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Abstract
Purpose This paper proposes a practical methodological approach to assess the water footprint at the organizational level, in line
with the current development of life-cycle based approaches toward the organizational scale on the one hand and footprint metrics
on the other hand. This methodological development allows for organizational water footprint applications intended to inform
management decisions and to alleviate water-related environmental impacts throughout the supply chain.
Methods ISO 14046, dedicated to water footprint with a major focus on products, and ISO/TS 14072 for organizational LCA (O-
LCA) are compared. A set of indications to carry out an organizational water footprint is identified based on: the requirements
common to water footprint and organizational LCA; complementary methodological elements specified in only one of the
standards; solutions to issues identified as conflicting. Additional application guidance on data collection prioritization for
organizational water scarcity footprint studies is delivered based on the review of existing organizational case studies and
comparative product or commodity studies.
Results and discussion O-LCA and water footprint provide complementary requirements for the scoping phase and the inventory
and impact assessment phase respectively, according to the different methodological foci.We identify conflicting or contradictory
requirements related to (i) comparisons, (ii) system boundary definition, and (iii) approaches to avoid allocation. We recommend
(i) avoiding comparisons in organizational water footprint studies, (ii) defining two-dimensional system boundaries (“life-cycle
dimension” and “organizational dimension”), and (iii) avoiding system expansion. Additionally, when carrying out a water
scarcity footprint for organizations, we suggest prioritizing data collection for direct activities, freshwater extraction and dis-
charge, purchased energy, metals, agricultural products and biofuels, and, if water or energy consuming, the use phase.
Conclusions The standards comparison allowed compiling a set of requirements for organizational water footprints. Combined
with the targeted guidance to facilitate data collection for water scarcity footprint studies, this work can facilitate assessing the
water footprint of organizations throughout their supply chains.

Keywords Corporate footprints . Data collection prioritization . Organizational LCA . Organizational water footprint . Supply
chainmanagement .Water footprint .Water scarcity

1 Introduction

In the last years, LCA applications and method refinement
have developed toward larger scales, like organizations and
countries. Methodological requirements for an ISO-
conform life cycle assessment of organizations is available

(ISO 2014b) and has been specified in both EU and UN
context by dedicated guidance documents (European
Commission 2012; UNEP 2015; Martínez-Blanco et al.
2019). The organizational level has been explored also in
case studies for the packaging sector (Manzardo et al. 2016,
2018b), the construction sector (Neppach et al. 2017), the
university sector (Lo-Iacono-Ferreira et al. 2016), the gas-
tronomy sector (Jungbluth et al. 2016), a special purpose
entity (Manzardo et al. 2018a), and 12 diverse organiza-
tions that road-tested the Guidance on Organizational Life
Cycle Assessment (UN Environment 2017; de Camargo
et al. 2019). An even further upscaling of the LCA method
has been performed by territorial LCA, intended for
informing land planning decisions (Loiseau et al. 2013,
2014, 2018; Mazzi et al. 2017).
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Besides the scales shift, a significant development of life-
cycle based approaches observed in the last decade is the
“footprint trend”. Beginning with carbon footprint
(Wiedmann and Minx 2007; ISO 2013a), several single envi-
ronmental issue approaches following the life-cycle perspec-
tive have been developed and applied (Fang et al. 2014), fos-
tered by easier communicability to a non-expert public. On the
other hand, footprints are viewed by LCA experts with reser-
vations, as they do not comply with the multi-impact principle
of LCA (Finkbeiner 2009). In fact, the comprehensiveness
aim of footprints is referred to a specific field. For example,
the principle of comprehensiveness for a water footprint as-
sessment according to ISO 14046 (ISO 2014a) requires con-
sidering “all environmentally relevant attributes or aspects of
natural environment, human health and resources related to
water, including water availability […] and water degradation
[…]”. In line with the developments in the LCA field, also
footprints (within and beyond the LCA framework) were up-
scaled to the macroeconomic level (Hertwich and Peters 2009;
Wiedmann et al. 2015) and to the organizational level, e.g.,
through ISO 14064 (ISO 2006b, 2013b) or the Greenhouse
Gas Protocol (WBCSD/WRI 2004).

Within the ISO framework, organizations are included as
object of water footprint studies in ISO 14046 (ISO 2014a),
which provides an annex devoted to applying water footprint
on the organizational level. Also, theWater Footprint Network
foresees the application of comprehensive assessments of wa-
ter consumption and degradation to companies (Hoekstra
2011), along with other initiatives such as the CDP Water
Program, the Global Water Tool, and the Water Risk Filter
(see (Forin et al. 2018) for a complete list and review).

In the case of water related assessments, the focus on
organizations presents decisive advantages for informing
decision-making. This is particularly the case for non-
agricultural sectors, in which upstream processes such as
energy and material extraction are responsible for the
greatest amount of potential water-related impacts. This
emerges from product case studies on technological prod-
ucts such as cars and flow regulators (Berger et al. 2012,
2017), from commodity-related studies (e.g., Buxmann
et al. (2016) on primary aluminum) and from the water-
related impact category results in the limited range of avail-
able case studies on organizational LCA. Among the
banknotes-related activities performed by the Mexican
Central Bank Banco de México, for example, upstream ac-
tivities such as the production and transformation of raw
materials (cotton and polymer substrate) are the main con-
tributors to the water-related impact categories; the same
applies for the oil producer Thanakorn Vegetable Oil
Products based in Thailand (UN Environment 2017). Also
organizational studies in the service sector show a domi-
nance of upstream activities in water-related impact catego-
ries (see the Faculty of Science and Technology at UPH and

the recycling NGO Emmaüs Europe (UN Environment
2017)). In other sectors, the downstream supply chain is
particularly relevant: in case studies for the toiletry sector
(de Camargo et al. 2019) and a special purpose entity cre-
ated to build a tourist village (Manzardo et al. 2018a) the
use phase has been found to have the highest relevance for
water-related impacts.

In such cases, water-related impact reduction measures
would require interventions at supply-chain level, which
imply managerial decisions, since they regard the interplay
between the organizations’ environmental sustainability on
the one hand and purchase decisions or product design on
the other hand. Recent literature has shown that, in an or-
ganization with different product lines, basing decisions
solely on the information delivered by a product case study
might even increase overall environmental burdens (see,
e.g., the concept of production allocation burden suggested
by Manzardo et al. (2018b)). In other cases, a product case
study might indicate a relative hotspot that is not significant
at organizational level, thus directing investments to miti-
gation measures that would not be classified as the most
urgent ones if the company as a whole was considered.
Before this backdrop, management decisions seem to be
easier to take if a complete picture of the organization and
its suppliers is available. Despite the advantages of
assessing water footprint at the organizational level, no
stand-alone assessments for organizations going beyond
the inventory level are available so far.

One reason might be the absence of a consistent guid-
ance document for this specific application, which is indeed
recognized, but not specifically addressed, in ISO 14046
and ISO/TS 14072 (see Sect. 2). Given the urgency of
water-related environmental problems such as the water
scarcity and acute water quality alteration in certain world
regions, we aim at encouraging the application of water
footprint for organizations by providing methodological
guidance.

This paper leads practitioners through the methodologi-
cal elements of organizational water footprint. For each of
the four LCA phases, the requirements set by ISO 14046
(water footprint) and ISO/TS 14072 (organizational LCA)
are compared and focused recommendations to prioritize
data collection are provided. Section 2 explains how the
comparison is operationalized and how recommendations
for data collection are derived. Section 3 provides, for each
LCA phase, the resulting requirements for organizational
water footprint after discussing conflicting or contradictory
elements. In Sect. 4, additional guidance for method appli-
cation is provided for the specific case of water scarcity
footprints, based on experience with organizational LCA
and comparative product water footprint case studies.
Finally, the main findings are discussed and conclusions
are presented (Sects. 5 and 6).
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2 Methods

To develop an application guidance for organizational water
footprint, two methods were applied. First, the requirements
of ISO 14046 and ISO/TS 14072 were compared in order to
identify corresponding, complementary, and conflicting re-
quirements. This allowed developing a consistent set of guide-
lines to carry out an organizational water footprint study. This
approach is described in Sect. 2.1. Further, the most relevant
organizational activities for the specific case of water scarcity
footprint studies are identified in order to help prioritizing data
collection efforts. The related approach is described in Sect. 2.2.

2.1 Comparison method

The methodological scheme for organizational water footprint
is based on the standards ISO 14046 (“Environmental
Management – Water footprint – Principles, requirements
and guidelines”) (ISO 2014a) and ISO/TS 14072
(“Environmental management – Life Cycle Assessment –
Requirements and guidelines for organizational life cycle as-
sessment”) (ISO 2014b).

Both documents are based on ISO 14040 (ISO 2009) and
ISO 14044 (ISO 2006a). ISO/TS 14072 specifies the adapta-
tions needed when performing a life cycle assessment of or-
ganizations instead of products. Additional recommendations
for applying organizational LCA are delivered by the
“Guidance on Organizational Life Cycle Assessment,” result
of the UNEP/SETAC Life Cycle Initiative Flagship Activity
LCA of Organizations (Martínez-Blanco et al. 2015; UNEP
2015), tested by 12 pilot organizations (UN Environment
2017; Martínez-Blanco et al. 2018).

ISO 14046, though based on ISO 14044, is a stand-alone
standard and contains all necessary information to perform a
water footprint study. Additionally, Annex A to ISO 14046
“Additional requirements and guidelines for organizations”
explains the adaptations needed to carry out a water footprint
study on the organizational level.

In other words, organizational LCA and water footprint,
though both based on the milestone standards of life cycle
assessment ISO 14040 and ISO 14044, have different foci,
as highlighted in Fig. 1. Organizational LCA is a multi-
impact method considering, among others, data related to wa-
ter as elementary flow in the inventory analysis phase, and
water-related impact categories in the impact assessment
phase. Therefore, organizational water footprint can be con-
sidered as a subset of organizational LCA, such as a product-
related water footprint study can be performed as part of a
multi-impact assessment considering also non-water-related
indicators. On the other hand, water footprint as in ISO
14046 includes also organizations in its scope, although most
methodological elements are conceived from a product per-
spective and focus on the data required to perform water-

related impact assessment. In other words, organizational wa-
ter footprint, though being included in both the organizational
LCA and the water footprint framework, does not represent in
either case the focus of the standard. In this way, practitioners
taking product water footprint as starting point would lack
specific guidance on organization-specific issues, like defin-
ing the organization to be studied and setting organization-
specific system boundary. The other way around, i.e., starting
from organizational LCA, would imply lacking specific re-
quirements for water-related impacts.

In order to profit from the different foci of organizational
LCA and water footprint relevant to performing an organiza-
tional water footprint study, the requirements of ISO 14046
and ISO/TS 140721 for each LCA phase are juxtaposed. We
identify:

1. Methodological elements common to both organizational
LCA and water footprint (overlaps, displayed in plain
characters in Tables 1, 2, 3, 4, and 5) that can be directly
integrated in the requirements for organizational water
footprint (right column of each table);

2. Requirements or indications that overlap, but prove con-
flicting or contradictory, for which a specific choice is
necessary (bold characters in Tables 1, 2, 3, 4, and 5).
These issues are discussed in depth and recommendations
on the most suitable application to organizational water
footprints are delivered;

3. Requirements that are specific to either ISO 14046 or
ISO/TS 14072, regarding issues specific either to water
footprint or to organizations, but not conflicting with each
other (displayed in italic characters in Tables 1, 2, 3, 4,
and 5). These are integrated in the requirements for orga-
nizational water footprint.

The comparison results, i.e., the requirements for organiza-
tional water footprint, are displayed in the right column of
Tables 1, 2, 3, 4, and 5.

2.2 Activity prioritization method

To prioritize organizational activities as defined and explained
in Sect. 4.1, a three-step approach was applied:

1. Existing organizational LCA case studies including water
scarcity impact categories were examined to identify the
activities which mainly contributed to the organization’s
water scarcity;

2. The contribution of the activities identified in step 1 was
proofed by analyzing water consumption studies on the
macroeconomic level. The aim was to prevent
recommending high prioritization for activities that only

1 complemented by the requirements of ISO 14044 if no organization-specific
issues are mentioned in ISO/TS 14072
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have a relative consistent weight in existing case studies,
which, given the limited pool, could not be chosen repre-
sentatively for different sectors;

3. Additional literature research (product-related case
studies) was conducted to classify significant organiza-
tional activities which have not been considered separate-
ly in available organizational case studies, such as pur-
chased fuels or waste management, or to explore techno-
logical products.

The results of steps 1 and 2 are illustrated in Table 6
and build the backbone for the activity prioritization in
Sect. 4.2. The results of step 3 are directly inserted in Sect.
4.2.

3 Comparing water footprint
and organizational LCA

3.1 Goal and scope

3.1.1 Setting the goal

Defining the goal of the study lays the ground for the study
design and depends on which information the organization
expects from the water footprint study. The requirements ac-
cording to the water footprint and the organizational LCA
method are summarized in Table 1.

While defining the goal, certain items need to be men-
tioned. Among them, the requirements of ISO 14046 and
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Fig. 1 Juxtaposition of the methodological structure and foci for
organizational LCA and water footprint. Organizational LCA focuses
on the organizational level (organization Y and its products’ life cycles);

it adapts the scoping and inventory phase to organizations. Water
footprint has products as main object; it lays the ground for water-
specific impact assessment. Adapted from Finkbeiner et al. (1998)

Table 1 Indications and requirements for setting the goals of an
organizational water footprint study. Comparisons between ISO/TS
14072 and ISO 14046 and recommendations for organizational water

footprint. (Potentially) conflicting requirements are highlighted in bold;
requirements set by only one method are highlighted in italic

Goal Organizational LCA
(ISO/TS 14072)

Water footprint
(ISO 14046)

Organizational water footprint
(recommended)

Items to be
unambigu-
ously stated

Intended application Intended application Intended application

Reason for carrying out the study Reason for carrying out the study Reason for carrying out the study

Intended audience Intended audience Intended audience

A statement that the results are not intended
to be used in comparative assertions
intended to be disclosed to the public

Whether the study is part of a life
cycle assessment where a
comparative assertion is
intended

A statement that the results are not intended
to be used in comparative assertions
intended to be disclosed to the public

Whether the study is a stand-alone
assessment or part of a life cycle
assessment

Whether the study is a stand-alone assess-
ment or part of a life cycle assessment
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ISO/TS 14072 overlap regarding: the intended application, the
reason for carrying out the study, and the intended audience.
As for the product-related equivalent, also organizational wa-
ter footprint assessments can be carried out either as stand-
alone assessments or as part of an organizational life cycle
assessment, and this shall be declared in the goal of the study.

The two standards contain diverging requirements on com-
parative assertions. On the one hand, ISO/TS 14072 requires
including a statement that the results of the study are not
intended to be used in comparative assertions intended to be
disclosed to the public. In other words, based on the results of
the organizational LCA of two organizations, it cannot be
publicly stated which organization has a better environmental
performance. On the other hand, ISO 14046 considers com-
parative assertions possible if the water footprint is conceived
as part of an LCA (since no comparative assertions should be
based on one or a limited set of impact indicators as delivered
by a water footprint study). Transferred to the organizational
level, this would mean that organizational water footprint,
embedded in a multi-impact study, could be used for compar-
ative assertions, since ISO 14046 does not highlight any ex-
ception for organizations.

A similar issue regards comparative studies, which are
allowed in ISO 14046, under the premise that “the equiva-
lence of the systems being compared shall be evaluated before
interpreting the results” (ISO 14046). ISO/TS 14072 does not
contain any reference to comparative studies, so that the gen-
eral indications of ISO 14044 (ISO 2006a) can be assumed to
be valid.2

However, since organizations are unique according to their
sector, product portfolio, size, and location of the organization
itself and its suppliers (particularly relevant for the case of
water), it seems arduous to establish the equivalence of two
organizations. Therefore, we suggest avoiding comparisons
between organizations in organizational water footprint stud-
ies. However, comparing one organization’s performance
across different years (performance tracking) is possible and
one of the main benefits of organizational methods, besides its
usefulness as analytical tool to identify possible burden
shifting, as decision support for supply chain management
and the prioritization of impacts reducing measures, and as
information source for environmental reporting and transpar-
ent communication (see ISO/TS 14072, 5.1). If organizational
methods are used for performance tracking, “structural chang-
es to the organization should be identified, and their effects on
the results of the OLCA for the relevant time period explained
(e.g. merger and acquisition, BU sales, outsourcing, number
of employees, etc.)” (ISO 2014b).

2 ISO 14044 states that “Systems shall be compared using the same functional
unit and equivalent methodological considerations, such as performance, sys-
tem boundary, data quality, allocation procedures, decision rules on evaluating
inputs, and outputs and impact assessment. Any differences between systems
regarding these parameters shall be identified and reported.”T
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3.1.2 Defining the scope

The scope of the study establishes the boundaries of what is
going to be analyzed and implies several methodological de-
cisions. ISO standards provide requirements concerning the
elements to be defined in the scoping phase (displayed in
Table 2).

The organization-specific elements are treated in ISO/TS
14072. Following items shall be considered and clearly stated:
the organization to be studied, the intention of tracking envi-
ronmental performance over time, the reference period con-
sidered, the products and unit processes of the organization,
and the reporting unit.

3.1.3 Reporting unit

According to ISO/TS 14072, the reporting unit is the quanti-
fied performance expression of the organization under study
and provides a reference to which inputs and outputs can be
normalized in a mathematical sense. For the case of organiza-
tions, ISO 14046 also uses the term reporting unit in substitu-
tion to the (process- and product-related) functional unit.

3.1.4 System boundary

The system boundary specifies the unit processes to be includ-
ed in the study based on the reporting unit and the goal of the
study. Both ISO/TS 14072 and ISO 14046 require to explicitly
declare the boundary of the organization. However, a discrep-
ancy can be noticed in the terminology, since ISO/TS 14072
generally refers to the system boundary, whereas ISO 14046
states that “when undertaking a water footprint assessment of
an organization, the organizational boundary and the system
boundary shall be determined.” A glance at the organizational
model depicted in Annex A (ISO 2014a) suggests that the
organizational boundary refers to the facilities of the organi-
zation being studied, whereas the system boundary addresses
the life cycle boundaries for products. In general, setting the
system boundary proved challenging for organizational LCA
(UN Environment 2017), because, under a life-cycle perspec-
tive of organizations, the boundary becomes two-dimensional.

The first dimension refers to the amount of (product) life
cycles the study should consider. This means, from the per-
spective of organizations, which product lines, production fa-
cilities or regional units of the organization should be includ-
ed. This “organizational boundary” depends on the definition
of the reporting unit (or reporting organization if the O-LCA
Guidance terminology is applied, see (UNEP 2015)) and is
only based on the aim and scope of the study.

The second dimension represents the life cycle of the orga-
nization’s products, i.e., translated into “organizational” lan-
guage, the upstream and downstream activities (see (UNEP
2015)). Setting the boundary for this life-cycle-relatedTa
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dimension means deciding howmany tiers of the supply chain
are included in the study. This “life-cycle” boundary needs to
comply with additional requirements given by the ISO stan-
dards. In principle, all processes linked to an organization
should be included in the study. However, following the unit
processes related to an organization’s products after these
leave the organization (downstream) might be difficult if the
organization acts at the beginning of the supply chain, e.g. in
the raw materials sector. In such cases, and if the organization
has no influence on the use stage and end-of-life stage of its
products, downstream processes can be excluded (ISO
2014b). However, the use stage should be included if the
organization’s products are expected to have high environ-
mental impacts during use. The water-specific recommenda-
tions from ISO 14046 should be followed in this case: “The
use stage flows should be included if the products use water,
consume energy, or generate emissions with potential environ-
mental impacts on water during use like e.g. washing ma-
chines, dishwashers, apparel (requires washing and drying),
food (requires cooking and refrigeration) or soaps and deter-
gents (require heated water).” ISO 14046 does not provide
specific recommendations for the inclusion of the end-of-life
phase of sold products. To facilitate method application, Sect.
4.2 of this paper offers a detailed prioritization scheme for
water scarcity footprints including waste management activi-
ties, which can serve as indication for the relevance of this
downstream activity based on the technology used.

3.1.5 Offsetting

Offsetting is a calculation mechanism that allows compensat-
ing the environmental impacts of the product, process or or-
ganization under study through impact-reducing activities out-
side the system boundary. ISO 14046 explicitly excludes off-
setting. Being related to processes that take place outside the
system boundary, offsetting can be considered as implicitly
excluded by all LCA-based methods, including organizational
water footprint.

3.1.6 Other aspects

Further ISO requirements for the scoping phase regard meth-
odological choices to be stated and applied in the inventory,
impact assessment, and interpretation phase. These are includ-
ed in Table 2 and explained in more detail in Sects. 3.2–3.4.

3.2 The inventory phase

3.2.1 Data collection

In the inventory phase of organizational water footprint, data
for all water-relevant inputs and outputs (elementary flows) is
collected and analyzed. Inventory data necessary for

organizational water footprint is the same as in product-
related studies and corresponds therefore with the require-
ments provided in ISO 14046, more specific than the require-
ments for organizational LCA, which are conceived for a
broader range of environmental impacts. Inventory data ac-
cording to ISO 14046 includes water withdrawn from the
environment and entering the system (i.e., crossing the system
boundary) without previous human transformation, and water
leaving the system and released to the environment without
subsequent human transformation. Further inputs and outputs
to be considered are substances, e.g., pollutants, which affect
water quality. Their choice and collection should be per-
formed according to the goal and scope of the study, i.e., to
the impact categories addressed.

ISO 14046 provides details on the type of data to be col-
lected for carrying out a water footprint study (Table 3). These
requirements apply to all kinds of systems considered (prod-
uct, process, or organization) and embrace data and data qual-
ity requirements. The data to be collected are as follows: the
quantities of water use and data describing water quality (in-
cluding withdrawal, release, and water receiving body); forms
of water use (including, if relevant, changes in drainage,
stream flow, groundwater flow or water evaporation); location
of water use (withdrawal and release) required to determine
any related environmental condition indicator of the area
where the water use takes place; seasonal changes in water
quantity and quality, if relevant; emissions to air, water and
soil that impact water quality, and any other data needed by
the water footprint impact assessment method applied.

Primary data should be preferred and the use of secondary
data for relevant processes needs to be justified. Further data
quality requirements should address, among others, time-
related coverage and geographical coverage, particularly rele-
vant for water-related assessments.

Given the high amount of flows available in an organiza-
tional study, the inventory analysis might profit from aggre-
gating inputs and outputs according to the goal of the study, as
stated in ISO/TS 14072. Recommendations for inventory cat-
egorization derived from the Guidance on Organizational
LCA (UNEP 2015) are described in Sect. 4.1.

3.2.2 Temporal aspects

Given the seasonal variability of water availability, the con-
sideration of temporal aspects in data collection, also ac-
knowledged more generally in ISO 14044 and therefore im-
plicitly included in ISO/TS 14072, is particularly relevant in
water-related assessments. Newly developed impact assess-
ment methods to assess impacts of water use contain also
monthly values, reflecting the seasonal character of water
scarcity in several basins (Boulay et al. 2018; Berger et al.
2018). To make use of them in water scarcity footprint assess-
ments, also inventory data needs to be collected with monthly
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resolution. This is rarely possible for data on indirect activities
(see Sect. 4.1) that are often collected from secondary sources
providing average values. For direct activities, monthly data
might be available from internal measurements and should be
preferred if an impact assessment method delivering charac-
terization factors with monthly resolution is used. This is not
in conflict with the reporting period, generally 1 year, for
which organizational data is collected. In fact, the duration
of the reporting period does not prevent a higher temporal
granularity of inventory data, as long as data for, e.g., all
months of the reporting period are available.

3.2.3 Allocation

When analyzing an organization’s supply chain, one often
faces cases of multi-functionality. For example, if a supplier
delivers only one part of its goods to the reporting organiza-
tion, the latter should be made accountable only for that spe-
cific part of the environmental burdens caused by the sup-
plier’s products and not for the entire suppliers’ organizational
water footprint (Finkbeiner and König 2013). According to
both ISO 14046 and ISO/TS 14072, allocation should be
avoided by dividing the processes to be allocated in sub-
processes for which data is available. Another possibility to
avoid allocation according to ISO 14046 is system expansion:
the system boundary is widened (and the reporting flow en-
larged) to include also the part of the inventory that cannot be
excluded, and its whole life cycle. This system expansion
option shows once more that ISO 14046 is conceived from a
product perspective. In fact, in organizational studies, enlarg-
ing the system boundary would mean including further orga-
nizations in the study (other buyers of the supplier whose
inventory needs to be allocated). This option would imply
an enormous effort, including modeling other organizations
without having access to their primary data. Therefore, the
option of expanding the system boundary is excluded for or-
ganizational LCA in ISO/TS 14072. With the same argument,
we propose excluding the system expansion option also for
organizational water footprint. A viable option for avoiding
allocation when assessing organizations is using, if known,
the water-related life cycle inventory data of the purchased
products (UNEP 2015). If allocation cannot be avoided, inputs
and outputs should be partitioned according to physical rela-
tionships (e.g., mass, volume, etc.) or, if this is not possible,
according to economic value (as indicated in both ISO 14046
and ISO/TS 14072).

In an organizational study, environmental impacts do not
only need to be allocated to a certain system, but also to a
certain time frame. For example, the reporting organization
purchases vehicles with a life span that does not coincide with
the reporting period. If the reporting period is 1 year, and a
vehicle is used for 5 years, the water-related environmental
impacts caused by the vehicle need to be attributed to a

specific reporting period. Temporal allocation issues apply
for different types of capital equipment and eventually for
purchased goods, materials, services or fuels. According to
ISO/TS 14072, “the calculation methodology of LCI of these
assets should take into account the time period over which
they are used. In that case, the calculation methodology shall
be clearly justified and documented.”

3.3 Impact assessment

In the impact assessment phase, the potential environmental
impacts related to the life cycle inventory are assessed. To
perform water-related impact assessment, several scientific
impact assessment methods are available (Kounina et al.
2013). ISO standards do not provide specific guidance on
which impact assessment methods should be preferred, but
set requirements impact assessment methods should fulfill
(like the environmental relevance of category indicators and
characterization models) and state the mandatory character of
classification and characterization.

ISO/TS 14072 adapts life cycle impact assessment to the
organizational level by highlighting possible omissions or
sources of uncertainty that need to be accounted for inventory
data quality, consideration of system boundary and cutoff de-
cisions, influence of reporting unit calculation, system-wide
averaging, aggregation and allocation of the LCIA results.

ISO 14046 deals with impact assessment in a more water-
specific way. It requires reflecting the impact indicators cho-
sen in the definition of the study (water scarcity footprint,
water degradation footprint) if only a limited set of water-
related indicators are chosen, while the term water footprint
shall only be used for a comprehensive water footprint assess-
ment. The choice of category indicators is free, and category
indicators may be chosen along the environmental mechanism
described in the characterization model. ISO 14046 requires
considering the geographical and temporal dimension and
suggests distinguishing environmental issues pertaining dif-
ferent types of water resources. Further aspects are included
in Table 4.

3.4 Interpretation

Interpreting the results delivered by a life-cycle oriented study
includes identifying significant potential environmental im-
pacts caused by the system under study, based on LCI and
LCIA results; evaluating completeness, sensitivity and consis-
tency; identifying limitations of the study; conclusions and
recommendations (ISO 2014a). ISO/TS 14072 requires that,
for organizations, modifications to the reporting unit, refer-
ence period, and system boundary are considered. This is of
particular relevance for performance tracking. In fact, if the
organization’s performance of two different time periods is
compared, changes in the organization’s structure (outsourced
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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.

Additionally, ISO 14046 explicitly requires identifying the
processes that significantly contributed to the water footprint
results, the environmental mechanisms mainly affected, and
the elementary flows that mainly contribute to the results of
the water footprint assessment. Further, geographical and tem-
poral aspects shall be included in the interpretation. Further
aspects are included in Table 5.

4 Application of organizational water
footprint

Among the main challenges of organizational activities, data
collection has been identified as a particularly demanding task
(UNEnvironment 2017). In the following, method application
guidance to facilitate data categorization according to the O-
LCA Guidance (UNEP 2015) is delivered (Sect. 4.1) and an
activity prioritization scheme for the specific case of water
scarcity footprints (single-indicator assessment) is proposed
(Sect. 4.2).

4.1 Categorizing activities

One of the main challenges of conducting an organizational
study is understanding which inventory data should be con-
sidered and categorizing it in a consistent way (UN
Environment 2017). To cope with it, organizational methods
such as organizational LCA (UNEP 2015) and the GHG
Protocol (WBCSD/WRI 2004) recommend to categorize in-
ventory data according to their location in the organization’s
supply chain. The categorization of inventory data into activ-
ities helps modeling the organization and understanding the
data needs related to different parts of the supply chain. The
O-LCA Guidance offers a framework to categorize activities
into direct, indirect upstream and indirect downstream
activities.

1. Direct activities are owned or controlled by the organiza-
tion under study and include, for a producing company, all
the elementary flows linked to the organization’s facili-
ties, e.g., the inputs and outputs linked to physical or
chemical processing, water consumption, on-site energy
generation, transport activities with vehicles owned by the
company, waste treatment in company-owned facilities.

Indirect activities (not part of the reporting organiza-
tion) are classified as:

2. Indirect upstream activities, if they are carried out by up-
stream suppliers or support the organization (e.g.,

purchased raw materials and intermediate products,
outsourced services such as cleaning, marketing or IT,
external waste treatment, capital equipment such as ma-
chinery and buildings, transport of materials to the
organization);

3. Indirect downstream activities, if they take place after the
products leave the organization (e.g., transport of products
from the organization to the costumer, logistics, use
phase, end-of-life phase).

An overview of activities possibly carried out by an
organization and relevant for an organizational water foot-
print study is delivered in Fig. 2. It should be noticed that
defining and classifying an organization’s activities is not
required by ISO standards. In fact, ISO/TS 14072 does
not refer to activities and requires collecting data for unit
processes and relating them to the reporting unit. In this
respect, activities can be seen as collections of unit pro-
cesses with a twofold purpose. First, indicating “where to
look at” when beginning collecting data for an organiza-
tion: activities can therefore be used as a checklist for
practitioners “not to oversee” possibly relevant elementa-
ry flows. Second, activities help, in a first screening, iden-
tifying hotspots to be analyzed in depth by disaggregating
them into the unit processes they entail. From this per-
spective, they constitute the “level of aggregation […]
consistent with the goal and scope of the study” at which
inputs and outputs should be analyzed according to ISO
14046 and ISO/TS 14072.

4.2 Prioritizing data collection: specific guidance
for organizational water scarcity footprint

Due to the time intensity of data collection, it is necessary to
prioritize data collection efforts based on the capacities avail-
able for the case study. Valuable general criteria (quantitative
and organizational aspects) are provided by the O-LCA
Guidance (UNEP 2015). However, the multi-impact nature
of O-LCA prevents a prioritization according to the activity
type, since several impact categories are considered that might
be relevant for different activities. For the case of water scar-
city footprint, where less indicators are potentially concerned,
specific guidance on activities prioritization can be delivered
based on available case studies. Table 6 summarizes, for the
available organizational LCA case studies including water
consumption or water scarcity among their inventory or im-
pact assessment results, the main contributing activities.
Based on this empirical knowledge base, we define criteria
for prioritizing data collection for the specific case of a water
scarcity footprint study, for widespread activities in companies
belonging to the producing industry. We divide activities into
three categories: high priority (red boxes in Fig. 2), average
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priority (yellow in Fig. 2) and low priority (green in Fig. 2).
This prioritization scheme is motivated in the following, with
explanations on the high priority activities and the activities
highlighted as variable priority (more than one color in Fig. 2).
Since the range of available case studies is limited, additional
literature is taken into account: two published case studies
following an organizational approach that can be considered
as predecessors of organizational LCA (Martínez-Blanco et al.
2016; UNEP 2015), and case studies on technological prod-
ucts (Berger et al. 2012, 2017). For activities classified as
variable priority activities, comparative case studies (e.g., on
fuels types or waste management options) are used to high-
light the technology dependence of an activity’s water scarcity
footprint.

4.2.1 High-priority activities

Direct activities are attributed high priority because of their
direct ties to the organization and the strong influence the

organization has on possible impact reduction measures, al-
though the actual environmental relevance depends on the
kind of processes carried out within the organization and the
organization’s location. Among the case studies illustrated in
Table 6, for example, only the San Benedetto facility in Scorzè
analyzed by Manzardo et al. (2016) shows a relevant contri-
bution of direct activities to water depletion.

For indirect activities, we prioritize according to their en-
vironmental relevance based on organizational case studies
available. With this regard, practitioners should bear in mind
that the environmental relevance of individual activities
resulting from the impact assessment depends on the impact
assessment method used. If for example a withdrawal-based
method is used, e.g. WSI (Pfister et al. 2009), activities caus-
ing consistent water withdrawal should be prioritized; if a
consumption-based method is chosen, e.g., Aware or
WAVE(+) (Boulay et al. 2018; Berger et al. 2014, 2018),
the focus should be set on activities associated with high
water consumption. The indirect activities expected to have

Freshwater extraction

Indirect 
upstream 
activities

Physical or 
chemical 

processing

Direct 
activities

End-of-life of sold products

Use or consumption of sold products

Processing of sold products

Transportation and distribution of sold products

Indirect 
downstream 

activities

Reporting 
organization

Agricultural products

Minerals extraction

Energy generation

Waste disposal or recycling

Transportation of materials, products, waste

Purchased fuels

Business travels

Storage of sold products

Leased assets

Franchises

Purchased goods 
and materials

Capital equipment

Buildings

Machinery

Infrastructures

Vehicles

Working environment
Canteen

R&D

Administration

Gardening

Cleaning services

Employee commuting

Wastewater treatmentPurchased 
services

Water discharge

Fig. 2 Direct and indirect activities carried out by an organization
(example for the producing industry), and guidelines for prioritizing
data collection for a water scarcity footprint study (red: high priority;

yellow: average priority; green: low priority). Adapted from UNEP
(2015)
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the highest impact on water scarcity are as follows: freshwa-
ter extraction and discharge, agricultural products, minerals
extraction, and energy generation. In Fig. 2, these activities
are displayed between the direct and the indirect upstream
category. In fact, though generally not belonging to the
reporting organization, these activities might be (partly)
owned by the reporting organization (e.g., if the organization
produces part of the consumed electricity through own pho-
tovoltaic plants or extracts freshwater directly from the
environment).

It should be noticed that, if freshwater is not extracted by
the organization, the amount of water used to produce the
water delivered to the organization represents indirect water
consumption. The organization’s direct water consumption is
the amount of (treated) water entering the organizational
boundary, minus the amount of discharged water. Besides
freshwater extraction, also water discharge should be highly
prioritized, since knowing the quantity of discharged water
allows calculating water consumption.

Agricultural activities are responsible for 70% of world-
wide water withdrawals, followed by the industrial sector
(19%) and households (11%) (Flörke et al. 2013).
Organizational case studies in which the agricultural sector
was involved in the supply chain also show a high contribu-
tion of the agricultural supply chain to overall water
consumption/scarcity (see, e.g., Banco de México and
Thanakorn in (UN Environment 2017)). However, the water
consumption values of different agricultural products strongly
diverge, as shown in a comparison by Hoekstra and
Mekonnen for crops and dairy products (Mekonnen and
Hoekstra 2012a; Stoessel et al. 2012). Specific attention
should be devoted to agricultural products requiring high
amounts of freshwater that are usually grown in water-scarce
regions and/or seasons (Chapagain and Orr 2009; Chu et al.
2017).

Energy generation is responsible for a relevant share of
global industrial and domestic water consumption (Holland
et al. 2015). The main driver for water use in energy produc-
tion is electricity generation (Zhang and Anadon 2013;
Holland et al. 2015), though with high variance depending
on the fuel type and generation system employed. The least
water-consuming energy generation systems are non-thermal
renewables such as photovoltaics and wind. Concentrating
solar power, nuclear power, and coal (recirculating cooling)
cause consistently higher water consumption per unit of ener-
gy produced (Macknick et al. 2012), while the highest water
consumption is attributed to hydropower (Mekonnen and
Hoekstra 2012b). Before this backdrop, the upstream activity
energy generation should be accorded high priority. If known,
the generation technology employed should be taken into ac-
count for the study as well as in the interpretation phase.
Knowledge about the energy sources and production technol-
ogy in place might be useful also to provide recommendations

or put in place measures to reduce the organization’s water
footprint.

Minerals extraction is subject to high water consumption
per unit of mineral extracted, with gold, platinum, diamonds,
uranium, and copper belonging to the most water-consuming
minerals in the extraction phase (Mudd 2008). Considering
the life cycle of metals production (cradle-to-gate), it can be
noticed that the global production of each commodity impacts
local water stress to a different extent, depending on the quan-
tities of mineral extracted and processed and the location of
water consumption. The highest effects on water scarcity were
found to be caused by chromium, copper (leaching), molyb-
denum, platinum, and silver (Northey et al. 2014). In general,
both the technology used at the extraction stage and the geo-
graphical location of the mine are relevant for the water foot-
print determined bymineral extraction. Therefore, data for this
upstream activity need to be collected carefully, and primary
data are preferable.

4.2.2 Activities with variable priority

Certain upstream activities need to be (highly) prioritized, i.e.,
are expected to have a high water withdrawal or consumption
only under certain circumstances. These are purchased fuels,
purchased goods and materials, and (organizational) waste
disposal and recycling. Since no disaggregated results are
available for these activities in organizational case studies in-
cluding water scarcity related impact assessment, comparative
case studies at the product or commodity scale are used to
support prioritization.

When considering purchased fuels, particular attention
should be payed if biofuels are involved. According to com-
parative studies by Berger et al. (2015) and Pfister and Scherer
(2015), biodiesel and bioethanol have the highest water foot-
print (three orders of magnitude higher than petrol and diesel).
However, one should distinguish between first-generation and
second-generation biofuels, the latter expected to have a lower
water footprint because they are primarily based on waste
(Chiu et al. 2015).

Providing guidance for prioritizing data collection for pur-
chased goods and services is very difficult due to the diverse
range of materials possibly involved. In general, services can
be assumed to have a relatively low water footprint. For pur-
chased goods and materials, it should be considered whether
they include, in their life cycle, any of the high-priority activ-
ities mentioned above (agricultural goods, minerals, high en-
ergy consumption). In this case, data collection needs to be
prioritized. If primary data from suppliers are not available,
secondary data can be used for modeling purchased goods.

Also the treatment of the organization’s waste should be
prioritized according to the waste treatment technology used.
As Fernández-Nava et al. (2014) show, municipal solid waste
options cause different amounts of water consumption, with
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biomethanization and landfill of non-stabilizedwaste consum-
ing the largest amounts of water (899 and 762 kg water/t
waste, respectively). Comparable results are obtained by
Herva et al. (2014) and Hong et al. (2017).

Among the supporting activities, also machinery, garden-
ing and cleaning services have varying priority levels.
Machinery is usually made of metals. Therefore, if machines
containing a large amount of metals are used for production,
data on the material composition and mass should be collect-
ed. Water consumption for gardening activities should be pri-
oritized depending on the surface of the garden belonging to
the organization and its location. The water consumption for
cleaning services depends on the type of cleaning required by
the processes carried out within the organization.

As for upstream activities, also certain downstream activities
have a variable prioritization level. For leased assets and fran-
chises, the priority level depends on the type of goods or ser-
vices leased or franchised. Practitioners can act according to the
corresponding activities, if outlined elsewhere. For example, if
vehicles are leased, the prioritization level for the upstream
activity vehicles (capital equipment) should be followed.

The use or consumption of sold products should be prior-
itized according to the water and energy needed by the product
during the use phase. The use phase proved crucial in avail-
able organizational studies for building-related activities
(Manzardo et al. 2018a; Martínez-Blanco et al. 2016) and

for body care and cleaning products (de Camargo et al.
2019; Martínez-Blanco et al. 2016). The prioritization of the
end-of-life stage depends on the type of waste treatment fore-
seen in the country or countries where the product is disposed.
The same considerations as for the organization’s waste apply.
Finally, data collection for products’ storage should be
accorded average priority if electricity for cooling is required.

5 Discussion

Juxtaposing ISO/TS 14072 and ISO 14046 allowed establish-
ing a consistent set of requirements to carry out an organiza-
tional water footprint study. The different foci of the two
methods explain the differences between the two standards
and allow for a comprehensive set of indications. As a result,
a water footprint method for organizations could be outlined,
which profits from both the strengths of organizational LCA
in modeling an organization’s supply chain and those of water
footprint in guiding through water-specific issues in the inven-
tory and impact assessment phase (see Fig. 3).

Unclear or conflicting requirements could be identified:

i) For the case of comparisons, it becomes evident that
ISO 14046 is conceived for product-related studies,
prone to comparisons with reference to the functional

use
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Fig. 3 Methodological structure for organizational water footprint. Adapted from Finkbeiner et al. (1998)
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unit. Differently than for products, the functions of dif-
ferent organizations cannot be unequivocally quanti-
fied, so that even the quantification of the product port-
folio is subject to the conceptual choices linked to the
reporting flow. For this reason, ISO/TS 14072 de facto
does not support comparisons between different orga-
nizations. Juxtaposing the two methods highlighted this
inconsistency, amended in this paper by the suggestion
to avoid comparisons at all in organizational studies
intended for publications. Differently, comparisons
among different production lines of the same organiza-
tion are allowed, since the overall organization’s char-
acteristics remain equal and no competition issues are
affected. Also, the comparison of the same organiza-
tion’s performance in different years (performance
tracking) is possible within an organizational frame-
work and is explicitly addressed in ISO/TS 14072.

ii) Further ambiguous requirements are linked to the sys-
tem boundary. When considering organizations, both
the parts of the organization assessed in the study and
the part of the supply chain considered (cradle-to-gate
or cradle-to-grave) need to be stated. To avoid confu-
s ion , we sugges t acknowledg ing the two-
dimensionality of organizational system boundaries as
in ISO 14046 by explicitly defining a life-cycle dimen-
sion and an organizational dimension of the system
boundary. We suggest naming these dimensions “orga-
nizational boundary” and “life cycle boundary,” and
using the term “system boundary” as overarching con-
cept to describe both. While setting the system bound-
ary, practitioners should be aware that these dimensions
might overlap. For example, if the organization owns or
controls both the production and the distribution of
goods, two life-cycle stages will be covered within the
organizational boundary, i.e., the production phase and
the distribution phase, the latter otherwise accounted as
downstream when following the supply-chain logic, or
possibly erroneously double-counted. To sum up, a se-
mantic differentiation would let practitioners analyzing
the organization’s structure and the life-cycle dimension
consciously within the same methodological step,
which might help avoiding double-counting, e.g., if
one facility is part of the organization and supplier of
another organizational facility or owned/controlled ac-
tivity at the same time.

iii) System expansion as an option to avoid allocation is
considered in the product-focused ISO 14046, but ex-
cluded in ISO/TS 14072 because expanding the inven-
tory in an organizational study considerably compli-
cates access to and collection of the necessary data.
Given the organizational scope of organizational water
footprint, we recommend following ISO/TS 14072 on
this issue.

This paper also demonstrates that the complexity of
an organizational study can be a priori reduced for
single-indicator assessments by prioritizing data collec-
tion. The exercise has been conducted for organization-
al water scarcity assessment via literature research. A
similar approach might be applied to other single-
indicator assessment frameworks target ing
organizations.

Additionally, the suitability of product-related impact as-
sessment methods used for product water footprint should be
considered carefully. Annex A to ISO 14046 does not mention
impact assessment-related issues, which suggests that no
changes to requirements for product-related studies are neces-
sary for performing assessments at the organizational level.

However, adaptation might be needed for assessing water
scarcity. So far, most water scarcity assessment methods have
been originally developed for marginal changes, i.e., assum-
ing that the system under study does not change the back-
ground water availability in the basin affected. This is the case
for most product systems, being the functional unis assumed
as “sufficiently small.” However, it cannot be excluded that a
large organization causing a high water consumption in a spe-
cific basin changes the overall water availability in that basin
to such an extent that local water scarcity might be affected
(Boulay et al. 2017). For this reason, while carrying out a
water scarcity footprint study, practitioners should carefully
consider which share of local water consumption the organi-
zation is responsible for—and consider non-marginal ap-
proaches (e.g., average as in Pfister and Bayer (2014) or “dy-
namic” as conceptualized in Boulay et al. 2017)) for
performing impact assessment.

6 Conclusions and outlook

This paper addresses the methodological elements and re-
quirements for carrying out an organizational water footprint
study. For the four phases of LCA (goal and scope definition,
inventory analysis, life cycle impact assessment, and interpre-
tation) the requirements provided for organizational LCA
(ISO/TS 14072) and water footprint (ISO 14046) were hybrid-
ized. In line with the respective focus, ISO/TS 14072 provides
guidance for organization-related elements, particularly rele-
vant for the scoping phase, since the study design needs to fit
the particular nature of the system. Before this backdrop, we
suggest taking ISO/TS 14072 as a normative reference for the
scoping phase of organizational assessments. Indications from
ISO 14046 prove particularly useful for the inventory and
impact assessment phase, due to the focus on water-related
issues. The conflicting elements identified (comparisons, sys-
tem boundary, allocation) could be solved and guidance is
provided. In addition, literature-based prioritization criteria
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to facilitate data collection, especially for water scarcity foot-
print assessments, are delivered. This should lead to a more
straightforward applicability of organizational water footprint
and foster method application.

Given the broad definition of organizations, practitioners
dealing with large water inventories might reach the limits of
the marginal impact assessment methods currently used e.g.
for water scarcity assessments, if the water consumed by the
organization strongly affects the background water availabili-
ty in a certain basin. This drawback of widely spread impact
assessment approaches should be further addressed in future
research.
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