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Introduction 
 
Welcome to the 2021 MIT-Zaragoza Masters of Engineering in Logistics and Supply Chain 
Management Research Journal! 
 
The six papers included in this journal were chosen from the eleven projects submitted by 
the class of 2021 at the Zaragoza Logistics Center. The articles are written as executive 
summaries and are intended for a business, rather than an academic audience. 
 
The purpose of the executive summaries is to give the reader a sense of the business 
problem being addressed, the methods used to analyze the problem, and the relevant 
results, conclusions and insights gained. The complete projects are, of course, much more 
detailed. We have also included a complete list of this year´s projects with short 
descriptions at the end of this journal. 
 
The articles in this publication cover a wide range of interests, approaches, and 
industries. This variety of topics illustrates one of the hallmarks of the MIT Zaragoza 
program; the students´ ability to focus their course work and research on topics that 
most interest them. 
 
These projects are conducted in conjunction with the Zaragoza Academic Partner (ZAP) 
Program, an initiative to enhance applied research and closer industry-academia 
relationships in the field of supply chain management. 
 
The ZAP Program gives MIT-Zaragoza students the opportunity to work closely with 
industry professionals on actual supply chain problems, and gives companies an 
opportunity to interact with a student or student team along with a professor as expert 
thesis advisor who together bring new insights and approaches to a current supply chain 
project. 
 
We hope you enjoy the articles. If you wish to discuss any other aspect of the program or 
wish to find out how your company can interact with our students, please do not hesitate 
to contact me directly. 
 
 
 
Happy reading! 
 
Marta Romero 
Director of International Masters 
Zaragoza Logistics Center 
mromero@zlc.edu.es 
www.zlc.edu.es  
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KEY INSIGHTS 

1. Game simulation technique can be used as a 

tool to identify the behavior profile of managers, 

risk-taking or risk-averse. 

2. The existing systems have solely focused on 

cost minimization due to which it is difficult to 

maintain redundancy and/or flexibility especially 

at an operational level. 

3. Using incentive mechanisms firms can promote 

resilience in supply chains. However, they 

should be aligned across the organization and 

not be conflicting. 

4. While identifying risks, supply chain managers 

should be cognizant about the psychological 

bias attributing to recency effect. 

 

Introduction 

2020 was a year of supply chain disruptions. Due to 

a historical focus on efficiency, the brittle nature of 

supply chains was exposed as the coronavirus 

outbreak forced a lockdown situation in many 

countries all over the world. With many supply chains 

failing to sustain this unique and prolonged 

disruption, talks about supply chain resilience gained 

importance once again. 

In spite of the adverse conditions, some companies, 

particularly the ones which had given due importance 

to “keeping the fire extinguisher ready”, were able to 

perform well and perhaps even gain a competitive 

advantage. Thus, the coronavirus outbreak proved 

once again that adequate risk mitigation practices 

need to be in place for a sustainable growth. The 

world uncertainty index has shot up by about 100% 

in the past 20 years. Given the increasing number of 

disruptions that the supply chains are facing, being 
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resilient has become one of the top priorities for the 

senior management of companies. 

Redundancy and flexibility are the two main aspects 

or indicators of resilience (Sheffi et al., 2003). 

Redundancy is maintaining an excess capacity and 

flexibility means the capability of quick changeovers. 

Both these methods require an additional cost which 

cannot be justified until a disruption has occurred. 

Given the cost-centric systems in place today, this 

becomes a major roadblock to implement resilient 

measures. Hence, we need to look at resilience from 

a different lens and define it as a cultural and 

behavioral aspect in order to understand its 

significance beyond cost addition. 

This thesis aims at answering the call of many 

scholars for more empirical research on supply chain 

risk management in COVID-19 context (Ivanov & 

Dolgui, 2020). This thesis addresses the problem 

twofold – first, assessing how various companies 

reacted to disruption due to coronavirus and second, 

assessing impacts of certain factors on resilient 

mindset of people. The thesis focuses on the 

disruptions occurring in an operational setting of 

managing contracting trucks for delivery. 

Although, the literature has mentioned the 

importance of behavioral factors affecting managers’ 

perceptions towards supply chain risks, there is 

limited research to understand these perceptions in 

the decision-making (Ellis et al., 2011). The most 

preferred method to understand why people make 

certain choices is the behavioral experiments. The 

thesis conducts behavioral experiments to capture 

and analyze reaction of supply chain professionals in 

various disruption scenarios and identify their risk-

taking propensity. 

Methodology 

The delivery goal of this thesis was to design a game 

simulation which can mimic reality to capture the 

behavioral changes of supply chain managers 

towards risk. To achieve this, we started with a 

comprehensive research about the COVID-19 impact 

on supply chains in different industries and 

geographic areas through online interviews and 

survey. 

By interviewing 25 supply chain professionals, we 

collected insights for the COVID-19 impact, risk 

mitigation strategies in place and the proposed plans 

for risk management in the future. This qualitative 

data helped us to focus on the most critical points of 

the pandemic effect on supply chains. 

The collected data helped to design our online 

survey in order to get more quantitative figures for 

COVID-19 impact, mitigation strategies and expected 

recovery time. Based on the response of 108 supply 

chain professionals, there was an inverse relation 

between the preparedness and recovery time as in 

Figure 1. Further, 83% of the respondents believe 

that the supply chain professionals need a change in 

the behavior and awareness towards risk. 

 

Figure 1: Recovery vs Preparedness 

The interviews and survey pointed out that the 

operations side was highly impacted due to the 

lockdown and the borders restrictions. Availability of 

labor was very challenging during that time especially 

for transportation. Hence, we chose transportation 

planning as a focus area for the game simulation. 

Furthermore, it is among the least researched areas 

in risk management literature. 

The game was based in excel and played for a 3 ten-

period segments. Key information such as historical 

demand pattern, costs of hiring trucks, truck capacity, 

contract rates, bonus payments, number of periods, 

budget amount and a visual to track costs were 

provided to the player through an introduction sheet 

and a video. The game was played under the 

supervision of either one of the authors. 

All costs were determined using Monte-Carlo 

simulation including the rates of 4 types of contract 

(Fixed, Economy, Flex and SuperFlex – in increasing 

order of resilience and cost) as shown in table 1 and 

the spot market cost as well. The player as a 

transport planner has two decisions to make: first, a 

tactical decision to choose the trucking contract with 

3PL provider from these four options, and second, an 

operational decision every period by choosing the 

number of trucks to be hired from the 3PL provider 

for the next period as per the contract conditions. 

Irrespective of the demand, the player must pay for 

those trucks. Further, the excess demand will be 

fulfilled by default from the spot market trucks (which 

has a higher constant rate than the contracted ones). 



Type of 
Contract 

 

Cost Per 
Truck  

 

Number 
of Trucks  

 

Average 
Cost per 
period 

Fixed  $ 700  9  $    9,360  

Economy  $ 730  7-11  $    9,100  

Flex  $ 750  5-13  $    9,000  

SuperFlex  $ 770  0-30  $    8,700  
Table 1: Simulation Results 

The main two parameters to be tested throughout the 

game are: first, bonus effect which was tested by 

having another version of the game with bonus for 

the last 3 contracts. As the flexibility increases, the 

bonus increases so the player will do the trade-off 

between cost and incentives. A random subset of 

volunteers played this bonus version, whereas others 

played the game without any bonus. 

Second, recency effect which was tested by 

disruption timing in our game. Two disruptive events 

of sudden increase in demand were placed - one in 

the first half of 1st segment and the other at the end 

of the 2nd segment - to check how it affected their 

upcoming contract decisions. 

The players were asked to fill a post-game survey, 

which asked about the logic behind making their 

decisions and their feedback for the game. 

After playing the game with 38 players (20 normal 

version and 18 bonus version), the data points 

consisting of the players’ contract decisions, number 

of hired trucks and a bonus flag (indicating whether 

the played normal version or bonus version) were 

analyzed to find patterns in behavior. These 

behaviors under demand disruptions can be 

extrapolated to his/her general tendency towards 

being cognizant of risks and acting accordingly. K-

means clustering was used to group our participants 

results in order to identify traits among people and 

group them based on various characteristics. 

Results 

We observed that players starting with a more 

flexible contract early in the game were able to fully 

utilize the capacity and were able to meet the sudden 

surge in demand through contract carriers and were 

less dependent on the spot market.  

A higher percentage of the players who played the 

bonus version did in fact, start with a more flexible 

contract, though a considerable number of people 

chose a lesser personal bonus as well. One 

surprising result to note is that there was no 

appreciable difference between these two sets of 

players in number of trucks hired per period (Figure 

2) and the total costs (without the bonus). This 

implies that people want to be more secure in terms 

of the contract even if they are more conservative in 

the number of trucks. Further the percentage of 

spend on contract trucks was similar as well. There 

should be a correct balance between the level of 

resilience and the additional costs.  

As players faced disruptions, they switched to a more 

flexible contract in general. This clearly indicates the 

presence of recency effect. This is due to the 

psychological bias about probability of disruption 

occurrence. A negligence towards this bias can lead 

to wrong assumptions about the probability of 

occurrence of a disruption.  

 

Figure 2: Average number of trucks hired per period. 

The most important contribution of this thesis, 

however, is the classification of people into “risk-

taking” and “risk-averse” through k-means clustering. 

“risk-taking” players started off with a cost-driven 

strategy and adopted flexibility at a later stage in the 

game, whereas the “risk-averse” players maintained 

flexibility throughout the game. Although the “risk-

taking” players incurred 4% lesser costs than “risk-

averse” players, they relied significantly higher on the 

spot market. In the game it was assumed that there 

is an infinite supply of trucks in the spot market with a 

fixed rate, which is not realistic. Thus, the “risk-

taking” players exposed themselves to a high degree 

of risk.   

As an outcome of this exercise, we now have an 

unsupervised machine learning classification model 

which can help firms determine the level of resilient 

behavior of its employees. Further, the simulations 

carried out during the game design can be used to 

evaluate and prioritize among different available 

contracts from suppliers. This can help firms identify 

the resilient choices and calculate the potential 

costs and benefits by running scenarios with or 

without disruption. 

Conclusions 

Given the context of a disruption as severe as 

COVID-19, firms should realize that instead of having 



a myopic view, investing in resilience eventually 

benefits over a period of time. Creating a culture of 

cautious identification, methodic elimination and 

aversion of risks can help build a resilient 

firm. Though our survey points out that there are 

winds of change in behavior of supply chain 

professionals, the question of its adoption is still 

unanswered. 

The biggest challenge in the adoption is to justify the 

additional initial cost incurred in being resilient. The 

current cost-driven models do not take disruptions 

into consideration. The impacts and possibility of 

disruptions should be accounted for and given as 

important a weightage as parameters like quality. 

This thesis specifically focused on tackling risks at a 

tactical and an operational level. The thesis 

concludes that inflexibility in tactical decisions can 

hinder operational flexibility. On the other hand, 

having tactical flexibility still requires aligning of 

operational decisions. Further, managers need to be 

cognizant about recency effect while drafting risk 

mitigation practices. Also, the expected monetary 

benefits of resilience could be translated into 

employee incentives to further promote resilience. 

Firms need to move away from a solely cost-driven 

decision making and make resilience an integral part 

of it. This thesis can help identify the managers 

which need a change in their thought process. 

Our target was to explore the use of game simulation 

for risk awareness. This game can be used by 

companies as a training module. It can serve as a 

tool to identify the behavior profile, risk-taking or risk-

averse, and engender a resilient mindset among 

managers. This research can become a starting point 

for developing the use of game simulation for 

demonstrating benefits of resilience. 
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KEY INSIGHTS 

1. Every process, such as the S&OP meeting, 

should be supported by the right set of KPIs to 

facilitate decision-making. 

2. KPIs by themselves do not resolve issues. 

There is a need to have the right controls in 

place to monitor KPI performance and drive 

actions when required. 

3. Performance management can be greatly 

benefited by technological advancement in data 

visualization and analytics through the 

development of functional KPI dashboards. 

 

Introduction 

Sales & Operations Planning (S&OP) is a structured 

approach to supply chain planning whose goal is the 

creation of a unified, consensus-based business plan 

that tries to match demand with supply.  

Key Performance Indicators (KPIs) are quantifiable 

metrics that play a vital role in the success of an 

organization, as they impact strategic, tactical, and 

operational planning and control. In the context of 

S&OP, KPIs are essential for setting objectives, 

evaluating performance, and identifying future action 

plans. 

Our sponsor company is a European pharmaceutical 

company. It is currently under pressure to improve its 

supply chain and operations efficiency, due to 

upcoming drug patent expirations of some of their top-

selling products, an increase in competition, both from 

other pharmaceutical companies and the entry of 

generics to the market, downward pressure on profit 

margins, and increasing costs to develop and launch 

new products. Because of these pressures, our 

sponsor has decided to focus on revenue growth and 

cost reduction. As shown in Figure 1, any decisions 

made to reduce costs or increase revenues will have 

an impact on other aspects of the supply chain.  

 

Performance Management Metrics for 
S&OP Decision Making 

By Cristian Díaz and Fiona Pemberton 

Thesis Advisor: Spyridon Lekkakos 

  
Summary: 
This thesis addresses the question of which KPIs should be available to stakeholders in the frame of an S&OP 
meeting, along with the associated controls and actions in order to improve planning and overall performance 
of a firm’s operations. We propose the creation of a functional dashboard where these KPIs are visualized to 
help stakeholders make more efficient, data-driven decisions.   
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Figure 1: The Supply Chain Triangle of Service, Cost, and 

Cash. (Desmet, 2018) 

The company has previously implemented S&OP 

processes, but it has struggled with achieving process 

maturity. To improve the S&OP process and 

incorporate the financial aspect of its operations to 

enhance its competitiveness, the company is now 

piloting an Integrated Business Plan (IBP) process in 

its flagship product line. This initiative is led by a newly 

formed IBP team that hosts a monthly meeting to drive 

the process. 

The goal of our thesis is to come up with the right 

selection of KPIs and their respective controls, to 

facilitate cross-functional decision-making in the frame 

of the IBP process. The research questions guiding 

this analysis are:  

1. What is the right selection of KPIs for the IBP 

process?  

2. What are the right controls and actions that are 

complementary to our suggested KPIs and facilitate 

continuous improvement? 

3. How should the KPIs and controls be displayed to 

improve decision-making in the IBP process? 

S&OP and IBP 

The S&OP process is a cross-functional monthly 

tactical planning process. It integrates sales and 

marketing, finance, planning, procurement and 

production, warehouse and distribution into one 

integrated set of plans. Figure 2 shows the monthly 

S&OP process, which can be broken down into five 

steps: 1. Historical Generation of Data; 2. Demand 

Planning; 3. Supply Planning; 4. Pre-S&OP 

Demand/Supply Balancing; 5. Executive S&OP. 

Performance measures lie at the core of the process, 

as they help the involved stakeholders make decisions 

at every one of the process steps. 

 

Figure 2: The S&OP Process (Milliken, 2014) 

Recently, a new process, Integrated Business 

Planning (IBP), has started to gain popularity as an 

alternative to S&OP.  The difference between both is 

not clearly defined, but different viewpoints exist. It is 

generally accepted that IBP is a more advanced 

version of S&OP which considers a more strategic 

horizon incorporating financial goals. For our thesis, 

we will consider both terms to be interchangeable. 

KPIs, Controls and Actions 

Key Performance Indicators are metrics measuring 

how well an organization performs an operational, 

tactical, or strategic activity that is essential for the 

current and future success of the organization. There 

are some KPIs that apply, in general, to different types 

of industry, and others that will be specific to the 

production process carried out.  

Once an organization has selected the indicators that 

will help it achieve its goals and objectives, it is crucial 

to set up controls and monitor its performance, as 

KPIs by themselves will not solve an organization´s 

problems. When stakeholders are alerted that a KPI is 

deviating from its target – indicating an emerging issue 

– they can find the root cause, make the right 

decisions, and initiate actions to resolve the issue. The 

main attribute of a KPI is that it is actionable.  

KPI dashboards are the most popular way of 

visualization used by organizations today. They allow 

decision-makers to filter and analyze trends in the 

data and receive a visual alert when a KPI is deviating 

from the target so they can drive the necessary 

actions.  

Research Method 

The main purpose of our thesis is to design a solution 

for the sponsor company that includes a set of KPIs 



 

 

and dashboards for the S&OP process, as well as 

formalizing the procedure for finding those KPIs. 

The research method used for this thesis project is a 

qualitative one, following the steps detailed by Gioia et 

al. (2012). We conducted a series of interviews with 

the sponsoring company´s S&OP stakeholders, who 

know the product line we are focusing on, the issues 

they experience, the decisions they make regarding 

the S&OP process, and the data they receive, have 

access to or lack.  

We also looked at other data sources, specifically the 

company´s master data and the dashboards it 

currently uses. We followed the process of data 

collection and data analysis.  

Results 

1. Selection of the KPIs 

From the information gathered in the interviews and 

the analysis of the master data and dashboards, we 

identified some issues that affect the various functions 

and the KPIs being used to monitor their performance.  

We classified the identified issues into six main 

categories: demand, capacity, forecast, cost, data, 

and inventory. We also classified all the KPIs currently 

being used into six main categories: cost/finance, 

delivery/supply, forecast, inventory, quality, and sales.  

Figure 3 shows an example of the issues identified 

related to inventory and the KPIs being used to 

measure the performance. 

 

Figure 3: Example of Inventory related issues and KPIs 

identified through the interview process. 

Taking all of this into consideration, we selected the 

main KPIs that the sponsor should review during the 

IBP meeting, which can be seen in 

Figure 4. We also identified a gap in the 

measurement of some KPIs, for which we provide 

our respective suggestions. 

Figure 4: Top metrics chosen for the IBP meeting. 

From these results, we can conclude that our sponsor 

company has the appropriate selection of KPIs to deal 

with the identified issues, and also to drive the S&OP 

process. What it does not have as well-defined are 

clear controls that alert about emerging issues, nor 

does it have an established method to follow up with 

actions.  

2. Controls and Actions 

Once we defined the selection of KPIs, the goal for 

each of the metrics needs to be determined. In 

practice, the KPI’s performance will be measured 



 

 

against the goal as a control. The sponsor needs to 

define the goal itself, as well as the minimum or 

maximum thresholds the value of the KPI can take. If 

the KPI value surpasses any of the thresholds, the 

stakeholder responsible for the KPI would be alerted 

that the performance is deviating from the goal and 

some actions might be necessary. 

Once the controls are in place, specifying the actions 

required to correct the KPIs when needed is crucial. 

We propose a general process to set the KPI goals 

and controls, to monitor these through the IBP 

dashboard, and what actions should follow depending 

on whether the KPI is under control or not. 

3. Functional Dashboard 

Finally, we suggest creating a dashboard for the IBP 

meeting that includes the most relevant KPIs we 

identified previously. The idea behind the IBP 

dashboard is to have one set of numbers for all 

stakeholders to review during the IBP meeting, without 

the need to create additional slides, which many 

interviewees mentioned was a manual and time-

consuming task. The stakeholders can look at the 

current status of the KPIs, obtain actionable business 

information, whether it is emerging issues or 

opportunities, and make better data-driven decisions. 

Although the data does not tell the viewer the exact 

actions he needs to take, it works as an early indicator 

of emerging issues. A dashboard is a visual 

communication tool, so its design should enable the 

easy and effective transmission and interpretation of 

the data it is displaying. An example can be seen in 

Figure 5, which shows the first page of our suggested 

IBP dashboard with the selected KPIs and colour 

coding according to the performance.

  

 

Figure 5: First page of the IBP Dashboard. 

The main characteristics of the dashboard are: 

performance over time and targets for the KPIs, colour 

coding acting as a control for KPI performance, the 

right type of graph to display the data, filters to adjust 

the data granularity, and an action tracker. An 

example of one of the dashboards we propose can be 

seen in  

Figure 6, displaying the described dashboard 

characteristics. 



 

 

Figure 6: One of the proposed IBP dashboards. 

Conclusions 

In this work, we studied the S&OP process of a 

pharmaceutical company and worked towards 

achieving an improvement in the way they make 

decisions throughout their planning horizon.  

Consistent with our main goal to provide a 

comprehensive framework for KPI selection for the 

IBP process, our thesis demonstrates how it is 

possible to obtain the necessary information from the 

different functional areas to understand the issues 

being faced by the organization, the limitations with 

the data, and the KPIs it uses or would like to have 

available to help its decision-making. While we 

present in our results a set of selected KPIs, actions 

and controls for our sponsor’s IBP process, our 

selection won´t necessarily apply to every company; 

this is something that will need to be adjusted 

according to a particular organization´s needs, the 

type of focal process, and the industry. As an 

extension, we must mention that there are some 

limitations in practice while doing similar projects 

because every company and process has different 

needs and works differently, so the methodology and 

insights will probably be useful for further research, 

though not applicable in the exact same way. 
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KEY INSIGHTS 

1. Nanostores are greatly disenfranchised in CPG 
SC in emerging economies, although their retail 
operations are most consumer-oriented. 

2. Including Process Improvement with Network 
design allows for fruitful insights across 
strategic, tactical & operational tiers. 

3. Constrained Clustering allows for considerations  
regarding minimizing average inter-stop 
distances, as well as leveling demand to occur. 

 

Introduction 

The sponsor is a company that offers a service for 
convenience nanostores in Guadalajara, Mexico 
through an online app with which the store owners can 
place orders on the SKUs they desire from the typical 
assortment. It focuses on customer service, minimal 
price-up marks (~5% margins), delivering them in their 

own vehicles, and only requiring cash payment upon 
order delivery.  

The sponsor tries to tackle an inherent problem for 
these nanostores: The arrival of global retail 
companies, and their rapid expansion in the Mexican 
food and grocery industry has led to increasing 
pressures to the over 600,000 nanostores in the 
country. The big retailers have a clear advantage in 
terms of price, product availability, and quality over 
their traditional counterparts.  

Effectively serving as a direct distribution channel, the 
sponsor’s platform addresses difficulties for both small 
and medium suppliers, as well as the store owners, 
helping them consolidate their operations, while 
generating valuable information from a traditional 
retail channel that is so fragmented that barely has 
available information. 

Problem 

Still in a testing phase, the sponsoring company has 
already handled over 3,000 orders with their own 
delivery truck in the metropolitan area of Guadalajara. 
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Lean operations design and Machine Learning-enhanced 
scenario planning approach for an e-commerce platform 

By Teresa Barros Losada, Christopher Czech, Rodrigo Perez Gopar 
Thesis Advisor: Mustafa Çagri Gürbüz 
 Summary: 
This thesis introduces a data-driven approach to improve the operations of an e-commerce company selling 
products to grocery nanostores in Guadalajara, Mexico. It combines a lean operations design using Value 
Stream Mapping (VSM), and solves a Location Routing Problem (LRP) using a Machine Learning clustering 
method for segmenting the clients, and estimating the routing costs using a Continuum-Approximation (CA) 
approach. All this was applied to the current state, as well as a set of future potential scenarios 
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During this 14-months phase, their platform has been 
collecting valuable data and primarily been used to run 
field testing; allowing them to establish processes, 
improve app functionalities & usability, and get a 
better understanding of the supply chain hurdles their 
value proposition creates 

Their current supply chain network is comprised of 
121 customers and one warehouse. Due to the high 
stochasticity of customer order placements 
throughout the week, and the companies given 
resources (one warehouse and one delivery van), it 
has implemented a policy that allocates a free delivery 
to customers on a set weekday per week – from 
Monday to Saturday. The implemented policy has led 
customers to prefer waiting for their orders, and 
schedule delivery on their allocated weekday, i.e. 
when the delivery results without additional fees. This 
is a clustering approach they performed that has given 
them great results, although it has improvement 
potential. 

The main questions for the sponsor company now 
include: How to re-design my operations to maximize 
efficiency in a tight-margin business? How can I 
prepare my logistics network better to scale the 
business in the upcoming months, with such a high 
uncertainty? 

Methodology  

Our research tackles the sponsor’s main questions 
through a data-driven approach consisting of two 
different stages. In the first one, we tackle the 
operational and more qualitative aspects of the 
logistics operations of the company through a Value-
stream mapping (VSM) approach. During the second 
stage, we use a scenario planning of the network 
design approach to solve the more quantitative and 
strategical aspects concerning their current model. 
These two approaches also tackle two different 
dimensions of their current operations: the operational 
side with the VSM, serving as an input for the strategic 
design of the network design in the medium to long 
term. In this section we will present both.  

Value Stream Map 

VSM is a very commonly used tool in production 
environments. In this research we focus on 
implementing this kind of lean techniques outside of 
the manufacturing world and into the operations of the 
warehouse of the sponsoring company. The aim is to 
identify potential inefficiencies in their processes and 
propose solutions that will tackle them and enable a 
smoother flow.  

The process we analysed is the order processing, 
from the moment it is received in the system until it is 
delivered. This technique involves the collaboration of 
the company, that helps to identify current problems, 
inefficiencies, and potential solutions. In a first step, a 
current-state map is developed, depicturing the 
process state as it is. Through analysis and taking into 
consideration the seven wastes of lean (inventory, 
waiting, motion, defects, overproduction, 
transportation and overprocessing), we identify the 
bottleneck, as well as areas where the process can be 
improved with the means that the company currently 
has. One of the most relevant findings include the 
bottleneck, which was outside of the process that we 
were analysing but it impacted the available 
resources.  

The future-state map that we developed includes the 
recommendations that we make for possible 
improvements, some of these are:  

- Batch picking 
- Reorganisation of the purchasing process 
- Centralization of the order processing info 
- Introduction of a warehouse allocation 

system 
 

We equally took into account certain changes that the 
company is making at the moment, such as hiring new 
staff and preparing for the implementation of a 
warehouse management system. All of these changes 
lead us to significant changes, especially in the 
number of orders that can be prepared per day. The 
following table sums up some of these results:  

 Current-state  Future-state  

Inventory 3.5 days 3.5 days 

Processing time 108 minutes 100.3 minutes 

Warehouse FTE 0.5 1 

Order capacity ~19 ~78 

 

We can see that the most relevant change is withing 
the capacity, however, to achieve this, we equally 
need a reorganisation of the process that allows to 
have 1 full FTE dedicated to warehouse activities.  

Network design scenario-planning 

For the network design side of the research, the focus 
is not to find the combination with the lowest total 
costs, but to understand the characteristics of possible 
future scenarios and their total costs, including 
different variables like:  



 Different vehicle type 

 Different number of customers and 
characteristics 

 Different customer acquisition approach: 
Highly concentrated or dispersed in the city 

 Different warehouses 

With these scenarios, the sponsor company can plan 
for the future in a more data-driven way depending on 
how certain milestones are achieved in the real-life 
operation. The tangible results of this research can be 
replicated in the future for them and can be used as a 
framework for other similar e-platforms with uncertain 
customers’ location and demand. 

For the Baseline Model, which is the models that 
mirrors the current state, it would be feasible to solve 
a Location Routing Problem (LRP) using Mixed-
Integer Linear Programming (MILP) for the current 
customer base and demand (121 points of demand 
(PODs), 1 vehicle, and 1 warehouse), but trying to 
include some requirements like intermittent demand 
will increase the complexity in a large scale, since 
Guadalajara has a potential of 19,000+ nanostores 
that could become future customers and there is a lot 
of uncertainty. 

Thus, using an exact solution like a MILP and specific 
scenarios to solve the problem no longer becomes an 
option, so we have decided to rely on a network 
modelling approach using Continuum Approximation 
(CA) for route cost estimations, developing a model 
that allows the sponsor company to understand the 
requirements of each possible future scenario and 
seek for costs reductions while maintaining a high 
service level.  

This is particularly interesting for this research due to 
the scarce literature found targeting the application of 
CA-based routing cost estimations for similar 
purposes in emerging markets – mainly e-commerce. 

To reduce the complexity of the model, we use a 
single product representative of the sets of SKUs per 
order, defined as ‘boxes’ - a 0.03 m3 unit that can hold 
a set of SKUs to be delivered for a client. This is done 
because the demand data available for the different 
SKUs is very limited, and robust forecasting is near to 
impossible, and also because including single SKUs 
would require the inclusion of a solution approach to 
the knapsack or bin packing problem in the model, and 
greatly increase its complexity. 

Thus, the model captures the total deliveries to 
customers in terms of ‘boxes’ packed with the different 

SKUs ordered, simplifying the implementation, and 
not addressing the procurement process - already 
being tackled internally by the sponsor. 

The general process aims to develop a model based 
on real information, and that model will be applied to 
the different future scenarios to minimize the total 
operational costs of the sponsor company. First, the 
initial model was generated with the following 
approach: 

1. Literature review on Network design, 
optimization, MILP, LRPs, and CA. 

2. Data collection, cleansing and analysis for the 
original data using Tableau. 

3. Identification of the key factors to be considered 
for the model. 

4. Baseline LRP-CA model generation in Python 

5. Baseline model results validation 

Then, the second step was the future scenario 
generation and model application to those scenarios: 

1. Develop future scenarios considering variables: 

a. Vehicle type & required fleet 

b. Number of clients and concentration – 
dispersed in a 7.5 km radius, or 
concentrated in the same 
neighborhoods currently served 

c. Different warehouses 

2. Data collection and analysis for each of the 
variables, considering the VSM recommendations 

3. Cluster customers for each scenario with 
restricted K-means clustering 

4. Run the model for each of the 14 future scenarios 
developed 

Impact of K-means clustering and fleet utilization 

The results of this step showed great insights for the 
sponsor company. Clustering the clients with a 
Restricted K-means clustering approach helps in 
reducing the variability of the daily operations and thus 
making the requirements even. This impacts directly 
the feeling of the need of an additional van because of 



specific days with high workload, combined with the 
recommendations of the VSM approach. 

At the time the Project was performed, the sponsor 
company has a low fleet utilization on average 
(~25%), so the acquisition of additional vehicles is not 
justified until they reach at least 500 clients in their 
client database (or the equivalent number of orders 
per weekday with a different number of customers). 
Meanwhile, they can benefit from the use of bike 
deliveries, which have low fixed costs. 

 

Client acquisition and procurement strategy 

To focus the client acquisition strategy, there is not a 
big difference between a high client concentration and 
a dispersion approach in terms of fixed costs due to 
the requirement of integer vehicles.  This might sound 
counterintuitive, but the main differentiator is to 
increase the number of customers in each current 
cluster to increase the number of stops in the same 
route.  

The reason for this difference is that even if the cluster 
area is bigger in the dispersion scenarios, the fixed 
cost difference is the same for both scenarios, leading 
to a variable cost difference – distance and time. The 
difference in total distance in both high concentration 
or dispersion is between 7.4% and 11.7% with the 
parameters and variables selected. 

If you already travel the same distance by visiting a 
cluster, the main cost-reduction activity comes from 
performing delivery stops in that tour – the linehaul 
distance is not as relevant for the short distances 
evaluated within a city. 

Changing to a new warehouse closer to the central 
market is only worth it if a robust business case 
considering the benefits for the procurement and 
inbound transportation process justifies the additional 
costs, which otherwise could be used to acquire an 
additional van in the future. 

 

Bike deliveries 

The van vehicles have high fixed costs, making a high 
utilization of them crucial. Bikes have low fixed costs, 
but their dependency on the variable costs (wages) 
limit their use as a viable option for a big customer 
base. They can benefit from using bike delivery on 
clusters with high density and/or road traffic.  

 

Conclusions 

In this work, we establish both a qualitative model and 
a quantitative model to support a strategic definition of 
an e-platform distribution through process 
improvements and network design, incorporating the 
VSM results into location-routing models using 
continuum approximation, seeking to jointly 
considering the distribution center process 
improvement, the facility location, and vehicle routing 
for a startup about to enter a scaling phase. 
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KEY INSIGHTS 

1. Indirect GHG emissions from a firm’s supply 

chain constitute most of the firm’s total 

emissions and are the ones very difficult to 

capture due to lack of visibility on the logistics 

service providers. 

2. The accuracy of the CO2e emission calculations 

depends heavily on the data quality that 

companies can gather. 

3. To ensure feasible implementation of the 

emission reduction actions, they should not only 

be evaluated based on the reduction potential 

but also by their impact on business operations. 

Introduction 

“The greatest threat to our planet is the belief that 

someone else will save it1.” Over the last five years, 

climate change has been used as the figurehead for 

sustainability. From increased public pressures to 

stricter regulations, it has become a major driver of 

change for firms all over the world. Its relevancy 

grows by the day and the race to efficiently adapt to 

 
1 Quote by Robert Swan, OBE, May 19, 2020 

the new reality has already started. According to the 

EEA (2019), freight shipping amounted to over 27% 

of total greenhouse gas emissions in 2017. However, 

strong economic growth is generating enough 

demand for it to reach a share of 50% by 2025 ITF 

(2019). With it being one of the main sources of air 

pollution for many companies, sustainability in 

logistics occupies a central location in the current 

supply chain management landscape. The high fossil 

fuel dependency of the sector does not facilitate 

solving the serious increasing issue. 

The pharmaceutical industry and, specifically, the lab 

automation sector is not an exception. Due to the 

characteristics of their product such as the 

requirement of a controlled environment, short lead 

times to avoid prolonged exposure to the 

environment, and the high service levels required for 

the customers, these two industries heavily rely on 

air freight to execute their operations. These added 

difficulties turn them into one of the most interesting 

fields of application for sustainable logistics practices. 

The sponsoring company, employing over 2000 

people is a medical equipment manufacturer focused 
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on laboratory automation solutions. The supply chain 

of the company spans with eight manufacturing 

plants located in three different continents, serving 

customers in 50 countries, and having two 

warehouses in the US and Europe for storing spare 

parts. These two facilities along with their logistic 

operations have been completely externalized to 

third-party logistics providers (3PLs). To transport 

their cargo, several modes like air, rail, road and 

ocean are used with the major mode being air. 

One of the main barriers for businesses considering 

sustainability investments is the difficulty of 

quantifying the effects that will be brought by them. 

Berns et al. (2009) showed that companies already 

face difficulties in identifying, measuring and, 

controlling tangible facets of their business and 

hence intangible characteristics like the 

environmental or societal impacts are far away from 

their priorities. However, due to the looming threat of 

disruption that regulations pose, the relevancy of the 

topic has been growing importance over the last few 

years. Companies looking to stay ahead of the curve 

have already begun their transformation towards 

more sustainable business behaviors but, for the 

most part, their interest in reducing environmental 

impacts is mismatched with their level of expertise on 

the matter. Following this trend, the sponsor 

company implemented a few projects which focused 

on shifting some of their freight to low emission 

modes, making efforts for consolidating shipments to 

reduce emissions and onboarding its carriers to deal 

with the carbon emissions. 

Even with the contributions made by these projects, 

management recognized that it is not sufficient to 

support their corporate social responsibility (CSR) 

and wishes to develop a complete set of strategies 

that will enable them to reduce their CO2e emissions 

from transport and warehousing by 50% until 2025. 

The challenge of reducing GHG emissions comes in 

different parts, with all of them presenting a degree of 

complicacy. This thesis aims to provide a 

comprehensive approach to develop strategies for 

emissions reduction in logistics and answer the 

following research question:  

“how should businesses set and achieve their 
logistics sustainability targets?” 

 

Extant Knowledge 

One of the first actions in target setting is the 

definition of the boundaries of measurements. 

McKinnon & Piecyk (2012) provided a framework 

with the different types and scopes of targets for 

GHG reduction projects where they state three types 

of characteristics to establish the scope of 

calculations. The first one is to set the threshold 

value of the target which is mainly done by the 

management and lacks the analysis of feasibility. 

The second differentiates between the targets 

expressed as absolute measurements (CO2e) and 

those calculated as intensity value (CO2e per ton-

km). Finally, the firm must decide which gases is it 

going to account for. The Kyoto Protocol covers the 

seven GHG’s also called as the Kyoto Protocol 

Gases. Although for reporting purposes most 

companies elect to report all the seven gases with 

the common unit of measurement as CO2e which 

helps in comparing and determining the individual as 

well as the total impact of the gases on global 

warming, some might only elect to report CO2. 

The WRI & WBCSD (2004), Green House Gas 

Protocol distinguishes three scopes that encompass 

the emissions of a company as shown in Figure 1. 

 

Source: Smart Freight Centre, (2019), Figure 1 The three scopes 
of carbon accounting established by the GHG Protocol. 

Based on this, Smart Freight Centre (2019) provides 

the first globally recognized methodology for a 

harmonized calculation and reporting of logistics 

carbon emissions across multi-modal supply chains, 

the GLEC (Global Logistics Emissions Council) 

framework. The GLEC framework identifies two 

stages of emission in the fuel life cycle. On the first 

stage, emissions arise from the production and 

distribution of the fuel as a product and secondly, the 

usage of the fuel also produces emissions. The sum 

of both comprises the total emissions of the fuel. 

When crafting an improvement plan there are two 

main approaches that can be followed: the usage of 

general guidelines evaluated through business cases 

or optimization. Both come with advantages and 

disadvantages. While optimization guarantees the 

“best” solution, the complexity of creating said 



models increases exponentially; and with it, so does 

the data requirement. This makes optimization 

unusable in many cases. On the contrary, although 

using general guidelines will very rarely net an 

optimal result, we will be able to use them in almost 

every instance.  

General guidelines do not guarantee an optimal 

solution, but they can be applied in almost every 

situation. By providing a set of principles, these 

guidelines reduce the solution space and point to 

potential ways to achieve emission reduction targets. 

McKinnon et al. (2010) laid out the main areas which 

can produce a reduction in the emissions of a 

company. In the paper, they identify five key areas: 

supply chain structure, freight modal shift, vehicle 

utilization, energy efficiency, and energy mix. These 

five areas constitute a great starting point when 

looking to undertake an emissions reduction project 

however the methodology to quantify emissions is 

not provided. 

Optimization models share the common trait of 
aiming to find a certain value for an objective function, 
by modifying a set of variables, and while abiding by 
several constraints. This simple definition leaves room 
for a lot of variety to exists and finding the right fit for 
the situation we are facing might prove to be a 
challenge. The assessment of these models is based on the 

definition of specific reduction scenarios and on many 

aspects not possible to represent in a mathematical model.  

Research Approach 

Based on the McKinnon & Piecyk (2012) framework, 

the GLEC Framework for logistics emissions 

accounting and reporting, Smart Freight Centre 

(2019), and due to having a top-down target set by 

the management of the firm, the following 

methodology is proposed: 

 

Source: Research approach based on McKinnon & Piecyk, 

(2012),  Figure 2 Research approach steps 

The research approach steps can be briefly 

described in the following steps: 

Define Scope Boundaries: It is extremely important 

to define and set the boundaries for the emissions 

calculations considering the end goals like annual 

climate disclosures or setting, tracking, and achieving 

Science-Based Targets. 

Set Calculation Methodology: Once the boundaries 

are defined, it is crucial to set a calculation 

methodology that captures all the relevant emissions 

in a firm’s supply chain. 

Characterize the As-Is situation: The data 

requirements were classified into two classes:  

a) Ideal Scenario if the Carrier was compliant with 

the GLEC Framework. The data requirement was as 

shown in Table 1: 

Table 1 Ideal scenario: carriers' data collection template 

 

b) The Standard Scenario, if the Carrier was not 

compliant or did not report CO2e emissions, then this 

study proposed a tailored approach where a 

standard scenario was defined which is further 

classified into Base case, Intermediate case, and 

Best case for assessing data maturity levels based 

on the quality of fuel and cargo data. The data 

provided by these key carriers differed in terms of the 

structure, hence key assumptions were made and 

validated with the company to harmonize the data. 

Using set boundaries, the As-Is situation concerning 

the base scenario was calculated in terms of kg 

CO2e. This includes all the emissions from the three 

GHG Protocol Scopes and the Kyoto Protocol 

Gases. 

Scope 1: 

𝐾𝑔 𝐶𝑂2e =  Σ { 𝐹𝑢𝑒𝑙 (𝑘𝑔) ∗  𝑓𝑢𝑒𝑙 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 (
𝑘𝑔 𝐶𝑂2𝑒

𝑘𝑔 𝑓𝑢𝑒𝑙
)}   

Scope 2: 
𝐾𝑔 𝐶𝑂2𝑒 =  Σ { 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 (𝑘𝑊ℎ)

∗ 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 (
𝑘𝑔 𝐶𝑂2𝑒

𝑘𝑊ℎ
)} 

Scope 3: Due to less control and visibility of firm’s on 

their carriers, Scope 3 emissions are hard to 

calculate. The basic steps involved in calculating the 

final CO2e are as follows 

 

where ideally, Ton − km = ∑ (Weight𝑖 ∗ Distance𝑖)
𝑛

𝑖=1  

and  𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 = {(
∑ (𝑘𝑔 CO2e)𝑖

𝑛

𝑖=1

∑ (𝑇𝑜𝑛−𝑘𝑚)𝑖
𝑛

𝑖=1

)} 

 

The final calculation of the emissions combines the 

tonnes, kilometers, and intensity factors to calculate 

the final CO2e.  

𝑘𝑔 𝐶𝑂2𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 =  ∑((ton − km)𝑖

𝑛

𝑖=1

∗ (𝐶𝑂2e Intensity Factor (kg
𝐶𝑂2𝑒

ton − km
 ))𝑖) 

 Origin Destination Mode Weight Distance CO2e 

Shipment 1       

Shipment 2       

Shipment 3       

 

Calculate 
the Ton-km

Find fuel 
intensity 

factor

Convert to 
GHG by fuel 

type

Calculate 
for each 

mode



  

Depending on the information provided, there can be 

different ways to obtain the CO2e emissions from 

less to more precise for various transport modes. 

Define To-Be scenarios: This step includes the 

identification, simulation, calculation of potential 

reduction actions that can be taken to achieve the set 

targets of the company. Overall efficiency is the key 

performance indicator (KPI) that measures the 

efficiency of emissions across the whole logistics 

chain: 

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
(𝑇𝑜𝑡𝑎𝑙 𝑘𝑔 𝑜𝑓 𝐶𝑂2𝑒 𝑒𝑚𝑖𝑡𝑡𝑒𝑑)𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡+(𝑇𝑜𝑡𝑎𝑙 𝑘𝑔 𝑜𝑓 𝐶𝑂2𝑒 𝑒𝑚𝑖𝑡𝑡𝑒𝑑)𝑊𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑖𝑛𝑔)

(𝑇𝑜𝑡𝑎𝑙 𝑡𝑜𝑛−𝑘𝑚)𝐴𝑙𝑙 𝑠ℎ𝑖𝑝𝑚𝑒𝑛𝑡𝑠 
  

 

Segmenting the reduction actions based on other 

relevant parameters like cost and lead times allows 

companies to converge on a set of actions that are 

feasible for implementation. 

Implement and track: Finally, the reduction actions 

should be implemented, and the progress should be 

tracked until the desired target is achieved. 

Conclusions 

During the baseline year, the company produced a 

total of 7,191,860 kg of CO2e through a total of 

25,606,354 ton-km. The overall emissions efficiency 

amounted to 0.28 kg of CO2e per ton-km. The 

percent wise distribution of the emissions by mode 

can be seen in the following figure. 

 

Figure 3 Percentage CO2e kg by mode of transport: 

From the results in Figure 3Error! Reference 

source not found. it is evident that air is by far the 

most polluting mode of transport for the company 

followed by road, ocean, and rail. As a result, the 

focus of the emission reduction policies was on this 

mode. Hence, reduction actions regarding air freight 

allowed to impact the biggest percentage of the 

company’s emissions while also greatly improving 

the efficiency. Nevertheless, technological 

advancements in road and ocean that can provide 

maximum efficiency improvements have been 

analyzed. Although the percentage of emissions that 

were affected by these is not that sizeable, the 

improvements in intensity were high enough. 

After the list of candidate actions was created it was 

evaluated according to reduction potential, cost, and 

lead times. To conclude, an emissions reduction plan 

composed of a combination of actions was proposed 

to the company. Plan A consisted of Actions for 

reducing emissions with lowest impact on cost and 

Plan B consisted of actions for reducing emissions 

with lowest impact on lead times. Both plans will help 

the sponsoring company to not only achieve its set 

reduction target of 50% until 2025 but will also 

minimize the impact of the actions on the company 

financials and operations. 

The Carbon Disclosure Project, CDP (2018-2019) 

states that a company's supply chain emissions are 

5.5 times greater than its Scope 1 and 2 emissions, 

making it critical for firms to focus on Scope 3 

emissions. Blanco et al. (2016) state that companies 

that calculated and reported their Scope 3 emissions 

only captured 22% of the total Scope 3 emissions in 

their reporting, highlighting the need for better 

understanding and disclosure of these emissions. 

Due to the pliability of the study, the proposed 

methodology can be used across various companies 

irrespective of the business sector not only to 

calculate and reduce CO2e emissions but at the 

same time also to calculate the impact of other key 

characteristics like costs and lead times which affect 

the operations of the businesses.  
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KEY INSIGHTS 

1. We develop an enumeration algorithm to 

generate all feasible routes, while reducing 

computational time.  

2. We present an optimization model that allows 

simultaneous production planning and vehicle 

routing. This problem is common in "Make to 

Order" planning environments. 

3. We demonstrate the value of collaboration in the 

compound feed industry and obtained results in 

different possible scenarios of collaboration.  

Introduction 

Supply chain collaboration is a hot topic today, and, 

no wonder, the firms that collaborate effectively 

across the supply chain have presented reductions in 

cost and inventories, together with improvements in 

service levels, customer satisfaction, and speed. In 

the last years, many organizations are trying to gain 

a competitive advantage by integrating suppliers and 

customers into the supply chain, using some degree 

of collaboration.  

 

 

 

 

 

 

The sponsor company is a global leader in premixes, 

innovative feed specialties, and nutritional services 

for the animal nutrition industry, employing over 5,000 

people. The product portfolio provides a wide variety 

of species-specific nutritional solutions to all its 

customers like farmers, home-mixers, feed 

producers, integrators, and distributors. At this 

moment, the company offers more than 8,500 SKU's. 

This thesis aims to provide a framework for supply 

chain collaboration in the compound feed industry, 

seeking to optimize the planning processes while 

investigating the potential cost benefits from 

increasing collaboration in the value chain. 

Several analyses have been carried out to achieve 

the thesis goals. First, a detailed modelling of the 

current operations and approach to planning is 

structured. Second, MILP optimization models have 

been developed to facilitate joint planning of 

transportation and production. To that end and to 

tackle the high complexity of the joint problem, an 

algorithm has been developed to reduce the solution 

space and enumerate feasible results. Third, the 

optimization models and various scenarios for 

collaboration have been executed and results 
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compared. Finally, a detailed framework for improving 

collaboration in practice is provided along with 

accompanying checklists. 

Compound feed operations 

Regarding our sponsor's planning of the end-to-end 

operations, Feed Mills can be considered as a 

decoupling point between a "push" operations model 

(applicable to the upstream supply chain) and a "pull" 

one (characterizing the downstream supply chain).   

Under the push part of the supply chain, the 

processes are driven by projections of customer 

demand. 

Under the pull part of the supply chain, the processes 

of manufacturing and customer service are driven by 

actual customer orders. The vast majority of products 

are produced once the customer places an order 

("Make to Order" manufacturing). 

The most critical cost driver of the final products is the 

transportation cost, followed of the raw material cost. 

The manufacturing cost represents only a 5%-10% of 

the total cost.  

In production, the most critical element is the mixer; it 

establishes the bottleneck and determines the 

number of maximum runs that can be carried out, as 

well as the maximum number of products. 

Planning optimization models 

In terms of the planning level, the focus of this work 

lies on the short-term (daily) and mid-term (weekly) 

coordination of operational processes using the 

master planning (MP). The model is going to optimize 

production planning and distribution planning 

simultaneously. 

A new two-stage exact approach for solving a large-

scale problem is presented. 

In the first stage, all the feasible routes are generated 

using an enumeration algorithm; then, an integer 

programming model is executed to select the optimal 

routes from the set of possible routes, given the 

manufacturing and transportation constraints. The 

execution of the developed optimization approach 

takes place in computational time significantly lower 

than traditional approaches. 

Enumeration algorithm 

The enumeration algorithm doesn’t analyze all the 

routes, it only calculates the combinations of the 

routes allowed depending on the number of 

compartments used by the customers.  The routes 

are enumerated and those that do not meet the 

capacity and distance constraints are discarded. The 

following example illustrates how the algorithm works. 

 

Models 

The following models have been developed:  

1. VRP:  The objective in this model is to minimize the 

total cost of transportation, given that all customers 

must be visited only once and there are time-window 

limitations in the operating time of the vehicles. This 

model chooses the best routes from all feasible ones 

determined by the enumeration algorithm. 

2. Single echelon, multiperiod, simultaneous 

production planning and routing: The objective of this 

problem is to minimize the total cost of transportation 

and manufacturing; that is, the model chooses the 

best from all feasible routes taking at the same time 

into consideration the corresponding production 

sequences.  

3. Multi-echelon, multiperiod, simultaneous master 

planning and routing: The objective of this problem is 

to minimize the total cost of transportation and 

manufacturing taking into consideration the existence 



 

 

of two plants. The enumeration algorithm calculates 

all feasible routes for each customer for each plant 

including the shared customers. 

Measuring the collaboration 

A challenging issue with collaborative planning is 

quantifying the value of increased supply chain 

collaboration and the potential benefit that can be 

obtained to justify the business case. We measure 

the impact of collaboration on supply chain cost 

performance by considering the following scenarios: 

1. VRP: The goal is to assess the improvement 

potential in transportation by comparing the cost 

currently incurred by the company to the cost 

obtained through optimization (VRP algorithm).   

2. Baseline: The "single echelon, multiperiod, 

simultaneous master planning and routing" model is 

executed and the results are used as a baseline for 

evaluating the collaborative scenarios outlined below.  

2. Partial collaboration: The "Single echelon, 

multiperiod, simultaneous master planning and 

routing" model is applied, assuming that some 

customers (intra-group ones) are collaborative.  

3. Total collaboration: The "Single echelon, 

multiperiod, simultaneous master planning and 

routing" is applied, assuming that all customers are 

collaborative. The solution to this problem provides 

an upper bound to the savings that can be expected 

from collaboration. 

Results 

The algorithms have been applied to the different 

scenarios described using historical data and actual 

decisions from the sponsor’s operations record. 

It has been shown that the implementation of the 

proposed algorithmic optimization has the potential 

for significant cost improvement. Specifically, a cost 

improvement of 8.5% is expected by adopting the 

proposed approach in the transportation problem –

this is evaluated by comparing to actual company 

decisions and using exactly the same cost 

parameters.  

 

Furthermore, increasing collaboration in the value 

chain can potentially lead to cost improvement of a 

magnitude of 9-10%, compared to the result of the 

proposed approach with no collaboration. 

 

Conclusions 

Some key points of the proposed optimization 

and results analysis are summarized as follows:  

1. The computation times required to solve large-

scale problems with the proposed methodology 

are considerably lower than with traditional 

methods. 

2. The analysis shows that applying optimization 

methodologies to the company’s VRP problem 

has the potential for about 8,5% annual savings 

(translated into about 130,000€ annual savings 

for the focal plant). 

3. All collaboration scenarios are theoretically 

possible and applicable. However, a prerequisite 

for collaboration to materialize, is having in place 

reliable data (availability, accuracy, and 

harmonization). 

4. Once an effective information system is in 

place, the proposed CPFRM framework can 

generate a competitive advantage, by expanding 



 

 

the planning focus and optimizing the operations 

of the end-to-end value chain.   

5. Evaluating the full potential of collaboration 

and developing the business case would require 

testing of more intermediate scenarios and longer 

planning horizons 
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KEY INSIGHTS 

1. Demand is the main source of uncertainty. 

2. To find optimal balance between 

redundancy and efficiency, uncertainties in 

supply chain has to be taken into account by 

building redundancies to make network 

robust 

3. Recommendations provided lead to the 

reduction in number of DC’s. As the demand 

uncertainty grows, aggregating the DC’s can 

help to handle it. 

 

Introduction 

Supply chain network design (SCND) is becoming 

more complex with increasing trends of uncertainties 

such as trade wars, pandemics, structural changes 

due to geopolitical problems, economic uncertainty 

and very nature of global supply chains along with the 

multiple levels/ tiers of the network. These trends 

make overall supply chain more vulnerable to 

disruptions. Besides that, supply chain networks are 

constantly changing to more complex ones, as the 

disruption risk is increasing.  

Recent trends suggest managers to put more 

attention to supply chain risk in the past few years. 

However, the implementation of risk management is 

still in its infancy. Worse than that, the companies 

make their supply chains more efficient when it is clear 

that this progress can unwittingly raise the levels of 

risk and vulnerability.  

Due to the increase in complexities of large-scale 

supply chain and maximum disruptions in FMCG 

industry along with increased competitiveness in 

recent years, it is very difficult to have focus with right 

balance on efficiency versus robustness. The 

robustness is understood as an ability of the system to 

continue servicing the customers in a cost-effective 

way when disturbances appear [1]. Keeping that in 

mind, we have done the research work through our 

thesis project, which reflects identifying and prioritizing 

potential risks and mapping those risks as part of the 

network model design. We use a three-step approach 

to design a robust supply chain, which helps in 

mitigating the disruptions while taking into account 

minimum total logistics cost requirements and 

expected service level 

Further sensitivity analysis through What-If scenarios 

with in optimized scenario helps in identifying the most 

suitable network design configurations. 

Project Background 

Analysis for Supply Chain Network Design (SCND) is 

based on the data provided by Colgate Chile. Data 

include cost components such as warehouse cost, 
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transportation cost between various lanes and 

inventory holding cost. Data also include warehouse 

capacities, transportation capacities and customer 

demand across five distribution channels. Other 

relevant sets of information provided by Colgate Chile 

are: the set of nodes, the distance between the links, 

expected lead-time and warehouse capacities of 

nodes.  

Current supply chain network of Colgate Chile 

consists of one central distribution center (CDC) and 

eleven Colgate distribution centers (DCs) for 

distribution to a number of retails DCs and 3351 

stores. Distribution flow is across 4 product categories 

and five distribution channels. Figure 1 represents the 

schematic view of Colgate Chile supply chain 

distribution network.  

Research Approach 

The process of building the robust supply chain 

network follows a three-step methodology: Potential 

risk identification, deterministic SCND model 

stochastic SCND model. Detailed scheme is given on 

Figure 2. 

The first step includes identification of critical risk from 

a list of potential risks within the current supply chain 

network. To achieve this, a two-step method was 

applied combining AHP [2] and ELECTRE [3] 

methods, the first one based on expert evaluation of 

risk and mitigation strategies to quantified risk priority. 

Then, ELECTRE was applied to build a clear 

framework for determining the risk mitigation 

strategies should be based on the best trade-off 

between them all. 

Deterministic model is focused on the design of the 

supply chain network and has as objective to reduce 

the total cost while meeting all customer requirements. 

The problem, as formulated as a mixed integer linear 

programing (MILP) model, in which the objective 

function includes the following cost components:  

 The sum of the cost related to each flow 

between nodes on the network;  

 Fixed cost for distribution center;  

 Sum the variable cost over time related to 

safety stock;  

 Fixed and variable cost of hiring or operating 

vehicles; 

 The quantification of the shortage cost. 

One of the common ways to bring uncertainty to 

supply chain network design optimization problem is 

a stochastic optimization using Bender’s 

decomposition [4]. Bender´s decomposition includes 

splitting the problem into a master problem and sub-

problems, for our model, the deterministic model 

would be solving separately as the master problem 

without uncertainty, after, the model is solved for the 

stochastic variables as sub-problems. When solution 

for both (master and sub problem) converge, the 

algorithm stops, returning the optimal solution [5]. 

Results 

Based on risk assessment framework and analysis 

using AHP, all potential risk categories, sub-

categories and risks have been evaluated based on 

Colgate Chile stakeholders’ inputs. As a result, the 8 

most impactful risks of 27 were identified. Their score 

appeared to be 85% of total score.  

Table 1 Most impactful risks 

Risk Rating 

Method or system error 44% 

No available fleet 14% 

Seasonality  7% 

Marketing events 7% 

Reducing contracted shipments quantity 5% 

Transportation cost raise 3% 

Transportation delays 3% 

Short of warehouse capacity 2% 

Accordingly, the following uncertainty has been 

considered in the optimization model: 

 Demand Uncertainty; 

 Transportation Delays.  

Figure 1 Supply Chain Network overview of Colgate Chile 

Figure 2 Research approach 



The result of mitigation strategies assessment is 

shown on the Figure 3. As follows from the results, 

adding capacity is the last perspective measure to 

protect supply chain again disruptions. Based on this 

assessment, an ability to reduce number of DC’s was 

added to the model. Increase flexibility and 

responsiveness in strategical perspective means that 

a number of links under consideration should be 

increased. 

 

Figure 3ELECTRE scoring mitigation strategies 

The optimization program was run based on 

programmed Python model with Gurobi-optimizer and 

had the following optimization options:  

 Redefine customer assignment to DC’s through 

product flow optimization; 

 Allocate optimum capacities for Warehouses 

and Vehicles, deactivate Warehouse; 

 Build extra stock of inventory at different facility 

locations; 

 Enable extra carrier options on power customer 

distribution lanes and intercompany lanes; 

 Activate a Retail DC option or direct customer 

delivery instead of supplying through Colgate 

owned DC. 

Stochastic optimization was run under the 4 

scenarios, defined in Table 2.  

Table 2 Scenarios definition 

Risk 
Parameters 

Scenario definition by 
increasing/decreasing the variability 

Baseline Scenario 
1 

Scenario  
2 

Scenario 
3 

Demand 
Distribution 

Given -20% 20% 40% 

Lead Time 
Distribution 

Given -20% 20% 40% 

Figure 4. represents the results (detailed total costs 

and service level) of optimization runs of deterministic 

and stochastic models in comparison with actual 

data. Accordingly to the graph there is a significant 

opportunity to improve an actual supply chain 

network, obtain a higher service level withal reduce 

the operational cost.  

 

Figure 4 Total cost and service level for actual and optimized 

options of network 

Optimization of network design translates into 

minimum and maximum cost savings of 509 and 540 

million Chilean pesos across all possible evaluated 

scenarios. Service level improvement is within the 

range of 82% to 97%. Major impact is shortage cost 

which gets reduced by 400 million Chilean pesos and 

Inventory holding cost by 69 million Chilean pesos. 

This results are provided by closing a part of Colgate 

DC’s (5 of 11 active instead of 9 of 11 in actual supply 

chain) promoting a direct to customer delivery and 

retail DC’s delivery schemes.  

Sensitivity analysis 

Objective of sensitivity analysis here is to assess the 

effect of changing the service level parameter with 

respect to improving the supply capability in supply 

chain network. Evaluation through what-if analysis, 

includes changes of service level and their impact on 

inventory costs. Illustrative depiction of prioritization 

of expected service level with respect to inventory 

holding and shortage cost reflects the impact on total 

logistics cost. 

Figure 5 depicts the changes of holding cost and 

shortage cost of optimized solution found within 

different target service level values. As it can be seen 

on Figure 5, changing the service level from 98% and 

above increases the holding cost exponentially. 

However at the same time shortage cost is not 

decreased in same proportion thus increase the total 

inventory and logistics cost. This makes a case of 

98% service level as most optimum scenarios when 

doing inventory holding and shortage cost trade offs.  



 

Figure 5 Holding cost and Shortage cost as a function of service 

level 

Conclusion  

The network optimization model represents a starting 
point for evaluation of robustness of distribution 
network based on identified potential risks. Further 
inputs and related model configuration parameters 
can be included to make it more realistic and 
implementable while being robust and cost effective. 
To build this as a part of current solution, the 
approach proposed in this thesis can be expanded 
by:  

• Consideration of multi-mode transport such as 
air along with Overland; 

• Building in the sustainability factors to network 
design such as carbon emission distribution 
network; 

• Solving the last mile vehicle routing problem; 
• Check sensitivity based on PROMETHEE 

multicriteria decision making method. 
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Analytical Approach to Process Selection for a Process Mining Proof of 
Concept in a Medical Device Planning Organization  
Team: Gerardo Lira, Alyssa Palmer  
Advisor: Alejandro Serrano 
 
Process Mining is a relatively new area of study focused on discovering, monitoring, and 
improving processes as they are by extracting knowledge from event logs readily available 
in today’s information systems. This project's main goal is to identify the criteria that 
processes should be evaluated against and how these criterion compliment or contradict 
each other with the aim of choosing the best process for a process mining proof of 
concept study in order to incorporate an emerging technology into the organization. 

 
 
Measuring Planning Effort Value in Clinical Trial Supply Chain  
Team: Felipe Fernández, Douglas Rodríguez  
Advisor: Çagri Gürbüz 
 
Clinical Trial Supply Chains in biotechnological industries need to adapt to the tendency of 
developing individual solutions for specific diseases. This process requires the delivery of 
expensive short shelf-life molecules in small quantities with extreme demand variability in 
geographically widespread clinical trials. With these conditions, maintaining extremely 
high customer service levels requires high inventory investment and as a result, high 
amounts of inventory waste. The main objective of this thesis project is to quantify the 
potential value that planning effort investment in clinical trial supply chain can produce, 
reducing inventory waste without compromising current customer service levels. 

 
 
Business Value Validation of the 2D Data Matrix Code Labeling as the 
Foundational Step in Digitalization / Automation  
Team: Lubna Amad, Muqarib Mahmood-Ul-Hasan  
Advisor: Yasel Costa 
 
This thesis tackles the question of what business value can digitalization bring to a 
warehouse in terms of time, accuracy, labor, and money. In addition to what efficient role 
does barcoding and mobile scanning play as a first step in this digitalization project the 
sponsor company started. 

 
 



 

Dynamic Freight Inflation Forecasting  
Team: Abdoulaye Diarra, Daniel Wohlmuth  
Advisor: Yasel Costa 
 
The supply & demand of ocean transport is affected by several economic, operational & 
disruptive factors which make the sea freight a complex and volatile market. This thesis 
aims to build a forecasting model using ANN, a machine learning technique, with these 
influencing variables & the sponsor company historical data in order to predict future 
freight rates for the shipments ex Houston (USA) to Dammam (Saudi Arabia). The study 
results showed that not only ANN is the best model compared to Multiple Linear 
Regression & Time Series, but also that it is the best approach for complex systems such as 
economy & stock market for which it is capable of predicting accurately trend on a long-
term horizon (up to 5 years). The research has also revealed that the USA economy 
parameters influence the containerized ocean freight rates of the shipments to Middle 
East ports (e.g., Dammam). 

 
 
Segmentation-driven Inventory Management in the Healthcare industry  
Team: Vinicius Alexandrino, Chun- Hsiang Chuang  
Advisor: Spyridon Lekkakos 
 
Due to the competitiveness of the Healthcare Technology market aligned with the high 
demand volatility and the short product life cycles, the importance of having a more 
efficient inventory management, with low excess inventory and a high customer service 
level is ever-increasing. In this paper, we study the problem of a health technology 
company, which is trying to meet its customers’ orders from stock. Yet, the service 
performance for its main retailer operating in the e-commerce market shows that the 
existing inventory policies result to a relatively poor service level. We propose a method 
for clustering products with similar characteristics, based on which different inventory 
models were then applied to the SKU clusters. The fill rates and inventory levels for the 
different model outputs are analyzed and compared and the result of our study provides 
our sponsoring company with different options to select appropriate inventory 
management strategies. 
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