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Abstract

This dissertation work was motivated by a project at Farfetch within the Fulfillment Design team,
and involves designing possible automation solutions for a manually operated warehouse.

In the world of e-commerce and retail, order fulfillment is a fundamental process that involves
the entire course of an order, beginning with the moment a client places it and ending with the
successful delivery of the products.

The increase in e-commerce sales volume, coupled with the need to reduce time to market and
meet current levels of service to ensure customer satisfaction, are currently the biggest challenges
for supply chains. Fashion e-commerce faces them profoundly, particularly due to seasonality and
product diversity, as well as to the diverse preferences of customers. For this reason, companies
are pressured to streamline operations, optimize inventory management, and improve logistical
capabilities. Within this context warehouses play a critical role.

Manual warehouses, in general, have difficulties to adapt to these changes, leading to bot-
tlenecks and inefficiencies. Therefore, warehouse automation appears as one of the solutions to
enhance performance, accuracy, and speed in order fulfillment processes. In the fashion sector,
process automation offers advantages such as flexibility, scalability, and increased response times
to meet such varied demands.

Based on the described situation, this dissertation explores and identifies the main opportu-
nities for automation at a fashion e-commerce warehouse. The main areas explored here are
Packaging and Storage, with potential direct and indirect savings.

Initially, the automation potential was explored, identifying specific opportunities within each
area that stood out. Subsequently, the current AS-IS situation of each area was studied, enabling
a better understanding of the processes. A market study was then conducted to identify the key
suppliers in each area that meet the required needs. Finally, the TO-BE process was mapped for
each identified area. The methodology used throughout this project also serves as a guide for
future projects.

Implementing automation solutions is a complex task due to the level of detail and alignment
it requires, as well as the impact it has on operations. For this reason, the presented solutions have
not yet been implemented. However, their implementation plan was also an outcome of this thesis.

This study estimates savings of approximately C2M and C57K for the packaging and for the
storage areas, respectively.
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Resumo

Este trabalho de dissertação foi realizado no âmbito de um projeto da Farfetch, na equipa de
Fulfilment Design e envolve o desenho de possíveis soluções de automação para um armazém
operado manualmente.

No mundo do e-commerce e do retalho, é fundamental o cumprimento do processo de fulfil-
ment, que envolve todo o percurso de uma encomenda, começando no momento em que o cliente
a coloca e terminando com a entrega dos produtos.

O aumento do volume de vendas de e-commerce, aliado à necessidade de reduzir o tempo para
o mercado e atender aos atuais níveis de serviço, a fim de garantir a satisfação do cliente, são
agora os maiores desafios das cadeias de abastecimento. O fashion e-commerce enfrenta-os de
forma profunda, especialmente devido à sazonalidade e diversidade dos produtos, bem como à di-
versidade de preferências dos clientes. Por esta razão, as empresas são pressionadas a racionalizar
as operações, otimizar a gestão de inventários e a melhorar as capacidades logísticas. Neste con-
texto, os armazéns desempenham um papel fundamental.

Os armazéns manuais, de forma geral, enfrentam sérias dificuldades em adaptar-se de forma
eficiente a essas mudanças, o que leva ao aparecimento de gargalos e ineficiências. Desta forma,
a automação de armazéns é apresentada como uma das soluções para aumentar a performance, a
precisão e a rapidez nos processos de fulfilment. No que toca ao setor fashion, a automação de
processos oferece vantagens, tais como a flexibilidade, a escalabilidade e o aumento dos tempos
de resposta para atender à tão diversificada procura.

Baseada na situação descrita, esta dissertação explora e identifica as principais oportunidades
de automação num armazém de fashion e-commerce.

As principais áreas exploradas neste estudo são o Packaging e o Storage, com oportunidades
de poupanças diretas e indiretas significativas. Numa primeira instância, foi explorado o potencial
de automação, identificando dentro de cada uma das áreas oportunidades específicas. Em seguida,
foi detalhada a situação AS-IS de cada uma das áreas, o que permitiu uma melhor compreensão
dos processos. Posteriormente, um estudo de mercado identificou os principais fornecedores em
cada área que satisfazem as necessidades requeridas. Por fim, mapeou-se o processo TO-BE para
cada uma das áreas identificadas. A metodologia usada no decorrer deste projeto, servirá como
guião para projetos futuros.

A implementação de soluções de automação é um trabalho complexo pelo nível de detalhe e
alinhamento que exige e pelo impacto que detém no decorrer das operações. Por este motivo, as
soluções apresentadas ainda não foram implementadas. Contudo, o seu plano de implementação
foi também um resultado desta dissertação. Os resultados deste estudo preveem savings de cerca
de 2MC e 57KC para as áreas de Packaging e de Storage, respetivamente.
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Chapter 1

Introduction

1.1 The Company

FARFETCH is a global online platform that connects consumers with a curated selection of

luxury fashion items from boutiques and brands around the world. It was founded in 2007 and

launched in 2008 by the Portuguese entrepreneur José Neves due to his passion for fashion. José

had this idea during a trip to Paris Fashion Week, where he became aware that independent high-

fashion boutiques needed a presence in the online marketplace. FARFETCH acts as a connection

between customers and luxury boutiques around the world, and provides in its digital marketplace

an astounding variety of products that users can explore. The company serves more than 190

countries and has merchandise from over 1400 of the world’s greatest brands, boutiques, and

department stores.

One key characteristic that distinguishes FARFETCH is its focus on providing a unique and

customized shopping experience. The platform uses cutting-edge technology and data analytics

to deliver personalized suggestions based on individual tastes and interests, allowing customers

to discover new designers, trends and special pieces. Ensuring a delightful experience to its cus-

tomers is, as previously mentioned, one of the company main goals. For this reason, FARFETCH

has broadened its services beyond its online marketplace and included same-day delivery in strate-

gically selected cities, allowing consumers to receive their purchases quickly. In 2017, it expanded

on this offering by creating F90, a special 90-minute delivery service in exclusive collaboration

with Gucci.

FARFETCH platform agglomerates four additional business units - FARFETCH Platform So-

lutions (FPS), Browns, Stadium Goods and New Guards Group (NGG). It started as a marketplace

for boutiques, and today it serves boutiques and brands.

In fact, the acquisition of Browns in 2015 allowed FARFETCH to enter the retail sector,

whereas the acquisition of NGG in 2019 to start controlling the whole supply chain and design of

brands, with a vertical integration.

1



2 Introduction

1.2 Project Background

Fulfilment by FARFETCH (FxFF) arose at the Operations Department initially as an opportu-

nity to sell the service to its marketplace partners. However, it ended up being the election service

of its Business Units.

The service initially started with a warehouse in Italy, so that marketplace partners could have

their stock there without having to worry about fulfilment management. However, once acquired

Browns, its operation in the UK started being managed by FxFF, as later with B2B (Business to

Business) stock from NGG.

With the network continuously growing, FARFETCH saw the need to centralize its brands

and partners’ stock and installed a warehouse in the Netherlands. The Browns stock was gradually

transferred there. This warehouse is one of the largest FARFETCH network and its operation is

the basis of this study.

1.3 Project Goals and Motivation

As FARFETCH is a digital company, advanced technology is not only intended for its platform

but for its entire network. The warehouse just mentioned in the last section, started its operations

in 2021 and is until now running under manual operations. This means all the processes in inbound

and outbound namely putaway, picking and packing are all performed by humans. Human work

can cause numerous problems, such as:

• Inefficiency: operations are slower and prone to errors which can result in delays, increased

labor costs and reduced productivity.

• Human Errors: operations are more susceptible to human errors. Inaccurate inventory

counts, picking mistakes, incorrect data entry are some examples. This can lead to inventory

discrepancies, fulfilment issues, financial losses and customer dissatisfaction.

• Limited Scalability: with business growth, manual operations struggle to scale efficiently.

Scaling a manual warehouse implies additional labor, space and buildings, which highly

increases investments.

• Lack of Data-Driven Insights and Real Time Visibility: manual operations generate limited

data and incomprehensible or insufficient analytics. Also, these operations do not allow for

real-time visibility of inventory levels, order status, and warehouse performance, jeopardiz-

ing continuous improvement and growth.

• Cost Implications: manual works in a warehouse usually require a larger workforce and

extensive training. In addition, labor costs vary from country to country but tend to be

expensive in some areas. All these costs impact the profitability in a warehouse.

• Safety Risks: exposure of workers to many risks and injuries. Maintaining a safe environ-

ment becomes challenging with human work.
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• Difficulty in Meeting Customers’ Expectations: the goal of offering to customers the best

possible shopping experience is challenging when operating under manual work. The com-

petitive market and today’s expectation for speed and accuracy becomes limited and strug-

gling with such a rudimentary operation.

All the above reasons lead to the need to automatize processes and motivated the scope of this

thesis. Its main goals expected to be achieved are as follows:

1. Analyze opportunity areas for automation: aims to prioritize automation initiatives within

the company’s current situation. It involves justifying the selection of both the warehouse

and the specific areas within the warehouse for automation.

2. Explore viable solutions for implementation: entails examining potential suppliers and their

offerings, and identifying optimal solutions.

3. Quantify the impact of the selected solutions: involves building business cases to evaluate

both the expenses and benefits associated with the chosen solutions, enabling the estimation

of the payback period.

4. Provide recommendations for the implementation of the selected solutions: encompasses

offering well-informed guidance and actionable suggestions regarding the practical adoption

and integration of the identified solutions.

5. Establish a robust methodology as a foundation for exploring future automation opportuni-

ties: aims to develop a comprehensive framework that serves as a guiding principle for the

exploration and assessment of potential automation endeavors in the future.

1.4 Methodology

Due to the project’s intricacy and in order to guarantee coherency, a comprehensive plan was

delineated at the beginning of this dissertation. This plan, presented in Appendix A and described

below, encompasses all the tasks to be completed.

The first task involved was Contextualization in which the main goal was to understand the

expected project output..

The second task involved developing the State of the Art on the Automation topics considered

for this project.

Tasks three to six constitute the core of this work, encompassing the principal analyses. These

analyses explored and verified the opportunities and benefits of automation by creating and pre-

senting business cases for each area considered for automation.

The seventh task involved defining and creating an implementation plan for each business case

and highlighting future work that should be established.

Finally, the eighth task includes Dissertation Writing, which is done in parallel with all of the

above tasks.



4 Introduction

1.5 Dissertation structure

This dissertation is organized into six chapters outlined as follows:

Chapter 1-Introduction of the present work starting with the company’s presentation, going

through project background, motivation, goals, and underlying methodology.

Chapter 2- State of the Art to scientifically understand and support decisions or assumptions

made during this work.

Chapter 3- Problem’s Description which defines the current situation and allows to identify

the opportunities with the greatest potential for automation.

Chapter 4- Methodology followed in the development of this work. This chapter offers a

detailed description of how each business case of automation inside a different warehouse area

was developed. Each area is analysed in 4 dimensions: opportunities, as-is process, suppliers and

possible solutions and to-be process.

Chapter 5- Final Results, presented in the form of business cases reflect the work carried out

and allow to draw conclusions from the analysis executed.

Chapter 6- Conclusions and Future Work where the main knowledge and improvements

achieved on the current dissertation are summarised and future projects presented.



Chapter 2

State of the Art

Never before has there been such intense competition for warehouse and fulfillment logistics

((Company, 2021)). The just-in-time phylosophy is creating market changes going from massive

orders of an identical product to small orders of a variety of products which translates into small

volumes of stock with a big range of products in a warehouse. Productivity, agility and customiza-

tion are key drivers determined by market conditions. The current growth of e-commerce and

omni-channel distributions, combined with the requirement to minimize time-to-market are caus-

ing the need to automatize logistics processes and therefore to automatize warehouses (Custodio

and Machado, 2020). This is especially challenging in the fashion industry due to low inventory

stability and seasonality.

2.1 History of Automation

Automation is mainly known as the technology that allows a process to run without human assis-

tance or interference ((Groover, 2016)). By using a set of programmed instructions and a control

system to carry out tasks, the ability to execute and operate a system through automation means

becomes possible, eliminating the need for human intervention in what was previously a manual

process (Custodio and Machado, 2020).

Automation can be classified in three different types: fixed automation, soft automation and

flexible automation. The first one is inflexible and made for a specific function and cannot handle

product variety. Some examples include automated assembly machines, chemical manufacturing

processes and material handling conveyor systems (see (Custodio and Machado, 2020) (Groover,

2016). Soft automation allows some adaptability to change, it still requires equipment reconfigu-

ration which affects production, but it raises lower production rates and more flexibility than fixed

automation. Computer numerical control and industrial robotics represent two examples of soft

or programmable automation. Finally, flexible automation is a development of programmable au-

tomation facilitating uninterrupted operations and seamless processes (MacDuffie and Pil, 1996).

5



6 State of the Art

It responds effectively to changes in volume requirements, product-mix requirements and process-

ing capabilities that will allow for product variety and shorter product life cycles. As it might be

obvious it implies several costs to assure the high customization needed (Groover, 2020).

Automation may also be seen in another two perspectives. The first is described as mechaniza-

tion and is more traditional. A more recent perspective emerged combining both mechanization

and computerization. In this context, mechanization is often seen as the process of replacing hu-

man tasks by machines, while computerization relates with the ability of handling and controlling

information by using automation (Sjøbakk et al., 2014).

2.2 Automation Purposes

Automation is a necessity that has become evident in the last decades for keeping the production

processes alive and at optimal conditions to fulfil the business goals in short, medium and long

term (Wiktorsson et al., 2017). The main goal of automation is to reach efficiency, speed and error

avoidance by shortening lead times, making processes more systematized and reducing human

errors. Therefore, automation can be used in different businesses, and it has been explored to

improve them as much as possible. In warehouses businesses, the main purposes of automation

are to reduce labor and operational costs, better utilize resources, improve customer service, en-

hance data accuracy and analysis, optimize warehouse space, enhance inventory control, improve

workplace space, enhance material handling coordination and improve order fulfillment accuracy,

among others (Jenkins, Abby, 2020).

Warehousing is the interim storage of items between two successive stages of a supply chain

(Bartholdi and Hackman, 2016). Receiving, storing, sorting, stocking, order picking, and shipping

are the core activities of warehousing, which are crucial elements in every supply chain (Boysen

et al., 2019).

In recent decades, the boom in e-commerce made warehouse to face more orders than ever

before. The "Double 11" online shopping festival’s express delivery volume surpassed 3.9 billion

parcels in 2019, while the total volume of express delivery in 2020 exceeded 70 billion shipments.

Technology behemoths are making significant investments in smart warehouses to handle the ris-

ing e-commerce logistics demand quickly and affordably (Zhen and Li, 2022). For instance, in

2018, Amazon opened a fulfillment facility at Sparrows Point with a robotic mobile fulfillment

system (RMFS), which uses Amazon robotic technology and cutting-edge procedures to empower

the employees to go above and beyond for customers. This incorporates hundreds of "drives" that

sit at the bottom of pod units carrying goods and transport the unit to an employee when necessary.

Instead of rows of shelves, these pods move, make right-angle twists, and glide across the floor

(Babcock, 2019).

Additionally, according to (Company, 2021), investments in automation are anticipated to

drive significant industry growth – “the warehouse-automation market is forecast to reach $51 bil-

lion with a CAGR (compound annual growth rate) of 23 percent.” In the last five years and thanks
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to venture capital funding, which has helped companies to address some challenges, the automa-

tion industry has witnessed a significant increase in the availability of new warehouse-automation

innovations. Also, crucial companies have benefited greatly from private equity. SoftBank, for

instance, invested $2.8 bilion in AutoStore that is a supplier for grocery and e-commerce sec-

tors. Numerous of these technologies such as automated guided vehicles (AGVs) and AMRs have

demonstrated their efficacy in adrdressing the challenges of conventional e-commerce warehouses,

such as labor shortages, and the growth of SKU complexity and service expectations.

2.3 E-commerce

E-commerce is the process of buying and selling products online. E-commerce has emerged in

the 1990s and introduced a new concept called online sales. A great amount of new businesses

emerged since that, (Khosrowpour, 2006).

With e-commerce, anyone may buy anything without leaving their home and has access to

a wide variety of items. Furthermore, there is a 24-hour availability as there is no closing time

with online purchasing, which enables flexibility for clients who do not have the time or choose

not to visit actual stores. Another advantage that e-commerce provides is the international reach

offered to brands or stores. On the other hand, completing online shopping forces the shopper to

buy before actually handling the things, which can be a significant disadvantage, aside from the

fact that they must wait for the products. These are two of the main challenges that are currently

being addressed, (Zanzalari, 2022).

E-commerce is divided in three different types that are: Business to Business (B2B), Business

to Consumer (B2C) and Consumer to Consumer (C2C). B2B is the transition between two par-

ties which are businesses. B2C is the online sale to the end consumer and C2C is for example

what happens in eBay, where a private client can sell products to another third-party consumer.

According to (Giannikas et al., 2017), 4 key aspects distinguish B2B from B2C in logistics.

1. Products: although a big number of products may be ordered by end-customers nowadays,

certain items may only be used by some businesses (for example, a turbine blade).

2. Orders: contrarily to B2B, orders from B2C customers are expected to be of a smaller

quantity and value. B2C orders tend to satisfy their personal demand whereas B2B orders

tend to satisfy the demand of their own customers.

3. Client: here client is referred to as the organization that is providing the products or services

to a logistic center. In B2B it may vary significantly as clients can be factories, distributors,

wholesalers, retailers or corporations. In contrast, B2C clients are usually retailers.

4. Receiver: In B2C, the order is received by an individual end-customer, while in B2B com-

merce receivers are typically companies.

The online luxury market is one segment of e-commerce that is slowly moving to this type of

sales approach. Not only are major brands developing their own websites, but online platforms
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such as Farfetch, Net-a-Porter, and Mytheresa are emerging in this market, with their platforms

selling a very diverse range of products from brands and, in the case of Farfetch, boutiques located

all over the world ((Schmidt et al., 2015)).

2.4 Warehouse Automation in the Fashion Industry E-commerce

The Fashion industry is one of the most challenging markets nowadays. Allied with the fast expan-

sion of e-commerce, fashion products are particularly hard to manage efficiently in a warehouse

due to low inventory stability and seasonality.

When it comes to fashion e-commerce companies, products are usually kept in large ware-

houses to meet service requirements in terms of delivery times and to serve as an inventory buffer

to ensure availability. Hence, a company would greatly benefit from the effective management

of such a warehouse in supply, order picking, and storage areas. Aside from that, special traits in

fashion items are presented such as a volatile and unexpected demand in terms of volume and value

connected with seasonal trends, and rarely refilled items that instead are replaced with new collec-

tions due to consumers’ needs of always having the latest products. Furthermore, customers are

now more understanding and aware of markets and therefore require a more discerning shopping

experience both in terms of purchase and return.

All the points mentioned above gather a set of unique challenging characteristics for fashion

warehousing. The consequences are the increased necessity for shorter lead times, the need for

rigorous training for operators and the increased pressure to manage rising operational expenses

associated with a specialized labor shortage. Throughout the luxury market, erratic demand, cycli-

cal trends and a significant number of returns come up with the need of immediate answers for

customer demands and provide ideal solutions at the ideal moment (Pedrielli et al., 2016).

Customer experience is a vital aspect of fashion warehouse e-commerce since it serves as the

foundation for building brand loyalty, encouraging repeat purchases, and encouraging favorable

referrals, all of which lead to long-term business growth and success (Smith and Wheeler, 2002)

The fashion industry is investing heavily in Artificial Intelligence (AI). Due to the high importance

of customers’ impression and needs in this market, this investment is going to sentiment analysis

which is a system that collects information about customers feedback through language process-

ing, websites and phone calls. After processing all this information, the system can help finding

what is positive and negative about some product attributes and help to understand if the brand is

being mentioned.

All in all, it is important to understand how to answer the system conclusions regarding prod-

ucts. And for this, the warehousing aspect of the supply chain is a crucial step in the route of goods

since the traditional ones might act as a bottleneck, slowing down distribution. Yet a solution pro-

vided by robotics and AI might turn around most warehouses’ paradigm. It is now possible to

hire small autonomous mobile robots that can complete the task instead of investing in a costly

fixed big infrastructure such namely conveyors and massive grid-like automated storage and re-

trieval systems. Autonomous mobile robots show many benefits such as turning a completely
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empty warehouse today into a fully operational and highly efficient and productive warehouse in

a couple weeks. (Company, 2023)

2.5 Warehouse Processes and Automation Technologies

2.5.1 Processes

In order to better understand the different automation technologies that can be applied in a ware-

house, it is first needed to clarify the main processes that occur there, namely the Inbound, Storage

and Outbound.

The Inbound or receiving process deals with the reception of goods and is the start of the

operation where few sub-processes occur, such as the inspection of goods. (Rouwenhorst et al.,

2000) (Williams, BR, 2018). The Storage procedure is primarily concerned with the product’s

later use in the Outbound procedure. Within a warehouse, there are fundamentally two types of

storage: bulk storage and pick storage (Clements et al., 2016). Bulk storage is mainly used as the

reserve area and usually does not foresee frequently access from warehouse staff (Rouwenhorst

et al., 2000). On the other hand, pick storage is commonly replenished by bulk storage and is

supposed to be easily accessed by the warehouse staff. Typically, this area accommodates less

quantity of products. (Calzavara et al., 2017). The last process, called Outbound, is responsible

for fulfilling customer orders. The main sub-processes highlighted here are order picking, packing

and shipment. Picking operation is responsible for the sorting and consolidation of the orders.

After this, products must be packed, which means accommodate them inside a box. Some extras,

such as labels, must be added before shipping to guarantee that orders are delivered correctly

and to the right customer (Rouwenhorst et al., 2000). All of these processes are connected to a

warehouse management system (WMS), that allows the operations teams to keep track and control

them (Ross et al., 2010).

2.5.2 Technologies

The degree of automation of each of the aforementioned processes can vary significantly. The

Inbound process has a high level of human involvement and a low level of automation. Looking

at its sub-processes, inspection of goods, quality control repacking and labeling, only the last

two may include technologies. The remaining always requires human involvement (Zhou, Chen,

2008).

Nonetheless, there are technical automation solutions in the Inbound process, usually con-

cerned with the tracking of goods and the prior communication of the company about incoming

goods in advance. This technology is called advanced shipping notification (ASN). ASN offers

suppliers the possibility to notify their consumers in a structured way about individual orders and

expected arrival periods. Regulating the Inbound process allows for the reduction of costs and

avoids random shipments, which causes delays for both companies (Nilsson and Elmar Merkle,

2018).
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Regarding the Storage process the use of automated storage and retrieval systems (AS/RS)

in companies’ storage processes has been the most significant advancement in recent years. An

AS/RS system pretends to automatically store goods at the determined position and afterwards

retrieve the items from the storage area according to the requested order. As a result, this system

is not only in charge of the storage area, but also of Outbound process duties such as product

picking. Companies that use such systems can save up to 40% of their storage space while also

increasing picking efficiency, reducing human effort, and increasing accuracy (Marchet et al.,

2012)(MaterialHandling, 2021).

In a completely different level of automation is the Outbound process. Picking is one of the

top operations when it comes to automation technologies in warehouses. There are two types of

different systems, Person-to-Goods and Goods-to-person. In the first one, the operators in the

warehouse move to the storage location of the item and pick it while in the second the goods are

brought to the operator (Nilsson and Elmar Merkle, 2018).

Person-to-Goods include technologies such as: pick-to-light, in which lights are integrated

with pick location media and when an item is scanned a light shows up the location of the item;

the voice-directed and radio frequency (RF)-directed picking that work in the same way as the

previous one; RF-technology identifies the item, the voice-directed program sends the picker to

the item’s final position (Forte, 2014).

In turn, Goods-to-Person features the following technologies: Automated Guided Vehicles

(AGVs) that are robots mainly used to the horizontal movement of goods. These robots are inte-

grated with the WMS and controlled by it. The WMS assigns orders to each AGV and the robot

must follow a route in order to move the goods to the picker according to (Oleari et al., 2014)

; automated forklifts which is another solution for the movements of goods and it is part of the

AGVs. This technology in addition to the possibility of moving goods horizontally, also allows

vertical movement and works as a normal forklift (Jacobus et al., 2015); automated conveyor sys-

tem which is also used to transport goods to the picker is defined as ’length of a shelf fashioned

into a closed loop that is rotatable (under computer control) in either direction (. . . ) the benefits of

a carousel is that rather than have a picker, human or robot, travel to retrieve an item, the item can

travel to the picker’ (Bartholdi III and Platzman, 1986).

Another sub-process of the Outbound process is the packing of goods. Some of the technolo-

gies associated are wrapping robots and automatic packaging machines. However, the latter is not

quite explored being considered with a low level of automation (Rose, 2023).

2.6 Main Considerations

After this literature review chapter, the next one will provide a description of the problem at hand,

followed by the outline of the methodology used to address it and the corresponding results. For

the study in question, two automation solutions will be presented for two of the just mentioned

processes in subsection 2.5.2.: Packing in Outbound and Storage processes.
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Although there is not much development and technological demand for the packing opera-

tion when compared to picking, it was considered an opportunity for automation, for the reasons

explained in the following chapter. In what concerns to the technology applied to the Storage

process, it will be a specific case of the AS/RS (Automated Storage and Retrieval System).
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Chapter 3

Current Situation Analysis and
Identification of Automation
Opportunities

Note: Please bear in mind that all the data presented in this study, here or in any other chapter

directly related to the company’s activity corresponds to fictitious and modified values in order to

ensure company confidentiality.

The present study strives to identify areas within a fashion warehouse where the implementa-

tion of automation technologies may generate value. An ’area’ encompasses a discrete section or

zone within the facility that is dedicated to the execution of specific tasks or functions.

As previously mentioned, the warehouses under consideration do not currently employ any

form of automation in their operations. However, they do utilize software for data storage purposes

and may have conveyors that support specific manual operations. A conveyor is a mechanical

apparatus used to transport goods from one location to the other.

At the start of this project, a warehouse had already been chosen. The rationale for selecting

this particular warehouse will be presented in the following section where an analysis of the exist-

ing situation (AS-IS) will be conducted. Subsequently, in Chapter 4, the methodology employed

is described offering a detailed description of how to address the operational problems identified

in the AS-IS section.

3.1 Analysis of the Current Operational Framework (AS-IS)

To initiate an automation study, the first step entails analyzing the operational environment. The

selection of the warehouse in scope was based on four key factors, including volume, stock on

hand, area, and operational costs, as outlined in Table 3.1.

13
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Table 3.1: Warehouse Metrics Comparison

Warehouses
Volumes [%]

(Inbound, Outbound, Returns)
Stock on hand [%] Area [%] Cost of operations [%]

A 80% 73% 70% 67%

B 13% 16% 12% 9%

C 4% 4% 6% 8%

Others 4% 7% 12% 16%

The table shows warehouses A, B, C, and other warehouses from the company clustered as

Others. Clearly, warehouse A shows the highest volumes, stock on hand, area, and cost of Op-

erations in the company, and therefore is the selected one. This warehouse is located in Central

Europe.

However, other reasons reinforce this choice. In addition to leading volumes and invento-

ries, warehouse A has its business already well-established and stable, in operation for some time.

Furthermore, while warehouses B, C and Others are spokes, A is a hub, and therefore more stan-

dardized operations occur. A ’hub’ is a central or primary distribution center (DC) or warehouse

serving as a central point where goods are consolidated, sorted and shipped. ’Spoke’ on the other

hand, refers to smaller distribution centers (DCs) or warehouses that are located closer to cus-

tomers. Without loss of generality, this fact led warehouse A to become the main focus of this

study and therefore the one under which this study in automation was performed.

3.1.1 Process Mapping

In order to grasp the key issues of the AS-IS, the value stream mapping was conducted as shown

in Figure 3.1.

The warehouse in study operates mainly for a single business unit. Since this is a fashion

business, it contains different categories of products, such as: Apparel, Footwear, Beauty Products,

Hazmat Products and High Value Products. The layout is divided into zones, with each zone

corresponding to one or more categories. Both the categories and the layout will be presented

later in Chapter 4.

The operation of this warehouse is managed by a Third-Party Logistics (3PL) provider. Sup-

pliers request a time slot for delivery of the products they need to ship, and the 3PL verifies the

information in that request against the products that are in the Warehouse Management System

(WMS). The product information contained in the WMS is sent via integration from the Enter-

prise Resource Planning (ERP) software. This is managed by the commercial team, which inserts

the information when the order is created. Goods arrive at the warehouse either through shipment

arranged by suppliers or through shipment arranged by the company. Uppon arrival, the products

are unloaded to the waiting area. The operator will then verify if the quantities of products align

with the expected quantities to be received. The products are then registered in the WMS and
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placed on trolleys. Once the trolley reaches full capacity, it is then taken by an operator, also

referred to as a runner, and transported to the Putaway zone.

The designated team proceeds to the Putaway zone and transfers the trolleys to the storage

area. The storage area is divided into different zones based on category distinctions, which are

indicated through a visual management system. The operators place the items in the respective

zones based on the available space. Prior to storage, the products are not assigned to a specific

location. This allocation occurs only when products are stored through a scan of the product and

the respective storage location. This initial stage is generally referred to as Inbound.

Customers use the platform to place orders, which are then communicated to the WMS. The

WMS processes these orders and organizes them into picking waves. Each picking wave is defined

using optimized routes generated by a specific module of the WMS. The assigned picking waves

are then provided to operators who collect several items, also known as batch picking, from various

categories present in the particular picking wave. Each picking wave is composed of a set of orders

which may be single or multi item orders. Multi-item orders refer to those where a single customer

purchases more than one item in a single platform order. On the other hand, single-item orders

occur when a customer purchases only one item on a platform.

Once the Picking operation is completed, the operators transport the collected products on

trolleys to the Packaging area, where they are properly packed.

Finally, the packed orders are arranged on different pallets based on the carrier. The carriers

are then responsible to transport the orders from the warehouse to the customers. Customers can be

either the end consumer or, within the scope of this business, studios, stores, or other warehouses.

The former situation is also known as a Business to Consumer (B2C) service, while the latter is

referred to as a Business to Business (B2B) service.

It is worth noting that the Outbound phase encompasses the period from the beginning of

Picking until the commencement of the pick up process by the carriers, which occurs after the

completion of the Packaging operation. Similarly, the Inbound procedure takes place until the

Putaway process is finished. Figure 3.2 provides a visual representation that illustrates this concept

clearly.
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Figure 3.1: Warehouse A - Value Stream Mapping.

Figure 3.2: Inbound and Outbound Process

3.1.2 Find Major Opportunities

After mapping the AS-IS process, a brainstorming session was conducted to generally list the

advantages and disadvantages of automating the warehouse under study. Table 3.2 summarises

the result of this study.
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Table 3.2: Pros and Cons of Automation

Pros Cons
Storage Capability Improvement High Initial Investment

Less Area With More Storage Capacity Maintenance

Possibility To Grow In Height Requires Tech Skills and Training

Better Use Of Space Depreciation

Increase Safety Less Flexibility and Lack Of Adaptability

Reduce The Labour Cost

Operator Walking Reduction

Increased Accuracy, Productivity and Efficiency

Reduce Shipping Costs

3.1.3 Identification of Opportunity Areas

The initial step in analyzing Warehouse A involves identifying the areas that show potential for

automation.

Through a thorough analysis of the profit and loss (P&L) statement, it was possible to de-

termine the specific areas within Warehouse A that incur higher costs and, as a result, present

significant opportunities for improvement and, therefore, automation. For direct costs, the three

lines considered were inbound, outbound, and returns. Returns is the designation given to the

process of managing goods or products that are taken back by customers due to damage reasons,

since the wrong product was shipped, or for any other reason that should be thoroughly investi-

gated. Due to the complexity involved, and also because it does not impact greatly the costs, it

was not considered for this study. The standout area was outbound, which accounted for more

than half of the total direct costs (53%) as may be observed in Figure 3.3. These costs are scruti-

nized in Figure 3.4 which highlights its distinction between operations such as Picking, Packing,

Administrative (Admin), Loading, and others.
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Figure 3.3: Direct Costs Distribution.

Going deeply into the Outbound it is possible to verify that the operation with higher expenses

is essentially the Packaging with 55% of the Outbound costs as shown in Figure 3.4

Figure 3.4: Outbound Waterfall Chart.

In addition, another opportunity area emerged. Two distribution centers (DCs) that are joined

by two access doors make up the layout of warehouse A. Since a significant increase in the com-

pany’s stock and sales was anticipated at the time this warehouse was established, there are now

two DCs, both rented.
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Due to previous space optimizations, one of the DCs, DC1, is only being used for a small

portion of the stock. In turn, DC2 is home to the majority of the current stock and is separated into

zones.

As mentioned at the beginning of this section, there is a variety of product categories, and it is

through these categories that DC2 divides its zones as presented in Figure 3.5.

Figure 3.5: DC2 Warehouse Layout

Site visits were conducted by some team members and it was revealed that the storage area

allocated to certain categories was excessively large. Furthermore, an evaluation of the forecast

volumes for 2024 combined with past experience, suggests that these particular categories are not

anticipated to undergo significant increases. This has made the storage area stand out as an oppor-

tunity for automation. The categories are: Beauty, Hazmat and High Value highlighted in Figure

3.5. Consequently, the Pick Tower and Other Products, also illustrated, are out of consideration in

this study. The Beauty category is currently kept in two aisles. Similarly, Hazmat and High Value,

two other categories presented, are kept in enlarged zones that take up more room than is required

in DC2. It is important to point out that Hazmat products are stored in a separate container due

to the special storage conditions they require because they are, for instance, flammable products.

This means that temperature control and fire protection are highly necessary to safeguard these

products. In turn, High Value products are kept in a cage to prevent theft since, as their name

indicates, they are exclusive and expensive products. The use of the Beauty storage, as illustrated

in Figure 3.6, served as an example to elucidate the storage-related issue.
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Figure 3.6: Storage AS-IS for Beauty Category



Chapter 4

Methodology

The present chapter aims to describe the methodology (see Figure 4.1) followed for the analysis

of the areas identified in the previous Chapter.

Figure 4.1: Methodology Framework

The same methodology was conducted for each area. Firstly, the opportunities inside each area

were outlined. Subsequently, the AS-IS process was mapped. Then, the suppliers and possible so-

lutions were compared and identified. And finally, the TO-BE process was mapped, incorporating

the identified solutions.

4.1 Packing

4.1.1 Opportunities

Apart from the higher costs just mentioned in the last section, the Packing area has the potential

for bigger savings that will impact the value chain in a wider range.

In 2021, the company was looking for solutions to reduce the shipping costs of its B2C de-

liveries. In addition, there was the process of rationalizing its transport boxes, as there were 12

different models at the time.

Those boxes were not always of the appropriate size to accommodate the products, resulting

in empty space inside them. This empty space, referred to as "transport air", incurs unnecessary

costs and contributes to an increased carbon footprint. Since freight charges are calculated based

on weight and volume, using bigger boxes than needed leads to additional costs and excessive

resource utilization, including extra fuel consumption and paper usage.

As a final motivator, there was a goal to increase the productivity of Warehouse A, and Pack-

aging is clearly a labor-intensive activity, whether it be assembling the boxes, placing the products,

21
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closing the packaging, labeling, or other processes. With fewer full time equivalent’s (FTE’s), the

3PL cost would also reduce.

4.1.2 AS-IS Process

After analysing the opportunities in Packaging, the process AS-IS was mapped. Table 4.1 will first

present the assumptions made at the outset of this study. The manual inefficiency here presented

considers general human inefficiencies, such as breaks or distractions, and is an existent estimated

value for this process.

Table 4.1: Assumptions on AS-IS Packaging Process

# Shifts Per Day 2

# Working Hours Per Shift 8

# Working Days / Week 5

# Weeks / Year 52

Break Time Per Shift (h) 0.5

% Manual Inefficiency 20%

The team’s visit to the warehouse, along with video observations of the Packaging operation

and meetings conducted with the operations team facilitated the identification of the following

processes: regular process without folding, regular process with folding, fragile items, big multi

orders with more than one box and beauty items. Uppon closer scrutiny, the different processes

may be subdivided by combining the type of pack with the destination. This is important as it can

influence how shipment documents are added. If a product is sent to European Union, a thermal

label should be placed on the box. However, if the product will be sent outside European Union,

the documents added must be sent in a Plastic Pouch attached to the box. The existing types of

packs are as follows: regular boxes, pop-up boxes and envelopes, all of different sizes.

So, the general processes will now be subdivided as shown in the following process map

presented in Figure 4.2. The various processes listed will be executed through a series of manual

steps done by the operators.
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Figure 4.2: Packaging Process Map AS-IS.

Table 4.2 describes all the steps that can occur during these procedures. Following that, in Fig-

ures 4.3 and 4.4, two matrices are provided, depending on whether the products are transported to

European Union or outside European Union. These matrices outline the individual steps involved

in each process, along with their respective time duration.

Table 4.2: Process Steps AS-IS

Steps Description
1 Scan SKU

2 Check Tag ID

3 Check Label Info (Size/Colour)

4 Unwrap Item(s)

5 Fold Item(s)

6 Rewrap Item in Polybag

7 Wrap Item with Bubble Plastic

8 Choose and Scan the Box(es)

9 Set the Box(es)

10 Insert Fulfill Paper

11 Print AWB and Shipping Documents

12 Separate AWB and Documents (Int /Ext)

13 Stuff Box With Protective Padding

14 Close Box(es)

15 Add Fragile Stickers

16 Add External Docs

17 Place Order in the Conveyor
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Figure 4.3: European Union Process Matrix AS-IS.

Figure 4.4: Non European Union Process Matrix AS-IS.

In order to give more context, a brief description of each process will now be done. Please note

that this analysis is focused on B2C service since it corresponds to the majority of processes. The

regular process without folding is the most generic process, where the operator identifies the item

and checks if everything is correct (steps 1 to 3). Afterwards, he will choose and scan the box being

used for packaging the order (step 8), setting up systematically which box will be used (step 9).

After this the shipping label (Air Waybill) is printed (step 11). The Air Waybill is a document that

is sent with products by an international air courier in order to provide comprehensive information

about the shipment and enable tracking for the customer and the customer service teams. Once the

Air Waybill is printed, the operator will separate it from other documents and will close the box

(steps 12 and 14). Then, the external documents are added (step 16). Finally, the operator places

the order in the conveyor (step 17) which will be subsequently sorted to the pallet of the respective

carrier.

This process (regular process without folding) will be separated into six different processes.

Please see Figure 4.2 to better understand this division. The first three, presented along the first

three lines of Figure 4.3 are all regular processes without folding without plastic pouches, which
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means they will all be sent to an European Union location, as already mentioned. They are three

due to the three types of boxes - regular box, pop up box and envelope. The last three processes,

first three lines in Figure 4.4 are also regular processes without folding, but now, with plastic

pouches, so they will be sent to outside European Union. As it will be possible to understand

by analysing these last two figures, the main differences in all these six processes relay on the

following: the need to add a plastic pouch (step 16). The separation of documents (step 12) and

their subsequent addition to the box (step 16) take more time since the operator needs to put all

the documents inside a plastic pouch and add it to the box while the thermal label is only a sticker

placed directly on the outer carton; when the product is inserted into a regular box the set up of the

box (step 9) takes more time than when it is a pop up box that assembles by itself. Envelopes are

being considered as boxes for simplification purposes, however, they do not need to be assembled

and therefore step 9 does not exist for this case. In terms of the regular process with folding, the

key distinction from the previously mentioned method is that the folding of products now becomes

a necessary step. For this reason, three new steps are now mentioned, they are - unwrap item (step

4), fold item (step 5), and rewrap item in polybag (step 6). Step 4 occurs because the products are

delivered to the operator on hangers and wrapped in plastic. As previously stated, they must be

removed, folded, and placed in the polybag in this manner. Additionally, there are no envelopes for

this process (the fraction of envelopes is residual and has been ignored). The rest of the process is

identical to the preceding one and occurs under the same circumstances, i.e., a plastic pouch may

or may not be included, and the products may be supplied in standard or pop-up boxes. Inevitably

these three extra phases lengthen the process relative to the prior one.

Regarding fragile items, the mapping was done separately from the others since these are

products that must be handled with greater care and present subtle changes in their procedure.

Although most of its steps (steps 1, 2, 3, 8, 9, 11, 12, 14, 16, and 17) are identical to the previ-

ous ones, there are some differences. The primary differences are discovered immediately after

inspecting the product (step 3), where the item will be wrapped in bubble plastic (step 7). Upon

selecting, scanning, and setting the boxes (steps 8 and 9), and preparing all shipping documen-

tation (steps 11 and 12), the operator must stuff the boxes with protective padding (step 13). To

guarantee proper handling, the box will be closed (step 14) and a sticker stating that it is a sensitive

item will be attached (step 15). Steps 16 and 17 involve the addition of external documents and

the placement of the order.

For big multi-orders with more than one box, since this is a large multi-order process with

many goods and thus multiple boxes, the procedure is practically the same as the standard proce-

dure with folded items, the difference is in the time required. This process will only use regular

boxes.

Lastly, when it comes to beauty items, special attention must be given to their delicate nature,

requiring them to incorporate specific care measures. Once the first five stages, which in this case

are steps 1, 2, 3, 8, and 9, have been completed, the box is ready to accept the contents. After

inserting the contents, the operator must cover the sides and top with a protective paper (step 10).

The box is then closed when all of the documents have been printed and correctly separated (steps
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12, 13 and 14). The delicate stickers and other paperwork must also be attached to the package

for these products (steps 15 and 16). Finally, the box can be shipped and is placed in the conveyor

(step 17).

The following scheme presented in Figure 4.5 pretends to illustrate part of the operation in the

warehouse to make it more comprehensible for the reader.

Figure 4.5: Current Operation at the warehouse

4.1.3 Suppliers and Possible Solutions

Considering the three incentives listed in the ’Opportunities’ section (4.1.1), the substantial costs

this action entails (55% on direct costs), and also taking into account the AS-IS process, a bench-

mark analysis was performed on the suppliers that offer automatic Packaging machine solutions.

The results are presented in Figure 4.6.
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Figure 4.6: Study on Packaging Suppliers

The required hourly output to meet customer demand was set at 750 boxes per hour, and the

cost for the specified requirements should be as low as possible. The table analysis revealed that

the only supplier that does not fulfill the output requirements is Supplier 2, and for this reason, it

will not be considered as a feasible supplier.

Regarding the second row of the table, which indicates the ease of opening and closing boxes

- a crucial factor to ensure a positive customer experience - it was determined to confirm that all

providers offer, at the very least, a part of the pretended solution. However, Suppliers 3 and 4 do

not provide optimal choices because they do not allow the box to be closed easy and practically.

With regard to the box sizes, there is a parallelism in the intended criteria for the maximum

and minimum dimensions supplied. On the one hand, the amount of air inside the box is supposed

to be as minimal as possible, hence smaller boxes accommodate less air volume. On the other

hand, because it is a fashion warehouse, the products vary greatly, both in terms of seasonality and

size, which often become unpredictable. As a result, the size range was claimed to be as broad

as possible in order to fit larger-sized products if they arose. This proved that Supplier 1 is the

greatest fit for this need, with the highest and smallest potential box volumes - 1127 cm3 and 176

256 cm3, respectively. When it comes to the next two factors, weight and dimensional records,

and maintenance plans, all providers appear to be on an equal footing. However, Supplier 1 has

some flexibility in its maintenance plans, which provides it another advantage over the others.

After these two, the sorter by carrier is presented. There are currently four carriers transferring
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products from the warehouse to the end client, with a tendency to increase due to cost optimization

initiatives. Regarding this feature, we can confirm that Supplier 3 does not support carrier sorting

and Supplier 4 does, but it is not integrated, thus it will incur additional charges. As we can see,

Supplier 1 is once again the most adaptable supplier.

Regarding the "Fan Fold supplies" it is a continuous sheet of cardboard that is folded in a

regular pattern and is used to feed the machine in this example. Because the company sells not

only in one channel, that requires at least two different types of packaging, as the box branding

is different. Each box branding can be associated to one type of packaging which means that at

least, two Fan Fold are needed to feed the machine, something that all suppliers allow. Finally, the

investment costs to acquire each machine are presented, and we can determine that, once again,

Supplier 1 has the best proposal, which is slightly less than 1MC, a value that all other providers

exceed.

The aforementioned considerations led to the decision that Supplier 1 would be the ideal source

to advance with the discussion.

4.1.4 TO-BE Process

Once Supplier 1 was selected, it was necessary to study the impact of implementing its technology,

through process redesign. The expected future packaging process will be named "TO-BE process".

All the existing manual processes were presented to the supplier and after careful examination, it

was concluded that due to their complexity, certain processes could not be incorporated in the

Packaging machine. We note that this issue was verified across all suppliers. The processes are

presented in the Table 4.3 along with an analysis of the percentage of sales of each one.

Table 4.3: Processes In Scope For Automation

Process % Sales In Scope for Automated Line?
Regular Process with folding with pop up boxes 13.6% Yes

Regular Process with folding with regular boxes 13.2% Yes

Regular Process without folding with pop up boxes 30.4% Yes

Regular Process without folding with regular boxes 19.4% Yes

Regular Process without folding with envelope 16.9% No

Fragile Items 1.9% No

Big multi orders with more than 1 box 4.0% No

Beauty 0.7% No

The first four processes, encompassing packaging regular products in regular packaging, are

in scope of the automation, whereas specific products such as Beauty and Fragile items, as well

as orders packed in more than 1 box were left out of scope of automation. Since the products will

now enter the Packaging machine, the distinction of processes variations based on box type loses

its sense, since the auto-packer will assemble its own boxes, as stated in Figure 4.6. As a result,
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the TO-BE process will be more streamlined, when compared to the AS-IS as depicted in Figure

4.7

Figure 4.7: Packaging Process Map TO-BE.

The main benefit expected with the implementation of the auto-packer is the reduction of

manual steps and the labour costs associated to them. This reduction can be clearly identified in

Table 4.4, when compared with the AS-IS process Table 4.2. The table present the steps that will

remain in the TO-BE process.

Table 4.4: Process Steps TO-BE

Steps Description
1 Scan SKU

2 Check Tag ID

3 Check label info (size/colour)

4 Unwrap item

5 Fold Item

6 Rewrap Item in Polybag

7 Place order in the conveyor

8 Scan AWB

9 Add external docs

10 Place order in the conveyor
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The average time of each step is presented in Figures 4.8 and 4.9 that correspond to products

that will be sent inside European Union or outside European Union respectively.

Figure 4.8: EU Process Matrix TO-BE.

Figure 4.9: NON EU Process Matrix TO-BE.

By analysing the Time and Method study above and comparing them to the ones presented in

the AS-IS process in Table 4.2, it may be observed that the stages requiring product Packaging

have been suppressed, as just mentioned. They were as follows: "Choose and scan the box"

(step 8); "Print AWB and Shipping Documents"(step 11); "Separate AWB and Documents (Int /

Ext)" (step 12); and "Close box" (step 14). The elimination of these steps results in an expected

decrease in manual operation time, implying a reduction in the number of operators required to

ensure product packaging. The expected positive results, as well as the total savings from this

study, will be revealed later in chapter 5.

The following scheme presented in Figure ?? pretends to illustrate the future operation in the

warehouse with the packing machine implementation, to make it more comprehensible for the

reader.
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Figure 4.10: Future Operation at the warehouse

4.2 Storage

Storage is another area identified with potential for automation. Thus, this section will present the

methodology followed to address the main issues highlighted in Chapter 3.

4.2.1 Opportunities

As previously mentioned and illustrated in the preceding section, the storage of the Beauty, Haz-

mat and High Value categories is non-optimized and excessive in size, contrasting with the small

average size of these product categories. Considering this and upon closer examination of possi-

ble automation solutions, it was identified that the storage of these categories presents opportunity

for vertical storage, with the main goal of releasing floor space, which could be used for other

purposes (storage, processing) or even reducing rental costs.

The change in storage methods presents a significant opportunity for space reduction, whereas

indirectly, as the warehouse under consideration is leased. This indirect area saving implies that

releasing space within either DC1 or DC2 does not directly translate into cost savings, as the

distribution center itself remains in operation.

Nevertheless, there are other possible use cases unlocked from the implementation of this au-

tomation, such as increased storage capacity, which can be utilized for storing other products or

accommodating temporary storage and new processing areas. Additionally, an increase in produc-

tivity is expected, as even with optimized routes in the Putaway and Picking processes, there is

still time wasted due to operators’ movement along the aisles with the current storage layout.

Furthermore, despite the aforementioned considerations regarding cost savings, this resizing

opportunity may lead to direct reductions in expenses. As outlined in the problem description

chapter, DC1 currently works as a distribution center with very limited stock. Therefore, freeing
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up space in DC2 also presents a storage opportunity for the existing products in DC1. If such

liberation becomes feasible, the cost reduction would be significant.

Summing up, the main opportunities this automation can contribute to are:

• Release Space for other products or for other logistic purposes, such as processing areas

• Reduce Rental Costs, as it can be a contributor to release DC1, since it currently stores a

minor portion of the inventory.

• Increase Productivity, since the rearrangement of space can lead to easier accessibility and

avoid unnecessary dislocations to get products.

• Achieve costs savings that can be a consequence of increasing productivity but have its

major opportunity if there is a possibility of releasing DC1.

4.2.2 AS-IS Process

With the liberation of space being the main highlighted opportunity for this area, the layout pre-

sented in the previous chapter was analyzed to quantify the current context. Additional data was

accessed and is summarized in Table 4.5.

Table 4.5: Summary of Product Categories, Stock Quantities, and Storage Requirements

Category
Average Size
of Product

in cm3

Stock on Hand
in Units

Volume to
be Stored

in m3

Area
Occupancy

in m2

High Value 545 11000 6 600

Hazmat 667 3000 2 300

Beauty 800 35000 28 170

Regarding DC1, considered as an opportunity for releasing the whole rental, the registered

area occupancy is 36 000 m2.It is known that the current price paid per square meter per month is

C4.50.

Regarding productivity analysis, the products categories in the warehouse were analysed ac-

cording to their demand and the products within the Beauty, Hazmat, and High Value Categories

are classified as C products, indicating a low turnover. Therefore, the impact of the productivity

increase is expected to be low in importance, when compared to the potential space savings, and

though it will not be quantified.

The costs of the current AS-IS situation will be presented later in Chapter 5 in order to compare

them with the costs of the proposed TO-BE solution.
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4.2.3 Suppliers and Possible Solutions

In order to be able to choose a solution for the automation area in question the following specifi-

cations were listed:

• Maximum Storage Space Optimization.

• Store in Height (until 15 metres).

• Fire Protection and Temperature Control for Hazmat Products.

• High Security due to High Value Products.

• Low Training and Maintenance Costs.

A market analysis of the main vertical storage solutions was conducted, and two suppliers emerged

as top players in the market with whom discussions were initiated. Henceforth, they will be

referred to as Supplier 5 and Supplier 6. The desired requirements were communicated to the

suppliers, and the necessary data for the study was shared.

Both suppliers presented automated storage and retrieval system (AS-RS) as solutions for

the business needs, specifically a Vertical Lift Module. The summarized information about their

solutions is presented in Figure 4.11 presented below:

Figure 4.11: Study on Storage Suppliers.

In what concerns to the considered area occupancy of each machine and since for Beauty,

Hazmat and High Value the actual occupancy rounds 1000 m2 as presented in Table 4.5, all the

machines present good opportunities of space reduction.

Regarding the volume capacity and once more by observing Table 4.5 the actual volume to

be stored totals approximately 39 m3 which is feasible in Model B or Model D presented by the

suppliers. Model A and C emerged after considering the possibility of separating High Value

from the other categories, due to questions raised by insurance. Even though machines offer the
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possibility of having a restricted area for this category, it might be a problem still to combine these

categories, since High-Value products present exorbitant costs.

For the ’Safety & Security’ parameter which considered the points just mentioned as well as

for the ’Maintenance & Training’ parameter, both suppliers presented the same conditions and

capability.

Finally, the cost range is between C30 000 and C65 000 which was considered acceptable.

There is a stipulated budget for this case study that cannot be revealed. However, this budget may

be variable and reassessed depending on the results presented by the calculations developed for

this business case.

Based on the presented reasons, it was decided to proceed with the study considering both

suppliers. The results of this study will be presented in Chapter 5.

4.2.4 TO-BE Process

The main change and benefit that will be evident in the TO-BE process, as previously discussed,

is the release of floor space. In this regard, since a supplier has not been chosen yet, one possible

scenario in terms of area requirement is presented in Figure 4.12. The scheme represents an

adapted layout from the current configuration, as presented in Figure 3.5 in Chapter 3, and it only

illustrates the in-scope zones. It is important to note that the placement of the modules in the figure

is arbitrary, as the intention is solely to compare areas.

Figure 4.12: Layout Areas TO-BE.



4.2 Storage 35

Based on this, it was decided to proceed with the study considering both suppliers. The results

of this study will be presented in Chapter 5.

In addition to space savings, although not one of the primary benefits in this case, an increase

in productivity is expected. This increase will result from the reduction in movements during put-

away and picking, as only one zone (in orange on Figure 4.12) will need to be accessed to retrieve

products from the three categories. In the current process, apart from having to access three dif-

ferent zones, the operator needs to move along the aisles for picking or putaway of products from

the same category.

It is expected that the operator would have idle time whilst waiting for the machine to present

the drawer to store or retrieve the product from. Considering it is expected to have more than one

vertical module, which may be necessary due to the existing stock volumes and storage require-

ments, it is relevant to divide the operator’s work between the number of existing machines and

also consider the inclusion of a Packaging station, to reduce idle time and integrate operations,

improving process flow. This scenario is illustrated in Figure 4.13.

Figure 4.13: Cross Picking and Packaging Operations.
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Chapter 5

Results

The results presented for this project are based on a simple Excel model and are presented in order

similar to Chapter 4. Firstly, the results for the Packaging operation are depicted, followed by

the Storage solution and the associated opportunities. The costs and benefits of the considered

solutions for each case are finally given. Each model represents a business cases.

5.1 Packaging

For this section, the business case aims to determine the impact of implementing the Packaging

machine, also known as auto packer. The desired outcomes, as discussed in the Opportunities

section (4.1.1) are: achieving operational savings and reducing freight rates to obtain delivery

savings.

The operational savings result from the reduction of the number of operators required in the

process. The implementation of the automatic packaging machine will allow, as can be inferred,

the automatic packaging of products, replacing the manual steps involved in this task for the pro-

cesses in scope. These steps include "Choose and Scan the Box(es)" (Step 8), "Set the Boxes"

(Step 9), "Print AWB and Shipping Documents" (Step 11), "Separate AWB and Documents (In-

t/Ext)" (Step 12) and "Close Box(es)" (step 14), as presented in Table 4.2.

Certain carriers charge for each shipment based on the volumetric weight, The currently ex-

isting standard boxes do not allow for the maximum reduction of these costs. Thus, the delivery

savings will be obtained since the machine produces each box based on the size of each product.

This feature allows for the reduction of empty space between the box and the product inside it,

resulting in lower volume and consequently lower associated costs.

As mentioned in Chapter 3, the implementation of a Packaging machine encompasses the

following processes: regular process with folding and regular process without folding, both for

European Union and outside European Union. Consequently, the results presented in this business

case will solely consider these processes.

37
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5.1.1 Operational Savings

Regarding the order profile, it is known the distribution of orders forecasted for the next year, for

both European Union and outside European Union is (see Table 5.1).

Table 5.1: Forecasted Orders In Scope

Processes
EU

[orders]
NON EU
[orders]

EU
[%]

NON EU
[%]

Regular Process with folding
with pop up boxes

86754 184323 4.34% 9.22%

Regular Process with folding
with regular boxes

84352 179219 4.22% 8.96%

Regular Process without folding
with pop up boxes

194764 413806 9.74% 20.69%

Regular Process without folding
with regular boxes

123941 263333 6.20% 13.17%

The obtained results were calculated and will be presented based on the aforementioned dis-

tribution.

Firstly, the total time for each process was determined through the process matrices of the

current AS-IS process, Figures 4.3 and 4.4 presented in Chapter 4. This time represents the manual

cycle time per process of one operator and was measured in seconds. In these calculations and as

shown in Figure 5.1 this time is presented in minutes.

Figure 5.1: Manual Cycle Time AS-IS.

Afterwards, the same approach was applied to the TO-BE process by following figures 4.7 and

4.9. The times will be expressed in Figure 5.2. Please bear in mind that for the TO-BE process no
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distinctions are being considered between boxes since the Packaging machine will have its own

boxes.

Figure 5.2: Manual Cycle Time TO-BE.

As it was concluded this supplier fulfills the necessary output which means that only one

machine is needed. Using the monthly order forecast available, the number of monthly orders

for each process was calculated using the distribution presented in Table 5.1. The results of these

calculations are presented in Figures 5.3 and 5.4.

Figure 5.3: Monthly Forecast EU.

Figure 5.4: Monthly Forecast NON EU.

The number of monthly orders just calculated above was used to calculate the monthly times

per process for one operator for both situations AS-IS and TO-BE.

In the situation AS-IS, the monthly time of each process was calculated by multiplying the

number of monthly orders of each process presented in figures 5.3 and 5.4 by the respective ex-

ecution time of that process shown in Figure 5.1. The same approach was taken for the TO-BE
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situation. The number of monthly orders presented in figures 5.3 and 5.4 was multiplied by the

respective execution time of each process that, in this case, is presented in Figure 5.2.

Recalling the assumptions made in Table 4.1, in Chapter 4 it was possible to calculate the

number of productive hours for one operator, as shown in Table 5.2.

Table 5.2: Productive Hours per Operator

# Working Hours Per Shift 8

Break Time Per Shift (h) 0.5

% Manual Inefficiency 20%

Productive Hours per Operator(h) 6

For each month the processes’ time was summed obtaining the total time. This time divided

by the number of days per month times the productive minutes per operator and allows for the

calculation of the number of operators per month NOm as shown in Equation (5.1).

T Tm

NDm ·6 ·60
= NOm, (5.1)

where T Tm denotes Total Time per month, NDm refers to the Number of Days in that month, and

NOm the Number of Operators needed in one month.

Assuming that an operator costs C20/hour and is paid for 8 service hours per day, and given

the number of days and operators for each month, NDm and NOm, the total monthly cost TCm can

be calculated, as shown in Equation (5.2).

20 ·8 ·NDm ·NOm = TCm (5.2)

These calculations were performed for the AS-IS process without the automatic packer, and

for the TO-BE process with the automatic packer, and they are divided into the EU and NON EU

processes, based on the order profile distribution presented in Table 5.1. The operational savings

were calculated by the difference between the costs of AS-IS and the costs of TO-BE, as shows

Figure 5.5

Figure 5.5: Operational Savings.
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The detailed monthly results are listed in Appendix B and can be viewed for further informa-

tion.

5.1.2 Delivery Savings

A study previously conducted by the Fulfilment Packaging team showed that, due to the fact that

the chosen auto packer optimizes the box dimensions to the products, orders are expected to be

shipped with less volume, obtaining an estimated shipping cost saving per order of C1.19.

To analyse the orders eligible for the delivery saving benefit, the percentage of orders in scope

charged by the courier based on volumetric weight (where the auto packer brings benefit) was

determined as 80.3%. Recalling Table 4.3 presented in Chapter 4, it is possible to calculate the

percentage of orders out of scope which total 23.5%.

The weighted delivery saving per order WDSo was then calculated using the considered per-

centages, the cost saving per order CSo, and taking into account a safety margin SM for size

variability, 25%, determined by the packaging team. The used formula is presented in equation

5.3 as shown above. The percentage of volumetric weight orders is represented by VW and the

percentage of orders out of scope is represented by OS.

VW · (1−OS) ·CSo · (1−SM) =WDSo (5.3)

Since all the variables are known, weighted delivery saving per order was estimated and the

result was C0.55. Taking into account a forecasted order volume of 2,000,000 for the upcoming

year, it was possible to calculate the total delivery savings for the next year, as shown in Figure

5.6.

Figure 5.6: Delivery Savings.

The total savings achieved by using the Packaging machine, considering both operational and

delivery savings, are presented in Figure 5.7 below.

Figure 5.7: Total Savings.
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Considering both savings and the investment, it was possible to the payback period presented

in Figure 5.8.

Figure 5.8: Payback Period - Packaging.

All these results are included in Appendix B.

5.2 Storage

For this case, the four machine models presented by the two shortlisted suppliers were taken into

account, as mentioned in Chapter 4.

Based on the Table 4.5 presented in that chapter, the volume occupied by the Stock on Hand

of each category is as follows:

• Beauty: 28 m3

• Hazmat: 2 m3

• High Value: 6 m3

These volumes add up to 36 m3.

Supplier comparison presented in Figure 4.11 will be shown once again here in Figure 5.9

presented bellow so that the reader can better follow the explanation.

Figure 5.9: Study on Storage Suppliers.

Based on the analysis of this figure, it was verified that only models B and D allow for the

combination of all the categories in scope. However, if the warehouse insurance provider specifies

that the High-Value category must be separated from the others, both supplier 5 and supplier 6
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must employ two modules. This is because the total capacity of Model A or Model C allows the

total volume of this category to be accommodated.

Thus, two scenarios were created for each provider:

• Scenario 1: Combining the Beauty, Hazmat, and High-Value categories into a single module

- Model B for Supplier 5 and Model D for Supplier 6.

• Scenario 2: Splitting the categories into two modules, one for Beauty and Hazmat and

another for High Value. Model B or Model A for Supplier 5 and Model D or Model C

Since the chosen scenario was not initially determined, the results for each supplier were given

for both scenarios.

The average ’monthly cost’ of the space occupied by each category was calculated by mul-

tiplying the space occupied by each category, by the monthly price per square meter of C4.5, as

mentioned in Chapter 4. The results of these calculations are summarized in the following table.

Figure 5.10: Monthly Cost AS-IS.

Next, the ’monthly cost’ for the TO-BE process of each provider in the two possible scenarios

was calculated using the same logic as presented above. The values are shown in the following

Figure 5.11.

Figure 5.11: Monthly Cost TO-BE.

This allowed for the calculation of "monthly savings" for each provider and scenario by taking

the difference between the "monthly cost" of the AS-IS process and the "monthly cost" of the

TO-BE process. These savings were then converted into annual savings by multiplying them by

12 months, considering that the rental costs and the space occupied by each category do not suffer
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considerable deviations between months. The results of these calculations are summarized in

Figure5.12.

Figure 5.12: Savings on Area for each Scenario and Supplier.

Based on these results, the automation payback period was calculated and is shown on Figure

5.13.

Figure 5.13: Payback Period - Storage.

After this study was completed, there was already a response from the insurance team indi-

cating that the products in the High-Value category should be separated from the others due to

the risks involved. This means that the considered solutions should be confined to the assessment

of scenario two, which assumes this separation. Considering the results presented above, it was

concluded that Supplier 5 best met the required conditions by providing lower investment costs

and higher returns.

One final consideration was made in the case of the opportunity to free up DC1, with the

results expressed in Figure 5.14. The cost of DC1 per year will be converted into annual savings,

representing a significant opportunity.

Figure 5.14: Costs of DC1.

The results of this business case are summarized in AppendixC
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Conclusions and Future Work

6.1 Conclusions

Throughout this project, the main areas of automation opportunity were analyzed, and potential

suppliers and their respective solutions that provided the highest possible benefit were identified.

Additionally, a methodology was created that aims to become the framework for future automation

projects.

Regarding the packaging area, the identified benefits mainly stem from two major areas: op-

erational and delivery. The first area is directly related to the costs of manual labor and its high

intensity in this activity, while the second area is based on previously conducted studies that as-

sume a high cost associated with the volumetric weight charged by carriers.

In terms of operational aspects, the process mapping stands out as a crucial part of this study.

Understanding the complexity of operations, the different types of processes and existing products,

and the details of each step not only facilitated the development of this study but also, as will be

seen next, the identification of future opportunities. Through mapping, it was also possible to

anticipate the possible steps that could be automated and thus incorporated from a TO-BE process

perspective. This process was designed after conducting a market study in search of a supplier that

met the required needs.

The implementation of the automatic packer machine presents, as observed in the results, sig-

nificant opportunities for both operational and delivery savings. The TO-BE process significantly

reduces the number of operators, resulting in a benefit of C1,170,293. Furthermore, the reduction

of empty space in the boxes, made possible by adapting to the size of the products with this tech-

nology, leads to a delivery saving of C1,100,000. With this benefit, the return on investment is

estimated to be less than a year, which is promising.

Regarding the storage area, the analysis conducted identified different opportunities that are

initially not explored from such a process-oriented perspective but rather from a space optimization

viewpoint. The analysis of certain categories revealed that the space currently occupied by them

has significant potential for reduction due to previous optimizations in the warehouse. Thus, the

search for Vertical Storage solutions becomes the perfect solution in terms of minimizing occupied
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space and increasing storage capacity, transitioning from floor areas of around 1000 m2 to areas

ten times smaller.

The savings resulting from this case study manifest in the form of indirect savings since this

space is freed up but still incurs costs. However, apart from enhancing the increase in existing

capacity, it also boosts productivity. These cases will be further explained in the following section.

The project developed here serves as an introduction and exploration of a new area for the

company, which is warehouse automation. As seen, it presents immense potential and therefore

aims to expand and be part of future developments within the company, not concluding here.

6.2 Future Work

An implementation plan was developed in order to align the following steps to implement the

chosen solutions in each area identified as an opportunity for automation. These recommendations

were included in this section even though they are a consequence of this dissertation since they

require future work. Also, an introduction to possible new areas to extend automation is made in

this section.

6.2.1 Packing

For this area, the implementation plan is detailed in Figure 6.1.

Figure 6.1: Implementation Plan for packaging Machine.
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Once the project is submitted and approved, technological scoping and developments are re-

quired in the Warehouse Management System (WMS) and Platform, as well as the integrations

connecting both systems. The integration aspect is particularly important as the implementation

of the automatic packer will introduce new packaging types of packaging that need to be recog-

nized and interpreted by the systems.

Five phases comprise these initiatives: Scoping, Design, Development, Testing and Implemen-

tation, which for this initiative are expected to run in parallel with the production/delivery period

of the machine (approximately 6 to 8 months).

With regard to the packaging process, the following future opportunities for improvement

should also be highlighted:

• As the manual cycle times in Figures 5.1 and 5.2, Chapter 5, orders shipped within European

Union have a shorter turnaround time than orders where external documents are added. This

time saving is largely connected to the fact that a thermal label is used for these products

instead of a plastic pouch. See in more detail Step 16 in Figures 4.3 and 4.4, and Steps 7,8

and 9 in Figures 4.8 and 4.9.

• The percentage of out-of-scope processes remains significant at around 30%.

In the interest of simplification, in-scope processes were considered for processes that did not

require extensive analysis due to the time constraints of the study. However, the above points are

already taken into account.

Regarding the first point, the possibility of converting documents sent in a plastic pouch into a

thermal label is currently being studied. This solution can only be implemented with the approval

of the carriers, as there are certain regulations that must be followed. However, this solution has

already been implemented with one of the existing carriers.

Concerning the second point, discussions are currently underway with the supplier in question

with respect to the possibility of integrating a new technology that would include the production

of envelopes in the machine. The prospect of packaging fragile items is also being investigated,

assuming they have already been protected before entering the machine.

In this context, there is an ongoing perspective, taking into account the highlighted improve-

ments and the implementation plan mentioned above.

6.2.2 Storage

For the vertical storage area, the implementation plan is illustrated in Figure 6.2.



48 Conclusions and Future Work

Figure 6.2: Implementation Plan for Vertical Storage.

The initial steps of this plan are similar to those previously described until the project is in-

ternally approved and submitted. However, the expected complexity in terms of technological

development is lower than in the previous case. This is because there are no major changes to

affected processes such as picking and putaway, and no platform implementation or new integra-

tions are expected. This emphasizes the simplicity and speed associated with the expected benefits

of this case study.

As mentioned earlier, regarding future works, the improvements identified here are aimed at

increasing productivity. Performing cross-operational picking and putaway with more than one

machine, as well as the ability to set up a packaging workstation near these machines, will result

in a significant increase in productivity.

6.2.3 New Opportunities

6.2.3.1 Picking

The analysis of the warehouse Profit and Loss statement shown in Figure 3.4 in Chapter 3, reveals

that picking has the highest direct costs, after packaging. Therefore, it is considered a potential

area for future automation initiatives.

Due to the short duration of this project, it was not possible to conduct an in-depth study in this

area. In addition, some obstacles were identified, such as the current aisle width in the warehouse,

which prevents the application of the solutions presented by the suppliers. Changing the aisles in



6.2 Future Work 49

a warehouse requires careful study by the design team, as it affects various warehouse operations

and involves costs and time. However, the possibility of such a change is currently being studied.

6.2.3.2 New warehouse:

The company has recently acquired a new business, whose operational footprint includes two new

warehouses. The sales volume associated with this new business is expected to represent more

than half of the the network’s existing outbound volume. It is known that there is full control over

the supply chain of this operation. In addition, unlike other business units of the corporate group,

there is not a wide variety of products categories. The higher supply chain control combined with

a narrower product range and a higher stock depth per product result in an higher standardization

of operations, with less need for manual processes. This lower process variability, together with

the high volume, justifies the investment in future automation initiatives.
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Figure A.1: Gantt Chart
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Figure B.1: Packaging Business Case - EU Calculation
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Figure B.2: Packaging Business Case - Non EU Calculation
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Figure B.3: Packaging Business Case - Payback period
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Business Case Storage

Figure C.1: Storage Business Case
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