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Abstract

This thesis investigates the hidden socio-ecological costs associated with plant-based alternatives,
with a particular focus on avocados produced in Michoacan, Mexico. This study employs a
convergent mixed-methods design using three distinct components: Lifecycle Analysis (LCA),
Emergy Analysis (EmA) and Political Ecology (PE). The LCA revealed a carbon footprint of 5.96
kg COze per 1kg avocado, placing avocado production on par with other high-impact animal food
sources, such as poultry. The EmA results revealed an Emergy Yield Ratio (EYR) of 1.007, an
Environmental Loading Ratio (ELR) of 153.14, and an Emergy Sustainability Index (ESI) of
0.0066. This is indicative of an unsustainable system. The Political Ecology (PE) analysis revealed
a weak state apparatus, an ever-increasing infiltration of criminal actors resulting in land
dispossession, para-autonomous governance structures and fragmented resistance movements.
Together, these findings question the dominant sustainability narratives and underscores the need
for more multidimensional frameworks to better evaluate sustainability. In response, this study
introduces the Integrated Socio Ecological Lifecycle Assessment (ISELA) framework as a novel
approach for sustainability assessments. The ISELA framework integrates LCA, EmA and PE,
treating each component as equally significant in understanding the full range of socio-ecological
impacts. The framework offers an alternative to techno-centric models, emphasizing the
interdependence of environmental burdens, resource efficiency and power dynamics in food-

systems.



Popular Science Summary

Avocados, when compared to other high-impact foods like beef, tend to be viewed in a more
positive light. Seen as symbols of ethical and sustainable consumption, and celebrated for their
health benefits, avocados have become household staples. Yet, how sustainable are they really?
This thesis sets out to explore this assumption and uncover what may lie beneath its creamy green
surface. Traditional assessments tend to rely on environmental metrics such as greenhouse gas,
land and water use, and resource efficiency. However, sustainability is complex and intertwined.
Relying on biophysical markers alone risks overlooking other relevant aspects, particularly those
related to justice, human rights and power. To address this limitation, this thesis proposes a new
framework which combines environmental metrics with social analysis. By using three equally
weighed assessment tools, the research investigates the ecological impact and social conditions

avocado production places on their surrounding environment and ecosystems.

The state of Michoacan, Mexico was chosen as it’s the largest producer of avocados. The results
were surprising. Using a Lifecycle Assessment (LCA), it found that avocado production has a
similar carbon footprint to other high-impact foods. Producing 1 kilogram of avocados results in
6 kilograms of carbon dioxide emissions. A surprisingly high value, comparable to that of poultry
production. Additionally, Emergy Analysis (EmA) revealed that it relies on external support
through non-renewable and purchased inputs such as fertilizers, fossil fuels and groundwater,
making it less sustainable than previously assumed. The research also included a Political Ecology
(PE) analysis, investigating the social impact associated with avocado production and found

systemic cases of human rights abuses, forced displacement and elite control.

Together, the findings challenge the dominant sustainability narrative and underscore the need for
a more honest and transparent assessment of sustainability. The study calls on both policymakers
and consumers to look beyond surface-level metrics and to work towards building a more equitable

and ethical food-system.
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1. INTRODUCTION

This chapter will introduce the purpose, theoretical perspective and justification, as well as

outlining the research aim, research question and relevance to the field.

1.1 BACKGROUND

Global food production continues to place immense pressure on the planet, occupying around 40
percent of global land and 70 percent of freshwater use.! In response, plant-based alternatives
(PBAs) have emerged as sustainable substitutes to traditional animal-based diets (ABDs). Driven
by the urgent need to address the increased greenhouse gas emissions (GHGe), and the excessive
use of land and water, policy makers and consumers alike have increasingly embraced
sustainability narratives aligned with plant-based alternatives, positioning them as the

environmentally ethical choice.

These narratives harbor a fallacy of oversimplification, broadly exploring the hidden costs
associated with socio-economic and ecological trade-offs. Additionally, these narratives assume
linear causality and homogeneity in consumer behavior and agricultural availability. Singular and
dual-dimensional environmental assessments including Life Cycle Assessment (LCA) and
Emergy Analysis (EmA) emphasize GHGe reductions and resource efficiencies of PBAs, but fail
to take into account the wicked entanglements within these systems such as power asymmetries,
labor violations and environmental degradation. Moreover, these assessments tend to neglect the
full life cycle of production, excluding upstream drivers like energy use and infrastructure as well
as downstream processes like transport, storage and waste, thereby presenting an incomplete

narrative.

A narrative void of struggle and blind to the costs owed.

! Walter Willett et al., "Food in the Anthropocene: the EAT-Lancet Commission on healthy diets from sustainable
food systems", The Lancet 393:10170 (2019), p. 449, doi:10.1016/S0140-6736(18)31788-4.



1.2 RESEARCH PROBLEM

PBAs can significantly reduce the impact food-systems have on the environment when compared
to animal protein production, as they tend to use fewer natural resources.? Yet their sustainability
is multidimensional and context dependent, not singular. PBAs are typically produced within
industrial agribusinesses that tend to prioritize export, scalability and profit. Large agribusinesses,
comprising of 1 percent of global farms, control more than 70 percent of agricultural land.® This
agricultural consolidation not only exacerbates destructive land and water practices, but it also
marginalizes small businesses that comprise around 80 percent of global farms, yet control just 12
percent of land.* Superfoods with high nutritional value such as avocados, a common staple found
in PBAs, exert pressure on the environment and surrounding ecosystems. This pressure can be
equally as disastrous as that associated with meat production. Their increasing popularity, despite

their impact, merits further research.

Notable tools such as LCA are often criticized for their narrow system boundaries and failure to
measure socio-ecological factors, these studies tend to focus on environmental metrics despite
recognizing the importance of logistical chains.> Similarly, EmA provides an input-based
evaluation of resource efficiency, tracing energy and material flows required for production,®
making them insufficient tools to examine the socio-economic entanglements. Political Ecology
(PE) considers power relations within social-ecological systems yet is often criticized for its lack

of methodological consistency and for overlooking ecological dynamics.”

2 Ziane Da Concei¢do Das Mercés, Natalia Maldaner Salvadori, Sabrina Melo Evangelista, Tatiana Barbieri

Cochlar, Virgilio José Strasburg, Vanuska Lima Da Silva & Viviani Ruffo De Oliveira, "Effectiveness, Challenges,
and Environmental Impacts of New Food Strategies with Plant and Animal Protein Products", Foods 13:20

(2024), p. 9, do0i:10.3390/foods13203217.

3 Carbon Brief Staff, UN land report: Five key takeaways for climate change, food systems and nature loss, 2022,
https://www.carbonbrief.org/un-land-report-five-key-takeaways-for-climate-change-food-systems-and-nature-loss/.

4 Staff, UN land report.

5 Sheldon A. Blaauw, André Broekman, James W. Maina, Wynand J. V. D. M. Steyn & William A. Haddad, "Life
Cycle Assessment of an Avocado: Grown in South Africa—Enjoyed in Europe", Environmental Management 74:5
(2024), p. 1002, doi:10.1007/s00267-024-02009-w.

® Mohammad Reza Asgharipour, Zahra Amiri & Daniel E. Campbell, "Evaluation of the sustainability of four
greenhouse vegetable production ecosystems based on an analysis of emergy and social characteristics™, Ecological
Modelling 424 (2020), doi:10.1016/j.ecolmodel.2020.109021.

7 Tor A. Benjaminsen & Hanne Svarstad, "Political Ecology", in Encyclopedia of Ecology (Elsevier,
2019), p. 394, doi:10.1016/B978-0-12-409548-9.10608-6.



1.3 RESEARCH AIM

To address these limitations, this thesis will leverage existing LCA, EmA and PE methodologies
within a convergent mixed-methods design, moving beyond the limitations of contemporary
singular and dual-dimensional assessments. This approach, developed by the author, is referred to
as the Integrated Socio-Ecological Lifecycle Assessment (ISELA). By employing a
multidimensional framework that assigns equal weight to the three components, this integrative
approach enables a balanced assessment of the socio-ecological factors, aligning with Creswell’s
recommendations for mixed-methods research.® Equal weighing to these components is crucial as
sustainability is multifaceted and mutually reinforcing. Accordingly, this thesis is structured

around three objectives:

I.  Quantitative: LCA and EmA — assessing the environmental and resource impacts.
II.  Qualitative: Political Ecology — assessing the socio-political dynamics.

III.  Mixed-methods: Joint-display — integration of findings.

This leads to the main research question:

What are the hidden socio-ecological costs embedded in plant-based alternatives such as Mexican

avocados, often promoted in place of traditional animal-based diets?

8 John W Creswell, 4 Concise Introduction to Mixed Methods Research, 2nd ed. (Thousand Oaks, Calif: SAGE
Publications, Inc, 2022), pp. 40—41.



1.4 CASE SELECTION

Avocado production is highly concentrated to a few water-scarce regions, mainly found in Latin
America, and is set to become the second most traded tropical fruit by 2030.° Mexican avocado
production will serve as the primary case study, with a particular focus on the state of Michoacan.
Notably, there is little to no information available, particularly on a per-avocado basis, that
measures total energy input requirements and environmental impact.!® It is important to clarify
that this thesis will focus on large agribusiness operations, not small-scale farmers. This will better
reflect global trade dynamics and power imbalances, offering a more representative lens for

assessing sustainability challenges.

Around 80 percent of Mexico’s avocado production comes from the state of Michoacan, which
has not only led to vast ecological pressures like deforestation, carbon sequestration, and increased
water-scarcity,!! but also to the emergence of escalating criminal activity and human rights
abuses.!? This example underlines two limitations. First, how an ostensibly ‘green’ food source
veils the social and ecological complexities and underscores the need for multidimensional
analytical models. Second, it reduces agricultural systems to techno-centric benchmarks. While
helpful in advocating for a sustainable future, these benchmarks are void of socio-ecological

nuances needed to complete the narrative.

9 Marlene Ohlau, Sophie Christine Huning & Achim Spiller, "Sustainable choices of plant-based (‘super’) foods:
examining the consumption patterns of German consumers on avocados", Frontiers in Nutrition 10

(2023), p. 3, doi:10.3389/fnut.2023.1187626.

10 Blaauw, Broekman, Maina, Steyn & Haddad 2024, p. 990.

1 Audrey Denvir, Eugenio Y. Arima, Antonio Gonzalez-Rodriguez & Kenneth R. Young, "Ecological and human
dimensions of avocado expansion in México: Towards supply-chain sustainability”, Ambio 51:1
(2022a), p. 157, doi:10.1007/s13280-021-01538-6.

12 Paul Frissard Martinez & Grandmaison, Romain Le Cour, Violent And Vibrant: Mexico’s Avocado Boom And
Organized Crime (Geneva, Switzerland: Global Initiative Against Transnational Organized Crime, 2024).



2. LITERATURE REVIEW

Thematically organized, this review will examine the strengths and weaknesses of current LCA,

EmA and Political Ecology sustainability assessments, highlighting the research gap.

2.1 PREVIOUS METHODOLOGICAL APPROACHES

2.1.1 LIFECYCLE ASSESSMENTS

LCA was conceived in the 1960s and can be defined as a technique for assessing the potential
environmental impacts and resources associated with a product.!*> Grounded in the International
Organization of Standardization (ISO) 14040/44 standards, it’s a cradle-to-grave methodological
framework used to evaluate a products’ entire lifecycle, from raw material acquisition to final

disposal. '#

In food-systems, six stages can be identified; farm inputs, agricultural stage,
production, distribution, use, and waste management.'> It’s strength lies in the ability to cover a
broad range of environmental issues quantitatively, allowing the researcher to identify and prevent
the burden shifting between each lifecycle stage.'® Tools such as Ecoinvent, a lifecycle inventory
database, enables researchers to assess the environmental impact of food-systems across their

lifecycle.!’

Yet, its comprehensive nature is also a limitation as it requires generalizations in the modelling,
preventing it from calculating actual environmental impacts.'® LCA’s system boundaries are often
criticized for excluding the socio-economic dimensions, underscoring the wicked problem in
assessing sustainability, wherein the focus on quantifiable data neglects complex socio-economic

variables that are harder to measure.!”

13 Michael Z. Hauschild, Ralph K. Rosenbaum & Stig Irving Olsen (eds.), Life Cycle Assessment: Theory and Practice
(Cham: Springer International Publishing, 2018), pp. 1718, doi:10.1007/978-3-319-56475-3.

4 Mary Ann Curran (ed.), Life cycle assessment handbook: a guide for environmentally sustainable products
(Hoboken, N.J: Wiley/Scrivener, 2012), p. 187.

15 Hauschild, Rosenbaum & Olsen (eds.) 2018, p. 725.

16 Hauschild, Rosenbaum & Olsen (eds.) 2018, p. 9 - 12.

17 Hauschild, Rosenbaum & Olsen (eds.) 2018, p. 147.

1% Hauschild, Rosenbaum & Olsen (eds.) 2018, p. 12.

19 John Reap, Felipe Roman, Scott Duncan & Bert Bras, "A survey of unresolved problems in life cycle assessment:
Part 1: goal and scope and inventory analysis", The International Journal of Life Cycle Assessment 13:4
(2008), p. 292, doi:10.1007/s11367-008-0008-x.



2.1.2 EMERGY ANALYSIS

Emergy is an environmental accounting method that quantifies the total amount of energy used to
produce goods and services by converting all inputs required to into a single measure of solar
energy joules called (sej).?° Developed by Howard T. Odum., the methodology consists of four
main stages; developing the system boundaries, setting up an emergy table, calculating emergy
indices, and interpreting the results.?! The Emergy approach is suited for evaluating systems at the
intersection of natural and human spheres.?? A key strength is in its ability to assess both the input
and output processes, such as production and provide a holistic understanding of resource
dependencies and emergy flows.?* This is done through its emergy indices. The Emergy Yield
Ratio (EYR) measures a systems efficiency in transforming environmental inputs into economic
outputs.?* The Environmental Loading Ratio (ELR) measures the environmental impact of a
system by comparing the ratio of non-renewable inputs against renewable.?> The Emergy
Sustainability Index (ESI) is the ratio of EYR to the ELR, it relates the yield to emergy intensity

of the activity.?

A key limitation to EmA is in the environmental effect system, which limits its ability to analyze
environmental impacts caused by resource consumption or pollutant emissions.?” Moreover, EmA
has been criticized for its lack of conceptual clarity and difficulties in standardization as each

location introduces unique variables.?®

20 Howard T Odum, Environmental Accounting: EMERGY and Environmental Decision Making, 1st ed. (New York:
John Wiley & Sons, Inc., 1996).

2L Odum 1996, pp. 73-87.

22 Qingsong Wang, Zhi Ma, Qiao Ma, Minggiang Liu, Xueliang Yuan, Ruimin Mu, Jian Zuo, Jian Zhang & Shuguang
Wang, "Comprehensive evaluation and optimization of agricultural system: An emergy approach", Ecological
Indicators 107 (2019), p. 4, doi:10.1016/j.ecolind.2019.105650.

2 Odum 1996, pp. 73-76.

24 Odum 1996, p. 71.

25 S. Ulgiati, H.T. Odum & S. Bastianoni, "Emergy use, environmental loading and sustainability an emergy analysis
of Italy", Ecological Modelling 73:3—4 (1994), p. 230, doi:10.1016/0304-3800(94)90064-7.

26 M.T Brown & S Ulgiati, "Emergy-based indices and ratios to evaluate sustainability: monitoring economies and
technology toward environmentally sound innovation", Ecological Engineering 9:1-2
(1997), p. 63, doi:10.1016/30925-8574(97)00033-5.

27 Qingsong Wang, Hongkun Xiao, Qiao Ma, Xueliang Yuan, Jian Zuo, Jian Zhang, Shuguang Wang & Mansen
Wang, "Review of Emergy Analysis and Life Cycle Assessment: Coupling Development Perspective", Sustainability
12:1 (2020), p. 3, d0i:10.3390/sul2010367.

28 Wang, Xiao, Ma, Yuan, Zuo, Zhang, Wang & Wang 2020, p. 3.



2.1.3 POLITICAL ECOLOGY

Political Ecology is a community of practice within socio-environmental studies emerging in the
1970s.%° 1t is a field of critical research that examines power dynamics within human-environment
interactions, offering a valuable lens into sustainability assessments.?? Rather than focusing on
symptoms of problem, PE is directed at finding causes.?! PE takes on a dual approach, acting as a
critique to dominant approaches (hatchet), and as a framework for fostering alternative strategies
(seed).*? The strengths of PE lie in its ability to denaturalize certain social and environmental
conditions, exposing the structural inequalities that lay beneath, and for understanding the
historical role of environmental science in the subjugation of natural resources and marginalized

groups.’?

Yet, some have critiqued PE for being too niche to policymakers as it lacks positive solution-
orientated models.>* Additionally, PE researchers tend to alienate themselves due to the nature of
the field, that often challenges dominant narratives.® In food-systems research, PE is often

overlooked, in favor of more data-driven methods, as its limited empirical focus is seen as a

drawback.3¢

29 Benjaminsen & Svarstad 2019, p. 391.

30 Paul Robbins, Political Ecology: A Critical Introduction, 2nd ed. (John Wiley & Sons Ltd, 2012), p. 13.

31 Robbins 2012, p. 20.

32 Robbins 2012, p. 99.

3 Robbins 2012, pp. 71, 99.

34 Thomas Albert Perreault, Gavin Bridge & James McCarthy, The Routledge handbook of political ecology (London
New York, NY: Routledge, 2015), p. 98.

35 Perreault, Bridge & McCarthy 2015, p. 191.

36 Ana Moragues-Faus & Terry Marsden, "The political ecology of food: Carving ‘spaces of possibility’ in a new
research agenda", Journal of Rural Studies 55 (2017), p. 279, doi:10.1016/j.jrurstud.2017.08.016.



2.2  PREVIOUS RESEARCH

Unveiling sustainability issues across food-systems is a complicated task, involving several
entangled dilemmas. Unidimensional approaches are inadequate for assessing the smorgasbord of
socio-economic, environmental and political challenges that shape food-systems. Not only are they
difficult to accurately measure, but they can also create complex feedback loops that obscures the
relationship between agroecosystems and the environment. >’ Common interpretations of
sustainability comprise of four dimensions; measures of welfare, inter-generational equity, intra-
generational equity, and interspecies equity.’® These dimensions offer a broad lens through which

sustainability can be assessed.

Contemporary sustainability assessments tend to focus on quantifiable variables, such as GHGe,
water usage and land impact. These assessments favor LCA frameworks, often in isolation,
overlooking the socio-economic dynamics associated with agribusiness operations.*® Scholars
such as Burkhart et al., Sherwani et al., and Chua et al., have argued that certain researchers
produce environmental assessments without clearly indicating that they focus solely on techno-
centric benchmarks.*’ In other cases, researchers merely acknowledge this limitation or, worse,

show ambiguity as to whether they are cognizant of the broader environmental implications.*’

This selective focus risks burden-shifting, providing policymakers and consumers with an

incomplete narrative.

37 Mohammed Ibrahim, Bahadur K¢ Krishna & Evan D.G. Fraser, "Bridging the gap in sustainability measurement
and reporting for agroecosystems: Overview and development of an adaptive sustainability assessment and monitoring
framework", Ecological Indicators 170 (2025), p. 2, doi:10.1016/j.ecolind.2025.113091.

38 Hauschild, Rosenbaum & Olsen (eds.) 2018, p. 45.

3 Derrick K. Allotey, Ebenezer M. Kwofie, Peter Adewale, Edmond Lam & Michael Ngadi, "Life cycle sustainability
assessment outlook of plant-based protein processing and product formulations", Sustainable Production and
Consumption 36 (2023), p. 110, doi:10.1016/j.spc.2022.12.021.

40 John J. Burkhardt, Garvin Heath & Elliot Cohen, "Life Cycle Greenhouse Gas Emissions of Trough and Tower
Concentrating Solar Power Electricity Generation: Systematic Review and Harmonization", Journal of Industrial
Ecology 16:s1 (2012), doi:10.1111/j.1530-9290.2012.00474.x; A.F. Sherwani, J.A. Usmani, & Varun, "Life cycle
assessment of solar PV based electricity generation systems: A review", Renewable and Sustainable Energy Reviews
14:1 (2010), doi:10.1016/j.rser.2009.08.003; K.J. Chua, W.M. Yang, S.S. Er & C.A. Ho, "Sustainable energy systems
for a remote island community", Applied Energy 113 (2014), doi:10.1016/j.apenergy.2013.09.030.

43 Hauschild, Rosenbaum & Olsen (eds.) 2018, p. 641.



Bunge et al., investigate the sustainability benefits of transitioning to PBAs.** While their research
successfully quantifies environmental data, it exemplifies the limitations mentioned above. The
authors fail to acknowledge how dietary transitions impacts local food-systems or socio-economic
inequalities like labor exploitation and land grabbing. Additionally, the authors overlook the
broader repercussions for local stakeholders and regulatory frameworks. Should Sweden adopt a
more PBA rich diet, this would not only impact domestic agricultural economies, but also increase
dependence on imports of certain PBAs from the Global South. This phenomenon, referred to as

telecoupling, externalizes environmental and socio-economic burdens onto exporting countries.

Similarly, Costa et al., conduct a consequential LCA study on replacing animal-based foodstuffs
with a PBA alternative, emphasizing GHGe and land use consequences.* Their research overlooks
key environmental consequences, such as soil degradation and deforestation often associated with
large agribusiness operations. Additionally, their study omits labor conditions and the socio-
economic impact in source countries. Furthermore, the authors fail to adequately address the
feasibility of scaling plant-based production. The authors decision to exclude critical downstream
processes, such as packaging, transportation refrigeration and distribution, based on the
assumption of negligible differences, is fundamentally flawed.*® Exemplifying the notion of
‘moral selving,” the study affords consumers in the Global North with a sense of righteousness

while obscuring the broader systemic issues that burden the Global South.*’

The paper by Liao et al., have similar limitations. The authors specify that their aim was to estimate
the direct environmental impact of school meals, using an LCA approach, yet they fail to address

the socio-economic factors that can influence their assessment.*®

4 Anne Charlotte Bunge, Rachel Mazac, Michael Clark, Amanda Wood & Line Gordon, "Sustainability benefits of
transitioning from current diets to plant-based alternatives or whole-food diets in Sweden", Nature Communications
15:1 (2024), doi:10.1038/s41467-024-45328-6.

45 Marcela Porto Costa et al., "Environmental and land use consequences of replacing milk and beef with plant-based
alternatives", Journal of Cleaner Production 424 (2023), doi:10.1016/j.jclepro.2023.138826.

46 Porto Costa et al. 2023, p. 5.

47 Amy Trauger, "The vegan industrial complex: the political ecology of not eating animals", Journal of Political
Ecology 29:1 (2022), p. 644, doi:10.2458/jpe.3052.

48 Xun Liao, Monique J. W. Gerichhausen, Xavier Bengoa, Giles Rigarlsford, Ralph H. Beverloo, Yvonne Bruggeman
& Vincent Rossi, "Large-scale regionalised LCA shows that plant-based fat spreads have a lower climate, land
occupation and water scarcity impact than dairy butter", The International Journal of Life Cycle Assessment 25:6
(2020), doi:10.1007/s11367-019-01703-w.



This critique is part of a broader consensus among researchers, like Notarnicola et al., Fan et al.,

and Gasparatos et al.,*

who argue that many LCA studies on agricultural production lack adequate
socio-economic dimensions in their assessment, calling for more integrated methods. Several
studies have tried to address these gaps. Chen et al., conduct an integrated LCA, EmA and
Economic Analysis study on rice-based rotation systems.>* Despite their multi-method approach,
their study excludes socio-economic factors, instead, focusing on economic and environmental

indicators. Additionally, the frameworks are fragmented, not composite, which may offer an

incomplete narrative.

Ghisellini et al., propose an interesting EmA framework that integrates Circular Economy with
Farm to Fork frameworks to assess food-systems.®* The study, like Chen et al., adopts a
fragmented framework. Moreover, whereas the Farm to Fork approach places emphasis on the
socio-economic and environmental factors, the study overlooks factors like power structures and

community impact.

Asgharipour et al., assess the sustainability of greenhouse vegetable production combining an
EmA and Analytical Hierarchy Process (AHP) technique.>® Their integration of socio-economic
factors is a step in the right direction, yet falls short in operationalizing qualitative and quantitative
data. Moreover, AHP subjective, relying on the participants’ judgement which could undermine

the analytical framework.

4 Jianling Fan, Cuiying Liu, Jianan Xie, Lu Han, Chuanhong Zhang, Dengwei Guo, Junzhao Niu, Hao Jin & Brian
G. McConkey, "Life Cycle Assessment on Agricultural Production: A Mini Review on Methodology, Application,
and Challenges", Infernational Journal of Environmental Research and Public Health 19:16
(2022), doi:10.3390/ijerph19169817; Allotey, Kwofie, Adewale, Lam & Ngadi 2023; A. Gasparatos & A. Scolobig,
"Choosing the most appropriate sustainability assessment tool", Ecological — Economics 80
(2012), doi:10.1016/j.ecolecon.2012.05.005; Bruno Notarnicola, Serenella Sala, Assumpcié Anton, Sarah J.
McLaren, Erwan Saouter & Ulf Sonesson, "The role of life cycle assessment in supporting sustainable agri-food
systems: A review of the challenges", Journal of Cleaner Production 140 (2017), doi:10.1016/].jclepro.2016.06.071.
33 Youtao Chen, Chunhui Liu, Ji Chen, Naijuan Hu & Liqun Zhu, "Evaluation on environmental consequences and
sustainability of three rice-based rotation systems in Quanjiao, China by an integrated analysis of life cycle, emergy
and economic assessment", Journal of Cleaner Production 310 (2021), doi:10.1016/j.jclepro.2021.127493.

54 Patrizia Ghisellini, Amos Ncube, Gloria Rotolo, Chiara Vassillo, Serena Kaiser, Renato Passaro & Sergio Ulgiati,
"Evaluating Environmental and Energy Performance Indicators of Food Systems, within Circular Economy and “Farm
to Fork” Frameworks", Energies 16:4 (2023), d0i:10.3390/en16041671.

55 Asgharipour, Amiri & Campbell 2020.
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While integrated frameworks offer a more rounded view of socio-economic and environmental
linkages, Trauger makes a compelling case for reduction approaches to consumption. Through a
Political Ecology approach, Trauger argues that it is the manner in which we consume food, rather
than what we eat that consumers must pay attention to.’® Trauger applies a genealogical approach
to illustrate how certain PBAs like soybeans and palm oil are produced under exploitative
conditions.’” The author argues that all food production, including vegan and vegetarian diets,
perpetuates socio-ecological harm, often disguised under the guise of ‘organic,” ‘fairtrade,” or
‘vegan,’ certifications.’® A notable limitation to the study is the lack of methodological clarity, as
Trauger does not distinguish from small or large scale operations, resulting in a generalized

critique of PBAs.

Examining previous research underscores how dominant sustainability narratives overlook the
system-wide narrative in favor of techno-centric benchmarks. Mexico, like other Latin American
countries farming avocados, have documented similar experiences; destruction of native forests,
water and land degradation as well as inequitable economic gains for locals.>® Lack of consumer
awareness regarding avocado production, particularly country of origin, logistics and labor

practices is a contributing factor to this research gap.®°

The examples above highlight the fallacy of oversimplification mentioned earlier.

36 Trauger 2022.

57 Trauger 2022, p. 649.

38 Trauger 2022, p. 642.

39 Audrey Denvir, Eugenio Y. Arima, Antonio Gonzéalez-Rodriguez & Kenneth R. Young, "Ecological and human dimensions of
avocado expansion in México: Towards supply-chain sustainability", Ambio 51:1 (2022b), doi:10.1007/s13280-021-01538-6.

60 Ohlau, Huning & Spiller 2023, p. 8.
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3. THEORETICAL AND METHODOLOGICAL FRAMEWORK

This chapter will present the theoretical and methodological framework that guides this thesis.
The theoretical framework adopts three theoretical components. Each component will present the
theory, means of measuring the concept (operationalization), the time-period (scope) and methods

of data collection. The methodological framework is elaborated in sections 3.1 and 3.5.

3.1 RESEARCH DESIGN

A research design is a broad structure that guides the collection and analysis of data.®! A mixed-
methods design is a method of research that incorporates both quantitative data with qualitative to
provide a comprehensive analysis. This thesis adopts a convergent mixed-methods approach, as it
aligns with the overall aim of this thesis; to assess sustainability within a multidimensional

framework that assigns equal weight to each dimension.

The intent of a convergent design is to compare the results of the quantitative and qualitative data,
as both forms of data provide unique insights and contributes to seeing the problem from multiple
angles.®? Unlike explanatory or exploratory sequential mixed-methods design, a convergent design
allows the researcher to collect, analyze and merge both quantitative and qualitative data
concurrently.* Moreover, this approach allows direct comparison of socio-ecological data without
prioritization. These data will then be merged. Merging the data can either be done through
interpretation or through data transformation whereby qualitative data is transformed into numeric

data.®* From this, the researcher draws metainferences from what was learned.®

61 Alan Bryman & Edward Bell, Social research methods, Fifth Canadian edition (Don Mills, Ontario, Canada: Oxford
University Press, 2019), p. 28.

62 Creswell 2022, p. 52.

63 Creswell 2022, p. 7.

6 Creswell 2022, p. 52.

65 Creswell 2022, p. 53.
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3.2 INDUSTRIAL EcOLOGY (IE) - LCA

IE can be defined as a means by which humanity can deliberately approach and maintain
sustainability given continued economic, cultural, and technological evolution. ¢ IE views
industrial systems in concert with natural systems, taking a whole-of-system approach involving
many disciplines.®” IE researchers have several tools at their disposal, including LCA. TE’s whole-
of-system approach aligns with the LCA dimension, as it allows the researcher to quantify inputs
and outputs across the production-consumption chain.’® LCA data points like GHGe, land use and

water use will be used to assess the resource inputs and water outputs of agricultural systems.

3.2.1 OPERATIONALIZATION

The Global Warming Potential (GWP) is a term used to describe relative potency of greenhouse
gases (fluorinated and non-fluorinated), estimating how long they remain active in the
atmosphere.® The seven gases that constitute GHGe are: Carbon dioxide CO2, methane CHa,
nitrous oxide N:O, hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), Sulphur hexafluoride
(SF¢) and natrium trifluoride (NF3). Additionally, the aggregate for CO: equivalents will be

estimated. The following indicators will be collected to measure the combined GHGe.

EMISSION TYPE INDICATOR

Production cycle emissions Including fertilizers, pesticides, fuel and
electric energy consumption.

Transport cycle emissions Transport by land and sea, including cold-
chain storage.

Processing cycle emissions Packaging, washing fungicide application and

transport to local markets.

Table 1 Emission type and indicators used for LCA

% Graedel, T. E. & Allenby, Braden R., Industrial Ecology (Englewood Cliffs: Prentice Hall, 1995).

7 Roland Clift & Angela Druckman (eds.), Taking Stock of Industrial Ecology (Cham: Springer International
Publishing, 2016), p. xi, doi:10.1007/978-3-319-20571-7.

88 Clift & Druckman (eds.) 2016, p. 213.

% Burostat: Statistics Explained ‘Global-Warming Potential (GWP)’ . Accessed 05/2025
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3.2.2 DATA SCOPE AND COLLECTION

LCA will quantify the environmental impact associated with large agribusiness operations,
specifically focusing on above indicators. The scope will be a period of 10 years from 2015 —2025.
The mean value will be taken across these years to provide a representative estimate. Data will be
collected from the Food and Agricultural Organization of the United Nations Statistical database

(FAOSTAT) and Statista.

3.3  SYSTEMS ECcOLOGY (SE) — EMA

An ecosystem is a synergistic cooperative unit of the organisms that reside within it.”° For an
ecosystem to sustainably grow, it must have access to essential elements, like phosphorus or
carbon, if a certain element is used up it cannot be created inside the ecosystem but must be added
from the environment.”! Yet, what happens when the environment itself is depleted? SE focuses
on properties of ecosystems and aims to understand and predict how ecosystems would react to
specific influences, like climate change or pollution.”? EmA is rooted in Systems Ecology and
Ecological Economics.” Building on the three principles of thermodynamics, EmA quantifies
these influences, based on the belief that all energy forms exist within an energy hierarchy that can
be converted into a common unit of measurement, seJ.”* As highlighted in the previous chapter,
H.T. Odum calls for the development of a diagram that maps all relevant flows, components, and
sources.”® This is otherwise referred to as a system boundary and aims at capturing both natural

and human resources.’”®

Building on H. T. Odum, three measurements, each reflecting an aspect of system sustainability

will be used in this thesis.

70 Sven E Jorgensen, Introduction to Systems Ecology, 1st ed. (Boca Raton, FL: CRC Press, 2012), p. 4.

" Jorgensen 2012, p. 18.

2 Jorgensen 2012, p. 1.

3 Yichao Wang & Guishen Zhao, "A joint use of life cycle assessment and emergy analysis for sustainability
evaluation of an intensive agro-system in China", Environment, Development and Sustainability 24:10
(2022), p. 12020, doi:10.1007/s10668-021-01929-5.

7 Odum 1996, pp. 8-10,18.

5 Odum 1996, pp. 76-77.

76 Wang & Zhao 2022, p. 12023.
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3.3.1 OPERATIONALIZATION

Total Emergy Output
Purchased (non — renewable) Emergy Inputs

EYR (system efficiency) =

Non — renewable Inputs + Purchased Inputs
Renewable Inputs

ELR (system impact) =

EYR

ESI (system sustainability) = ZIR

3.3.2 DATA SCOPE AND COLLECTION

Data will be primarily collected from FAOSTAT and Statista. Supplemental data will be estimated
using available reports and previous research when applicable. The scope will be a period of 10
years from 2015 — 2025. The mean value will be taken across these years to provide a

representative estimate. The system boundary indicators selected for this section are listed below.

CATEGORY INDICATOR
F (Purchased) Fertilizers (N, P20s, K20), Fuel, Electricity, Transport, Packaging
N (Non-renewable) Groundwater
R (Renewable) Rainwater, Solar Radiation
Land use hectares
Water use m?/ ton

Table 2 System boundary indicators used for EmA
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3.4  CRITICAL SOCIAL THEORY (CST)—PE

PE can trace its roots back to the Frankfurt school and is said to be a critical approach, emphasizing
power structures. PE is said to an eclectic approach taking inspiration from the works of Karl
Marx, Michel Foucault and James Scott.”” As mentioned in the previous chapter, power is studied
as contestations over material assets, like land and natural resources.”® Building on the works of
Marx and Harvey, “accumulation by dispossession,” will serve as one data point and can be
defined as taking land and disposing the local population for the purposes of agricultural
operations.” Fletcher, building on the works of Foucault applies the data point “governmentality,”
which assesses how environmental governance is implemented and maintained through power by
state and non-state actors.®® Additionally, it examines how narratives of poverty alleviation,
sustainability and protection are used to legitimize their actions. This can reveal underlying power
dynamics that shape norms and enforces compliance. Scott, in his work on peasant studies,
introduces the data point “everyday resistance,” which conceptualizes covert acts and dissent used
by marginalized groups as a resistance strategy.®! This will assess how marginalized groups

express resistance through both overt and covert forms.

3.4.1 OPERATIONALIZATION

To operationalize these data points, a content analysis will be employed and scored into a matrix.
A content analysis is an approach that examines various forms of communication to see what they
reveal about society, culture or relationships.®? Content is quantified based on predetermined
categories in a systematic and replicable manner.®® The aim is to identify the socio-political
dynamics associated with large agribusiness operations. The theoretical dimension and their
respective indicators are presented below. The data will be evaluated against the indicator criteria

and scored as: 0 (Low), 0.5 (Medium), and 1 (High), resulting in a score out from 1 - 5.

77 Benjaminsen & Svarstad 2019, p. 392.

8 Benjaminsen & Svarstad 2019, p. 391.

7 Benjaminsen & Svarstad 2019, p. 393.

80 Robert Fletcher, "Neoliberal environmentality: Towards a poststructuralist political ecology of the conservation
debate", Conservation and Society 8:3 (2010), doi:10.4103/0972-4923.73806.

81 James C. Scott, The Moral Economy of The Peasant: Rebellion and Subsistence in Southeast Asia. (Yale University
Press, 1977).

82 Bryman & Bell 2019, p. 272.

8 Bryman & Bell 2019, pp. 271, 403.
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DIMENSION INDICATOR SCALE (0-1)

Accumulation by Evidence of land seizures/ dispossession of local population?

dispossession Evidence of loss of resource access?

Evidence of enforcement by state/ non-state actors?

Governmentali . . o
R Evidence of narratives that justify unwanted acts?
Everyday Evidence of non-compliance by locals?
resistance

Table 3 Dimension and indicators used for PE

3.4.2 DATA SCOPE AND COLLECTION

The scope will be a period of 10 years from 2015 — 2025. By systematically analyzing reports,
news articles, and publications from Non-Government Organizations (NGOs), like Human Rights
Watch (HRW), Food and Agriculture Organization (FAO) or International Labor Organization
(ILO), this analysis aims to shed light on the socio-ecological dynamics within large agribusiness
operations. To ensure consistency, this analysis will use multiple sources for each measurement.
This approach, known as triangulation, involves cross-checking data against multiple sources to

enhance reliability and mitigate potential biases a researcher may bring.%*

3.5 JOINT DISPLAY INTEGRATION

A joint display presents the findings for both the qualitative and quantitative components and
interprets whether the findings converge or diverge.®®> Metainferences are the final step in mixed-
methods research; after presenting the joint display the researcher must offer concluding

information on the relationships within the mixed-methods study and how they relate to the field.3¢

8 Bryman & Bell 2019, p. 334.
85 Creswell 2022, p. 52.
8 Creswell 2022, pp. 9-10.
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3.6 VALIDITY AND RELIABILITY

Reliability is concerned with measurement consistency over time, whereas measurement validity
refers to whether an indicator measures what is intended.®” This thesis is grounded in pre-
established frameworks, which helps ensure validity. ISO 14040/44 standards are used for the
LCA, Odum’s transformities are used for EmA, and established critical social theories are used for
PE. Moreover, to strengthen validity, data were collected using trusted sources such as Statista and
FAOSTAT, while the emergy transformities and conversion factors follow previous peer-reviewed
literature and official government sources. The PE component employs a triangulation approach,
using multiple sources to cross-check the results before coding them into numerical data. This

approach is important for ensuring credibility and mitigating potential researcher bias.

Additionally, this thesis is transparent in its use of proxy data, allowing the reader to assess their
value. For example, the carbon dioxide equivalent (CO2¢e) measurement for packaging was adapted
from a previous study conducted in Western Australia and the emergy transformity equation was

taken from orange crop production in Florida.

3.7 ETHICAL AND SOCIAL CONSIDERATIONS

This thesis underscores that sustainability cannot be understood in isolation and calls for a shift
beyond narrow environmental metrics, situating the discourse within the broader socio-ecological
realties that shape global food-systems. The application of the ISELA framework reflects the
ethical and epistemological commitment to engage with questions of responsibility, accountability
and the politics of knowledge production. In doing so, it affirms the lived realities of those most
affected by sustainability decisions, particularly communities in the Global South whose voices
are often marginalized through burden shifting and telecoupling. By adopting a methodology that
assigns equal weight to social and environmental dimensions, the framework advances a normative
claim: that assessing sustainability without consideration of responsibility, equity and power is not

only reductive, but ethically unsound.

87 Bryman & Bell 2019, pp. 82-83.
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4. ANALYSIS

This chapter will present the analyzed empirical findings of this thesis. For clarity, the analysis
will be structured in distinct parts. Part I consists of two stages: stage I addresses the LCA and
EmA components, while stage Il focuses on the PE component. In each stage, data will be sourced
and transformed simultaneously ensuring methodological transparency. Part Il will present the

Jjoint display and interpretation.

4.1 PARTI

This thesis has set out to uncover the hidden socio-ecological costs embedded in plant-based
alternatives, like Mexican avocados. By means of a convergent mixed-methods design, a LCA,
EmA and PE component will be employed to measure complementary aspects of the research
question, each offering a unique epistemological lens at environmental impact, emergy efficiency

and social dynamics.
4.1.1 STAGEI:LCA

This stage will apply a LCA to assess the environmental impacts associated with avocado

production. Data have been sourced from multiple streams, using the following indicators.

i.  GHGe — net production cycle emissions including sequestration offsets.
ii.  GHGe — total transport including cold-chain storage.

iii.  GHGe — packaging, washing, fungicide application and transport to local market.

4.1.1.1 GHGE — NET PRODUCTION CYCLE INCLUDING SEQUESTRATION OFFSETS

Calculating the net production of avocados, including fertilizers, pesticides, fuel and electric
energy consumption was based on a report commissioned by the Embassy of the Kingdom of The
Netherlands.® The report estimated net emissions at 5,47 kg COze per 1 kg of avocado, after
accounting for carbon sequestration.® The findings are based on empirical data from Jalisco, a

neighboring state to Michoacan.

88 Alfredo D Cuardn & Mariana Diaz Avila, 3876 - Avocado Environmental Impact Study Mexico Final report 2023.
8 Cuarén & Avila 2023, p. 8.
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This is a sharp contrast to that of CarbonCloud, which estimates that the impact per lkg of
avocados at around 0,57 kg COz¢.”® However, their estimate appears to be based on generalized
assumptions which may explain the contrast. Given the methodological transparency and

reliability of the commissioned report, this thesis adopts their findings.

4.1.1.2 GHGE — TOTAL TRANSPORT INCLUDING COLD-CHAIN STORAGE

Estimating emissions from all transport stages and cold-chain storage was challenging, due to
limited data. Google maps was used to approximate the distances travelled by land. From
Michoacén to the Port of Veracruz, a known shipping hub to Europe, the distance was estimated
at 800km.”! From there, the cargo would travel by sea to Rotterdam, Netherlands at a distance of
around 5,104 nautical miles, or 9,452.6 km.”? The journey from Rotterdam, to Stockholm, Sweden

was estimated at a distance of 1500km.

TRANSPORT ROUTE METHOD OF TRANSPORT DISTANCE (km)
Michoacan to Veracruz Land 800
Veracruz to Rotterdam Sea 9453
Rotterdam to Stockholm Land 1500

Table 4 Transport routes and distances

The United Kingdom’s official Department for Environment Food and Rural Affairs (DEFRA)
conversion emissions factor (EF) is a standardized coefficient used to convert activity data into
GHGe units.” This was used to calculate the GHGe emissions related to the land distances. A
refrigerated Heavy Goods Vehicle (HGV) such as long-haul freight trucks laden with average
capacity would generate 0,08732 kg CO-e per ton transported over 1km.

% Avocado, Mexico - 0.57 kg COz¢e/kg | Verified by CarbonCloud,n.d.,
https://apps.carboncloud.com/climatehub/agricultural-reports/benchmarks/41e44404-1d0d-41c9-a288-
74a4087467b1 [accessed 2025-05].

1 Mexican avocados will have a faster presence in European markets, https://fructidor.com/it/news/news-
detail/2417126e-d00d-4579-9b68-af0dd41665ce (2020) [accessed 2025-05-24].

92 Sea Distances, https://sea-distances.org/ [accessed 2025-05]

93 GOV.UK, Greenhouse gas reporting: conversion factors., UK Department for Business, Energy & Industrial
Strategy. https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2024 (2024)
[accessed 2025-05].
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To calculate the total emissions, this formula was used.

Emissions (kg CO?%e)/ton = w(eight) x d(istance) X EF

Therefore, the combined distance of 2300 km travelled by land would generate 0.201kg CO:e per
lkg avocado. Transport by sea in a refrigerated cargo ship generates 0.0131 kg COze /ton per 1
km distance travelled which would result in 0.124 kg COze per 1 kg of avocado.

4.1.1.3 GHGE — PACKAGING, WASHING, FUNGICIDE APPLICATION AND TRANSPORT TO
LOCAL MARKET

Packaging and washing emissions were calculated through proxy data, using previous research. A
report on avocado production in Australia, commissioned by The Government of Western
Australia, estimate the carbon intensity to be 0,167 kg CO:e per 1 kg of avocados. ** The report
accounts for packaging materials, water and fungicide used for washing and preserving the fruit
as well as refrigerated transportation to the market. While this is based on the Australian market,

this post-harvest process is standardized, justifying its use.

RESULT kg
avocado

GHGe  —net production cycle 5,47 Embassy of Netherlands Report.
GHGe  —transport including 032486 Authors own calculation based on
refrigerated freight official distance and EF data.
GHGe - packaging, washing, .
fungicide application and transport to 0,167 Government of Western Australia.
local market.

Table 5 GHGe results in kg CO:e

% Christophe D’Abbadie & Saloomeh, Akbari, "WA Avocado Life Cycle Analysis (LCA)"
(2023), p. 5, d0i:10.13140/RG.2.2.11018.27844.
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4.1.2 STAGEI: EMA

CATEGORY INDICATOR
F (Purchased) Fertilizers (N, P-Os, K20), Fuel, Electricity, Transport, Packaging
N (Non-renewable) Groundwater
R (Renewable) Rainwater, Solar Radiation
Land use hectares
Water use m? / ton

Table 6 Category and indicators used for EmA

The average harvested area for avocado production between the years 2015 — 2023 was estimated
at 210,999 hectares (ha) with a yield of 10,695.4.% Likewise, the average agricultural area in
Mexico between the years 1980 — 2021 was around 103,2 million ha.®® Proportionally, its
estimated that avocado cultivation accounts for 0.211 million hectares (rounded up), or 0.2045
percent of agricultural land. The average avocado production between 2015 — 2023 is 2,266,652
tons/ year or 2,2667 x 10° kg/ year.”’

4.1.2.1 EMA - F

Total fertilizer use in agricultural production between 2015 — 2023, was estimated at 2,343,000
metric tons.”® Proportionally, total fertilizer use in avocado production is estimated at 2,343,000 x

0.00245 = 4,789 metric tons. A breakdown is presented in the table below.

% Authors calculation based on data from Statista.
% Authors calculation based on data from Statista.
7 Authors calculation based on data from Statista.
%8 Authors calculation based on data from Statista.
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AVERAGE CONSUMPTION OF
AGRICULTURAL FERTILIZERS IN MEXICO
FOR AVOCADO PRODUCTION, IN 1,000
METRIC TONS

AVERAGE CONSUMPTION OF
FERTILIZER AGRICULTURAL FERTILIZERS IN
MEXICO, IN 1,000 METRIC TONS

Nitrogen (N) 1573 3.216
Phosphate 435 0.890
(P205)

Potash (K:0) 335 0.685

Table 7 Average consumption of fertilizer in 1000 metric tons

To find the amount of fertilizer per 1kg avocado, the total production value is first converted to
grams, estimated at 2,2667 x 10'2 g/ year. This serves a dual purpose. First, the value is simpler to
read. Second, grams are used in the emergy calculations. The converted values for N, P-0s, K2O

are presented in the table below.

FERTILIZER FERTII;)Ilfglli ggflg\lNA(\;)CADo FERTII;I\%(I;ZCR ;JDS(P; zg];:R 1KG
Nitrogen (N) 3.216 x 10° 1.42
Phosphate (P20s) 8.90 x 108 0.39
Potash (K20) 6.85x 108 0.30

Table 8 Average consumption of fertilizer in grams, per 1kg avocado

To calculate the emergy values, the coefficient transformities are taken from Brandt-Williams, per
gram of fertilizer/ ha/ year.®® Due to data limitation challenges, the transformities below are proxy
data derived from oranges. The decision was made to use oranges due to their similarities, both
are perennial trees, grown in similar climates with similar harvest seasons and similar soil

preference.

9 Brandt-Williams, S.L., "Handbook of Emergy Evaluation: Folio #4 — Emergy of Florida Agriculture"
(Gainesville, FL: University of Florida: Center for Environmental Policy, 2002).
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The transformities are presented below:

Nitrogen: 1.43 x 10°

Phosphate: 1.31 x 101°

Potash: 1.74 x 10°

These transformities are multiplied by its quantity, resulting in:

Nitrogen: 1.42g X 1.43 x 10° = 2.03 x 101%seJ/ Kg

Phosphate: 0.39g x 1.31 x 10° =5.11 x 10%seJ/ Kg

Potash: 0.30g x 1.74 x 10° = 5.22 x 108seJ/ Kg

Therefore, total fertilizer emergy sel is estimated at:

2.594 x 10'%seJ/ Kg avocado

4.1.2.2  EMA — FUEL AND ELECTRICITY
Knowing that the avocado share of production is 0.2045 percent, this is then used to calculate fuel
and electricity production from its total share. Total average fuel and electricity used in agricultural
production were 114, 749 terajoules (TJ) for petroleum and 43,934 TJ for electricity. In joules (J),
this would equate to 1.147 x 10'7J for petroleum and 4.3933 x 10'¢J for electricity.
To calculate the avocado share, its multiplied:
1.147 x 10'7 x 0.002045 = 2.346 x 1014 J

Likewise, electricity would be:

4.3933 x 10'°x 0.002045 = 8.985 x 10'* J
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To calculate joules per 1kg avocado, the total energy J/ year is divided by total mass of avocado

produced kg/year, resulting in:

2.346 x 104

Fuel: > = — L
Uet 2266 x 10%kg

=1.035 x10%J/kg

8.985 x 1013]

Electricity: m = 3.964 X 104]/Kg

The emergy coefficient transformity is taken from Odum’s tables, !’ and are as follows:

Fuel = 6.6 X 10*sej /]

Electricity = 1.73 x 10° sej /]

To calculate the emergy sel, its multiplied by its respective transformity:

Fuel:1.035 x 10°]/kg X 6.6 X 10*sej/] = 6.83 x 10°sej/Kg

Electricity: 3.964 x 10*J/Kg x 1.73 x 10°sej/] = 6.86 x 10%sej/Kg

100 Odum 1996, pp. 304-311.
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4.1.2.3 TRANSPORT

The transport distances and GHGe relative to 1kg avocado were previously estimated in the LCA
analysis. However, to transform the CO-e estimates into emergy, this study adopts Bakshi’s figures
of 1.5 x 10¥ seJ/kg Carbon (C),!°! and converts the transformity from C into CO2 by dividing it by
3.67 (ratio of molecular mass CO- /C),'%? therefore the emergy conversion transformity formula is

as follows:
1Kg COze ~ 4.1 X 107se]
The emergy sel result for transport is estimated at:

0.32486 Kg CO,e/ kg X 4.1 x 107seJ/Kg CO,e = 1.33 x 107seJ/ kg avocado

4.1.2.4 PACKAGING

The following emergy intensity value for packaging is taken from Bustamante et al., derived from

a combined LCA and EmA approach.'

PET plastic packaging: 5.94 x 10%%sej/ kg

Having previously calculated the kg COze in the LCA, the emergy selJ result is as follows:

0.167kg | kg avocado x 5.94 x 10'%seJ/ kg = 9.92 x 10''seJ/ kg avocado

101 Bhavik R Bakshi, "A thermodynamic framework for ecologically conscious process systems engineering"
(2000), p. 1771.

102 Open Learning, Environment: treading lightly on the Earth, n.d.,https://www.open.edu/openlearn/nature-
environment/environmental-studies/environment-treading-lightly-on-the-earth/content-section-1.3.1 [accessed 2025-
05].

103 Gustavo Bustamante, Biagio Fernando Giannetti, Feni Agostinho, Gengyuan Liu & Cecilia M. V. B. Almeida,
"Prioritizing Cleaner Production Actions towards Circularity: Combining LCA and Emergy in the PET Production
Chain", Sustainability 14:11 (2022), doi:10.3390/su14116821.
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413 EMA-N

4.1.3.1 GROUNDWATER

Previous literature was used to calculate the water use needed to produce 1 kg of avocados, by a
recent case study from Fuerte-Velazquez et al.!% The authors provide a comprehensive water
footprint (WF) analysis measuring green, blue and grey WF. The green WF estimates absorbed
rainfall consumed by vegetation, the blue estimates freshwater extraction, and the grey WF
estimates the amount of freshwater required to assimilate the pollutant load.!*> The figures are

presented in the table underneath.

UNIT INDICATOR MEAN VALUE
Rainfed Plantations Green WF 839,03
Green WF 735,40
3 Irrigated Plantations Blue WF 1620,40
m? / ton
Total WF 2355,80
Mean WF for Rainfed and Irrigated Plantations 1597,41

Table 9 Mean values for total water indicators

The mean WF value for both rainfed and irrigated avocado plantations was measured at 1597 m?/
ton, or 1,597 m?® / kg. A recent report by the United States Department of Agriculture (USDA)
estimates around 61 percent is rainfed, while 39 percent is irrigated.!% This is an important
distinction as groundwater is a non-renewable resource and rainwater is a renewable resource.
Therefore, groundwater is calculated to 0.623 m? and rainwater is calculated to 0.974 m?. Using

Odum’s transformity for groundwater,'?” 1.6 x 10° sel/ kg.

623kg x 1.6 x 10°> = 9.97 x 107 seJ /kg avocado

104 Diana J. Fuerte-Velazquez & Alberto Gomez-Tagle, "Water Footprint and Water Sustainability of Agroindustrial
Avocado Production in a Warm Tropical Climate Municipality: A Case Study in the Michoacan Avocado Belt in
Central México", Water 16:12 (2024), doi:10.3390/w16121719 .

105 Fyerte-Velazquez & Gomez-Tagle 2024, p. 2.

106F AS Staff, Avocado Annual (USDA, Foreign Agricultural Service, 2025), p. 5,
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=Avocado%20Annual Gu
adalajara Mexico MX2025-0017.pdf

17 0dum 1996.
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41.4 EMA-R

4.1.4.1 RAINWATER

Using Odum’s transformity for renewable rainwater,'%® 5.0 x 10*seJ/ kg, its estimated as:

974kg x 5.0 x 10* = 4.87 x 107 seJ /kg avocado

4.1.4.2 SOLAR
To calculate solar emergy sel, both solar energy and land area estimates are needed.

Land use: Data were taken from FAOSTAT, covering 2015-2023. The yield was expressed in
kilograms per hectare (kg/ha), with the average estimated at 10695,41.1% This was rounded down
to 10695 kg/ha. As the aim is to calculate per 1 kg of avocado, this had to be further modified
following ISO 14044:2006 standards,'!” the reciprocal was used which divides it by 1.

1 1
Land use (ha/kg) = = = 0.0000935 ha /k
and use (ha/kg) = oo Thay = 10695 a’kg

This result was then converted to m?2.
0.0000935 ha /kg X 10,000 = 0.935m? /kg

Solar energy: Global Solar Atlas readings are adopted to calculate the solar radiation input Mexico
receives, estimated at around 4.61 — 6.29 kilowatts (kWh)/ m? daily.!!! With the average being
5.45 kWh/ m? per day. Based on the universal conversion of joules to kilowatts, 1 kWh produces
3.6 megajoule (MJ). Therefore, the daily MJ Mexico receives is around 19.62 MJ/ m*day or
7,159.3 MJ/ m? per year. In joules, this would look like: 7,160 x 10° J/ m? per year. Using Odum’s

emergy transformity, the estimate for solar energy input is as follows:
Solar Energy (se] /kg avocado) = Solar Energy per m? X Land Area/ kg avocado

7.16 x 10° X 0.935m?/kg = 6.6946 x 10°seJ / kg / year

198 Odum 1996.

199 Authors own calculations based on FAOSTAT data.

0[S0, ISO 14044:2006, n.d., https://www.iso.org/standard/38498 html [accessed 2025-05].

11 Data taken from Global Solar Atlas https://elobalsolaratlas.info/map?c=23.963634.-102.54485.5&r=MEX
[accessed 2025-05]
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CATEGORY VARIABLE TOTAL seJ /kg avocado
Fertilizers (N, P.Os, K20) 2.03 x 101% +5.11 x 10° + 5.22 x 108
Fuel 6.83 x 10°
F (Purchased) Electricity 6.86 x 10°
Transport 1.33 x 107
Plastic Packaging 9.92 x 1011
F =1.03 x 10%2se] /kg
N (Non-renewable) | Groundwater 9.97 x 107se] /kg
N = 9.97 x 107se] /kg
Rainwater 4.87 x 107
R (Renewable)
Solar Radiation 6.6946 x 10°
R = 6.7433 x 10%se] /kg

Table 10 Consolidated F, N and R category results in seJ/kg

4.1.4.3 EMERGY INDICES

To calculate the emergy indices, the following equations are used, as per Odum’s guidelines.!!?

Total Emergy Output
9y p ~ 1.0075

EYR t ffici =
(system efficiency) Purchased (non — renewable) Emergy Inputs

Non — renewable Inputs + Purchased Inputs
~ 153.14

ELR (system impact) = Renewable Inputs

EYR
ESI (system sustainability) = IR~ 0.0066

112 Odum 1996.
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4.1.3 STAGEIIL: PE

Calculating the political ecology dimensions, accumulation by dispossession, governmentality and
everyday resistance. Each dimension assesses the indictors highlighted below. Using accredited

sources and peer-reviewed literature. The analysis is followed by a scoring matrix.

DIMENSION INDICATOR SCALE (0-1)
Accumulation by Evidence of land seizures/ dispossession of local population?
dispossession Evidence of loss of resource access?

. Evidence of enforcement by state/ non-state actors?
Governmentality ) ' o
Evidence of narratives that justify unwanted acts?

Everyday resistance | Evidence of non-compliance by locals?

Table 11 Dimension and indicators used for PE

4.1.3.1 — ACCUMULATION BY DISPOSSESSION

Michoacan, Mexico is the leading exporter of Avocados, producing over 75 percent of the
country’s entire production.!!® Driven by demand and the North American Free Trade Agreement
(NAFTA) of 1997, the state has witnessed an economic boom. Current estimates place the industry
at US$ 3 billion, year.!!* Yet, profits are unequally distributed, leaving indigenous groups and rural
communities experience poverty in the state due to the concentrated nature of large-scale

agribusinesses operations and criminal groups taking over.!!>

The avocado production boom has resulted in immense environmental impact, indigenous and

rural communities have been subject to land dispossession, health issues and weakened communal

rights.!16

113 Author calculated figure based on Statista data.

114 Peter Appleby, How Criminal Groups Aided Mexico’s Avocado Industry, InSight Crime, 5/3
2024, http://insightcrime.org/news/interview/how-criminal-groups-help-expand-mexicos-multi-billion-dollar-
avocado-industry/ [accessed 2025-05].

115 Alfonso De La Vega-Rivera & Leticia Merino-Pérez, "Socio-Environmental Impacts of the Avocado Boom in the
Meseta Purépecha, Michoacan, Mexico", Sustainability 13:13 (2021), pp. 1-2, doi:10.3390/sul3137247.

116 De La Vega-Rivera & Merino-Pérez 2021, p. 7.
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Criminal groups have forced their way into the business and use it as a means of money laundering,
with increased demand it brought with it increased homicides, doubling in the past decade.!!’
Cartels have been known to raze protected forests, displace the local population and murder those
that try and stop them.!!8 Cartel gunmen also employ bomber drones, land mines and IEDs.!! This
has resulted in many small-scale farms to sell their land and move to urban areas,'?° leading to an
increased monopoly by avocado elites. Additionally, the production demands have led to large-
scale deforestation and depleted forest resources that were relied on.!?! Local farmers have no

access to water

Since the avocado boom, traditional agrobiodiversity, often maize, beans or squash have
drastically changed. The impact of production not only depletes water resources but brings with it
other climate impacting avenues such as increased use of agrochemicals to wade off pests.!??

Drinking water is being illegally diverted, leaving residents desperate.!??

4.1.3.2 GOVERNMENTALITY

This dimension will assess governing, by both state and non-state actors. Agricultural reforms,
cuts in social programs and increased trade created opportunities for non-state actors to invest in
the business.!?* Tllegal norms and practices are evident in Michoacan.!? There are systemic

corruption issues hindering enforcement and protection of environmental laws, creating grey areas

17 Martinez & Grandmaison, Romain Le Cour 2024, p. 3.

118 Ppeter Appleby, How Criminal Groups Aided Mexico’s Avocado Industry, InSight Crime, 5/3
2024b, http://insightcrime.org/news/interview/how-criminal-groups-help-expand-mexicos-multi-billion-dollar-
avocado-industry/ [accessed 2025-05].

119 Nathaniel Parish Flannery, Adre U.S. Avocado Buyers Financing The Cartel Conflict In Mexico?,
n.d., https://www.forbes.com/sites/nathanielparishflannery/2023/04/11/are-us-avocado-buyers-financing-the-cartel-
conflict-in-mexico/ [accessed 2025-05].

120 Nadeem Khan, Nada Korac- Kakabadse & Antonis Skouloudis, "Socio-ecological resilience and environmental
sustainability: case of avocado from Mexico", International Journal of Sustainable Development & World Ecology
28:8 (2021), p. 751, doi:10.1080/13504509.2021.1902419.

121 CRI., Unholy Guacamole: Deforestation, Water Capture, and Violence Behind Mexico’s Avocado Exports to the
U.S. and  Other  Major  Markets, Climate  Rights  International, https://cri.org/reports/unholy-
guacamole/ [accessed 2025-05].

122 De La Vega-Rivera & Merino-Pérez 2021, p. 10.

123 euronews, Deprived of water, Mexican villagers are taking on big avocado growers, 18:00:45
+02:00, https://www.euronews.com/green/2024/04/24/a-serious-risk-mexican-villagers-take-on-cartel-backed-
avocado-farms-as-water-dries-up [accessed 2025-05].

124 Martinez & Grandmaison, Romain Le Cour 2024.

125 Khan, Kakabadse & Skouloudis 2021, p. 751.
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fostered by politico-criminal relations.!?¢ Tllicit actors and cartel groups have been known to
sponsor certain politicians to secure their cooperation.'?” On the one hand, non-state actors gain
access to farmlands either by forced displacement or protection fees, while public officials push
the required paperwork to ensure favorable outcomes for elite groups sponsoring them.!?® Around
80 percent of avocado orchards in Michoacéan were illegally established.'?® Area’s with poor state
presence leave the door open for cartels to take over that role, often dictating who and where
produces avocados. There’s also been an increased narrative on economic prosperity and
greenwashing the avocado industry. For example, the Association of Avocado Exporting
Producers and Packers of Mexico (APEAM), based in Michoacan, peddles such narratives, arguing

that avocados are the most sustainable foods on the market.!3°

4.1.3.3 EVERYDAY RESISTANCE

Local resistance to cartel involvement is growing. Forced into action, local farmers and activists
have started to fight back, at great personal cost. In the city of Uruapan, 19 people were murdered
by a cartel group its resistance. However, resistance in fragmented. That same cartel that murdered
19 people was originally founded as a government backed self-defense group.!3! In Villa Madero,
a town in Michoacan, local farmers covertly tore out illegal irrigation equipment that used
mountain springs to water the avocado orchards.!*? In the area of Cheran, Michoacan, local farmers
formed militias, kicking out all government institutions, citing corruption and forcibly removed
cartels from their town.!'*? The Cheran model has grown in popularity, with other localities
following suit. The town of Tancitaro went on to develop their own police force to combat cartels

and succeeded in driving them out.!3*

126 Martinez & Grandmaison, Romain Le Cour 2024, p. 26.

127 Flannery, Are U.S. Avocado Buyers Financing The Cartel Conflict In Mexico?

128 Martinez & Grandmaison, Romain Le Cour 2024, pp. 25-26.

129 Martinez & Grandmaison, Romain Le Cour 2024, p. 4.

130 CRI., Unholy Guacamole: Deforestation, Water Capture, and Violence Behind Mexico’s Avocado Exports to the
U.S. and Other Major Market

131 National Post, “Mexico cartel kills 19, hangs some from bridge, leaves others chopped up on the road below” 2019,
http://nationalpost.com/news/world/mexico-cartel-kills-19-hangs-some-from-bridge-leaves-others-chopped-up-on-
the-road-below

132 euronews, Deprived of water, Mexican villagers are taking on big avocado growers.

133 The Guardian, "Inside Mexico’s anti-avocado militias", The Guardian 11/6 2024,
https://www.theguardian.com/news/article/2024/jun/1 1/inside-mexico-anti-avocado-militias [accessed 2025-05].

134 Carrie Kahn, "Blood Avocados No More: Mexican Farm Town Says It’s Kicked Out Cartels", NPR 2/2
2018, https://www.npr.org/sections/parallels/2018/02/02/582086654/mexicos-avocado-capital-says-it-s-kicked-
cartels-off-the-farm [accessed 2025-05].
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4.1.3.4 SCORING MATRIX

DIMENSION INDICATOR SCALE (0-1)
Accumulation by Evidence of land seizures/ dispossession of local population? | 1
dispossession Evidence of loss of resource access? 1
. Evidence of enforcement by state/ non-state actors? 1
Governmentality
Evidence of narratives that justify unwanted acts? 0.5
Everyday resistance Evidence of non-compliance by locals? 0.5

Table 12 PE scoring matrix

The Michoacan case presents substantial evidence of widespread land dispossession and depleted
natural resources, resulting in loss of livelihoods, deforestation and increased poverty. State
enforcement mechanisms have been ineffective, creating a vacuum for non-state enforcement. This
has resulted in para-autonomous governance structures. While there have been notable cases of
resistance, this remains localized, not systemic. Narratives are present on both sides and often used
to legitimize conflicting actions. On the one hand, the avocado boom has been justified as
economically rewarding and sold to consumers as a sustainable resource. On the other hand, it has
exacerbated vulnerabilities and benefited elites. This has also forced local communities to adapt

their identity and take on a different role, one that requires them to take up arms to survive.
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4.2 PART II — JOINT DISPLAY

Due to space limitations, the interpretation will be presented underneath Table 13.

COMPONENT INDICATOR RESULT INTERPRETATION
GHGe — net production 5,47 kg COse
cycle
GHGe — transport including 0,32486 kg COse
LCA refrigerated freight
GHGe — packaging,
washing, fungicide 0,167 kg COse

application and transport to
local market.

ELR 153.14
EmA EYR 1.0075
ESI 0.0066
A.ccumulat‘ion by 1+1
dispossession
PE Governmentality 1+0.5
Everyday resistance 0.5

Table 13 Consolidated Joint Display results

42.1-LCA

The results from the LCA analysis unveil a striking estimate. 5,47 kg COze per 1kg avocado
acquired during the production cycle. It reflects the upstream drivers associated with large-scale
agribusiness operations, such as fertilizer use, irrigation and harvesting. To put in context, it’s like
driving a gasoline truck for 21 kilometers or eating around 300 grams of beef. Downstream drivers,
such as transport and packaging costs, around 0.49 kg CO:e, while minor in comparison is the
equivalent of 116 mobile phone charges. !*> This highlights how the costs owed are often
externalized on the climate and society, rather than internalized. The consumer pays for the price

of purchased goods, not the impact those goods have.

135 Arbor - Carbon Equivalent Calculator, https://www.arbor.eco/carbon-footprint Accessed [2005-05]
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4.2.1 -EMA

The ratios for solar emergy indicators paint a similar narrative. ELR scored at 153.14, indicating
a high reliance on non-renewable and purchased inputs like fossil fuels and fertilizers, which is
not only unsustainable, but leads to ecosystem degradation in the long-term. This figure is
suspiciously high. The highest levels this author has been able to find had an ELR score of around
40.136 A possible explanation could be the emergy tranformity equation used. However, the
underlying premise remains valid as the system is heavily reliant on non-renewable inputs. An
EYR score of 1.0075 suggests the system is unsustainable. A score above 1 implies that the system
is extractive, offering no emergy surplus to the surrounding ecosystem. An ESI score of 0.0066
indicates the system is not resilient, whereby input is being exhausted faster than they can be

replenished.

4.2.2-PE

The avocado boom in Michoacdn exemplifies unsustainability. A system supported by fast
depleting resources and driven by profit. With a weakened state apparatus, governance has been
outsourced to para-autonomous groups, including criminal cartels, who take over and dispossess
local communities. At the same time, narratives of sustainability continue to drive demand for
avocados, whereby elite actors reframe the narrative to further their aims. Control is not only

physical, yet discursive, one that’s justified under economic gain and false branding.

While some local communities have resisted cartel infiltration, its often localized and covertly
implemented. Some movements have been successful, like in Cheran, yet this required them to
transform their identity. Other movements were not so lucky, like in Uruapan, where resistance

was met with extreme acts of violence.

136 Asgharipour, M.R., Shahgholi, H., Campbell, D.E. et al. Comparison of the sustainability of bean production
systems based on emergy and economic analyses. Environ Monit Assess 191, 2 (2019). https://doi-
org.ezproxy.its.uu.se/10.1007/s10661-018-7123-3
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5 DISCUSSION AND CONCLUSION

This chapter will present the discussion, limitations, future research and conclusion.

5.1 DISCUSSION

Integrating the three components provided a comprehensive analysis of the Michoacan avocado
regime in Mexico. Each component offers a unique epistemological lens into material, energy and
social flows that underline the system. While these components are methodologically different,
their findings converge on a shared narrative. The LCA results revealed the carbon costs associated
with the production cycle, reflecting a linear system driven by consumer demand and profits. The
significant carbon footprint is on par with other high-impact ABDs, highlighting how PBAs harbor

hidden environmental costs not easily seen.

Emergy analysis complements the findings above, underscoring how the system is heavily reliant
on non-renewable and purchased inputs. While the unusually high ELR levels may have been
influenced by proxy data, they nonetheless convey a similar narrative. A narrative of a system that
offers no productive value to its surrounding environment. Furthermore, the ESI score of 0.0066
places the avocado system as unsustainable, underscoring its entropic nature. This suggests that
the root cause is not solely linked in identifying the most efficient mitigation strategies, but rather

in the inherent unsustainability of the system itself.

Political Ecology deepens the analysis by providing the nuance needed to understand how such a
system can continue to flourish. The documented land dispossession, human rights abuses and
power imbalances have shown how social inequity is intertwined with environmental degradation.
These findings, while not generalizable, reinforce this thesis argument that sustainability must be
assessed at a system level, giving equal weight to each component. Collectively, these components
converge around a central narrative, that the system is not flawed simply because it produces

avocados, it is flawed because the costs owed are hidden beneath the veil of sustainability.
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Methodologically, this thesis provides a credible foundation for multidimensional sustainability
frameworks that move beyond singular or dual-dimensional assessments and closer to system-
level thinking. A strength of mixed-methods research is in its ability to reveal layered
interdependencies that would otherwise remain obscured. This underscores the need for continued
mixed-methods studies, for no single component can reveal the complexities of socio-ecological
systems. It is only through the convergence of LCA, EmA and PE that the findings gain analytical
depth.

This thesis contributes to the field of sustainability by offering a more rounded and
multidimensional approach to assessing global food-systems. At the same time, it serves as a call
to awareness, inviting researchers, policymakers and consumers alike to move beyond
oversimplified narratives and seek out the hidden socio-ecological costs embedded within global
systems of production and consumption. It reminds us that behind every avocado toast, quinoa
salad, mobile phone or electric vehicle lies a web of interdependent processes that span across
borders and generations. Recognizing these connections is essential if sustainability is to move

beyond abstraction, toward transparency, accountability, and ultimately... transformation.

5.2 LIMITATIONS

While this thesis presents a comprehensive analysis, several limitations must be acknowledged.
Proxy data, like those used for energy transformities and packaging introduces a level of
uncertainty that may impact the results. This underscores the need for data collection and academic
cooperation. Additionally, this case study focus on Michoacdn around large agribusiness
operations limits the generalizability of its findings. Moreover, the political ecology component
relies on the researcher to make a subjective assessment which carries an innate risk of researcher

bias.

This author has sought to mitigate these limitations by employing triangulation strategies and

maintaining transparency throughout the research process.
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5.3 FUTURE RESEARCH

This thesis had originally set out to include a comparative approach, yet time and scope limitations
made it challenging. Nevertheless, this author developed a new framework that warrants further
elaboration, inviting future researchers to continue the work. Building on the research presented
above, the ISELA framework offers a new means of classification. Rather than reporting a
product’s greenhouse gas emissions, emergy efficiency or political ecology implications
separately, one would score it based on its ISELA ranking that synthesizes these results into a

composite score. The premise will be elaborated on below.

ISELA framework

To operationalize the convergent mixed-methods design within the ISELA framework, three
epistemological components are employed, with equal weighting. Quantitative data will be used
to analyze the LCA and EmA dimensions, while qualitative data will be used to analyze the PE
dimension. The ISELA framework provides a multidimensional assessment of socio-economic
sustainability, treating both data types as equally significant. This is in line with a convergent
design, as it also has the added benefit supporting the use of a composite index, which would be

incompatible with sequential designs.

The ISELA framework is structured in three phases. Within these phases are three distinct yet
complimentary analytical components used to assess sustainability. First, both quantitative and
qualitative data will be collected. To ensure qualitative data alignment, it will be thematically
coded and scored. Second, the data will be merged and results interpreted in a joint-display matrix.

Third, the results will be interpreted and scored using the ISELA composite index.

ISELA composite index consolidates LCA, EmA (quantitative) and PE (qualitative) data into a
combined metric. This is done through a Min-Max composite score. The purpose of this is to
provide an equally weighed measure of sustainability and ensure a balanced representation. The

Min-Max formula is presented below.

Observed Value — Min Value

N lization S =
ormalization Score Max Value — Min Value
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Data Normalization

LCA, EmA and PE data will be normalized to a 0-1 scale. This follows a standard Min-Max
normalization formula.!3” This is normally used when assessing indicators with different units of
measurement and is commonly used in LCA and EmA frameworks. Each component will have to

be normalized to ensure comparability.

Normalized GHGe + Normalized Land Use + Normalized Water Use

LCA Score = 3
Normalized EYR + Normalized ELR + Normalized ESI
EmA Score = 3
PES _ Observed PE Score — Min Value
core = Max Value — Min Value
ISELA SCORE

Following the data normalization, the ISELA score is calculated. A higher score indicates a poorer
sustainability outcome. ISELA summation notation is presented below, followed by its

explanatory formula.

3
ISELA Score = z w; . Sj

j=1

W; = weight assigned to each component (LCA, EmA, PE)

J = corresponds to the number of components

Sj = normalized value

Normalized LCA + Normalized EmA + Normalized PE
3

ISELA Score =

137 OECD, European Union, & Joint Research Centre - European Commission, Handbook on Constructing Composite
Indicators: Methodology and User Guide (OECD, 2008), doi:10.1787/9789264043466-¢n.
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Future research should build on and refine the ISELA framework, extending its application to build
a more holistic and equitable understanding of sustainability. Comparative studies could reveal
whether other globally traded goods — from agricultural crops to consumer technology — exhibit
similar socio-ecological contradictions. Additionally, the ISELA framework could be regionally
adapted to include stakeholder participation, thereby ensuring that local realities, knowledge
systems and political contexts are meaningfully integrated into assessments. In doing so, it could
serve as a mechanism for empowering communities, fostering transparency and inclusive decision-

making.
5.4 CONCLUSION

This thesis set out to examine the hidden socio-ecological costs associated with plant-based
alternatives, using Mexican avocados from the state of Michoacén as a case study. By means of a
convergent mixed-methods design, it combined three distinct yet reinforcing components. LCA,
EmA and PE were used to present a multidimensional analysis of the large-scale avocado

production.

The findings present a wicked picture. The lifecycle assessment revealed the carbon footprint of
lkg of avocados, purchased in Sweden, to be around 5.96 kg CO.e. This places avocado production
on par with high-impact animal-based products like poultry.!3® Emergy analysis revealed that
avocado production is inherently unsustainable. Having scored 0.0066 on the ESI, the system is
heavily reliant on continuous external inputs and non-renewable resources. Moreover, the analysis
revealed an EYR of 1.007 and ELR of 153, indicating minimal energy gain and high levels of
environmental pressure. Political Ecology provided the nuance to explain how and why the
avocado regime continues to prosper, revealing how power and control are accumulated by

dispossession, enabled by a weaken state apparatus and legitimized through false narratives.

Together, the findings reveal a narrative not of sustainability, but one of concealment. This
underscores the need for innovate frameworks capable of capturing the complexity of global food-

systems.

138 J, Poore & T. Nemecek, "Reducing food’s environmental impacts through producers and consumers", Science
360:6392 (2018), doi:10.1126/science.aaq0216.
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The proposed ISELA framework represents a step in that direction, offering a means to unveil
these hidden socio-ecological costs in the hope of fostering a more equitable and sustainable
society. It urges us to not only question how we consume food, but how we govern and understand

the systems that make this consumption possible.

These findings raise a deeper question: can a product be considered sustainable if it’s marred with
human rights abuses, ecosystem destruction, and land dispossession? Perhaps we are not
transcending past harms at all, but merely relocating them — out of sight, across borders and beyond
accountability. These are the questions that echo beyond this thesis, in the quiet of forests stripped
bare of life, in the rivers that no longer run clean. These are the questions that hold us accountable,

not just to each other, but to the land, the air and sea, and to the generations that come after us.

We must carry these questions forward, for in the world we leave behind lies the true measure of

who we once were.
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