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Abstract: The dairy sector faces increasing pressure to adopt sustainable practices. Various tools have
been developed to evaluate sustainability of the dairy supply chain. This paper provides an overview
of these tools, highlighting their strengths and limitations regarding sustainability dimensions,
indicators, and system boundaries. A systematic literature search identified 27 tools that were
then categorized into a typology based on dimensions of sustainability, geographical applicability,
and accessibility. In-depth analysis was conducted on six tools: Sustainability Assessment of Food
and Agriculture (SAFA), Sustainability Monitoring and Assessment RouTine (SMART), Response-
Inducing Sustainability Evaluation (RISE) 3.0 version, Swiss Agricultural Life Cycle Assessment
(SALCAsustain), MOnitoring Tool for Integrated Farm Sustainability (MOTIFS), and Technology
Impact and Policy Impact CALculations (TIPICAL). Assessment focused on the relevance of covered
sustainability dimensions to the dairy sector, level of supply chain coverage, type of indicators,
accessibility, and practicability. The review identified tools which integrate multiple sustainability
aspects in a comprehensive way (SAFA and SMART) and tools offering accurate quantification of
the impact on sustainability dimensions of the production system (SALCAsustain, RISE, MOTIFS,
TIPICAL). Only two tools extend assessment past the farm gate (SAFA, SMART). Future users should
select tools based on the specific objectives of measuring sustainability in dairy systems. This review
contributes to the literature by addressing various aspects of sustainability assessment tools, by
addressing the need for an integrated and comprehensive view, and by considering the entire dairy
supply chain.

Keywords: dairy sector; sustainability dimensions; sustainability indicators; comprehensiveness;
sustainability evaluation; sustainability themes

1. Introduction

In recent decades, many frameworks and tools have been developed to measure,
evaluate, and improve agricultural production practices [1-3], yet variations in definitions
and components still exist due to diverse disciplines, political viewpoints, and values [1].
Addressing this contextual challenge involves establishing an understanding of the notion
of sustainability and a universally recognized benchmark of what sustainable food produc-
tion comprises [1]. Historically, the notion of sustainability has integrated environmental,
social, and economic aspects, known as the “triple bottom line” of sustainability [4] or the
three-pillar conception [5]. Governance was formally established as the fourth pillar by the
United Nations Commission on Sustainable Development [6].

While the concept of sustainability has been long recognized, it has only begun to
be actively discussed in the dairy sector since 2011, with many sustainability-related
initiatives being implemented [7]. Assessing sustainability is a complex process, as the
dairy sector involves a range of stakeholders, from farmers to consumers, and impacts
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multiple sustainability dimensions [3]. Actors from different societal groups, including the
food industry, contribute to the transformation of food systems towards environmental
friendliness, economic feasibility, and the provision of access to affordable food [8]. The
dairy sector is facing major challenges in adopting sustainable practices and providing
responsibly produced food [9-11]. External societal pressure and internal company pressure
have driven components of dairy supply chains worldwide to start various initiatives and
pledges to sustainability. Consumers also prioritize sustainability when selecting dairy
products [12]. Taking this into account, retailers and large dairy processors are becoming
the main initiators of implementing sustainability programs [13].

Globally, greenhouse gas emissions from the dairy sector increased by 18% between
the years 2005 to 2015 [14]. Dairy production has also been strongly linked to acidification,
eutrophication, the monotony of landscapes, and low biodiversity [10,11,15,16]. This
generic statement is in line with findings on dairy production’s impact on individual
categories [9-11,16]. This has led to the majority of sustainability assessment studies
focusing on environmental issues and process efficiency [7], which in turn has led to an
emphasis on the environmental dimension of sustainability assessment tools [17,18].

For a comprehensive supply chain assessment, the added dimension of governance
is important [19]. Dairy farming is regulated at the national as well as international level,
giving importance to the governance dimension when it comes to examining sustainabil-
ity within the dairy context [17]. This particular dimension should garner attention to
sustainability assessment due to the unfairness exhibited in terms of dairy farmers and
their relation to the entire supply chain [19] and the demand in production and delivery
transparency from consumers [20]. Equally important, economic sustainability focuses
both on natural and economic capital, and ensures its sustainable use [17].

Sustainability assessment tools utilized for different food systems are often criticized
for inadequately addressing the social sustainability dimension [21], while the economy
and environment dimensions are commonly included [3,18,22-24]. This is partly because,
in this context, social concepts are not sufficiently comprehensive and specified, let alone
measured [25,26]. SAFA guidelines provide an integrated framework for assessing sus-
tainability [1], through detailed consideration of all four dimensions as mentioned before.
Therefore, industry stakeholders and major dairy producers need to establish frameworks
in order to develop sustainability practices that take the focus beyond the environmen-
tal aspects.

Over the years, a vast array of methods, tools, and frameworks has emerged by
which to assess sustainability at the levels of individual farms, farming systems, or sup-
ply chains [2]. Simultaneously, these tools have undergone review in terms of relevance,
applicability, and ease of implementation. Scientists have systematically compared and
categorized these tools through different schemes, as shown in Table 1. Diaz De Otalora
et al. [3] identified the tool’s level of integration of three main sustainability pillars. This
was also undertaken by Schader et al. [2], who explained the distinct perspective on sustain-
ability and classified tools according to their scope and precision. Many of these integrated
three pillars of sustainability [5]. Gasparatos and Scolobig categorized sustainability assess-
ment tools into three main types: monetary tools, biophysical tools, and indicator tools [27].
Others have assessed tools based on their definition and their operationalization of specific
sustainability dimensions, such as the social dimension [24]. Their applicability in certain
regions was also analyzed and categorized [28], along with their normative systemic and
procedural dimensions [23], object and temporal focus [22], scientific soundness, utility,
and applicability [29], as well as the methodology, data, time, and budgetary constraints
they imposed [30].
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Table 1. Literature background. Previous reviews with a focus on sustainability assessment tools and
their limitations.

Publications Focus Methodology Limitations
Compared and categorized (@) No dairy sector-specific focus.
Sustainability tools by scope, precision, (b) Not addressing sustainability in the
Schader et al. [2] R .
assessment tools  relevance, applicability, and context of dairy.
ease of implementation. (c)  Evaluation of tool effectiveness for dairy
Identified the integration level (a) No wider range of tools considered.
Diaz De Otalora et al. [3] Sustainability of threg main sustallnablhty (b) Lack of .dalry—.speaflc sub-themes
assessment tools  pillars in tools applied to the of sustainability.
dairy sector. (c) Three pillar sustainability dimensions.
(a) No dairy sector-specific focus.
Ness et al. [22] Sustainability Assessed tools based on their ~ (b) Lack of dairy-specific indicators
' assessment tools  object and temporal focus. (c) Application to dairy sector challenges.
(d) Evaluation of tool effectiveness for dairy
g Analyzed tools based on their (a) No dairy sector-specific focus.
. Sustainability . . . P
Binder et al. [23] normative, systemic, and (b) Lack of dairy-specific indicators.
assessment tools . . . - .
procedural dimensions. (c)  Evaluation of tool effectiveness for dairy
Reviewed tools based on their . o
Sustainability definition and (@) No dairy sector-specific focus.
Janker and Mann [24] . . . (b) Evaluation of tool effectiveness for dairy.
assessment tools  operationalization of social . . .
. . . (c) One dimension considered.
sustainability dimension.
Categorized sustainability (@) No dairy sector-specific focus.
Gasparatos and Sustainability ass.essment. tools into three (b) Not addressmg sustainability in the
Scolobig [27] assessment tools  Main types: monetary tools, context of dairy.
biophysical tools, and (¢) No practical implementation for dairy
indicator tools. sector
Analyzed and categorized (@) Geographical limitation.
Ndambi et al. [28] Sustainability tools that apply to t.he dairy (b) L1m1t.ed d.IS'CUSS'IOI’l on social
assessment tools  sector based on their sustainability dimension.
applicability in east Africa. (c)  Evaluation of tool effectiveness for dairy.
Methods to Evaluated tools based on the (a) No dairy sector-specific focus.
methodology, data .. . . .
assess . . (b) Limited discussion on social
Byomkesh et al. [29] . requirements, time, and . o . .
agricultural budeetary constraints the sustainability dimension.
sustainability getary y (¢)  Lack of dairy-specific indicators.

imposed.

Sustainability assessment is undertaken using qualitative and quantitative indicators,
and a holistic and integrated approach [31] has been deemed successful for the sustain-
ability assessment of agricultural systems [30]. In the context of the dairy sector, the
majority of sustainability assessment studies have primarily focused on environmental
issues and process efficiency [7], which has led to an emphasis on the ecological dimen-
sion of sustainability. Because overall sustainability of the dairy sector is an outcome of
all four dimensions, our research utilizes the SAFA guidelines to evaluate selected dairy
sustainability assessment tools and their coverage of the four dimensions. The motivation
for this work was to offer a review that does not only investigate the thoroughness of
the tools in terms of sustainability dimensions, but also investigates the way in which
tools are suited for the dairy sector’s specific challenges. While numerous reviews have
focused on sustainability assessment tools for food systems, they have not systematically
examined the sustainability aspects relevant to the dairy sector. Considering the scarcity in
comprehensive tool coverage in the context of the dairy sector, this work contributes to the
literature by addressing various aspects of sustainability and considering the entire dairy
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supply chain. The tools are analyzed for thematic relevance to the dairy sector, supply chain
coverage, comprehensiveness of sustainability dimensions, type of indicators, accessibility,
and practicability.

The overall aim of this review is to offer guidance for actors along the dairy value chain
who are beginning to engage in a comprehensive sustainability analysis on the choice of an
accessible and appropriate tool by which to assess sustainability in the dairy supply chain.
It also seeks to address the questions regarding what sustainability themes and sub-themes
are covered in accessible dairy sustainability assessment tools and how different parts
of the supply chain are accounted for in the assessment process, while also taking into
consideration the type of indicators used.

2. Materials and Methods
2.1. Methodological Framework

Prior to conducting the search and analysis, a methodological framework was estab-
lished based on the Preferred Reporting Items for Systematic Review and Meta-Analysis
(Prisma) method [32]. This method provides a transparent, complete, and accurate account
of the review’s purpose, methodology, and findings [32].

A comprehensive search strategy was applied by focusing on terms such as “sus-
tainability”, “assessment”, “analysis”, “method”, “tool”, “indicator”, “dairy sector”, and
“dairy farm”, to capture a broad spectrum of tools relevant to the study objectives. Based
on the research question, a search string was developed: (sustainability AND (assessment
OR analysis*) AND (method OR tool) AND indicator AND (dairy sector OR dairy farm
OR cow OR milk)). The search was conducted in the scientific databases Scopus and Web
of Science. The latter yielded 135 results, while the former yielded 6525 results. Prior to
full-text screening, duplicates (68 publications) were removed manually. The remaining
entries (6592 publications) were selected for screening in ASReview [33]. ASReview, an
Al tool from the University of Utrecht, supports literature reviews by sorting search re-
sults for relevance. Users upload search results with abstracts and identify relevant and
irrelevant publications. The Al learns from these selections, continuously re-evaluating
and prioritizing the list, iteratively presenting the next best options to the user. It was
arbitrarily decided to stop the review after reaching 7.33% of the total number of papers
(i.e., 483 publications). Due to this, 1.52% (i.e., 100 publications) of the total number were
deemed irrelevant following the last relevant paper addressing the research question. Of
483 publications, 388 were excluded as they did not focus on sustainability assessment and
did not consider any sustainability assessment tools, methodologies, or frameworks. This
ensured that 95 potentially relevant publications were to be analyzed individually.

During the individual analysis of the 95 publications, 76 were excluded due to (1) not
offering detailed information on the sustainability assessment tool, methodology, or frame-
work; because they were (2) case-specific methodological applications; and (3) because
the tool/methodology/framework could not be applied to the dairy sector. This yielded
19 relevant publications in total. Additionally, 8 relevant records were identified from
websites following expert consultation, amounting to 27 total entries relevant to the study.
Figure 1 shows a flow diagram of the research process.

Specific criteria were applied for manually selecting tools for in-depth analysis from
the total of 27. These criteria included accessibility, coverage of at least three dimensions of
sustainability, and utilization of indicator-based assessment methodologies. This process is
further elaborated in the next section.
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Figure 1. Research process flow. Authors own elaboration based on PRISMA2020 [32].

2.2. Development of Typology and Selection for In-Depth Analysis

Based on the works of Schader et al. [2], and by utilizing the selected tools, a ty-
pology was constructed to categorize the tools based on their sustainability dimensions,
geographical applicability, and accessibility. Although the focus was on tools covering
three dimensions of sustainability, tools with a strong dominance of environmental aspects
were not excluded, for the sake of comparison. Geographical applicability indicates the
intended geographical scope of the tools, while accessibility defines whether the tools were
fully accessible for use or if information on the tools was retrieved from other sources.

Subsequently, six tools were selected for further analysis, guided by the predefined
selection criteria: Sustainability Assessment of Food and Agriculture “SAFA Sustainabil-
ity Monitoring” and Assessment RouTine (SMART), Response-Inducing Sustainability
Evaluation (RISE) 3.0 version, Swiss Agricultural Life Cycle Assessment “SALCAsustain”,
MOnitoring Tool for Integrated Farm Sustainability “MOTIFS”, and Technology Impact
and Policy Impact CALculations “TIPICAL”. All six of these tools cover all three of the
following sustainability dimensions: environmental integrity (EI), economic resilience
(ES), and social wellbeing (SW), while SAFA and SMART also cover good governance
(GG). The indicators of each sub-theme of sustainability used by each tool were counted
and compared. Additionally, a critical discussion was conducted regarding whether the
predefined sub-themes by SAFA guidelines [1] were addressed by the tools through the
specifically tailored indicators. All six tools could be used in a wider geographic scope,
and descriptions of their methodology and indicator type were available. Tools were then
analyzed according to (1) sustainability dimensions covered, (2) level of supply chain
coverage, and (3) type of indicators and accessibility. The level of supply chain coverage
defines the extent to which the tools address different elements of the dairy supply chain,
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from the production of raw materials to retail. A special section is dedicated to the type of
indicators and accessibility criterion.

3. Results and Discussion

The results are presented and discussed in the following section. The typology, as
the first part of the review, was applied to 27 tools in total (see Table 2). The second part
includes the in-depth analysis of the six tools that were selected from the typology.

Table 2. Categorization of sustainability assessment tools that apply to dairy according to the
set criteria.

Tool Name ]g::;ﬁrllz;%rlllslt(;f g;}e)(}))%lr:;i)}:ifta}} Accessibility Reference
Caring dairy El, ER, SW Transnational - [34]
COOL FARM EI Global Accessible * [35]
DAIRY SAT EI National - [15,36]
DairyGEM EI Global Accessible * [9]
Delta El, ER, SW National - [37]
DSI El, ER, SW Transnational - [38]
FARMIS ElL, ER National - [39,40]
GAMEDE EI ER, SW Global - [41]
IDEA El, ER, SW National Accessible * [42,43]
IFSC El, ER, SW National - [44]
INSPIA El, ER, SW Transnational - [45]
MASFDD EI ER, SW National - [46]
MODAM EI, SW National - [47,48]
MOnitoSrLilrSlg E:géﬁ;lﬁgg;&tgd Farm EI ER, SW Transnational Accessible * [49]
Public Goods Tool El, ER, SW Transnational - [50]
Responsﬁe\_,glliztciglng (%Liggsa)inabﬂity EL ER, SW Global Accessible * [51,52]
S“smi“abﬁgi C‘}lslfﬁsrzn(lseg%oAf)FOOd and GG, EIL ER, SW Global Free [1]
iﬁ;iiﬁﬁ%;?tgi?ékﬁigiﬁ? El, ER, SW Transnational Accessible * [53,54]
SIMS Dairy EI ER, SW Transnational - [55]
i‘;j;:;ﬁsﬁgxgﬁggﬁfﬁ‘% GG, EI ER, SW Global Accessible * [56,57]
SSP EI ER, SW Transnational - [58]
Tedm‘é‘;fﬁ’;ﬁf{f;:?ﬁﬁ%ﬁ{)ImpaCt EI ER, SW Global Accessible * [28,59]
WLGP EI ER, SW National - [60]
GLEAM EI Global Free [61]
SAI platform El, ER, SW Global - [62]
SEEbalance El, ER, SW Transnational - [63]
Dairy Sustainability Framework (DSF) EL ER, SW Global - [64]

GG—good governance, El—environmental integrity, ER—economic resilience, SW—social wellbeing.

“_n

—represents tools where information was not available. “Free”—represents tools that were fully accessi-
ble without a fee. “Accessible *"—represents information of tools that was accessible through academic papers,
while tools were accessible for a fee.

3.1. Categories and Characteristics of Tools

Tools were categorized from the perspective of the dairy sector rather than the sector
for which they were primarily intended. Of all 27 tools (see Table 2), four covered only
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the environmental dimensions (COOL FARM, DAIRY SAT, DairyGEM, and GLEAM). Two
tools (SAFA and SMART) also covered good governance in addition to the three pillars
of sustainability. Except for the six tools mentioned above, the other tools covered the
environmental and social dimension. Overall, the selected tools can be categorized as
(i) indicator-based assessment tools (IDEA, MOTIFS, RISE, SAFA, SMART, SALCAsustain,
IFSC, DSI, Dairy Sustainability Framework-DSF, SPA, INSPIA, Caring dairy, SEEbalance,
SSP, Public Goods Tool, and TIPICAL), (ii) dynamic models offering an impact-related
and quantitative assessment (Delta, GAMEDE, SIMS Dairy, FARMIS, and WLGP) and
(iii) life cycle assessment tools (COOL FARM, Dairy SAT, DairyGEM, and GLEAM). The
latter tools extensively focused on the environmental dimension. Of the selected tools, two
could not be assigned to any of the categories above: MODAM, an on-farm cost-calculating
tool, which also considers the environmental and social dimensions, and FARMIS, which
considers the environmental and the economic dimensions.

Concerning the geographical scope, nine tools can be applied globally (DairyGEM,
COOL FARM, GAMEDE, GLEAM, RISE, SAI, SMART, TIPICAL and DSF), nine tools were
intended for, and applied at, the national level so far (DAIRY SAT, DELTA, FARMIS, IFSC,
IDEA, MASFDD, MODAM, Public Goods Tool, and WLGP) and eight tools were intended
for transnational use (Caring dairy, DSI, INSPIA, MOTIFS, SALCAsustain, SIMS Dairy, SSP,
and SEEBalance).

Of all 27 of the tools, two labeled as “Free” (Table 2) were fully accessible (SAFA, and
GLEAM). The tools categorized as “Accessible *” were those for which the authors needed
to be contacted or for which information could be retrieved from scientific articles. For most
of the tools, information on their accessibility could not be found. Some tools among those
selected for in-depth review were accessible through scientific papers or reviews, reports
on tools instructions, or through the retrieval of information directly from the developers or
people responsible for the tool’s maintenance and update. Some of the tools were created in
recent years, while RISE, though created in 1999, has been updated continuously in terms
of its thematic relevance and applicability.

Six tools were selected for further in-depth analysis, which covered at least three di-
mensions of sustainability, and which were accessible entirely or through information given
in academic papers, with a wider geographical scope (regional or global). Selected tools
(see Table 3) were further reviewed according to their (I) thematic relevance (sustainability
dimensions/themes/sub-themes covered), (II) level of supply chain, and (III) input data
type and accessibility.

Table 3. Assessment of tools: sustainability dimensions, level of supply chain, type and count of
indicator, and accessibility.

a

e

> g

= g S

P g " g £ E

- U -

= g ¢ = N = S

— o oD il o= o o

= = £ & 2 g g g
£ g 32 £ g = P - >
g ~ = 14 < & v 2 s =
g g 3 8 £ £ 2 g 5 5
g g © g 2 g £ Q =
& E g 3 z E g 3 E g £ 8
S g g 3 g S S 5 5 S
s B b O = S & & & & @ <
SAFA v v v v v v v v 76/116 16/116 24/116 v
SMART v v v v v v v v 199/327 15/327 89/327 v
RISE v v - v v v - - 17/46 11/46 18/46 v
SALCAsustain v v v - v v - - 9/28 19/28 0/28 v
MOTIFS v v - v - v - - 10/22 12/22 0/22 v
TIPICAL v v v - v v - - 0/10 10/10 0/10 v

“v”—applicable; “-"—not covered; “*”—tools that were accessible through contacting the authors/developers or

through scientific (review) papers.
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3.1.1. SAFA

The SAFA Tool (version 2.2. 40) is a freely accessible software. The tool has a wide
scope and covers the entire dairy supply chain, including upstream and downstream
impacts. It is a comprehensive tool for assessing sustainability and can be used free of
charge by any assessor or relevant stakeholder [1]. The themes, sub-themes, and indicators
provided in the SAFA guidelines serve as a basis for evaluating the integration of themes
in other tools. SAFA allows for contextualization of the assessment, allowing the assessor
to tailor the sub-themes and indicators to the entity being assessed [1], and provides
116 indicators in total.

3.1.2. SMART

SMART is a comprehensive sustainability assessment tool, based on SAFA guidelines,
that has been successfully applied to various farming systems [2,57,65]. It consists of up to
327 indicators for farm applications in a custom-built database. Some of these indicators can
also be used in different stages of the supply chain. SMART adjusts the SAFA dimensions,
themes, sub-themes and objectives to the entity being assessed, selecting only relevant
indicators. It is important to note that similar indicators are used several times within
a sub-theme. The tool is not intended for the farmer as the end user, but rather as an
assessment and advisory tool for the entire supply chain [56]. However, it is still applicable
to the farm level as it accounts for the impact of farm activities on the upstream parts of the
supply chain.

3.1.3. RISE

RISE is a farm advisory tool that uses an interview-based method to assess the sus-
tainability performance of on-farm production across all three dimensions of sustain-
ability [2,52]. It is intended for use by farmers and farm advisors and has been widely
applied globally, including in the dairy sector [2]. RISE emphasizes indicators within the
environmental dimension and generates a farm sustainability profile based on calculated
parameters and scores derived from normalized data. The tool is useful for identifying
areas of good vs. poor sustainability performance on a farm and offers 46 indicators in
total, though its software does not offer free access.

3.1.4. SALCAsustain

The need for a comprehensive indicator-based sustainability assessment tool that
incorporates more quantitative indicators motivated Roesch et al. [53,54] to develop SAL-
CAsustain. This tool, although not exclusively created and used for the dairy sector,
presents a feasible on-farm sustainability assessment tool that focuses on the transnational
level. This model presents another comprehensive approach, which estimates the environ-
mental, social, and economic impact of farms with the use of indicators. In addition to its
use at farm level, SALCAsustain has also proven to be a robust method by which to assess
product level, which presents as an important overall differentiation feature from other
reviewed tools.

3.1.5. MOTIFS

MOTIFS stands for MOnitoring Tool for Integrated Farm Sustainability, and represents
a comprehensive tool for sustainability assessment [49]. This model is also indicator based,
with a focus on the environmental and social dimensions. Although its sector scope is wide,
so far it has only been used to assess sustainability in Flemish dairy farms [2]. Important
consultants and stakeholders have taken part in the development of the model, especially
in regard to the social dimension. The tool offers a total of 22 indicators. The tool does not
offer its own software but comprises a specifically created database.
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3.1.6. TIPICAL

The Technology Impact Policy Impact CALculations (TIPICAL) model is a farm level
tool that enables its user to analyze a farm’s impact not only in the scope of the economic
dimension, but also regarding social and environmental issues [66]. It has been designed
specifically to offer a comprehensive sustainability assessment of the dairy sector. This is a
key differentiation feature from other reviewed comprehensive assessment tools. TIPICAL
is an excel sheet-based database and provides farm benchmarking, sensitivity analysis
and forecast.

3.2. Thematic Coverage, Input Data Requirements and Accessibility

The quality of the tool is dependent on the tool’s relevance regarding themes, sub-
themes, and aspects of sustainability. This, among many other attributes, indicates the
tool’s future usage. Focus was placed on the number of indicators used and if they are
designed to truly capture the main environmental and socio-economic issues for which the
dairy sector has a high impact.

The SAFA guidelines present four key dimensions: good governance, environmental
integrity, economic resilience, and social wellbeing. In this study, assessment was made
regarding the number of indicators that the tools consist of in regards to the sub-themes
listed in the SAFA guidelines. In good governance, the sub-themes include corporate ethics,
accountability, participation, rule of law, and holistic management. Environmental integrity
includes sub-themes such as atmosphere, water, land, biodiversity, materials and energy,
and animal welfare. Economic resilience covers sub-themes like investment, vulnerability,
product quality and information, and local economy. Lastly, social wellbeing comprises
sub-themes such as decent livelihoods, fair trading practices, labor rights, equity, human
health and safety, and cultural diversity. In Figure 2, the information provided in Table 2 is
examined, specifically the dimensions of sustainability and the extent of coverage of the
sub-themes. A hierarchical categorization is devised in Figure 2, with five distinct levels.
Level (-) indicates the lack of indicators for the respective sub-theme, all the way to level (V)
which denotes that more than 50 indicators address that theme in the respective tool. This
shall provide an overview of whether certain sub-themes are addressed by the respective
tool but does not depict whether the sub-themes are covered adequately, nor whether a
certain tool should be considered as “the ideal tool”.

Substantial gaps were witnessed for certain sub-themes of good governance and espe-
cially the social wellbeing and good governance dimensions in most tools. Environmental
sub-themes were addressed by all tools, albeit rather differently. This variety between tools
in terms of addressing the sustainability dimensions is also presented in Figure 3. This
visual presentation offers a key to also understanding the level of detail of each tool and
coverage of the dairy supply chain compared with one another.

Category levels range from “low” to “high” in terms of detail or indicator type (where
high denotes that the tool consists of more quantitative indicators and low of more qualita-
tive indicators) and thoroughness (sustainability aspects included). Supply chain coverage
includes “farm”, “upstream level”, and “upstream and downstream”. Upstream level
consists of farm plus the input supply, while the downstream goes beyond the farm gate.

3.2.1. Good Governance

The SAFA tool covers good governance with a set of 19 indicators [1]. The designed
indicators aim at measuring an enterprise’s mission transparency, the responsible stake-
holder’s participation, continuous improvement of regulatory frameworks in the context
of sustainability and more. In addition, having a sustainability management plan is consid-
ered to be the starting point of aligning with sustainability practices, in the context of good
governance [1]. Indicators for this dimension can be applied across the entire supply chain
but would need different measures included to be applicable to the farm.
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Aspects of good governance, such as responsibility, transparency, and rule of law,
stand for open-access reliable information for the public, social responsibility towards all
stakeholders, and their protection, respectively [1]. In the context of the dairy sector this
also refers to regulations on milk safety, traceability and transparency [20] throughout the
whole dairy supply chain. These aspects are covered extensively in SAFA and SMART.
RISE has indicators that could fit within the scope of transparency, in the form of available
information about a farm and its financial situation. In RISE, there are also indicators that
cover the impact of farm management on sustainability dimensions, namely the expected
impact on economic, environmental, and social aspects. A dairy farmer’s management
strategies are assessed based on how they prioritize impacts on and off the farm in terms of
sustainability standards. In dairy and other agriculture supply chains, good governance in-
dicators also consider the rights of less engaged stakeholders. This is particularly important
for dairy, as farmers need to be engaged and to ensure their participation as stakeholders
within the supply chain in order to have bargaining power, which is also important for
economic resilience. SMART also emphasizes a farmer’s civic responsibility and their duty
to engage with their local communities on social and environmental issues [56].

Corporate social responsibility (CSR) is a key determinant of competitive advantages
in dairy supply chains [13] and is emphasized in both the SAFA and SMART tools through
various indicators. Well-established CSR ensures efficient dairy production and quality
of dairy products [13]. In an exclusive dairy sustainability assessment tool, the quality
assurance aspect should garner special attention, not only to the scope of good governance
but also in relation to the environment and the product. SMART and SAFA both employ
indicators when measuring responsibility and transparency in the context of the farm and
the farmer. SMART offers indicators that also account for farm inputs and their suppliers,
like information on an input supplier’s origin and traceability, how much of the input is
externally sourced, and many more issues that are accounted for through a range of indica-
tors. RISE, SAFA, and SMART also place importance on resilient relationships and conflict
resolution aspects, giving these tools advantages in good governance assessment. SAL-
CAsustain, and MOTIFS do not incorporate indicators that could pertain to the alignment
of a farm’s strategy and management with the mentioned good governance dimension
principles and goals. TIPICAL does not offer indicators within the good governance scope.

3.2.2. Environmental Integrity

The environmental dimension is quite extensively accounted for in most of the tools,
as seen in Table 2 and Figures 2 and 4. SAFA offers 52 indicators, which mostly offer
semi-quantitative output. The sub-themes depict the major facets of impact of the dairy
sector and can be easily employed to its context. In this respect, SMART can be used as
an example. Schader et al. [56] have reported that, in SMART, a total of 654 indicators
affects the environmental dimension in its entirety, as the same indicators are used sev-
eral times throughout three dimensions due to synergy. When referring to dairy being
linked to GHG emissions, it is important for these tools to be able to offer the appropriate
indicators when identifying and measuring the main emission sources related to dairy,
e.g., enteric methane. SMART does not contain this, while RISE and TIPICAL apply various
parameters, including the estimation of methane emissions. In RISE, the environmental
dimension can be considered as sufficiently covered and quantified. In fact, of all of the
dimensions, this is the most comprehensively covered. This is due to RISE including a
higher level of quantitative detailed indicators in the context of the dairy impact facets.
This is also witnessed in MOTIFS, where 12 environmental indicators out of 21 cover the
environmental impact.

Following the steps of Schader et al. [56] and the review of SMART indicators, RISE
contains a total of 28 indicators that refer to the environmental dimension. SALCAsustain
contains 42 indicators that address the overall dimension, while MOTIFS has 43 indicators.
Other important sub-themes within the environmental dimension in SAFA address land,
water, energy, material, and waste. In SAFA guidelines these themes refer to the resources
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extracted from the environment and their use in the economic processes of the assessed
entity [1]. A total of 132 indicators are assigned to the energy and material use sub-
themes in SAFA. Due to the dairy chain being energy intensive, this sub-theme should be
considered in a comprehensive sustainability assessment. Contrary to other tools, like RISE
and SALCAsustain, which typically only included the non-renewable source-use measure,
SAFA and MOTIEFS also assess the target on renewable energy use as well as the established
energy saving practices of the assessed entity. This is important due to renewable energy
being essential in achieving sustainability goals in energy security, climate change and air
pollution mitigation [67]. MOTIFS also highlights material use and efficiency of resource
use. SMART employs about 62 indicators, which cover energy and material consumption,
the latter referring to the flow of materials within and without the process being assessed [1].
The tool addresses all aspects relevant to this sub-theme, from the share of arable land
devoted to different crops (each in separate indicators), to detailed information on organic
or synthetic fertilizer use. Fertilizer use is part of the nutrient balance which falls into the
materials and energy sub-theme in both SAFA and SMART. This indicator assesses the
balance of nitrogen and phosphorous from the context of supply vs. demand and imports
and exports at farm level.
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Figure 4. Distribution of sustainability dimensions in reviewed tools.

Biodiversity is also an important theme, encompassing the variety of species in the
ecosystem and the diversity within these species [1]. RISE covers biodiversity with a small
number of indicators on management and protection, intensity and diversity of production,
and state and distribution of ecological infrastructures, which all fall within the sub-themes
of the environmental dimension in the SAFA guidelines. However, genetic and species
diversity, besides agricultural crop diversity, needs to also be taken into account, given
that it is affected by a farm’s activities, and the way in which multi-species farming has
the potential to improve sustainability should be emphasized [68]. Ecosystem biodiversity
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is also important, not just to the environmental dimension but also the social, due to the
indicator impacting landscape. Agricultural landscapes not only represent societal values,
but they also represent the visible result of the interaction between farming, environment,
and natural resources [69]. SALCAsustain calculates landscape quality, RISE assesses
the development of ecological landscape, and MOTIFS assesses landscape management
through various indicators like nature conservation, architectural quality, visual nuisance
and more. Given the landscape aspect and landscape scale effects of intensive dairy farms,
the impact on biodiversity is significant. Grazing should also be covered in this aspect, as it
presents one of the most common human activities which has an impact on the vegetation
community both directly and indirectly [70]. This impact is not necessarily negative,
and, considering local factors and different ecosystems, it can also be highly beneficial
if properly managed and targeted [71]. Due to this, indicators developed for assessing
grazing management plans need to be integrated in dairy sustainability tools. However,
due to local factors not being properly integrated into the assessment [71], it is a challenge
to analyze or portray the impact objectively. Biodiversity is not covered in TIPICAL.

One other important environmental issue which is not included in the SAFA guidelines
or SAFA tool but should be integrated within a sustainability assessment is ecotoxicity.
SALCAsustain accounts for terrestrial ecotoxicity, by taking into account pesticides and
emissions released from their production [54]. The intensity of pesticide use is of high
importance, especially due to the risk of soil, water, animals, and other vegetation damage.
MOTIEFS also accounts for pesticide use and pesticide management. SMART, on the other
hand, employs a set of indicators with regard to pesticides’ persistence in water and in
soil and their management by the farmers. A pesticide-related indicator in SMART is
instead part of the economic dimension, which falls within the aspect of food quality, and
requires knowing how pesticide residues that affect food quality are handled. SMART
includes indicators specifically related to the environmental impact of homegrown and
purchased feed.

Looking at life cycle stages like transportation, dairy products are highly dependent
on refrigeration, which has a high impact on GHG emissions globally [72]. This requires
the engagement of different actors of the dairy supply chain to ensure that environmen-
tally friendly ways are adopted and enabled, further establishing the connection to other
dimensions. A dairy sustainability assessment tool should also focus on the processing
and transportation part, due to their high impact. Considered to be one of the most GHG
intensive stages, integration of this aspect related to the downstream impact was only
witnessed in SAFA.

Animal welfare, defined as “the physical and mental state of an animal in relation to
the conditions in which it lives and dies” by The World Organization for Animal Health
(WOAH), Terrestrial Animal Health Code (TAHC), is considered to be a major challenge
for agriculture in the 21st century [73]. SAFA and SMART consider animal welfare as
part of the environmental integrity dimension. The inter-connectivity or synergy to the
social-wellbeing dimension is given in both tools; however, the ethical and social nature
of the aspect of animal welfare and wellbeing needs to be emphasized as such in a com-
prehensive tool. However, the quality of housing in SMART is accounted for. Injuries,
animal losses, and risk of feed contamination are among the aspects considered. RISE
also accounts for animal health, quality of housing and for the possibility to perform
species-specific behavior [74]. These are identified as welfare consequences that impair
the health of an animal [75]. Another aspect that is closely linked to animal welfare is
livestock productivity—also accounted for in RISE. MOTIFS accounts for dirtiness, skin
lesions and locomotion [74], among other previously mentioned concerns, which give a
clear advantage to the tool regarding these particular aspects. It also accounts for udder
health, using separate indicators, which is crucial to dairy sustainability. While these
indicators are related to animal welfare, none of the reviewed tools can provide a reliable
measurement on the overall animal welfare condition. The Welfare Quality® framework
can be used as a reference by which to measure animal welfare accurately [74,76].
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3.2.3. Economic Resilience

Economic turbulences and demand uncertainty drive farmers into recognizing and
adapting to this ever-changing environment [77]. For an enterprise to be economically
sustainable, or, essentially, economically resilient, it must have the resources to handle
economic turbulence and downturns [1]. The dimension of sustainability assessment tools
covers financial aspects such as profitability and vulnerability (all six tools), and aspects
such as traceability, transparency, and information (SAFA, SMART, RISE). It includes indi-
cators related to product quality and safety, supply chain management, and the economic
viability of the farmers and their families (SMART). TIPICAL also offers an indicator similar
to assessing the economic viability of the farmers, in the context of the decent livelihood
sub theme. Investment and vulnerability are sub-themes in the SAFA tool which comprise
a total 15 indicators and four sub-themes.

There is an evident synergy to the sub-themes of good governance with economic
resilience both in SAFA and SMART, especially to aspects like traceability, transparency and
information, which are considered effective development promoters within the economic
resilience scope. Furthermore, the daily intake of dairy products by consumers depends
on the assumption that the products are produced, processed, transported, and kept in
compliance with safety and quality standards [78]. To ensure that, sustainability assessment
tools should employ indicators to this aspect, and the respective results should be as
transparent as possible. This theme also includes product labeling, certified production,
and plans and set practices on ensuring product quality from farm to consumer. For
the alignment of the dairy sector and sustainable development, stakeholders need to
ensure quality of production and transparency regarding product safety through the entire
production chain [13]. While these aspects pertain to the good governance dimension, in
SAFA and SMART these are considered in the economic dimension as well. This ultimately
depicts the interacting effect of the dimensions. Furthermore, a study has shown that the
sustainability initiatives within the dairy supply chain enabled retailers to further divide
and impose control over farmers/suppliers [72]. This could be seen as a synergy between
the economic, social, and good governance dimensions.

In the SAFA tool, the 26 economic resilience indicators can be adjusted to all parts
of the dairy supply chain. Stability is an important subject to the farmer, and for that,
indicators that would require direct quantitative data from the farm are needed, such
as capitalization ratio and equity-to-fixed-assets ratio [54]. RISE covers this sub-theme
with the parameter of economic vulnerability in the context of indebtedness within the
economic viability theme. In TIPICAL, vulnerability is covered through the indicators of
risk management and liquidity. SALCAsustain covers aspects such as equity-to-fixed-assets
ratios in the form of accounting data and presents an important indicator that could be
considered to affect both the economic resilience and the wellbeing of the farmer.

Within the economic resilience dimension in SAFA, vulnerability also entails the
stability of supplier relationships, which merely portrays whether a business contract is
stable between the entity and the suppliers. In terms of the dairy supply chain, this is
particularly important to the relationship between farmers and dairies as well as dairies and
retailers. In SMART, the quality of cooperation between the farmer and contracted suppliers
is an indicator of its own. This simultaneously contributes positively to the stability of
production, due to also having a secure supply of farm inputs. In SALCAsustain, stability
is a subject that is measured through equity-to-fixed assets ratios and fixed assets to total
assets. While this is part of economic resilience, it does not contribute to the context of
stability of production. This sub-theme could be particularly also applied in the context of
the processing section of the dairy supply chain. This is somehow covered in SMART as
the right of suppliers in collective bargaining and agreements, but still considered from
the farmer’s perspective. In addition, other indicators in SMART could be considered
that also account for the processing part, regarding quality of products delivered. Some
indicators also require information on whether the farmer cooperates with the processors
in terms of common product development and planning. RISE also highlights stability of
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production through farm management indicators, including parameters on supply and
yield security and farm planning. Because everything starts from the farm, the dimension of
economic resilience must garner a major focus, similar to the extensive coverage witnessed
in SMART. SALCAsustain also covers the economic dimension in the farm context, in terms
of general farm economic indicators. However, economic vulnerability and what it entails
are also crucial, especially when looking at the dairy sector and its dynamic state. This
is not covered by SALCAsustain in such a comprehensive manner as it is in RISE, SAFA,
and SMART. SMART underlines stability of production and supply through a range of
indicators. They account for production equipment, farm input restraints and many other
related concerns.

3.2.4. Social Wellbeing

Most social indicators address themes such as working conditions, quality of life, and
economic viability which characterize livelihood security of the farmers (witnessed in all
six tools). Such indicators are considered very important for measuring social sustainability
and the impact of agriculture production [24].

The social wellbeing dimension is addressed through a total of 19 indicators in SAFA.
The social issues considered therein can be adjusted to the context of actors of the dairy
supply chain. SMART applies a vast number, 358, of indicators in total, in terms of the
themes of the social dimensions. This emphasizes the perspective of the farmers and their
families” social and ethical concerns. The latter is not a focal point of SAFA [21], which
puts little to no attention into the farmer’s family situation and the related subjective
wellbeing. Workload, work/life balance, education and social connections are among
the aspects not considered in any of the tools in terms of the farmer’s perspective. As
small-scale family farms are highly reliant on their business, the family perspective is
important when assessing social sustainability. Additionally, an indicator that measures
whether the farmer’s work is valued should also be incorporated, but is not accounted
for by SAFA [21]. In the decent livelihood theme, SAFA accounts for quality of life and
wage level. The quality-of-life indicator might leave room for different ways of interpreting
and does not fully depict the reality of the life quality of the farmer. Giving a person-
centric view by defining the pay level indicator (minimum salary to cover the family’s
needs) and the subjective wellbeing of farmers and their families is important [79]. RISE
applies a set of parameters that account for the quality of life of the farmer, like education,
occupation, personal freedom, and social relations etc., which also indicate the farmer’s
subjective wellbeing and satisfaction. The relevant farmer’s satisfaction about leisure time,
workload, time management, health, cultural activities etc., is explored in interviews. From
a different perspective, MOTIFS also includes indicators on social services and a farmer’s
professional pride, which reflects how a farmer’s identity connects with the ever-changing
farming environment [49], which is an important concept regarding the critical issue of
farm succession. Similar approaches were not witnessed in other tools. TIPICAL covers
decent livelihood through farmer’s income. Similarly, SALCAsustain measures quality of
life through workload and family income at farm level. A well-developed set of indicators
that portrays this aspect as to how dairy sector impacts the overall public health is necessary
for a holistic dairy sustainability assessment tool. SAFA, SMART and RISE heavily account
for this sub-theme, along with workplace safety. RISE takes it to another level by also
considering satisfaction at work. Overall, the social wellbeing theme remains insufficiently
addressed, as seen in Figure 4.

3.3. Input Data, Accessibility, and Practicability

Another important feature of a sustainability assessment tool is the input data type
that it requires. For the end-user, this translates into time spent in assessment and the
extent of facilitated contextualization the tool offers. First, it is important to establish the
goal or the outcome intended from the sustainability assessment (sustainability perfor-
mance measurement, to support decision making, quantifying impacts, identifying areas
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of improvement, etc.), identify the most affected stakeholders, and thus design indicators
accordingly [27].

In terms of input data type, RISE has proven quite flexible [52]. SAFA and RISE both
allow for the use of primary and secondary data [1,51,52]. The main method for data
collection for both of the tools is based on on-farm interviews for data collection. Similarly,
for MOTIFS, the qualitative indicators require qualitative data based on questionnaires.
SALCAsustain, RISE, MOTIFS, and TIPICAL provide mainly quantitative indicators. In-
dicators that were found to be not at all related or not of concern to the dairy sector in
SMART were removed from its analysis. SMART provides for a total of 327 indicators, but
20 (qualitative) of these are not related to dairy systems or the overall dairy sector.

In terms of accessibility, SAFA is the only tool provided entirely free. For this research,
tools were accessed either through trial versions of the tool (RISE and TIPICAL), or through
scientific papers or reviews published regarding tools, throughout the years (SMART,
MOTIFS, and SALCAsustain).

Data collection times can vary significantly. RISE has been deemed to take a fair
amount of time and SALCAsustain was seen to be very time consuming [2]. Time for
collecting all input data in SALCAsustain varied between 3 to 30 h, depending on the
focus of the tool and the system boundaries as reported by Roesch et al. [54]. For SAFA,
time needed to conduct an assessment depends on the type of input data to be used and
their availability. This is usually estimated to last for several days or even weeks [1].
Comprehensive sustainability assessment tools are not solely using qualitative data.

In terms of the outputs depicted in Table 2 and, visually, in Figure 5. TIPICAL offers
all quantitative indicators. SALCAsustain and MOTIFS offer more quantitative indicators,
mainly for the environmental and economic dimension. RISE contains mostly quantitative
and semi-quantitative indicators. SAFA provides mainly qualitative and semi-quantitative
indicators, which is also the case for SMART.

Qualitative indicators

Quantitative indicators

Semi - quantitative indicators

SAFA

SMART RISE SALCAsustain MOTIFS TIPICAL

Figure 5. Distribution of indicator types in reviewed tools.

In terms of scale, SAFA has proven to be adequate when assessing the sustainability
of small producers [80]. It provides a broad picture of sustainability, but it is entirely
dependent on company information overlooking the influence of market dynamics [81]. The
emerging instability of the dairy market [82] should definitely be taken into consideration
for a future dairy sustainability assessment tool, as it should be within the scope of the
economic resilience dimension. SALCAsustain has also proven to be adequate when
applied to the assessment of a small-scale farm, yet its complexity is more suited for
addressing research inquiries and analyzing farm management strategies. TIPICAL is based
on the typical farming approach, so it integrates different farm scales as representative farms.
Similarly, TIPICAL is more adequate for evaluating farm management strategies [53,54].
With these gained insights, stakeholders or experts engaged in assessing sustainability
in the dairy supply chain can weigh the strengths and limitations of each reviewed tool.
By considering differences in methodologies, indicators, and applicability to the dairy
supply chain context, users can determine which tool provides more reliable and robust



Sustainability 2024, 16, 4999

17 of 21

sustainability assessment. Moreover, evaluating the reviewed tools’ capacities to address
key sustainability issues in the dairy supply chain will promote informed decision making.

4. Conclusions

There are various tools available for sustainability assessment in the dairy sector,
each with its strengths and limitations, as were shown in this review. The main strength
considered is the integration of multiple aspects of sustainability. A considerable limitation
of all six tools would be the lack of comprehensive integration of various other sustain-
ability aspects (especially pertaining to the social dimension). SAFA and SMART offer
a holistic assessment by integrating many aspects of sustainability dimensions through
many indicators but do lack the accuracy gained when quantifying some of those aspects,
especially towards dairy farms impact issues. SAFA stands out for being accessible at
no charge for the user, an option important to consider in terms of financial budgeting.
SALCAsustain, RISE, MOTIFS and TIPICAL’s main strength is the quantification which
allows for a detailed assessment over the whole dairy supply chain. The advantage of
MOTIFS and TIPICAL is that both specifically cater to the dairy sector, although TIPICAL
lacks in terms of assessing sustainability in a holistic perspective. RISE, although designed
as a farm advisory tool for different agricultural production systems, contains indicators
that are oriented towards categories which are important for dairy farm impacts. These
considerations are crucial for users in the dairy sector.

The advantage of RISE is its flexibility in terms of the user-friendly interface and data
requirement, which makes it adaptable to different data availability scenarios. MOTIFS
was also deemed user friendly, with an obvious equality of dimensions covered and an
adequate share of quantitative indicators. Similarly, tools like TIPICAL are suitable for
users in search of precise quantitative measures, while tools like SAFA and SMART offer
broader insights with more qualitative and semi-quantitative indicators. Users must also
consider their time capacity in data collection, which can vary significantly among all tools,
with SALCAsustain, RISE, and SAFA reported as being particularly time consuming.

A combination of existing tools into one framework can help identify trade-offs
and synergies between various sustainability dimensions, such as social, environmental,
and economic impacts, and provide a more comprehensive and holistic view of dairy
sustainability. While this review draws to such a conclusion, this might be challenging.
In identifying an appropriate tool for sustainability assessment in the dairy sector, the
specific goals and needs of the user, as well as the context in which the assessment is
being conducted should be thoroughly considered. Future research should delve further
into the practicalities in order to enhance tool usability and into the development of
tools that integrate all sustainability aspects in a comprehensive manner while providing
accurate quantification of those aspects. Applying methods for stakeholder engagement
and collaboration could also present a future combination and consensus for a future tool.
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