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Abstract: The circular economy (CE) offers a promising framework for sustainable resource
management; however, assessing its performance remains challenging due to a lack of
robust methodologies, metrics, and data. In agrifood systems, CE has the potential to
improve resource efficiency and food security. However, limited research has explored CE
interventions in this sector, emphasizing the need for tailored assessment tools. This study
seeks to advance CE intervention evaluation in agrifood systems through a realist literature
review and discussion on agrifood system assessments to bridge identified knowledge gaps.
Our review reveals that most frameworks only address technical or environmental dimen-
sions due to their measurable nature and predominance of laboratory research. This focus
underscores the necessity of incorporating assessments in real-world contexts. Insights
from agrifood system evaluations suggest that future research should develop holistic
frameworks encompassing technical, environmental, social, and economic dimensions. A
systems-thinking approach is important for understanding complex interactions among
these dimensions, involving mapping, key component identification, and development of
context-specific metrics adaptable to global and local settings, particularly for low- and
middle-income countries. Active stakeholder collaboration throughout design, data collec-
tion, and evaluation is essential for creating relevant indicators. Integrating these elements
supports a comprehensive CE assessment framework for agrifood systems.

Keywords: circular economy; agrifood systems; food systems; impact assessment; perfor-
mance evaluation

1. Introduction

The concept of circular economy (CE) has gained traction in recent decades as a model
for both environmental sustainability and economic development due to its potential to
revolutionize the way we produce, consume, and manage resources [1]. CE involves
eliminating waste and pollution, circulating products and materials, and regenerating
natural systems [2]. Assessing the impact of CE interventions is, therefore, of paramount
importance [3-5]. First and foremost, such assessments allow us to gauge the effectiveness
and impact of these interventions on environmental sustainability. In a world facing esca-
lating ecological challenges—mostly the result of a traditional linear economic model with
its take-make—dispose approach—assessing CE interventions helps to determine if they
are truly reducing waste and pollution, conserving and recycling valuable resources, and
restoring the environment. By measuring outcomes such as reduced carbon emissions (e.g.,
through carbon footprint), minimized waste generation, and enhanced resource efficiency

Sustainability 2025, 17, 1406

https:/ /doi.org/10.3390/su17041406


https://doi.org/10.3390/su17041406
https://doi.org/10.3390/su17041406
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-1536-1349
https://orcid.org/0009-0002-4452-3009
https://doi.org/10.3390/su17041406
https://www.mdpi.com/article/10.3390/su17041406?type=check_update&version=1

Sustainability 2025, 17, 1406

2 of 22

(e.g., through material circularity indicator), we can ensure that these interventions align
with global goals for a more environmentally sustainable and resilient future [6].

Despite the importance of measuring the impact of CE interventions, little is known
about how this can be achieved [3,4]. A literature review conducted by Sassanelli et al. [3]
revealed that the interest in measuring CE performance is limited and that methodolo-
gies and metrics are mostly lacking. Based on a literature review of circularity metrics,
Corona et al. [7] classified the assessment tools that have been used into two groups, as
follows: (i) assessment frameworks comprising multiple indicators for measuring vari-
ous aspects of circularity within a system, which can be adjusted for specific cases; and
(ii) assessments that are performed by using one single (or aggregated) scoring indicator. Ex-
amples of assessment tools include the life cycle assessment (LCA) tool [8], which evaluates
environmental impacts throughout a product’s life cycle, and the Ellen MacArthur Founda-
tion’s circularity indicators [9], which measure a company’s circular economy performance
through enablers and outcomes. Such assessments are helpful to better understand and
map the potential benefits and adverse impacts of CE interventions.

Circularity in agrifood systems offers a promising approach to optimizing resource
use, minimizing waste, reducing environmental impacts, and enhancing economic perfor-
mance while generating positive food security consequences [10-12]. Agrifood systems
have particular conditions, such as food products’ perishable nature, the existing close
interrelation with ecosystems, and production seasonality [10,13]. This requires suitable
frameworks and tools to assess the performance of CE in agrifood systems [10,11,14]. Until
now, however, few studies have assessed the implementation of CE in the agrifood sector
while taking into account these particular conditions. Velasco-Mufioz et al. [10] discuss
a wide range of indicators and frameworks that are relevant for measuring circularity in
agricultural systems, such as the LCA tool, the Food Loss and Waste Protocol (FLWP), and
the Sustainability Assessment of Food and Agriculture Systems (SAFA) guidelines. The
authors conclude that, while these are useful, new and more comprehensive and standard-
ized indicators and frameworks are needed to ensure accurate and comparable assessments
of circularity in agricultural practices across different regions and farming systems.

Furthermore, the geographical context of CE interventions is an important element to
be taken into consideration in impact assessments, as challenges and opportunities related
to resource availability, socio-economic conditions, policy environments, and historical
processes vary across countries and regions. Compared to high-income countries (HICs),
most low- and middle-income countries (LMICs) have not profited from the traditional
linear (take-make-dispose) economic model [15,16]. The extraction and exportation of raw
materials from LMICs to HICs are central to the linear global economy. However, these
trade flows have not significantly benefited LMIC economies or improved their quality
of life [16]. Additionally, LMICs are increasingly burdened with managing waste, often
exported from HICs [16]. For example, LMICs face severe environmental and socioeco-
nomic impacts from plastic pollution, despite consuming three times less plastic per capita
than HICs [17]. Attention to circularity in LMICs was initially limited but has gained
traction in recent years [18]. LMICs’ contexts and priorities differ substantially from those
of HICs—where many of the current assessment frameworks and tools have been devel-
oped [19]—which calls for different assessment methodologies and metrics. For instance,
CE is often promoted in HICs to reduce pollution and the large ecological footprint of
production and consumption—frequently from a techno-economic perspective involving
large businesses [20]—while, in LMICs, CE is often encouraged as a strategy to address the
multiple challenges related to limited access to key resources. So far, CE implementation
in LMICs has mostly been informal and driven by poverty and unemployment [21]. It is,
therefore, important that CE assessment frameworks for LMICs not only look at technolog-
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ical and economic feasibility, but also include a social dimension, which are often missing
from the frameworks used to describe CE in HICs [22].

Assessments of CE interventions can help LMICs to identify opportunities for more
sustainable resource management, reduce their dependence on expensive imported re-
sources, and mitigate environmental degradation. By identifying options to reduce waste
and optimize resource use, these assessments can point to significant environmental, social,
and economic benefits that are especially vital in regions where resources are scarce and
the impacts of resource depletion are most keenly felt, such as in LMICs.

This study aims to provide insights and recommendations to support further devel-
opment of CE interventions—and assess their performance—in agrifood systems, with
special attention given to the specific needs of LMICs.

To assess the current understanding in this topic, we conducted a realist literature
review [23] to examine and explore a wider set of lessons learnt in assessing CE interven-
tions within the agrifood system, which is followed by a discussion on how the identified
knowledge gaps can be supported by the literature. The following research questions
guided this realist literature review:

(1) What approaches (incl. models, tools, etc.) are used for monitoring and assessing the
impact of CE interventions within agrifood systems?

(2) What dimensions (technical, environmental, social, and economic) are included in
monitoring and assessing the impact of CE interventions within agrifood systems?

(3) Based on the review of agrifood assessments, how can the development and imple-
mentations of CE interventions within agrifood systems be improved?

This study contributes to the broader academic discourse by identifying significant
knowledge gaps in the assessment of CE interventions within agrifood systems. Fur-
thermore, it enhances the literature by incorporating lessons learned from the review of
assessment frameworks in agrifood systems. This study is organized as follows: Section 2
provides the background framing of CE and CE interventions in agrifood systems. Section 3
outlines the methodology used for the realist literature review. Section 4 discusses the
results of the literature review on CE assessments in agrifood systems. Section 5 provides
key insights into broader assessment methodologies in the domain of agrifood systems, and
Section 6 outlines the essential lessons for evaluating CE interventions in these systems.

2. Background
2.1. Defining Circular Economy (CE)

The CE concept has diverse origins, partly rooted in ecological systems and principles.
It gained prominence in the late 1970s through the efforts of academics, thought leaders,
and pioneering businesses [24,25]. Consensus on some of the core principles of CE has
increased both in consolidating and differentiating its understanding [1]. The use and
understanding of the CE concept have grown, due to increasing attention of scholars,
policymakers, and practitioners. This growth can be attributed to CE’s potential to op-
erationalize and implement the often vaguely defined framework of (environmentally)
sustainable development [7,26]. For example, Kirchherr et al. [1] observed that 70-80% of
the peer-reviewed studies analyzed by the authors acknowledged ‘reuse” and ‘recycle’ as
the two foundational principles of CE. The authors also reported an increase in the call for
a ‘fundamental systemic shift’ to instigate CE transitions. In addition, compared to their
2017 review, the authors reported that a greater number of definitions frame CE as a tool
to reach environmentally sustainable development—including important enablers (e.g.,
consumers and business models)—and fewer include economic prosperity as a goal [1].
However, the increased use of the CE concept has also resulted in differentiation in its
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understanding, with the concept being defined and interpreted in various ways, often
influenced by context-specific cases.

One of the most commonly used framings of CE, which is also used in this study,
is from the Ellen MacArthur Foundation. They frame CE as ‘a system where materials
never become waste and nature is regenerated. In a circular economy, products and
materials are kept in circulation through processes like maintenance, reuse, refurbishment,
remanufacture, recycling, and composting. The circular economy tackles climate change
and other global challenges, like biodiversity loss, waste, and pollution, by decoupling
economic activity from the consumption of finite resources’ [2]. As such, this definition
emphasizes the goal of the CE concept to eliminate waste and regenerate nature. By
highlighting diverse processes such as maintenance, reuse, refurbishment, remanufacture,
recycling, and composting, it underscores the importance of keeping products and materials
in circulation through various processes. Additionally, the definition effectively connects
CE to broader global challenges, such as climate change, biodiversity loss, waste, and
pollution, by stressing the need for a different economic model. This holistic approach
captures the essence of CE as a sustainable and regenerative system. Elucidating the key
elements of the CE definition can offer valuable insights into the critical components (e.g.,
goals and processes) for monitoring and evaluating the impact of CE interventions within
agrifood systems, for example, the need for a holistic approach towards monitoring and
evaluating the impact of CE interventions and the possible interventions.

2.2. CE Interventions in Agrifood Systems

The agrifood system refers to the entire interconnected network of activities, processes,
and actors involved in the production, processing, distribution, and consumption of agri-
cultural products and food [27]. Agrifood systems are complex and multifaceted systems
that involve various stakeholders, including farmers, processors, distributors, retailers,
consumers, and policymakers. Therefore, agrifood systems encompass all stages of the food
supply chain, from the cultivation of crops and the raising of animals to the delivery of food
and agricultural products to consumers. While essential for feeding the global population,
they can have significant negative environmental, social, and economic impacts. Agrifood
systems contributed about one third of global greenhouse gas (GHG) emissions in 2022,
which is an increase of 10 percent since 2000 [28]. They also contributed to the degradation
of one fourth of the soil and the loss of one third of forest cover globally [29], while, at
the same time, one third of the food is wasted [30]. The hidden costs of the combined
environmental, social, and human health detrimental consequences of the global agrifood
system were estimated at around USD 13 trillion in 2020 [31].

Within the context of CE, the goal is to create closed-loop systems where materials,
energy, and resources are efficiently managed, reused, and recycled [32]. From the perspec-
tive of agrifood systems, various practical applications can be incorporated into a transition
toward closed-loop systems, such as food waste reduction and valorization approaches,
wastewater treatment facilities, water recycling systems, the promotion of local and short
supply chains, sustainable food packaging solutions, food redistribution practices, and the
development of circular business models [33,34].

CE interventions are thus promoted to lower the impacts of agrifood systems by
encouraging the reduction in resource use, waste and pollution from agricultural produc-
tion and food consumption, the use of chemical fertilizers, biodiversity loss from land
use change, and land, water, and carbon footprints [29,35]. The widespread adoption of
circularity in agrifood systems can lead to more profitable, resilient, and low-emission
systems that ultimately support sustainable production and consumption practices [35].
For instance, a recent study by Van Zanten et al. [36] estimates the environmental benefits of
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redesigning the European food system based on circularity principles using a biophysical
optimization model. The authors found that implementing circularity could lead to a
71% decrease in agricultural land use and a 29% reduction in per capita agricultural GHG
emissions. Additionally, research by Van Selm et al. [37] demonstrates that transitioning
from conventional to circular human diets leads to a 43% reduction in land use and a
52% decrease in GHG emissions.

3. Methodology

We conducted a realist review approach focusing on in-depth and qualitative analysis
that seeks an explanation rather than an empirical truth [23]. This approach facilitates
the understanding of “‘what works for whom, in what circumstances, and how,” making it
particularly suitable for the study of complex social interventions [23]. It is well-suited for
our literature review on assessing the impact of CE interventions in agrifood systems, as
these systems are inherently complex. Consequently, CE assessments must address diverse
contexts while integrating technical, environmental, social, and economic dimensions.

In this study, the peer-reviewed literature was searched via Scopus (Elsevier) and
Web of Science (Thomson), the two largest scientific databases for the social and environ-
mental sciences. In Table 1, we present the final set of key words that were used in the
search databases.

Table 1. Keywords used in the search databases in April 2023.

‘Monitor*” OR ‘Assess*” OR ‘Evaluat* OR ‘MEL’ OR ‘MEAL’ ! OR ‘M&F’
AND

‘Circular Economy’ OR ‘Circularity’ OR ‘CE’ OR ‘Climate Neutral Economy” OR
Circular’
AND

‘Food” OR “Agri*” OR ‘Agro’

1 ME(A)L stands for monitoring, evaluation (accountability), and learning.

The initial search resulted in 2510 articles, which were pre-selected based on their
title and abstract according to the inclusion/exclusion criteria presented in Table 2. This
pre-selection resulted in 367 studies, which were further narrowed down to 178 articles
after a more detailed review (Figure 1). Information was extracted from these articles
according to the following codes: ‘CE intervention type’, ‘measures and approaches for
M&E’, ‘'M&E dimensions’, ‘Challenges and enablers for M&E’, and contextual notes on
geographical location (Table 3).

Table 2. Inclusion and exclusion criteria for the literature review. The inclusion/exclusion criteria did
not include a specific time span but resulted in articles from 1972-2023.

Inclusion Criteria Exclusion Criteria

Exclude if not about agriculture or

English language food systems

Commentaries, opinion papers,

Peer-reviewed journal articles S
and editorials

CE interventions, technologies,
and innovations
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Step1
First keyword search
2510 articles

Step2
Preselectiontitle & abstractbased
on inclusion/exclusion criteria
367 articles

Step 3
Detailed full text review based on
inclusion/exclusion criteria
178 articles

Step 4
Selected articles were coded to
extractinformation

Figure 1. Overview of the steps in the literature review process, including the selection of articles and

coding to extract information.

Table 3. The used codes and associated description for extracting information from the selected articles.

Code

Description

CE intervention type

The type of CE intervention in the
agrifood system that the article focuses on.

Measures and approaches for CE

The type of approach or measures, which
can be indicators, models, or methods,
that are used to assess the CE intervention.

M&E dimensions

The type of M&E dimensions that are
covered with the measures and
approaches for assessing CE interventions.
These can be technical, environmental, or
socio-economic dimensions.

Challenges and enablers for M&E

The description or notes that the reviewed
article gives on the challenges and
enablers of monitoring and/or evaluating
the CE intervention.

Contextual notes on geographical location

What was the context in which the CE
intervention was studied?
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4. Results Literature Review
4.1. Approaches and Dimensions Used to Monitor and Assess CE Interventions

Our literature review showed that approaches to monitor and assess CE interventions
in agrifood systems mostly focused on the technological dimension and on technical inter-
ventions and parameters (140 studies) (Table 4). This includes laboratories (e.g., [38,39]) or
trial sites for field experiments (e.g., [40,41]). In these studies, the focus was mainly on the
efficiency of a technical process or its circular feasibility. The examples of circular processes
described in the studies were as follows: reuse of crop residue, biorefinery processes, and
reuse of waste for animal feed. Indicators in these studies often included technical parame-
ters related to the following: production (e.g., yields and growth rates [42—44]), conversion
ratios (e.g., feed conversion [45]), mass balance analysis [46], or chemical indicators (e.g., P
balances, K or N levels, and nutritional composition [47,48]). The emphasis on technical
aspects is most likely due to their tangibility, which facilitates easier measurement and
quantification. Additionally, tools and frameworks for technical assessments are more
readily available and widely utilized.

Table 4. The identified dimensions considered in assessing and monitoring CE interventions with
associated numbers of studies per dimension.

Dimension Number of Studies
Technical 140
Environmental 49
Economic 14
Social 10

The second dimension mostly considered in the studies we reviewed was the environ-
mental dimension (49 studies) (Table 4). Some studies used environmental assessments,
including carbon footprint [49], residual fertilization effects and nitrogen leaching [50,51],
or risk of outbreaks, pollution/contamination [52,53], and peak global warming poten-
tial [51,54-56]. Studies often referred to indicators related to greenhouse gas (GHG) fluxes
and emissions [57,58], plant growth and development [59], the soil-plant analysis develop-
ment (SPAD) index [60], microbial activity [61], and chemical analysis of NPK [47,48].

Our literature review also showed that there was a distinct lack of studies exploring
the social or economic dimension of CE interventions. In total, 10 studies considered the
social dimension, and 14 studies considered the economic dimension (Table 4). For instance,
the social dimension included the following: legislation [53], consumer preferences [62],
perspectives on use/impacts or as part of the LCA (or social life cycle assessment), or
strength, weakness, opportunity, threat (SWOT) analysis [63-65]. One study also high-
lighted a political economy perspective, discussing the social-ecological impacts of the
transition from a fossil-based to a biomass-based economy [66]. Focusing on the bioecon-
omy in the sugar—ethanol sector, the authors reported that the resulting socio-ecological
problems ranged from an increasing concentration of landownership to the negative impact
of agrotoxins [66]. From an economic perspective, the commonly discussed measures
were market value [67], as part of SWOT analysis [65], production value or costs [68-70],
and cost-benefit analysis [71-73] or an agro-economic value assessment [74]. The lim-
ited emphasis on social and economic dimensions arises from their tendency to involve
long-term, systemic effects that are more difficult to measure. As Armstrong et al. [75]
highlight, developing social indicators is challenging due to issues such as ensuring reliable
and updated data, addressing fluctuating contexts and policy goals, selecting appropriate
criteria, and managing differing opinions on their application. As a result, CE assessments
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often give an incomplete picture when these dimensions are excluded, which may impact
the overall goals and effectiveness of CE interventions.

In some cases, a more holistic approach was used, such as the planetary boundaries
framework [65] or environmental risk assessment [50], through risk quotients [76].

Various studies used cross-cutting framings or approaches to evaluating CE inter-
ventions, including LCAs [49,50,56,63,64,77-85]. LCA enables the evaluation of the envi-
ronmental impacts of a product, service, or system throughout its entire life cycle [86,87].
According to Djekic and Tomasevic [78] (p. 64), who review the meat value chain, ‘life cycle
assessment (LCA) is considered as the best method in calculating environmental impact
from all stages of agricultural and food production and comprises the following steps:
(i) mapping the process, (ii) setting scope and boundaries, (iii) collecting inventory data,
and (iv) interpreting the results.” Camana et al. [88] (p. 631) point out that life cycle thinking
can be a promising tool to assess the multidisciplinary effects of policies both operatively
and strategically, thereby enabling an overall assessment of the sustainability of strategies.
However, LCAs have a number of constraints. They are developed for a specific product or
process, which makes it difficult to translate their results to a higher scale [7], and focus
often on the short-term and individual benefits only [87]. Konstantinidis et al. [82] argue
that LCAs are highly dependent on the defined product system, and certain elements, such
as infrastructure, capital goods, and equipment, are not included due to their long lifespan.
Moreover, LCAs tend to measure impacts that are easily quantifiable and are bound by
assumptions and data availability / quality [87]. While many studies focus on identifying
the challenges associated with LCAs, research on practical approaches to overcoming these
challenges remains scarce. Nevertheless, LCAs continue to be preferred over alternative
tools due to their comprehensiveness in evaluating the entire life cycle of a product or
process, often high reliability, and ability to assess multiple impact areas.

Other studies have suggested approaches such as Recipe 2016 analysis [82] (i.e., a
method that converts emissions and resource extractions into environmental impact scores
using midpoint and endpoint indicators), associate sensitivity analysis [49] (i.e., a technique
to determine how variations in input variables affect the output of a model), integrated
sustainability assessment [89] (i.e., a participatory process that combines scoping, envi-
sioning, experimenting, and learning to develop and apply a shared interpretation of
sustainability), and combined value chain analysis and social life cycle analysis [90] (i.e.,
an approach that evaluates both environmental and social impacts across the entire value
chain). However, despite the cross-cutting nature of these assessments, social factors were
often less considered.

Our literature review emphasizes the extensive variety of assessment tools employed,
highlighting that no single tool is universally applicable. The selection of the most suitable
tool for evaluating CE interventions is contingent upon several critical factors, including
specific objectives (e.g., environmental, social, economic, or a combination thereof), the
scope of the intervention, geographical and societal contexts, stakeholder engagement
requirements, and available resources.

4.2. From Technology to Implementation

Besides the results showing a focus on the technological and environmental dimen-
sions, we have also noticed the dominance of lab or experimental studies. For example,
examining how dietary changes affect performance or monitoring the impact on animal
production was a common focus [91-94]. In total, 39 studies were lab-based (e.g., [81,95],
and 35 field- or animal-trial-based (e.g., [93,96]). This technological and experimental focus
of CE assessments limits the understanding of the impacts of CE interventions on broader
societal goals. Moreover, most studies are conducted in highly controlled environments,
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which limits contextual dynamics, including the response to or adaptation by users. The
limitations of laboratory and field experiments in accurately representing real-world dy-
namics significantly impact the use of their findings in comprehensive assessments. To
address these limitations, one effective approach is to combine laboratory experiments with
in-practice studies, with the latter designed to evaluate applicability in real-world settings.

We only found three studies that focused on consumption, namely the following;:
Maschio et al. [97], who focused on the total utilization of foods in Brazil, Akter et al. [98],
who focused on organic food purchase in Bangladesh; and Lami et al. [62], who focused
on the role of carbon footprints in the consumption of beef in Spain. The substantive lack
of evidence in this area seriously hampers the understanding of consumption patterns,
and the social dimensions of end-users and how they can be transformed are some of the
barriers to the success of most CE interventions [70]. The demonstration perceptions of CE
interventions by stakeholders such as farmers, laborers, or households are imperative for
the social acceptance of these interventions [70].

The majority of lab-, experimental-, or field-trial-focused studies may also underline
the low frequency of LMIC-focused articles (nine studies) because these controlled en-
vironment studies aim to exclude contextual factors (besides the biophysical elements),
such as location. As an example from an LMIC, a study from Iran [65] examines the status
of edible oil waste and concludes that deficiencies in current knowledge and technology,
coupled with policy gaps, significantly contribute to improper disposal practices, thereby
posing public health risks. Another example from Indonesia [99] investigates the trans-
formation of coffee pulp into Coffee Cherry Flour as a functional food to reduce pollution
and treat anemia, finding that certain Indonesian samples are comparable to a Brazilian
commercial product in terms of vitamin C and inhibitor contents. The paucity of research
in LMICs likely indicates an inadequate methodology for evaluating CE interventions and
their impact in LMICs. However, the social and economic factors in the context of LMICs
will be foundational in the implementation and feasibility of CE interventions in these
countries. Considering bioeconomy, Kleinschmitt et al. [100] argue that it ‘has its roots in
the discourse of ecological modernization, arguing that economic growth and development
can be aligned with environmental protection.” While the bioeconomy and CE concepts
differ slightly, both advocate for sustainably sourced and efficiently used biological materi-
als, supporting environmental health and reducing reliance on non-renewable resources.
Consequently, CE also stems from the idea that economic growth and development can
coexist with environmental protection. From a critical perspective, knowledge production,
including CE interventions, is situated in social contexts and constructions. A practical
example on the local scale would illustrate that the success of the initiative hinges on
comprehending local social practices and economic activities. For instance, in a community
heavily reliant on fishing, the intervention could prioritize the promotion of biodegradable
fishing nets and the organization of community clean-up events. By engaging local fisher-
men and recognizing their integral role within the community, the intervention respects
existing social structures and power dynamics.

Social contexts and constructions are underlined by power relations and institutions.
Therefore, without social contextualization of interventions, there is a risk that socio-
ecological challenges will increase [66]. Previous policy analyses have shown that bioe-
conomy plans mainly support conventional areas of innovation [66,101,102]. This has
led to critical perspectives by researchers and organizations fearing that interventions
would further develop socio-ecological problems, such as biodiversity loss or land tenure
issues [66]. Likewise, CE interventions may also increase the risk of similar consequences.
In order to minimize or even avoid such consequences in already challenging geographies
(e.g., most LMICs), studies focusing on the implementation and contextual development of
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CE interventions in these geographies are, therefore, crucial, including the development
of assessment methodologies that consider the interconnected technical, environmental,
economic, and social dimensions in the specific context of LMICs.

5. Descriptive Analysis of Agrifood System Assessments

Building on the knowledge gaps identified in the literature review, we have outlined
several agrifood system framework domains designed to evaluate the impact of specific
agricultural or food system interventions through holistic and interconnected approaches.
These agrifood system assessment frameworks were selected because they are widely
recognized in the agrifood system field and can offer valuable insights applicable to the
development of CE assessments.

5.1. Food System Frameworks and Their Assessments

The increased attention and recognition of the food system concept has led to the
development of several food system frameworks supporting the understanding and analy-
sis of complex networks of interconnected activities, processes, and stakeholders within
agricultural and food systems [103,104]. Particularly for LMICs, their agrifood systems are
seen as more complex and heterogenous compared to those in HICs [105,106]. Illustratively,
agrifood systems in LMICs are more vulnerable to challenges such as the effects of climate
change and price shocks, which vary significantly based on geographic, economic, and
social contexts, thereby further exacerbating the complexity and diversity issue [106,107].
The development of food system frameworks specific to LMICs, therefore, demands ac-
knowledgement of this complexity, and a diversity of scholars and organizations have
indeed developed their own [105,107].

One of the most commonly used frameworks is that of the High-Level Panel of Experts
(HLPE) on Food Security and Nutrition of the Committee on World Food Security [108].
Other examples are the frameworks developed by Nguyen [109] for the Food and Agricul-
ture Organization of the United Nations (FAO) and Van Berkum et al. [110] for Wageningen
University and Research (WUR). Reviewing the existing literature, Brouwer et al. [111]
found that some food system frameworks take a linear (take-make-dispose), supply-led
perspective by, for example, focusing on how to feed a growing global population by prior-
itizing production and consumption, without considering feedback loops. Other frame-
works adopt a circular approach, emphasizing sustainability and resource (re-)generation.
These include more holistic resource management strategies like agroecology and nutrient
recycling, as well as processes focused on waste reduction, which are often aimed at mini-
mizing the negative impacts of agricultural intensification. Another group of frameworks
expand their focus to include supply chain analysis, addressing the question of how food
reaches the population. Depending on the goal(s) of the assessment and complexity of the
food system, the use of a specific framework can be justified.

Frameworks for food systems, like those created by HLPE and FAQO, are valuable tools
for evaluating the impacts of food systems on crucial outcomes such as environmental
sustainability, economic development, social equity, and human health. This is because
their methodologies are fundamentally designed for such assessments. Others address
specific approaches within agrifood systems such as agroecology [112-115] or sustainable
intensification [116]. Assessments are crucial for decision makers, as they provide insights
into the potential impacts (positive or negative) of different policy interventions in food
systems. While these assessments themselves will not drive food system transformation,
they help to identify trade-offs and synergies between development objectives and guide
investment decisions to achieve desired multi-dimensional outcomes [104,117].
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In general, there is a consensus in the food system literature that a more systemic
approach is key for analytical purposes, but also to support policymakers in their decision
making. A systemic approach will support the understanding of the complexity of the
interdependencies between food system components, the trade-offs and synergies between
multiple outcomes, and the feedback loops that will drive the system’s future trajectories.
There is, however, still a lack of clarity on how to implement food system frameworks in
practice [103,111]. As Bustamente et al. [104] state "how can we progress from analyzing
the drivers and outcomes of food systems to (...) informing and supporting policy pro-
cesses and interventions that progress in the transformation toward more sustainable food
systems.” To address this lack of clarity and the challenge of translating such framework
outcomes into practical processes, practices, and policies, Brouwer et al. [111] (p. 8) suggest
the need ‘to harmonize existing tools under a commonly agreed systems approach.’

The process of operationalizing assessment tools for food systems depends on various
resources, such as the type of food system framework, indicator complexity, scale and con-
text specifications, and data availability [118]. Properly conducted assessments also help to
build community capacity, promote food systems thinking, connect initiatives, and enhance
policy coherence. Integral to the assessment, effective indicator design should foster fre-
quent and effective communication and collaboration among sectors and institutions [118].
Various frameworks in the agrifood system domain aim to assess the impact of specific
agricultural or food system interventions by using holistic and interconnected approaches.
There are, however, a number of significant challenges in conducting assessments of a
holistic nature. They require a broad scope, substantial resources (e.g., from multilateral
organizations or governmental bodies), a reasonable timeframe, and a multidisciplinary
team with shared goals [119].

There is tension between the complexity and simplicity of indicators involving how
to encompass all dimensions of food systems while simultaneously keeping indicators
simple enough to remain practical and effective [118]. Finding the right balance between
simple and comprehensive indicators requires careful consideration of the purpose and
context of the assessment. This includes an understanding of the expectations and needs of
various key stakeholders. For example, policymakers often require high-level reporting for
quick insights, which typically calls for simple indicators. Both criteria can be met through
meticulous indicator formulation and selection, resulting in a combination of simple (and
specific) indicators and a targeted set of composite indicators.

5.2. Assessing the Performance of Particular Approaches Within Agrifood Systems—Agroecology

A diversity of approaches has been developed to tackle the complex challenges facing
agrifood systems. Examples include agroecology, sustainable intensification, organic farm-
ing, conservation agriculture, regenerative agriculture, and ecological intensification [120].
In recent years, agroecology in particular has attracted growing attention in scientific and
political dialogues as a promising holistic approach for transforming agrifood systems. By
integrating ecological principles and traditional knowledge with social and economic goals,
agroecology is adaptable to location-specific contexts and various scales [113,120-123].
It emphasizes the interconnectivity of plants, animals, humans, and the environment,
while addressing the need for equitable and just food systems [120,123]. Agroecological
practices foster circularity within agriculture by embracing nutrient, energy, and waste
recycling [123,124]. Through a comprehensive literature review, Bezner-Kerr et al. [122]
assess the impacts of agroecological practices on food security, biodiversity, ecosystem
services, and climate resilience. The review showed ample scientific evidence, pointing
out that agroecological farming contributes to increased availability and access to healthy
and diverse food through, for example, the cultivation of multiple crops with different
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harvest times. It also enhances biodiversity and ecosystem services through agricultural
practices such as crop rotation, reduced tillage, and water conservation approaches, as
well as minimizing chemical inputs such as fertilizers and pesticides. Furthermore, the
reduction in the use of chemical and other external inputs reduces the agrifood sector’s
carbon footprint. Finally, agroecological practices such as those described above may
contribute to enhanced resilience to the effects of climate change.

The increasing interest in and commitment to agroecology has resulted in a growing
need for holistic and multi-disciplinary methodologies and tools to assess the benefits
and limits of agroecological practices across different contexts [113,114]. Such assessment
tools can support stakeholders in managing agroecological transitions by offering insights
into barriers, levers, benefits, and trade-offs. They can also support evidence-based ad-
vocacy and policymaking by providing relevant information for decision makers [114].
For example, various tools, such as Biovision’s Agroecology Criteria Tool (ACT), have
been developed to assess how project and funding portfolios integrate agroecology but
could also be applied to policies and strategies. Other tools focus on assessing agroeco-
logical integration at the farm and household levels such as FAO’s Tool for Agroecology
Performance Evaluation (TAPE). A final set of tools are specifically designed to integrate
the measurement of agroecological practices with performance assessments such as the
Agroecology Framework developed by IFAD [113].

Darmaun et al. [114] pointed out that agroecological assessments should be devel-
oped considering the following five key requirements: (i) be adaptable to local conditions;
(ii) consider social interactions of the stakeholders involved; (iii) clarify the concept of
agroecology; (iv) consider the temporal dynamics to understand barriers and levers; and
(v) use a participatory bottom-up approach. Translating these requirements into practice,
assessment frameworks should use context-specific indicators and incorporate longitudinal
data to track temporal dynamics. Actively engaging local stakeholders throughout the
assessment process is essential to ensure relevance and inclusivity. Stakeholder mapping,
in this regard, is a useful approach to capture the complex social interactions, diversity, and
power dynamics, as well as the actors’ roles and position with regard to agroecological
transitions. Clear, collectively agreed upon definitions of agroecology are critical for ensur-
ing conceptual clarity and stakeholder alignment [114]. As Darmaun et al. [114] point out,
the main challenge lies in the tradeoff between a method’s comprehensiveness (including
the five key requirements) and its ease of use by end-users. The more comprehensive the
method, the greater the hurdles between technical, financial, and human resource needs, as
well as time requirements. This often necessitates a compromise between practicality and
comprehensiveness.

However, assessing the performance of agroecological practices—like the performance
of food systems—is methodologically challenging due to their dynamic nature, often
spanning multiple geographical and agricultural scales, diverse cropping systems, and
involving complex interrelated environmental, economic, and social dimensions [113-115].
In fact, most current agroecological assessment tools, such as ACT and TAPE, were designed
for particular spatial scales or production systems. Jones et al. [115] identified various
limitations of these tools, including the lack of adaptability to local conditions, reliance on
standardized indicators, and a risk that they may produce irrelevant results to stakeholders.
They often underrepresent key social dimensions and environmental factors. Additionally,
tools focused on characterizing practices frequently prioritize in-depth methods, limiting
the time available for performance data collection.

To address these shortcomings, Jones et al. [115] present the Holistic Localized Per-
formance Assessment (HOLPA) tool, designed to assess and compare the performance at
multiple dimensions (i.e., agronomic, environmental, economic, and social) across local and
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global scales during agroecological transition. Developed collaboratively with researchers
from eight LMICs, the tool addresses the following three key questions: (i) key performance
themes for agroecological multifunctionality; (ii) selecting and collecting locally and glob-
ally relevant indicators; and (iii) identifying a minimal set of farm-household indicators
for robust cross-country comparisons. HOLPA uses performance indicators to evaluate
and compare farms individually or through aggregated indices, allowing stakeholders
to prioritize investments and address underperforming areas [115,125]. The strength of
the HOLPA tool lies in its adaptability to local conditions, needs, and priorities and its
integration of community participation, ensuring inclusive and relevant assessments of
agroecological performance. However, the tool is rather new and requires further testing to
validate its reliability and applicability across different contexts.

6. Lessons from Assessment Frameworks in Agrifood Systems

After identifying gaps in the current approaches and dimensions for assessing CE and
offering key insights on assessment tools in agrifood systems, we outline three essential
lessons for evaluating CE interventions in the agrifood sector, as follows: (i) applying
system thinking; (ii) acknowledging scale and creating space for local adaptability; and
(iii) planning for implementation and stakeholder participation.

6.1. Applying System Thinking

The food systems framework is increasingly used to better address food and agricul-
ture challenges by recognizing them as complex issues that necessitate a systemic approach.
As such, multiple dimensions are considered, such as food security, nutrition, livelihoods,
and environmental sustainability, thereby evaluating the trade-offs and synergies associated
with different interventions [111]. Notably, understanding the interactions and dynamics
between food system elements is essential for decision makers to enhance the performance
of such systems [111]. It also emphasizes that, besides the multiple dimensions within a
food system, there are also interactions between these different dimensions—each with
their own impacts on circularity [111,112].

The HOLPA tool can be instrumental in creating impact assessments of CE interven-
tions by providing a comprehensive understanding of the interplay between agricultural
ecosystems, biodiversity, and socio-economic factors. As part of this agroecological assess-
ment approach, agroecological living landscapes were established, in which an assessment
of the agroecological context was conducted first (e.g., current state of agriculture, social
structure, business models, and policies). Only after this context analysis was a set of
performance metrics established to assess the agroecological approaches across the food
chain. These performance metrics were based on environmental, social, economic, and
political elements and agroecological principles [115]. These steps can also form the basis
for a more system-thinking-based CE intervention assessment.

Moving beyond agroecology to look more broadly at CE innovations in agrifood
systems, one can distinguish other approaches. Jurgilevich et al. [126] for example, em-
phasize the need to look at circularity in terms of food production, food consumption,
food surplus, and waste management. Although our literature review points towards a
focus on assessments of food production, effort should be made to produce more holistic
approaches [115,127,128]. Lu and Halog [128] emphasize the need, among other aspects, to
employ systems thinking—a call answered by Bos et al. [127]. The butterfly framework, as
presented by Bos et al. [127], specifically stipulates determining the flows between different
components in the socio-economic, technical, and ecological systems. In terms of circularity
of the food system, these connections are also identified as the material and nutrient flow
through the system [126]. The butterfly framework further invites the user to distinguish
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drivers, available instruments for decision makers, and consequences to societal goals, all
specific to the case at hand. Such an approach allows for informed decision making and the
prioritization of interventions that maximize positive impacts across multiple dimensions
and food system components.

6.2. Acknowledging Scale and Creating Space for Local Adaptability

Currently, much of the literature on CE interventions in agrifood systems focuses on
lab- or trial-based assessments. Suggested assessments can assume generalization, while
being based on work in HICs. The review by Wiget et al. [112] finds few frameworks that
are adaptable to a varying geographical scope (e.g., LMICs) and local conditions. While
pointing toward the need for scope delineation, they acknowledge that heterogeneity exists
among assessment frameworks, which limits comparability. The need for scope delineation
is hence generally recognized [127-129]. Even so, frameworks on the landscape or territo-
rial food system level are mostly lacking [113], though some efforts do exist (e.g., [107]). In
the HOLPA tool for agroecological assessments a context analysis is conducted before deter-
mining the performance metrics. This context analysis refers to the agrifood system context
(e.g., infrastructure, practices, and knowledge) and the differences in how assessments
are conducted [112,115]. To this end, there have been distinctive differences in assessment
possibilities [130] and the desired outcomes for circularity in HICs and LMICs.

Besides creating space for local adaptability in CE assessments, Wiget et al. [112] also
point out that scale is important when considering suitability. This means that we must not
only consider the farm or production level, but also the large-scale dynamics relevant for
policy analysis. In addition, one could also make a distinction between indicators that are
globally relevant and those that are of local importance [115]. Aligning CE interventions
with broader food system goals and policy objectives is essential for long-term sustainability
and scalability. Food system frameworks help to identify policy levers and regulatory
mechanisms that can support the implementation of circular economy interventions, such
as incentives for sustainable production practices, procurement policies that prioritize
circular products, and regulations to reduce food waste. This is especially important in
case assessments that are aimed at improving CE interventions, since producers’ decision
making is also dependent on the decisions made by other stakeholders [131].

6.3. Planning for Implementation and Stakeholder Participation

Besides important considerations on system approaches, scale, and adaptability, as-
sessment studies often mentioned the need for the involvement of relevant stakeholders
during the development of assessments [113-115,127]. In our literature review, we did
not encounter studies that involved stakeholders in assessment development. For action
perspective, however, stakeholders would benefit from understanding their role in the
larger system, and assessments are most helpful when adopted by stakeholders [127]. This
involvement is especially important when clarifying the goals and desired outcomes of CE
interventions (which are also needed to identify strategies and agents of change). Further-
more, to enable the continued adoption and implementation of assessments by farmers or
producing companies, assessments need to enjoy a certain level of ownership—facilitated
by being co-developed.

Stakeholders can be involved in developing assessments for CE interventions in agri-
food systems through a structured, participatory process that includes their identification,
engagement, and active collaboration. This involves organizing workshops, focus groups,
and advisory committees to gather diverse perspectives and co-design assessment frame-
works or identify assessment questions. Incorporating local knowledge and context-specific
indicators ensures relevance and practicality. Transparency is maintained through regular
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updates and feedback mechanisms, while pilot testing and iterative refinement enhance tool
effectiveness. Capacity-building initiatives, such as training workshops, empower stake-
holders to utilize the assessments, and collaborative implementation ensures coordinated
efforts. To this end, assessment frameworks can also help with adapting CE interventions
to different contexts and making them more effective.

6.4. Research Method Limitations and Future Directions

In a realist literature review, several biases can emerge, including subjectivity in
literature screening, where reviewers’ perspectives and preferences influence the selection
of studies, leading to potential bias in what is included or excluded. To mitigate this, we
employed two reviewers; however, incorporating additional reviewers and more detailed
inclusion/exclusion criteria can further address this challenge. Our experience indicates
that this process involves multiple review rounds to refine criteria and facilitate thorough
cross-checking. Regional bias can also occur, with an overrepresentation of studies from
certain areas, limiting the generalizability of the findings. Notably, we observed a paucity
of the literature on LMICs, resulting in most findings being derived from HIC contexts.
We have highlighted this bias as a key outcome of the literature review, underscoring the
need for more context-specific studies in LMICs to mitigate the potential risks associated
with this bias. Additionally, including gray literature may enable the coverage of more
diverse contexts.

Future research should focus on developing holistic assessment frameworks that
systematically include all four dimensions (technical, environmental, social, and economic)
to provide a balanced evaluation of CE interventions. Researchers should apply a systems-
thinking approach to capture the complex interactions between these dimensions, ensuring
a comprehensive view. Additionally, there is a need for context-specific performance metrics
adaptable to both global and local contexts (acknowledging the social, environmental,
economic, and technical dimensions in context), particularly for LMICs. Incorporating
stakeholder participation in the assessment process will enhance relevance, understanding,
and acceptance, supporting the improvement of CE interventions. Emphasizing real-world
contexts in assessments, beyond lab- or trial-based experiments, will better reflect practical
applicability and impact. By addressing these areas, future research can contribute to
more effective and comprehensive assessments of CE interventions in agrifood systems,
especially in LMICs.

7. Conclusions

Our review of peer-reviewed literature on CE interventions in agrifood systems reveals
a significant lack of standardized methodologies and metrics for assessing performance.
Many existing assessment frameworks are limited in scope, often focusing on a single
dimension. The majority of assessments concentrate on the technical dimension, with
key indicators related to process efficiency, production, and chemical analysis. A smaller
number of assessments address environmental aspects, such as greenhouse gas emissions
and carbon footprints, while social and economic aspects are often confined to feasibility
studies, including impacts on employment, income, and return on investment. This
empbhasis on technical assessments is likely due to the predominance of lab- or trial-based
experiments, which pay insufficient attention to real-world contexts. The limited emphasis
on social and economic dimensions is due to their long-term, systemic effects, which are
more difficult to measure. Developing social indicators may be challenging because of
issues like ensuring reliable data, addressing fluctuating contexts and policy goals, selecting
appropriate criteria, and managing differing opinions on their application. Furthermore,
most assessments are developed for HICs, limiting their applicability to LMICs.
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To address the deficiency in comprehensive assessment methods, future research
should aim to develop holistic frameworks that integrate technical, environmental, social,
and economic dimensions, ensuring a balanced evaluation of CE interventions. Employing
a systems-thinking approach will facilitate the understanding of complex interactions
among these dimensions. This can be implemented by mapping out the system, identifying
key components and their interrelationships using tools such as the food system framework,
the butterfly framework, or the agroecological framework. The utilization of contemporary
technologies, including artificial intelligence and big data analytics, may also support this.
Additionally, it is crucial to establish performance metrics that are context-specific and
adaptable to both global and local settings, particularly for LMICs. This means that the
initial framework has been designed to draw from and incorporate flexibility for adaptation
to local contexts. Developing local indicators requires collaboration with local stakeholders
to identify relevant metrics that reflect the unique social, environmental, economic, and
technical conditions of the area. Engaging stakeholders in the assessment process will
enhance the relevance and acceptance of the evaluations. This can be implemented by
involving stakeholders in the design, data collection, and evaluation phases through regular
meetings, workshops, focus groups, and advisory panels that include representatives
from various sectors, such as government, industry, academia, and the community. By
integrating these elements, future research can develop more comprehensive and effective
frameworks for evaluating CE interventions in agrifood systems.
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