizations (e.g. operational, regulatory, or reputational
risks) (Wagnitz and Kraljevic 2014)

* Preferences of critical stakeholders, if a report or external communication is planned

* Outsourced activities (if the organization plans to determine its Organizational Water
Footprint for comparing the own performance in different years, it is recommendable to
include activities outsourced during the period considered)

Further details on the criteria above are provided in UNEP (2015).

If primary data is not available or the resources to collect them are limited, secondary data
from databases, case studies or trade data can be used to fill the gaps in the inventory. Secon-
dary data might be necessary e.qg. if suppliers “at the other end” of the supply chain cannot be
identified or their data is not made available.
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DATA COLLECTION APPROACHES

Depending on the study design and data availability, data can be collected following two
main different schemes.

* Top-down data collection approach: the water inputs are considered at the level of the
whole organization, by tracking e.g. the facilities’ total water use and release, the material
and energy purchase, sub-divided into activities in the necessary granularity according to
the scope of the study.

* Bottom-up data collection approach: the water use values of all products or services pro-
vided by the organization (the reporting flow) or of product clusters is calculated individu-
ally first. Then it is summed up and added to the water use of non-product-related activi-
ties such as capital equipment and working environment. The bottom-up approach allows
combining Product Water Footprints and Organizational Water Footprints and identifying
particularly water-intensive products, facilitating hotspot analysis.

In several cases, a hybrid approach might be used, e.g. if for only one facility product-relat-
ed water use data is available. The combination of the bottom-up and top-down approach
should be carried out consistently and existing differences e.g. in data quality should be
communicated transparently.

Local water availability varies across regions and depending on seasonality. Common impact
assessment methods include these aspects by providing characterization factors at a river
basin scale with a monthly resolution. To take advantage of this progress in impact assess-
ment, also inventory data needs to be collected with the highest possible geographical and
temporal resolution. If feasible, water consumption data with a monthly resolution and a
precise specification of the water consumption location should be collected. If this level of
detail is not available, the country where water consumption takes place (e.g. the country of
origin of purchased materials and underlying raw materials) should be documented.

FACILITATING DATA COLLECTION

Since data collection is a time demanding task, it is convenient to take advantage of previous
experiences with environmental assessment tools. Inspired by suggestions for Organization-
al LCA (UNEP 2015), three main options can be suggested.

» Existing on-site assessments including direct water use (e.g. environmental management
systems) can be taken as a starting point. The data collection then needs to be extended
by including indirect upstream and downstream activities.

¢ Product Water Footprint studies carried out for some of the reporting organization’s pro-
ducts can be used as a data source and aggregated according to the bottom-up approach.
The water use related to supporting activities (mainly not accounted for in Product Water
Footprints) needs to be added.

* Further data collected for environmental assessment purposes, e.g. GHG Protocol, might
prove useful. For example, if GHG Protocol Scope 3 data have been collected for em-
ployee commuting or business travels (amount of travels), these can be linked to water
use estimates for such activities.
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In order to facilitate data collection for water consumption in indirect activities, a water in-
ventory database has been developed in the WELLE project as described below.

OFFSETTING AND AVOIDED IMPACTS

In line with ISO 14046, Water Footprint results do not include offsetting. That is, activities
initiated by the reporting organization which provide water (e.g. sea water desalinization) or
reduce water consumption (e.g. via water efficient technologies) outside the organization'’s
system boundaries cannot compensate for the Water Footprint results of an organization.

The same applies to avoided impacts within the system boundaries, i.e. water use or water-
related impacts that do not take place if compared to a reference scenario. For example, if
an organization’s products save water compared to other products. A separate calculation
of avoided impacts in the framework of an Organizational Water Footprint study is possible
as a scenario analysis, but results without avoided impacts need to be displayed separately.

WELLE DATABASE

While most companies can monitor their internal activities rather easily, they rely on external
data about the water consumption of their indirect upstream activities (e.g. material and en-
ergy supply chains). Thinkstep's life cycle inventory database GaBi 8 can be used for this pur-
pose as it contains water use and consumption data related to the production of materials,
the generation of energy, transports, etc. However, information concerning the volumes of
water consumed per kg of a material or per kWh electric energy is not sufficient to enable the
analysis of water scarcity footprints. Spatial information on where the water consumption
has occurred throughout the supply chains is needed in order to combine it with local scarci-
ty data and, in this way, to enable analyzing the resulting local impacts. Such spatially explicit
water inventory data is currently available for relevant processes in the GaBi 8 database (en-
ergy and agricultural datasets), however, not for abiotic materials, manufacturing processes,
transports, etc. Therefore, a WELLE water database has been created by enhancing datasets
from the GaBi database as follows:

Relevant datasets were identified by the industry partners participating in the WELLE project.
These datasets were investigated comprehensively and modified to provide the required spa-
tially explicit water consumption data.

In general, two approaches were taken. In a “bottom-up” approach spatial information from
the underlying LCA models was used to convert unspecific water flows to country specific
flows. In the other “top-down” approach unspecific water consumption data was mapped to
different countries according to production statistics. For details please refer to Thinkstep
(2020). Further, aggregated datasets (unit processes) are provided in a disaggregated form,
allowing for the selection of country specific energy and material mixes or market mixes
based on several countries.

The WELLE database, which contains spatially explicit water inventories for about 150 ma-
terial and energy datasets can be accessed online along with a detailed description of the
database development”. It is also integrated into the WELLE Tool presented in section 3.

4 http://welle.see.tu-berlin.de/#database
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INVENTORY ANALYSIS OF NEOPERL'S ORGANIZATIONAL WATER FOOTPRINT

To facilitate data collection and interpretation of results, company activities were defined and
classified into direct activities and indirect upstream activities based on the general catego-
rization scheme (FIGURE 3). The outcome is shown in FIGURE 4.

Neoperl collected direct water consumption data from internal measurements. The data
collection for indirect activities followed the top-down data collection approach described
above. For purchased materials and energy as well as for supporting activities, company-own
data was collected (purchased materials and energy, business travels, meals in canteens,
buildings, machines, etc.). The associated water consumption in supply chains was deter-
mined by means of the WELLE database described above and the WELLE Tool presented in
section 3.

FIGURE 4

Neoperl’'s organization model for the organizational water scarcity footprint case study
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Figure 4 by Forin et al. (2020a) is licensed under CC BY 4.0.
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Neoperl's value chain freshwater consumption in 2016 was around 110,000 m® The main
contributors to freshwater consumption along Neoperl's value chain are indirect upstream
activities, mainly metals (FIGURE 5). Within the metal category, disaggregated results show
that stainless steel contributes to 74% of water consumption in this category, followed by
brass (11%). Water from 34 countries are involved in Neoperl's value chain, with China and
Germany dominating the results (28% and 23% respectively) (FIGURE 6).

FIGURE 5
Neoperl GmbH’s 2016 Organizational Water Footprint - Potential freshwater
consumption by activity

2%
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Forin et al. 2020a

FIGURE 6
Neoperl GmbH’s 2016 Organizational Water Footprint - Potential blue water
consumption by country
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@ IMPACT ASSESSMENT

The inventory analysis reveals the volumes of water consumed in different regions along
an organization's supply chain. However, a water consumption of 1 m® in a water abundant
region does not compare to consuming the same amount of water in a water scarce area.
Therefore, the impact assessment step translates the volumes of water consumption into
potential local impacts.

For this, volumetric water flows compiled in the inventory analysis are multiplied with re-

gion-specific characterization factors which account for the flows' impacts within designa-

ted impact categories. Examples for intermediate (midpoint) impacts along the cause-effect

. chain of water use include water deprivation for human needs such

a WGte rconsum pt ION  as domestic use or agriculture as well as depriving ecosystems from
Of ‘| m 3 | n awa -t er water. Impacts on the final (endpoint) steps of the cause effect chain

. of water use include damage on human health caused by spreading

a b un d a nt re g 1on of diseases or malnutrition as well as damages to ecosystems such as

d oesn Ot com pO re tO loss of terrestrial or aquatic species e.g. by changing flow regimes of
rivers or lowering groundwater tables.

consuming the same

amou nt Of wa t erin assessment methods but sets requirements which they need to fulfill.
awater scarce areq. Accordingly, methods like AWaRe (Boulay et al. 2018), WAVE+ (Berger
et al. 2018) or other relevant impact assessment methods may be
applied.

The ISO 14046 standard does not prescribe the use of specific impact

Practitioners who work with very large inventories relative to the water availability in the
respective basin should pay attention to potential “non-marginal effects”. These can occur if
the consumption of large volumes of water in basins with relatively low availability changes
the water scarcity value of the entire basin and, thus, renders existing characterization fac-
tors inaccurate. See Boulay et. al (2019) and Forin et al. (2020) for further information.

IMPACT ASSESSMENT OF NEOPERL’S ORGANIZATIONAL WATER FOOTPRINT

The local impacts of Neoperl's water consumption were calculated by means of the AWaRe
method (Boulay et al. 2018), which describes the potential of depriving other users from

using water when consuming water in a certain basin.

From an activity category perspective, purchased metals are the main contributors to local
water scarcity (FIGURE 7). The impacts were mainly caused by stainless steel and brass (49%
and 25% of Neoperl's total impacts, respectively). From a spatial perspective, the most affect-
ed countries were China (40% of total impacts) and Chile (23%). While impacts in Chile were
mainly related to the copper mining in the brass supply chain, China was involved in several
materials’ supply chains, including the material hotspot stainless steel (FIGURE 8).

2.5% of Neoperl's water scarcity impacts are related to supporting activities. The main con-
tributor is machinery, mainly due to the aluminum components. The influence of direct ac-
tivities is very limited (0.1%), due to the low AWaRe factor at the facility’s location in Southern
Germany.




FIGURE 7

Neoperl GmbH’s 2016 Organizational Water Footprint - Water scarcity-weighted
potential freshwater consumption by activity
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Figure 8 by Forin et al. (2020a) is licensed under CC BY 4.0.
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@ INTERPRETATION

Interpreting the results from a life-cycle oriented study includes:

¢ Presenting and discussing relevant water consumption patterns and resulting local im-
pacts along the organization’s value chain;

» Identifying significant issues, which strongly influence the Organizational Water Footprint.
This can include certain activities (e.g. a purchased materials) as well as modelling choices
(e.g. cut-off criteria) or assumptions (e.g. concerning the location of sub-suppliers);

¢ Analyzing the completeness of data for significant issues as well as the consistency with
the goal and scope definition;

* Performing sensitivity analyses for significant issues, i.e. changing the parameters, mo-
delling choices or assumptions to check, how sensitive the results react to these changes;

¢ ldentifying limitations of the study;
* Drawing conclusions and providing recommendations;

¢ In case of performance tracking, modifications to the reporting unit, reference period,
and system boundary need to be considered. That is, if the organization’s performance
of two different reference periods is compared, changes in the organization’'s structure
(outsourced activities, mergers, etc.) and in the product portfolio need to be accounted
for in order to track the sources of change in overall environmental impacts. Moreover, it
should be discussed whether the reporting unit and the system boundary are in line with
the goal of the study.

INTERPRETATION OF NEOPERL’S ORGANIZATIONAL WATER FOOTPRINT

Analyzing Neoperl's water consumption and resulting local impacts along the entire value
chain allowed for revealing the most relevant activities (purchase of stainless steel and brass)
and identifying local hotspots in global supply chains (China and Chile). A comprehensive
analysis of these significant issues has shown that the underlying data is complete and con-
sistent with the study’s goal and scope definition.

A further significant issue is the modelling of the use phase of Neoperl's products, which
partly reduce water use in households. As these water savings cannot be subtracted from
the company’s Water Footprint directly (see section on avoided impacts above), a scenario
analysis has been conducted. Results show that the water consumption reduction potential
of Neoperl's flow regulators (30,000,000 pieces produced during the reporting year) is 216

times higher than the company’s total water consumption including supply chains.
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THE WELLE
TOOL

An Online application to support
an Organizational Water Footprint

assessment



The WELLE Tool is a free online application® which assists companies in calculating their Or-
ganizational Water Footprint following the Organizational Water Footprint method described

in section 2. Users can enter the direct water use at premises as well as indirect upstream ac-
tivities (e.g. amounts of purchased materials and energy), indirect downstream activities (e.g.
volumes of water consumed in products’ use phases), and supporting activities (e.g. business

trips) as listed in TABLE 2. By linking this information to the activity specific water consump-
tion data provided by the WELLE database, the organization’s water consumption along its

value chain is determined. Further, the WELLE Tool applies country-specific characterization

factors to the country-specific water consumption data available in the WELLE database and,
in this way, allows for analyzing the resulting local impacts.

In the following, input and result sections of the WELLE Tool are summarized.

5 The WELLE Tool is available via https://wf-tools.see.tu-berlin.de/wf-tools/owf.

FIGURE 9

Input mask of the WELLE Tool
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Q INDIRECT UPSTREAM ACTIVITIES

Indirect upstream activities comprise an organization’s energy and material supply chains.
For fuels and energy, users of the WELLE Tool can distinguish between different types of
fuel and sources of energy, e.g. crude oil, diesel, hard coal, heavy fuel, natural gas, grid mix
electricity, electricity from biomass, hydro power, electricity from lignite, electricity from
natural gas, nuclear power, photovoltaic or electricity from wind power. For purchased ma-
terials, users of the WELLE Tool can choose from a wide range of materials that are often pur-

chased by companies such as chemicals, polymers, metals, agricultural products, or packa-
ging materials.
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@ DIRECT ACTIVITIES

Direct activities comprise processes at an organization’s premises. Typically, direct activities
refer to the manufacturing of products or the provision of services. Users of the WELLE Tool
can distinguish between different types of input water such as deionized water, freshwater
extraction from natural water sources as well as tap water. Analogously, users can specify
water discharge (output) which is separated as the release of freshwater or wastewater.

INDIRECT DOWNSTREAM ACTIVITIES

Indirect downstream activities comprise downstream life cycle stages of an organization’s
products or services e.g. processing of sold products, storage of sold products, use or con-
sumption of sold products, end-of-life of sold products as well as leased assets and franchis-
es. Users of the WELLE Tool can enter the water consumption occurring in these downstream
activities and the respective locations directly.

SUPPORTING ACTIVITIES

Supporting activities comprise overhead activities that are required to keep an organization
operating. Users of the WELLE Tool can enter activities such as employee commuting, provi-
sion of food to employees in a canteen, business travels by plane, train and road transporta-
tion (which can also be represented through the amount of purchased diesel), maintaining a
work environment (work places, administration, cleaning services, gardening, research and
development) as well as capital equipment of an organization (building, machinery, company
cars).

FIGURE 10

Screenshot vom WELLE Tool der supporting activities
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TABLE 2

Input sections of the WELLE Tool.

Indirect upstream activities

Purchased
Fuels and
Energies

Fuels

Crude Oil

Diesel

Hard Coal

Heavy Fuel Oil (HFO) 1.0wt.% S

Natural Gas

Electricity

From Grid

From Biomass (solid)
From Hard Coal

From Heavy Fuel (HFO)
From Hydro Power
From Lignite

From Natural Gas
From Nuclear

From Photovoltaic
From Wind Power

Purchased
Goods and
Materials

Agricultural
Products

US: Corn grains
US: Soy bean oil, conditioned

Generic Agricultural Product

Chemicals/
Plastics

Acrylonitrile Butadiene Styrene Granulate (ABS)
Polyvinylchloride Granulate (S-PVC)

Polyethylene Terephthalate Fibers (PET)
Polybutylene Terephthalate Granulate (PBT)
Polyethylene Low Density Granulate (LDPE/PE-LD)
Polyethylene High Density Granulate (HDPE/PE-HD)
Polyoxymethylene Granulate (POM)

Polyamide 6.6 Granulate (PA 6.6) (HMDA)
Polypropylene Granulate (PP)

Nitrile Butadiene Rubber (NBR)

Polysulfone (PSU)

Epoxy resin (EP)

Polyethylene Cross-Linked (PEXa)

Polyethylene Terephthalate Granulate (PET)
Polyamide 6 Granulate (PA 6)

Ethylene Propylene Diene Elastomer (EPDM)

Metals

Aluminum
Cast Iron
Steel Alloyed
Steel Non-Alloyed
Stainless Steel
Brass

Lead

Silver

Gold

Nickel
Copper

Tin

Other
Purchased
Materials

Wooden Pallet

Silicone

Cardboard

Generic Product/Others

Purchased
services

Generic

Generic
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3.5.1
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RESULTS

Results are displayed on a world map and in stacked bar charts for the default and an (optional)
alternative scenario.

RESULT MAPS

Four maps display the volumetric water consumption (blue Water Footprint) as well as the
water scarcity footprint (impact assessment result determined based on AWARE) for both
scenarios. Upon clicking on a country, the individual contributions of the four activities. are

displayed.
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FIGURE 11

Visualization of the regional water consumption impacts
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3.5.2 RESULT CHARTS

The stacked bar charts display the volumetric water consumption (blue Water Footprint) as
well as the water scarcity footprint (impact assessment result determined based on AWARE)
for both scenarios within one chart at a time. Separate charts for the input sections indirect
upstream activities, direct activities and indirect downstream activities as well as overall re-
sults are available. Different colors allow the user to conclude on what specific activities
contribute to the aggregated result e.g. purchased fuels and energies, purchased goods and
materials, services etc.

FIGURE 12

Visualization of the water consumption per life cycle stage
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ORGANIZATION'S
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AND MITIGATING
WATER SCARCITY
ALONG SUPPLY
CHAINS




So far, a method for determining Organizational Water Footprints has been introduced and
a database and online tool for supporting its application have been presented, which have
been tested and refined by industry partners in the WELLE project:

¢ Evonik conducted an Organizational Water Footprint of a chemical and a biotechnological
production line of amino acids

* German Copper Alliance analyzed the Organizational Water Footprint of the European
copper production

* Neoperl analyzed the Organizational Water Footprint of the entire company (presented in
textboxes throughout this guidance)

* Volkswagen conducted an Organizational Water Footprint study of its production site in
Uitenhage, South Africa

The Organizational Water Footprint results reveal hotspots in terms of water consumption
and local impacts along the value chain, which can be used as a starting point to reduce
water consumption and mitigate local water scarcity. The four WELLE case studies and other
studies have shown that an organization'’s direct water consumption usually contributes to
less than 5% of its total Water Footprint only.

For this reason, optimization strategies need to consider an organization’s entire value chain.
Next to on-site focused environmental management systems (EMAS 2011, ISO 2015), water
stewardship measures, ecodesign approaches, and a sustainable procurement strategy are
advocated (FIGURE 9).

While the leverage of reducing an organization’s Water Footprint is usually larger in supply
chains, the organization’s control on water consumption patterns is decreasing along supply
chain levels. Ideally, an organization’s water scarcity mitigation strategy comprises the con-

FIGURE 13
Measures for reducing an Organization’s Water Footprint and
the life cycle stages which they target.
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current implementation of several measures tackling all water use hotspots regardless of the
life cycle stage at which they occur. When trying to reduce an organization’s Water Footprint,
care should be taken to avoid shifting water-related environmental impacts to other environ-
mental burdens (e.g. from the water to the carbon footprint).

WATER STEWARDSHIP MEASURES

The International Water Stewardship Standard developed by the Alliance for Water Steward-
ship (AWS) focuses predominantly on sustainable development of local water resources and
defines water stewardship as “the use of water that is socially and culturally equitable, envi-
ronmentally sustainable and economically beneficial, achieved through a stakeholder-inclu-
sive process that involves site- and catchment-based actions” (AWS 2019). Implementation
of local water stewardship or comparable measures at an organization’'s premises can be
useful, if an organization’s direct water consumption contributes a relevant share to its total
Water Footprint.

If the hotspots of an organization’s Water Footprint have been identified in the supply chains,
the organization can try to initiate water stewardship process together with suppliers ope-
rating in critical basins. In collective action involving the supplier, other water users in the
basin, the local administration, the public, NGOs, and other relevant stakeholders, different
measures can be pursued including:

¢ Increasing water use efficiencies

¢ Reducing losses in the local water system

e Establishing water allocation plans

¢ Joint investments in water supply and waste water treatment technologies
e Improved water governance

If a direct involvement in water stewardship activities of suppliers seems not possible, orga-
nizations may request certificates from suppliers to prove responsible water management. If
possible, organizations can support suppliers in receiving such certifications. Incentivizing
suppliers to introduce sustainability measures may be an easy task for multi-national corpo-
rations but can turn out to be difficult for small organizations purchasing from large compa-
nies. In such cases, companies may want to reconsider their procurement strategy or resort
to ecodesign approaches.

ECODESIGN

Ecodesign is defined by the European Commission as “a preventive approach, designed to
optimize the environmental performance of products, while maintaining their functional
qualities” (EU 2009) and may be applied under specific consideration of water. Organizations
can apply ecodesign to decrease the Water Footprint of their products and services, and thus
of the organization, by considering water use aspects along the life cycle of a product already
in its design phase.
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* Supply chain: Selection of less water intense materials or use of secondary materials (if
associated with a lower Water Footprint)

¢ Production: Apply water efficient manufacturing process, reuse of process and waste wa-
ter as well as reuse of material clippings during production

* Post-factory life cycle stages:
» Use: Design for low water requirements during the use phase of a product or service or
provision of consumer guidance for water efficient use
» End-of-life: Recycling or disposal without water intensive or water polluting processes

SUSTAINABLE PROCUREMENT

As supply chain activities often cause the largest share of an organization'’s total water use
and resulting impacts, the procurement is key in reducing an organization’'s Water Footprint.

An organization’s procurement strategy may be rendered more sustainable in terms of water
use impacts by:

* Raising awareness of purchasing departments on the large water use of material pro-
duction and the relevant influence of purchasing decisions on an organization's Water
Footprint

* Close cooperation between a company’s purchasing- and environmental management
department

¢ Incorporating environmental indicators and targets in purchasing decisions

REDUCING NEOPERL’'S ORGANIZATIONAL WATER FOOTPRINT

Neoperl runs an environmental management system (ISO 14001) and its own production
facilities use water as efficiently as possible. Since the largest share of Neoperl's Water Foot-
print has been identified in the indirect upstream activities, the abovementioned mitigation
measures have been explored.

Initiating water stewardship processes at suppliers turned out to be unfeasible considering
changing suppliers and purchases from large multinational corporations. Sustainability as-
pects are already part of Neoperl's purchase strategy but specific water related criteria would
be difficult to implement. Finally, Neoperl explored and implemented ecodesign measures
focusing on the substitution of water intense materials. As a concrete example, hose stain-
less-steel reinforcements were partly substituted by polyamide (PA6) which lead to an es-
timated saving of more than 8,500 m® freshwater as well as a potential reduction of the
products’ water scarcity impact by 97%.
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SUMMARY




Freshwater is a vital resource for humans and ecosystems but it is scarce in many regions
around the world. Organizations measure and manage direct water use at their premises but
usually neglect the indirect water use associated with global supply chains — even though
the latter can be higher by several orders of magnitude.

Against this background, the BMBF funded research project “Water Footprint for Organiza-
tions — Local Measures in Global Supply Chains (WELLE)” has been launched by TU Berlin,
Evonik, German Copper Alliance, Neoperl, thinkstep and Volkswagen. The project aims to
support organizations in determining their complete Organizational Water Footprint, identi-
fying local hotspots in global supply chains and taking action to reduce their Organizational
Water Footprint and mitigate water scarcity at critical basins.

Within the WELLE project a method for analyzing an organization’s Water Footprint has been
developed (Forin et al. 2019). This Practitioners’ Guidance intends to support stakeholders in
conducting Organizational Water Footprint studies by presenting the method in a clear and
concise way and by illustrating each step with a practical example. Further, the WELLE data-
base, which provides water consumption data of an organization’s indirect activities (materi-
al and energy purchase, business trips, canteens, etc.) in a spatially explicit way is introduced.
In order to facilitate the application of the method and the database, the WELLE Tool has
been developed and a manual for its application is presented in this guide. Finally, options
to reduce an organization’s Water Footprint and to mitigate local water scarcity by means of
water stewardship approaches, sustainable purchase strategies and ecodesign measures are
presented.

By analyzing their Water Footprints, organizations can determine water use and resulting
local impacts at premises and “beyond the fence” along global supply chains. In this way
they can reduce water risks and contribute to a more sustainable use of the world'’s limited
freshwater resources.
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WELLE RESOURCES

ONLINE RESSOURCES

e WELLE Tool — Calculating an Organizational Water Footprint:
https://wf-tools.see.tu-berlin.de/wf-tools/owf/

o WELLE Organizational Water Footprint database: https://welle.see.tu-berlin.de/#database
o WELLE project Website: https://welle.see.tu-berlin.de/

¢ Water Footprint Tools of the TU Berlin Chair of Sustainable Engineering:
https://wf-tools.see.tu-berlin.de/

READING ADVICE

The Organizational Water Footprint Practitioners’ Guidance “Organizational Water Foot-
print — Analyzing water use and mitigating water scarcity throughout supply chains” was de-
veloped as part of the BMBF-funded project WELLE. Two ISO standards, namely ISO 14046
and ISO 14072, were critical in developing the Organizational Water Footprint method. Rea-
ders are advised to read these standards in order to familiarize themselves with termino-
logy and methodological aspects used in the Organizational Water Footprint Practitioner’s
Guidance.

e [SO/TS 14072:2014 Environmental management — Life cycle assessment — Requirements
and guidelines for organizational life cycle assessment

e ISO 14046:2014 Environmental management — Water footprint — Principles, require-
ments and guidelines

Additional references on the development and rational of the Organizational Water Footprint
method include:

e Forin, Silvia, Markus Berger, and Matthias Finkbeiner. 2018. ‘Measuring Water-Related En-
vironmental Impacts of Organizations: Existing Methods and Research Gaps'. Advanced
Sustainable Systems 2 (10): 1700157. https://doi.org/10.1002/adsu.201700157.

e Forin, Silvia, Natalia Mikosch, Markus Berger, and Matthias Finkbeiner. 2019. ‘Organiza-
tional Water Footprint: A Methodological Guidance'. The International Journal of Life Cy-
cle Assessment, online-first. https://doi.org/10.1007/s11367-019-01670-2.

e Forin, Silvia, Markus Berger, and Matthias Finkbeiner. 2020. ‘Comment to “Marginal and
Non-Marginal Approaches in Characterization: How Context and Scale Affect the Se-
lection of an Adequate Characterization Factor. The AWARE Model Example™. The In-
ternational Journal of Life Cycle Assessment, online-first. https://doi.org/10.1007/
s11367-019-01726-3.

e Forin, Silvia, Jutta Gossmann, Christoph Weis, Daniel Thylmann, Jonas Bunsen, Markus
Berger, and Matthias Finkbeiner. 2020. ‘Organizational Water Footprint to Support Deci-
sion Making: A Case Study for a German Technological Solutions Provider for the Plumb-
ing Industry https://doi.org/10.3390/w12030847.
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