
Mariel Alem Fonseca

Evaluating Emerging Food Supply Chains from a Resilience and Cost 
Perspective:  A Study on the Alternative Protein Industry

Presentation for 2023 IfM First Year PhD Conference

Supervisor: Dr Mukesh Kumar

Advisor: Dr David Morgan 



Agenda

Context

Industrial
Challenge

Research 
Questions

Research 
Approach

Preliminary 
Findings

Conceptual 
Framework

Research 
Contribution



(Schmidt-Traub et al., 2019) (Harvey, 2022)

Context
Our Global Food System



Context
Opportunities

Off-grid renewable 
energy generation and
storage

IoT for real-time 
supply chain 
traceability

Mobile service 
delivery

Nutrigenetics for 
personalized 
nutrition

Precision 
agriculture for 
water use 
optimization

Food sensing 
technologies

Plant-based 
protein

Microorganism-
based protein

Cell-based 
protein

Offer a sustainable solution 
to bridge the supply-demand 
protein gap, as the global 
demand for meat rises. 

Alternative 
proteins

(World Economic Forum, 2018)

(Good Food Institute, 2023)



Industrial Challenge

Complex

Vulnerable Lack traceability

Inefficient

(Mitchell, 2023)

Supply Chains?



Industrial Challenge

(Maslarić et al., 2013)

Resilience?

It is unclear how to 
evaluate the level of 

supply chain resilience

The relationship between 
resilience and cost of 

resilience is not understood

Companies focus on 
traditional lean 

initiatives 

Supply chain resilience 
is perceived as a 

‘luxury’

Companies choose to 
be reactive rather 

than proactive 

Companies consider 
they cannot afford 

resilience

Developing resilience in food 
supply chains is not only an 
operational requirement but 
also a social responsibility.



Research Questions

How do companies manage the trade-offs 
between resilience and cost in the context of 

emerging food supply chains? 

How do companies assess their level of 
supply chain resilience?

What cost structures are associated 
with developing resilience?

How do companies balance supply 
chain resilience and cost?

A

B

C



Research Approach

Today
Future 
Work

Systematic 
Literature 

Review

Conceptual 
Framework 

Development

Qualitative 
Multi-case 

Study Approach

Modelling and 
Testing

Stage 1 Stage 2 Stage 3 Stage 4

• Resilience Assessment 
Methods

• Cost Structures
• Trade-offs 

• Evaluation of the 
level of supply chain 
resilience and cost

• Semi-structured 
interviews

• Thematic and 
Pattern Analysis

• System Dynamics 
Modelling and 
Simulation



Preliminary Findings
AResilience Assessment Methods 

Quantitative Qualitative

Two-stage stochastic 
programming models

(Behzadi et al., 2017)

Prevention
Leanness
Flexibility
Redundancy
Collaboration
Visibility
Agility
Adaptability

Simulation 
models

(Karan et al., 2023)

Mixed integer 
linear 

programming
(Bottani et al., 2019)

Graph theory 
matrix approach

(Kazançoglu et al., 2021)

Robust, agile, lean and 
flexible (RALF) 

assessment model
(Purvis et al., 2016)

Cross-impact matrix 
multiplication applied to 
classification (MICMAC) 

analysis
(Zhao et al., 2022)



Preliminary Findings

BResilience Cost Structures 

Environmental Costs

Social Costs

Hidden Economic Costs

Economic, Reactive and Visible Costs

C Trade-offs

Collaboration

Redundancy

Leanness
(Karan et al., 2023)

(Purvis et al., 2016)

(Behzadi et al., 2017)



Resilience 
Capabilities 

Cost 
Structures

Trade-offs

Maturity 
Model 

Principles

Levels of 
Resilience

Stress-testing

A

B

C

Ingredients Preparation Baking Tasting

Level 1 
Ad-hoc

Level 2 
Internal

Level 3 
First-tier
Suppliers

Level 4 
End-to-end 

Supply Chain

Level 5
Industrial 
Ecosystem

Resilience

Scope

Conceptual Framework

(Roque Júnior et al., 2023) (Simchi-Levi, 2020)

Developing Supply Chain Resilience



• Provide a robust decision-
making approach to assess 
the level of supply chain 
resilience. 

• Expand supply chain resilience 
theory by providing empirical 
evidence on the relationship between 
supply chain resilience and cost. 

• Support the development of resilience 
in evolving food supply chains, to help 
build a more sustainable, affordable, 
and secure food system.

Society

Theory

Practice

• Provide a theoretical lens 
on how to assess the level 
of supply chain resilience.

• Provide a systematic approach  to 
stress-testing supply chain 
resilience performance. 

• Provide clarity on how to 
estimate the costs of 
resilience.

Research Contribution
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