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SUMMARY

This case study of a logistics service provider (Company X) is an example of how companies
respond to customer demands and stakeholder expectations by prioritising sustainability.
Motivated by one of its major customers, a leading manufacturer of vehicles and machinery,
Company X is trying to introduce more sustainable practices. Therefore, Company X wants to
replace diesel forklifts with electric ones, thereby reducing its environmental footprint.

The thesis examines Company X's requirements and challenges in creating an optimal
environment for introducing a fully electric forklift fleet. The methodology used is a mixed
method and case study, using qualitative and quantitative approaches to fully understand the
company's current situation and the factors affecting its sustainability goals. The findings
provide several recommendations for Company X. The first recommendation highlights the
importance of making sustainability goals visible and promoting a culture of sustainability. The
second suggests transitioning to a new electrified forklift fleet with Li-ion batteries as the
power source. The third proposes improvements to the infrastructure and facilities, as well as
moving the charging area to a shielded area separate from the open gates.

Finally, it is also recommended to improve the layout and operational processes through a
category-based layout. This thesis provides valuable insights and practical guidance for
Company X and contributes to a broader understanding of sustainable practices in the
logistics and warehousing industry. Company X can make significant progress towards more
environmentally conscious organisations by incorporating industry best practices and
adopting effective strategies. The recommendations will help the company achieve its
sustainability goals and optimise its processes.

Keywords: Electrical Forklift, All-Electrical Forklift fleet, Sustainable Cross-Docking, Cross-
Docking Layout
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1. Introduction

In this part of the thesis, an introduction of the background of the case company
Company X is conducted together with a purpose for the thesis, that describes the
scope briefly with an expected outcome. Three research questions were formulated
based on the purpose of the report. Lastly, limitations will be set for the thesis to
ensure the purpose is fulfilled and followed correctly.

1.1. Background

The global push towards sustainability has increasingly become a pressing issue for
companies in recent years. With the signing of the Paris Agreement in 2015, the
world has committed to limiting the rise in global temperatures to well below 2 °C
above pre-industrial levels, which has prompted companies to re-evaluate their
practices and strive for greater sustainability (United Nations, 2015).

Companies recognise that sustainability is a social and ethical responsibility and key
to long-term business success. Sustainable practices can improve financial
performance, reduce risk, and enhance reputation. Additionally, as consumers and
investors become increasingly environmentally and socially conscious, companies
that are seen as sustainable are more likely to attract customers and investment capital
(IBM, 2023).

There has been a growing trend towards electrification in the industrial sector in
recent years. Companies across various industries, including logistics and
warehousing, are increasingly switching from fossil fuel-powered machines to
electrically powered ones. This shift is driven by several factors, including a desire to
reduce greenhouse gas emissions, improve energy efficiency, and meet increasingly
stringent environmental regulations (Deloitte, 2020).

Several studies have demonstrated the benefits of switching from fossil fuel-powered
machines to electric ones. For example, a study by the International Energy Agency
(IEA, 2022) found that using electric machines in the industrial sector could
significantly reduce greenhouse gas emissions and energy consumption. A European
Commission report by De Bruyn et al., (2020) also found that the widespread
adoption of electrically powered machines in the logistics and warehousing industries
could substantially reduce CO2 emissions.

Company X has been at the forefront of the logistics industry since the early 1900s,
offering comprehensive solutions covering freight, warechousing, and transport
services. Company X is a leading provider of shipping and logistics solutions with a
long history of delivering high-quality services to clients worldwide. With the
headquarter located in Scandinavia, Company X has approximately 10,000 employees
in over 20 countries.

This case highlights how companies are responding to the demands of their customers
and stakeholders by prioritising sustainability in their operations. In addition to the
broader reasons for companies to become more sustainable, Company X is motivated



by the specific demands of its customers. One of its biggest customers, one of the
world's leading original equipment manufacturers (OEM), strongly desires its
suppliers to adopt more sustainable practices. As a result, Company X is looking to
replace its diesel forklifts with electric forklifts at its warehouse in Gothenburg,
Sweden. This move will reduce its environmental footprint and improve its bottom
line.

1.2. Purpose and Research Questions

This thesis aims to investigate what Company X needs to do to create an optimal
environment for introducing an all-electric forklift fleet. Areas of investigation
include the forklift fleet, layout, operation processes, facility, and infrastructure.
Firstly, by looking at the current state of the mentioned areas. This is to map out and
understand the current challenges of replacing its diesel forklifts with electric ones,
secondly, by giving recommendations for solutions and requirements for Company X
to align with the stakeholders' sustainability requirements.

The following questions will be answered to achieve the report's purpose:

A study of the forklift fleet, layout, operation, infrastructure, and facilities will be
conducted to understand Company X's current situation. That is why the research
question one (RQ1) was formulated.

RQ1: What is the present state of Company X's forklift fleet, layout, operation,
infrastructure, and facilities?

The second research question (RQ2) has been formulated to understand Company X's
challenges in creating an optimal environment for introducing an electric truck fleet.
The challenges related to making Company X more sustainable will be mapped out
and analysed.

RQ2: What challenges does Company X face when creating an optimal environment
for an all-electrical forklift fleet?

Finally, recommendations are given to Company X on how to create an optimal
environment for introducing an electric forklift fleet, as well as suggestions on the
type of forklift to be selected. Company X should use the recommendations to
become more sustainable. That is why research question three (RQ3) was formulated.
RQ3: What recommendations on solutions are most appropriate for Company X from
a sustainable point of view?

1.3. Limitations

This study is limited to Company X’s facility in Gothenburg. It will be limited to the
cross-docking (CD) area at Company X. The operational data is limited to the data
from internal documents provided by Company X.



2. Literature review

This literature review will study topics such as sustainable warehouse management,
layouts for cross-docking facilities, processes for cross-docking operations and
material handling equipment. This to get a better understanding of the topics and to
base our recommendations on the research.

2.1. Sustainable warehouse management

Sustainable warehouse management has gained considerable attention in recent years
due to the growing concerns about the impact of warehouse operations on the
environment and society. This literature study aims to provide a comprehensive
overview of sustainable warchouse management, its characteristics, environmental
impacts, best practices, economic benefits, and future trends. The following sections
will discuss these topics in detail.

2.1.1. Sustainable warehouse

Tan et al. (2009) defines sustainable warchouse management as managing operations
to minimise environmental impacts and maximise economic and social benefits. This
definition is supported by Rodrigue (2020), who identifies three main elements of
sustainability: social equity, economic efficiency, and environmental responsibility.
Social equity involves the fair distribution of resources and opportunities among
individuals and institutions without implementing discriminatory practices. Economic
efficiency optimises resource and labour usage and provides goods and services that
meet market demand. Environmental responsibility involves reducing the footprint of
human activities to ensure that the environment can accommodate them (Rodrigue,
2020).

Environmental legislation impacts many organisations and will increasingly require
new approaches to managing and reducing energy and carbon emissions. Richards
(2022) emphasises that each country or group of countries will have its environmental
legislation. Environmental legislation has made carbon the new currency' in a 'carbon
economy'. This new economy means organisations must be aware of their 'carbon
footprints', where their emissions come from, and how to reduce them. This highlights
the importance of stimulating resource-efficient and low-carbon action to achieve
green goals such as reducing carbon emissions and developing low-carbon businesses.
Sweden's Ministry of the Environment (2020) mentions four significant opportunities
to reduce industrial emissions. In Sweden's long-term strategy for reducing
greenhouse gas emissions, these opportunities include switching from fossil raw
materials and energy to renewable raw materials and energy carriers, improving
process and material efficiency, moving entirely to the basic process, for example
through electrification, and introducing carbon capture and storage technologies,
which can reduce both fuel-related and process-related emissions.

Certification systems, such as LEED and BREEAM, are used to determine the
sustainability of warehouses (Boverket, 2023). LEED assesses warehouses based on
nine categories, including integrative processes, location and transportation,
sustainable sites, water efficiency, energy and atmosphere, material resources, indoor



environmental quality, innovation in design, and regional priority (Sweden Green
Building Council, 2023). BREEAM assesses warehouses based on management,
energy, health and well-being, materials, transport, water, waste, pollution, land use
and ecology (Zeinal Hamedani & Huber, 2012).

Tan et al. (2009) emphasises the need for businesses to promote sustainability within
their operations, and throughout their entire supply chains, to remain competitive.
Sustainable supply chain management has several benefits, including increased brand
appeal, sales loyalty, and stakeholder satisfaction, as well as reduced negative impacts
on society and the environment. Furthermore, a sustainable supply chain would
improve transparency and visibility along the chain, enabling companies to respond
quickly to changes in the market and other situations. These benefits highlight the
importance of incorporating sustainability into supply chain management strategies.

2.1.2. Environmental Impacts of Warehouse Operations

The environmental impacts of warehouse operations includes, but aren’t limited to,
energy consumption, greenhouse gas emissions, and waste generation. Sustainable
practices such as green building design, renewable energy sources, and waste
reduction strategies should be implemented to reduce these impacts. However,
compared to transportation, little attention has been given to evaluating the
consequences of warehousing within the supply chain (McKinnon, 2015).

Assessing the overall impact of warehousing requires consideration of the relative
scale and trends in the extent of the land and the direct energy used, the emissions
produced, water consumed, and embedded energy contained in building materials
(McKinnon, 2015). Warehouses account for a substantial proportion of global use of
energy, and greenhouse gas emissions from buildings exceed those from transport
Bartolini, (2019). In the United Kingdom, warehouses account for around two million
tonnes of oil equivalent energy use, compared to about eight million tonnes of oil for
heavy vehicles and approximately five million tonnes for light vehicles (DECC,
2013). Although transport is the main logistical contributor to green gas emissions,
warehousing is significant and must be fully considered in supply chain studies
(World Economic Forum, 2009).

The main areas of energy use in United Kingdom warehouses are heating and
lighting, that according to Richards (2022) has the potential of a 16% reduction in
emissions. Warehousing is viewed as a supply chain activity with significant potential
for cutting carbon emissions (World Economic Forum, 2009). Therefore, it is crucial
to incorporate sustainable practices into warehouse operations to reduce the
environmental effects and help create a more sustainable and green future.

2.1.3. Factors Affecting Sustainability Performance

According to Ali et al. (2023), the theoretical framework of contingency theory,
organisational behaviour and performance are shaped over time by internal and
external factors, which are also shaped by the operating environment. When striving
for sustainable performance, organisations are encouraged to broaden their focus
beyond operational and financial aspects and instead emphasise the measurement of



progress. Using sustainability indicators, organisations can effectively measure their
progress towards sustainable goals (Ali et al., 2023).

Both external and internal factors within an organisation can act as motivators or
forces that drive the implementation of environmentally friendly and sustainable
practices (Ali et al., 2023). Such practices should be consistent with the expected
outcomes of sustainability performance, ensuring consistency and compatibility. In
order to maximise sustainable performance results, addressing unforeseen factors
such as socio-economic and environmental uncertainties, as well as structural,
functional and operational complexities within the organisation, becomes essential
(Ali et al., 2023).

The ability of organisations to be at the forefront of sustainability depends on their
ability to manage unforeseen environmental factors, implement sustainable actions
and continuously analyse sustainability performance (Ali et al., 2023). It is important
to note that external contingencies are beyond management's direct control, requiring
strategic planning to manage them effectively. According to Ali et al. (2023),
organisations must consider a comprehensive understanding of the factors affecting
sustainability, strategic management of unforeseen events and a continuous evaluation
of sustainability practices when striving for sustainable performance.

2.1.4. Ranking of Sustainable Performance Measures and
Practices

Ali et al. (2023) conducted a study to rank the best practices and measures for
achieving sustainable warehouse performance. The study involved ten engineering
and business management experts, each with a minimum of 10 years of work
experience. Seven experts had hands-on experience in industrial warehouse
operations, while three were corporate consultants with academic affiliations.

The research encompassed three phases. In the first phase, a literature survey and
fuzzy Delphi method were employed to identify sustainable-green practices and
performance measures for achieving sustainable performance in warehouses. The
second phase utilized the Best Worst Method (BWM) to determine the pairwise
comparison-based ranking of sustainable practices. Lastly, the CoCoSo (Combined
Compromise Solution) approach was applied in the third phase to evaluate the
sustainable performance of warehouses by considering the adoption of sustainable
practices (Ali et al., 2023).

Based on the ranking provided by the ten engineering and business management
experts, the priority order of sustainable-green practices was determined as follows:
1) green operations, 2) implementation of green policies and strategies, 3) employee
training about green practices, 4) adoption of green transportation, 5) green work
environment and culture, 6) adoption of eco-friendly waste management practices, 7)
implementation of environmental monitoring and control, and 8) development of
green building and infrastructure (Ali et al., 2023). In terms of sustainable
performance measures, the study revealed that the most significant indicator was the



decrease in energy consumption costs attributed to implementing sustainable, eco-
friendly operations. The second-ranked performance measure was the reduction of
toxic emissions, as warchouses were required to adhere to emission control policies.
Formulating employee welfare policies and implementing supervision and control
measures led to a decrease in the annual number of environmental accidents, placing
it at the third rank. A cooperative work environment that fostered employee
motivation was ranked fourth (Ali et al., 2023).

The study found that green operations and technological integrations improved work
efficiency and worker output while reducing solid waste, ranking it sixth. The
performance measures of improved market share and decreased inventory levels were
ranked at seven and eight, respectively. The organization's global image and carbon
footprint were evaluated as the ninth rank, followed by the increase in investment
recovery of excess inventory at the tenth rank. The bottom three performance
measures were improved capacity utilization (11" rank), reduced electricity
consumption (12" rank), and increased sale of scrap and used materials (13th rank)
(Ali et al., 2023).

2.1.5. Best Practices in Sustainable Warehouse Management

Ali et al. (2023) emphasises the significance of several key factors contributing to the
sustainability performance of warehouse operations. Energy-efficient operations,
enabled by advanced technologies, are crucial in reducing resource consumption,
improving economic performance, and optimising future demand. Ensuring optimal
management of packaging scrap, including classifying incoming and outgoing
materials and applying CD techniques, contributes to resource saving. These practices
lead to cost and time savings while reducing CO2 emissions. Green transportation
practices are essential in reducing fuel usage and emissions. Strategies such as using
high-quality fuels, using alternative fuels for long-distance deliveries and introducing
electric vehicles are effective in achieving these goals (Ali et al., 2023).

Integrating resource-saving processes into warehouse building design and operations
is vital for promoting sustainability (Ali et al., 2023). This can be achieved through
air-cooled equipment, eco-friendly building materials, and water conservation
measures like rainwater harvesting. Considering product nature, location, climate
conditions, and facility requirements, proper insulation and temperature control
measures contribute to energy efficiency. Additionally, addressing noise control
through green building practices further enhances sustainability (Ali et al., 2023).

Employee training programs focusing on energy-efficient practices and operations are
crucial in fostering a sustainability-oriented mindset (Ali et al., 2023). Regular
training enhances work behaviours and influences employees' lifestyles and thought
processes, fully promoting sustainable practices. Establishing a sustainable work
culture is essential for transforming work methods and preserving ethical values.
Encouraging cleanliness, reduced energy consumption, and the proper use of
machines and appliances helps conserve energy. When managers adhere to
sustainable practices, they inspire employees to follow suit, thereby improving social
aspects within the sustainable supply chain (Ali et al., 2023).



Green and eco-friendly strategies and policies, including sustainable corporate and
low-carbon policies, provide essential guidance for sustainable warehouse operations.
Regular sustainability reporting and monitoring mechanisms ensure the integration
and continuous evaluation of sustainable practices. These strategies and policies are
often shaped by external factors, such as government pressures, emphasising the need
for organisations to adapt to external contingencies (Ali et al., 2023). Implementing
effective monitoring and control measures is vital for assessing the impact of
sustainability strategies and policies. Formal and informal evaluation methods help
gauge the effectiveness of environmental initiatives, providing valuable insights for
further improvement (Ali et al., 2023).

In addition to sustainable practices, case studies of warehouse operations demonstrate
significant environmental impact reduction through energy-efficient measures. For
example, Rhenus Logistics, a Dutch logistics company, achieved the highest
BREEAM rating for its airtight warehouse in Tilburg, Holland (Richards, 2022). The
facility's large glass windows allow ample natural light, reducing electricity
consumption by 70%. With over 13,000 solar panels, the building generates sufficient
energy to power its operations and contribute to the country's electrical grid
(Richards, 2022).

Other best practices in sustainable warehouse management include reducing energy
consumption from lighting, heating, and cooling systems (Richards, 2022).
Implementing energy-efficient lighting, installing movement sensors and timers, and
utilising natural light through skylights and clerestory windows help minimise
lighting costs. Similarly, using zoned and time-controlled thermostats, time controls
on equipment not required after business hours, and incorporating sunlight reflectors
and mobile air handling units contribute to reducing heating and cooling expenses
(Richards, 2022).

Warehouse operators can generate their energy to offset CO2 emissions (Richards,
2022). Initiatives such as installing solar panels on rooftops, as planned by Amazon
for its fulfilment centres worldwide, or deploying large-scale roof-mounted solar
panel arrays, as accomplished by Marks & Spencer, significantly contribute to
sustainable energy production. Additionally, wind turbines and biomass energy
production offer viable options for generating low lifecycle emissions at a reasonable
cost (Richards, 2022).

2.1.6. Future Trends in Sustainable Warchouse Management

Emerging trends and directions in sustainable warehouse management include using
new technologies, increased collaboration, partnerships, and integrating sustainability
into supply chain management (Richards, 2022). For instance, some warehouse
developers, investors, and occupiers are interested in securing the WELL Building
Standard, which focuses on ten broad concepts: water, nourishment, light, fitness,
movement, thermal comfort, mind, sound, materials, and community. Meanwhile,
outside of the warehouse environment, clean air zones in urban environments may
impact the location of future warehouse development. Another possible trend could
be to ban petrol and diesel vehicles from certain parts of the urban road network,
which could influence how warehouses are operated regarding sustainability
(Richards, 2022).



2.2. Cross-docking Layout

The efficiency and effectiveness of warehouse operations are critical factors in a
supply chain. Cross-docking minimises handling and storage costs, by minimising the
time products spend in the warehouse. The design and layout of CD facilities play a
crucial role in operational efficiency, safety, and space utilisation. One strategy that
has gained widespread popularity in recent years is CD, which involves transferring
goods from incoming trucks to outgoing trucks with minimal storage. Various layout
designs will be introduced, including fixed, category-based, and flexible. This
literature review will examine the fundamental concepts of CD (Richards, 2022).

2.2.1. Cross-Docking

According to Richards (2022), CD is a logistics strategy that involves moving goods
from incoming trucks to outgoing trucks with minimal storage of goods. Cross-
docking is best suited for goods in high demand since it has a predictable demand
pattern and can be easily identified and sorted. Perishable goods such as food and
medicines are often ideal for cross-docking. Cross-docking needs the full support of
suppliers in terms of clear labelling and advance notice of arrival, accurate and on-
time delivery, and coordination for the goods to be consolidated accurately. A pick-
by-line system can be used for cross-docked products for multiple store deliveries,
where items are picked from a pallet and allocated directly to a store. Just-in-time
systems also rely on cross-docking, where manufacturers deliver parts to a cross-
docking, where they are assembled and delivered to the line in sequence (Richards,
2022).

The design and layout of cross-docking facilities can significantly impact operational
efficiency, safety, and space utilization (Richards, 2022). Facility elements such as
renewable energy sources, temperature control, noise pollution, and daylight usage
are essential when cross-docking facilities are constructed. The use of technology,
such as automation and robotics, can also improve the efficiency of CD design.
Different types of layout designs exist for cross-docking facilities, including fixed,
category-based, and flexible (Richards, 2022).

2.2.2. Fixed Layout

This approach establishes a fixed layout for the storage area, where the goods being
delivered are always put in the same place at the CD (Horta et al., 2016). In a
traditional warehouse, if the storage requirements exceed the storage capacity, the
layout remains the same, and only some rack locations may remain empty. However,
different adjustments can be made to the fixed layout, making it more flexible. An
adjusted fixed base layout gives the goods a specific placement for a period, such as a
year (Vis & Roodbergen, 2011).

Fixed layouts offer advantages such as ease of implementation and a familiar, stable
working environment for employees (Vis & Roodbergen, 2011). However, they need
more flexibility and can adapt to changes in daily activities or workload fluctuations.
Work efficiency can vary significantly daily, and a fixed layout can quickly become



outdated if circumstances change. Therefore, it is essential to regularly check and
adjust fixed layouts to ensure they remain effective and meet evolving needs (Vis &
Roodbergen, 2011).

2.2.3. Category-Based Layout

To introduce more flexibility to the layout, CDs could use category-based layouts.
Category-based layouts use limited situations based on the facility's activity level
(Horta et al., 2016). For example, busy, average, and quiet days each have a different
fixed layout for each situation. In determining the appropriate layouts, a forecast is
made for the expected demand in the facility, where the forecast will dictate the
decision of the layout. Within the forecast, there is an analysis of different factors that
need to be taken into consideration (Horta et al., 2016).

Factors such as required storage space, the number of customer orders, or the total
number of stops can be used, but they may be correlated, creating issues when
deciding the layout (Vis & Roodbergen, 2011). For instance, the total number of stops
made on a day is likely to be higher on a day with many customer orders. It is crucial
to consider the number of categories required and the number of different layouts that
should be used. Category-based layouts offer added flexibility compared to fixed
layouts, but they require employees to adapt to different layouts. If this were an issue,
only a few categories should be used. However, if efficiency gains outweigh
familiarity concerns, more categories might be an option (Vis & Roodbergen, 2011).

2.2.4. Flexible Layout

The concept of a flexible layout involves selecting a different layout each day based
on the anticipated activity level. The successful implementation of flexible layouts
relies heavily on the availability of relevant information prior to the start of the day
(Horta et al., 2016). If no information is available, it becomes impractical to employ
flexible layouts. However, in most cases, some information is known, such as the
number of loads to be handled or the number of customer orders for the day. Given
the objective of developing a practical method, it is not feasible to determine the
optimal layout each day using fixed layout procedures. There may be insufficient
information to apply such procedures or conduct simulations. These calculations can
be complex and time-consuming, leaving little opportunity for extensive calculation
before the start of operations (Vis & Roodbergen, 2011).

2.3. Cross docking Operation Processes

This literature review examines the key factors involved in cross-docking operations
and highlights the challenges and opportunities for optimising the process.



2.3.1. Types of Cross docking Operations

There are four types of cross-docking operations: unloading, sorting, storing, and
reloading (Ladier & Alpan, 2016). Unloading involves transferring goods from
inbound trucks to a predetermined area. Sorting the goods involves a quality and
quantity check on the goods before the goods are divided and transported to either
storage or an outbound truck. Storage of goods takes place if the outgoing truck has
yet to arrive. Although not all goods are stored, only those waiting on an outgoing
truck. Reloading involves transferring goods from the staging area to outbound trucks.
Cross-docking operations require effective coordination and communication between
suppliers, manufacturers, retailers, and in-house staff (Ladier & Alpan, 2016).

2.3.2. Factors Affecting Cross-docking Operations Performance

Cross-docking operations face several challenges that can impact the efficiency and
effectiveness of the process. One of the most significant challenges is coordinating
and communicating between suppliers, manufacturers, and retailers (Ladier & Alpan,
2016). If stakeholders do not communicate effectively, it can cause delays and errors
in the process (Ladier & Alpan, 2016). The arrival times of the trucks affect the
planning and the process. If trucks have fixed schedules, it is crucial to consider their
arrival in the planning horizon (Ladier & Alpan, 2016). On the other hand, if trucks
arrive without a fixed schedule, it is assumed that all the trucks are available from the
beginning of the planning horizon (time 0) and can be processed at any time. This
logic applies to both inbound and outbound trucks (Ladier & Alpan, 2016).

The inventory level is a factor that will affect the operations in a cross-docking
facility, given that reducing inventory is a crucial objective of cross-docking.
Therefore, it is essential to track indicators of inventory levels, such as the total or
maximum number of goods stored over the planning horizon (Boysen & Fliedner,
2010). The total travel distance of the goods is a factor that can affect the operations
performance of the CD. Total travel time can provide insight, as longer transportation
routes will increase the time required for the worker's operation (Ladier & Alpan,
2016). Minimizing the travel distance can result in clustering the loading and
unloading area, potentially causing congestion, and hindering the process efficiency.
It is challenging to measure congestion because there needs to be clear metrics to
determine the performance impact (Ladier & Alpan, 2016). The total product stay
time is also a factor that affects the operation's performance. When maximizing the
goods turnover, tracking the overall time spent by all products within the CD is
appropriate as a significant indicator when measuring operational performance
(Ladier & Alpan, 2016). One possible performance indicator is the number of
touches, which refers to the number of times a pallet is moved from one location to
another. If a pallet is moved directly from the inbound truck to the outbound truck, it
is only touched once. However, if it is stored temporarily before being moved to the
outbound truck, it is touched twice, once when it is moved from the inbound door to
the storage area and a second time when it is moved from the storage area to the
outbound truck (Ladier & Alpan, 2016). More complex processes may require the
pallet to be touched three or more times, each adding to the required labour cost
(Ladier & Alpan, 2016). Therefore, tracking the average or total number of touches
can be a valuable way to evaluate operational performance.
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2.3.3. Opportunities for Optimising Cross-docking Operations

Several opportunities exist for optimising cross-docking operations. One approach is
to use technology such as warehouse management systems (WMS) to automate
processes and improve visibility. WMS can provide real-time information on
inventory levels, order status, and shipment tracking, which can improve coordination
and communication between stakeholders (Torabizadeh et al., 2020).

Taking account of cross-docking and ideal truck routing schedules is a significant
development in cross-docking optimisation. This strategy entails coordinating the
physical flow of goods between upstream suppliers and downstream retailers in each
inbound and outbound process (Lo & Chuang, 2023). Reducing energy use by
optimising inbound dock doors is another opportunity to improve cross-docking
operations. Forklift energy consumption can be significantly decreased, saving money
by reducing the effort necessary for inbound docking operations (Stankovi¢ et al.,
2022).

Simulation techniques are applied to replicate real-world scenarios in cross-docking
scenarios. For instance, an event-based simulation can be designed to assess the flow
of packages and the time it takes to sort them while considering different assignments
for cross-docking operations (Kiani Mavi et al., 2020). Furthermore, simulations can
be used to model different floor area layouts in a warehouse to determine the optimal
cross-docking capacity and optimise efficiency (Kiani Mavi et al., 2020).

2.4. Material handling equipment

Logistic centres and warehouses use different types of material handling equipment
(MHE) to handle the goods to achieve an effective throughput (Amjed & Harrison,
2013). Examples of MHE used in cross-docking include conveyor systems, pallet
jacks, and forklifts (Hama Karim et al., 2022). The value added by material handling
is greater than the additional costs, for example, the overnight delivery compared to
the regular mail service. By using MHE to streamline the transfer of goods, cross-
docking can significantly reduce warehousing and inventory costs, improve order
fulfilment speed, and increase overall supply chain efficiency (Hama Karim et al.,
2022).

24.1. Forklifts

Forklifts are the most common MHE in warehouses, distribution centres, and other
industrial settings (Huang et al., 2021). They are mainly used for lifting and
transporting heavy loads since their ability to manoeuvre in tight spaces makes them
ideal for usage in logistical centres (Huang et al., 2021). The forklifts come in various
sizes and designs; they have different lifting capacities and features that specify the
forklift for different needs. Forklifts have evolved a lot since the first version in the
early 20th century, with features such as electric power, advanced safety systems, and
ergonomic designs that increase operator comfort and productivity. Today, forklifts
are essential in many industries, enabling businesses to move and store goods more
efficiently and effectively (Masis et al., 2022).
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2.4.2. Material Handling Equipment Power Sources

There are several options to power sources for forklifts used as an MHE, such as
internal combustion engines and electric batteries. The combustion engine is run by
diesel or liquid petroleum gas (LPQG). Electric batteries are run by lead-acid or lithium
batteries (Amjed & Harrison, 2013). There are differences of opinion on which of the
options is the most environmentally friendly, and debates on how to measure
emissions and environmental impact of the different power sources. This is due to the
need for a standardized industry test cycle and inconsistencies in defining system
boundaries (Keshan et al., 2016).

Diesel

Forklifts powered by diesel are the most common forklift type. This is due to their
durability and capability to handle heavy goods (Haghi et al., 2020). However, their
future is in the hand of the governments that can adopt policies that encourage the
replacement of diesel forklifts (Haghi et al., 2020). When considering environmental
impact, it is shown that diesel forklifts have a lower impact on the environment than
liquid petroleum gas forklifts. When considering the upstream process of fuel
extraction and production (Fuc et al., 2016).

Liquid Petroleum Gas

LPG forklifts, also known as propane forklifts, are popular for material handling
operations since they offer several advantages over other types of forklifts. One of the
key benefits of LPG forklifts is their fuel efficiency (Raslavicius et al., 2014).
However, there are discussions about how efficient LPG is compared to diesel (Fuc et
al., 2016) means that the overall environmental impact of LPG is higher than diesel
engines. LPG is a clean-burning fuel that can operate indoors without expensive
exhaust ventilation systems (Raslavicius et al., 2014). Another advantage of LPG
forklifts is their versatility. The LPG forklifts can handle a variety of loads. They can
operate on various surfaces, making them ideal for use in different facilities, from
warehouses and distribution centres to construction sites and outdoor storage yards.
LPG forklifts are also known for their ease of operation and maintenance. They have
simple fuelling procedures and require less maintenance than diesel or electric
forklifts (Fuc et al., 2016).

Lithium Batteries

Lithium (Li-ion) batteries are the most efficient rechargeable batteries available today,
with the highest energy-to-weight and energy-to-space ratios (Keshan et al., 2016).
Their operation relies on the reversible insertion and extraction of ions between two
porous electrodes separated by a non-conductive foil. An electrolyte solution
containing Li-ions charges the electrodes and separator foil. The battery's
performance is heavily influenced by the charge and discharge current, unlike lead
acid, which can be charged at much higher current rates. When subjected to high
discharge currents, Li-ion batteries can deliver high power levels quickly, with
minimal efficiency changes (Keshan et al., 2016). When fully charged, Li-ion
batteries can reach up to 4.20V per cell, which is higher than the voltage of a lead-
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acid battery cell. The amount of energy stored in a charging Li-ion battery depends on
the difference in energy states of the intercalated Li-ion between the positive and
negative electrodes of the cell (Keshan et al., 2016). According to authors Keshan et
al. (2016), an important point to mention is that lead-acid batteries perform better in
low temperatures than Li-ion batteries.

Lead-acid Batteries

Lead-acid batteries are the most common electric battery in forklifts worldwide
(Keshan et al., 2016). The performance of lead-acid batteries is highly dependent on
the current rate that the battery is charged and discharged. Higher current rates, when
discharging, will decrease operating time. When charging, higher current rates will
charge the battery faster but affect the battery's lifetime (Keshan et al., 2016). The
charging properties of the lead-acid battery include constant voltage, constant current,
and the pulse method. The pulse method indicates the currents sent to the battery
while charging (Horkos et al., 2015). The conventional charging techniques, such as
constant voltage and constant current, have limitations that contribute to electrolyte
decomposition and high gas generation, leading to a decline in battery performance
(Horkos et al., 2015). There are newer techniques for charging lead-acid batteries,
such as charging to full capacity faster than usual and then keeping the battery open.
This technique is called intermittent charging. Another technique is called Interrupted
Charge Control (ICC), which is based on intermittent charging and has the same
attributes. However, the ICC technique ensures that the battery gets a full charge
return by using constant current in the charging process (Keshan et al., 2016.; Horkos
etal., 2015)

2.4.3. Environmental Impact of Power Sources

Measurement differs based on the boundary, such as 'well-to-pump', 'well-to-wheel',
'outlet-to-battery', 'battery-to-wheel', or 'wheel-to-exhaust', which leads to varying
results for each fuel type (McKinnon et al., 2015). For example, LPG has the highest
energy efficiency at 89.3% and the lowest CO2 emissions. However, one study found
that it uses six times more energy per operating cycle than electricity (McKinnon et
al., 2015). McKinnon (2015) mentions that using Li-ion batteries in forklifts will have
a smaller impact on the environment if the facilities use green energy. However,
Johnson (2008) means that LPG have the same or even a smaller environmental
footprint than electricity. The main issue is that there is no industry standard to the
definition on system boundaries. The system boundaries refer to whether a
comparison of emissions between two energy sources (such as diesel and Li-ion
batteries) should only include emissions during operational use, or if emissions
produced during the production, generation, operation, and disposal of these energy
sources should also be considered (Amjed & Harrison, 2013).

Electrical batteries and the impact that they create on the environment is based on the
outlet-to-battery and battery-to-wheel. Leading factors to the overall environmental
impact are the extraction, production, and generation, of the metals used in the
batteries (Johnson, 2008). Another factor is the disposal and/or after life of the
batteries. Whether or not the battery can be recycled in an environmentally friendly
way is a factor that also affects the overall impact of electric batteries on the
environment (Lacey et al., 2013). When considering the operational aspect of a
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forklift, the electrical forklift has a lower environmental impact compared to a forklift
with an internal combustion engine (Fuc et al., 2016).

2.4.4. Phase-in and Phase-out of Material Handling Equipment

Forklifts are a critical component of many warchouse operations, and their proper
maintenance and replacement are essential for ensuring that they perform efficiently
and effectively. The phase-in and phase-out of forklift fleets are important aspects of
fleet management that can affect the productivity and cost-effectiveness of warehouse
operations (Renteria Marquez, 2017).

One of the critical factors to consider when evaluating replacement options for
forklifts is the equipment's lifespan. The lifespan of a forklift is determined by various
factors, including the type of forklift, its usage, maintenance history, and the
environmental impact (Renteria Marquez, 2017). Forklifts that have been well-
maintained and have undergone regular maintenance checks may have a longer
lifespan than those that have been poorly maintained (Renteria Marquez, 2017).

When it comes to phasing in new forklift equipment, it is essential to select the right
equipment that meets the specific needs of the warehouse operation (Preston et al.,
2020). Factors to consider when selecting new forklift equipment include the type of
products being handled, the size and layout of the warehouse, the availability of
trained operators, and the environmental impact. It is also important to consider the
cost-effectiveness of different equipment options, considering the purchase price,
maintenance costs, and expected lifespan of the equipment (Preston et al., 2020).

Phasing out old forklift equipment involves retiring equipment that are no longer cost-
effective or efficient (Xue et al., 2022). When retiring forklift equipment, factors that
should be considered are the equipment's age, performance history, maintenance
costs, and the availability of replacement parts. Once old equipment has been retired,
it is essential to dispose of it in an environmentally responsible manner (Xue et al.,
2022).

2.45. Material Handling Equipment Maintenance and Servicing

Forklifts have scheduled maintenance frequently throughout its lifespan. This entails
routine inspections, lubrication, and part replacement to avoid equipment
breakdowns. Preventive maintenance can help to decrease downtime and increase the
lifespan of forklifts (Suryoputro et al., 2019) They also discovered that forklift
operator training courses could lower equipment damage and boost safety.

Thermal imaging and vibration analysis are two examples of predictive maintenance
methods that can be used to spot probable equipment breakdowns before they happen.
Vibration analysis can be helpful in forecasting forklift failures and lowering
maintenance costs (Suryoputro et al., 2019).

Proper servicing of forklifts is just as crucial as upkeep. The hydraulic system should
be routinely cleaned and inspected, and batteries should be handled and stored
properly. The longevity of forklift batteries can be increased with good battery
management, which includes monitoring and maintenance (Suryoputro et al., 2019).
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3. Methodology

The methodology chapter will present the methods used to answer the research
questions during the thesis. The methodology will present design selection, data
collection, case study, and research quality. These sections give an idea to the readers
of how the authors plan to execute the report. These methods are described further
below. The research process can be divided into four main periods, with each period
focusing on specific topics, as illustrated in Figure 3.1. These periods describe the
overall process of the research, while the topics highlight the tasks performed during
each period.

3.1. Research Strategy and Design

The research design used in this study will combine a single case study and a mixed-
methods approach (Creswell, 2018; Yin, 2014), as seen in Figure 3.1. By utilising
qualitative and quantitative methods, a comprehensive understanding of the current
state at Company X, the advantages, and obstacles of becoming more sustainable, and
the factors that influence the decision to create an optimal environment for
introducing an all-electric forklift fleet (Creswell, 2018; Yin, 2014).

Mixed Methods
Approach

RQ1: What is the present state RQ2: What challenges does RQ3: What recommendations on
of Company X's forklift fleet. Company X face when creating an solutions are most appropriate for

layout, operation, optimal environment for an all- Company X from a sustainable
infrastructure, and facilities of electrical forklift fleet? point of view?

Company X?
Qualitative Quantitative Qualitative Quantitative Qualitative Quantitative
¢ Interviews ¢ Internal * Interviews ¢ Internal *  Workshop * Internal
documents documents + Literature documents
study

Figure 3.1: The research structure of this report, that used a mixed methods approach.

A single case study is a qualitative research design that involves an in-depth
examination of a single unit of analysis (Yin, 2014). By delving into the unit of
analysis, a single case study aims to provide a rich depiction of its features,
characteristics, and contextual factors (Bell et al., 2022). This approach allows
researchers to understand various phenomena in-depth, including individuals,
programs, organisations, or any other topic of interest (Yin, 2014).

One of the main strengths of a single case study is its ability to offer a comprehensive
understanding of the unit of analysis, along with the intricate relationships between
variables and their contextual influences (Johnson & Onwuegbuzie, 2004). Through
collecting qualitative data, researchers can gain valuable insights into the unique
characteristics of the topic under investigation (Johnson & Onwuegbuzie, 2004).
Despite its limitations, such as potential challenges related to overall applicability, a
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single case study can still significantly contribute to developing knowledge in a
specific field (Creswell, 2018).

In contrast, the mixed methods approach involves collecting and analysing qualitative
and quantitative data (Creswell, 2018). By using both forms of data, researchers can
increase the robustness of their findings through triangulation, which increases the
validity and reliability of the results (Creswell & Clark, 2007). This approach proves
particularly beneficial when exploring complex research questions, as it enables a
more comprehensive understanding of the topic by collecting data from multiple
sources (Johnson & Onwuegbuzie, 2004).

By integrating qualitative and quantitative methods, a mixed methods research design
allows researchers to explore a broader range of perspectives, use different data
collection techniques and gain a more comprehensive understanding of the
phenomenon under study (Creswell, 2018). The synthesis of qualitative and
quantitative data enriches the analysis and provides a deeper insight into the intricate
and complex nature of the research topic (Creswell & Clark, 2007).

In the first period of the research procedure, the authors will concentrate on
understanding and describing the phenomenon. To gain a deeper understanding of the
problem, the authors will engage in discussions with stakeholders from Company X.
These discussions will help to understand the phenomenon thoroughly. The report
will then describe the problem after this understanding has been achieved.

The second part of the research is about "Defining the Purpose and Research
Questions". Here, the authors will establish the purpose of the research, which will be
based on the challenges faced by company X. After establishing the purpose, the
authors will formulate research questions that will guide them in achieving the
research's objectives.

The third period of the research consists of two topics: "Literature Review" and
"Collection and Analysis of Empirical Data". The authors will collect data from
Company X during this period, including interviews and internal documents. In
addition, they will conduct a detailed literature review of relevant sources relating to
the report.

Finally, the authors will present the 'Result' in the fourth and last part of the research.
This period involves summarising the data collected and the results of the literature
study into the research's findings. The research questions posed in the research will be
answered and discussed during this period. The different periods of the research
process can be seen in Figure 3.2 below.

Research Process

Figure 3.2: The research process
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3.2. Data Collection

Data collection is a crucial step in the research process, and it is essential that it is
conducted systematically. In this study, a multi-method approach will be used to
collect data, including semi-structured interviews (Creswell, 2018), internal
documents from the case company (Yin, 2014), a workshop, and a literature study.

3.2.1. Semi- structured Interviews

Bell et al. (2022) highlight that semi-structured interviews offer researchers a valuable
method for exploring research questions flexibly and adaptively. This approach
allows for a broader range of questions, promotes in-depth participant responses, and
provides opportunities for further investigation based on the significance of the
information shared. This study conducted seven semi-structured interviews with key
stakeholders, including managers and team leaders seen in Table 1. The interviews
were guided by 25 standard questions, ensuring a consistent foundation for data
collection. However, the authors-maintained flexibility within the semi-structured
format, adapting the sequencing and content of questions based on the interviewees'
roles and responses.

Table 1: Interview The interviews that were conducted.

No. [Title Location [Time spent (h)| Day (Date)

| [Pevelopment o 1,5 23/2/23
Manager

o [Facility On-site 1,5 23/2/23
Manager

3 |Team Leader |On-site 1,5 6/3/23

4 |[Team Leader |On-site 1,5 6/3/23

5 [Team Leader [On-site 1,5 6/3/23

6 |Team Leader |On-site 1,5 8/3/23

7 [Security On-site 1.5 8/3/23
Manager

The flexibility of the semi-structured interview approach allowed for a comprehensive
exploration of the research topic, as noted by Bell et al. (2022). The broader frame of
reference in the interview questions facilitated in-depth insights and perspectives from
the participants, enabling a thorough examination of the case. Each interview lasted
approximately one and a half hours, allowing ample time for detailed discussions and
responses. The authors ensured that the interviews were conducted individually to
create a comfortable and confidential environment for the participants to share their
experiences and insights. This aspect of flexibility allows interviewers to go deeper
into specific areas of interest or to seek clarification on certain points. It allows
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researchers to collect rich data, improving the results' overall quality (Bell et al.,
2022).

To ensure accuracy and comprehensive analysis, the authors recorded, transcribed,
and analysed the interviews. This process aimed to identify key themes, patterns, and
interview information. By systematically analysing the interview data, the authors
sought to gain a deep understanding of the case and uncover valuable insights
(Creswell, 2018).

3.2.2. Internal Databases

During the study, the authors were granted access to several internal documents from
Company X (from now on referred to as "databases"), which served as valuable
sources of information. These documents included records of the number of hours the
forklifts were used throughout 2022, the cost of renting forklifts in the same period,
electricity consumption throughout 2022, and the facility's electricity delivery
capacity. Additionally, the authors had access to drawings of the facilities. These
internal documents provided crucial insights and data points for the analysis, enabling
a comprehensive examination of relevant aspects within Company X.

The authors utilized qualitative and quantitative databases to manage and analyse the
collected data, aligning with Yin's (2014) recommendations. Qualitative databases
were employed to organize and manage data gathered through qualitative research
methods like interviews, observations, and text analysis. These databases allowed for
systematic storage and categorization of qualitative data, ensuring the capture and
easy accessibility of essential information for analysis (Yin, 2014). On the other hand,
quantitative databases were used to store and manage numerical data collected
through surveys, questionnaires, experiments, and other quantitative research
approaches. These databases provided a structured framework for organizing
variables and data points and conducting analyses (Yin, 2014).

Adopting qualitative and quantitative databases facilitated data integrity, traceability,
and reliability throughout the research process (Yin, 2014). The systematic
documentation and organization of data supported comprehensive analysis and
interpretation. The databases also provided a foundation for data-driven decision-
making, hypothesis testing, and the generation of accurate and valid research
outcomes. In the case of this study, internal databases played a crucial role in data
collection from Company X, primarily utilizing documents and operational reports.
This encompassed financial and operational data and information related to
organisational structures and processes. Analysing this data allowed for a deeper
understanding of Company X and its operations, aligning with the guidance provided
by Yin (2014).

3.2.3. Workshop

To address the identified problems and develop an appropriate action plan, a half-day
workshop was conducted with the participation of the management staff of Company
X, the authors, a business developer, and a consultant. The workshop was a
collaborative and interactive platform for in-depth discussions on the identified
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problems, drawing upon qualitative research, brainstorming, and problem-solving
techniques.

Under the guidance of a host, the workshop created an inclusive and collaborative
environment that encouraged active participation and guided discussions towards
productive outcomes. The workshop structure aligned with the characteristics
described by Skill Zone Ltd (2023) and combined elements of qualitative research,
problem-solving and brainstorming techniques.

The discussions revolved around developing a strategic plan to address the challenges
within Company X, considering the current situation, relevant literature, and the
insights shared by the participants. During the session, the participants, including the
authors and management staff, delved into a detailed examination of the identified
problems. They engaged in collaborative problem-solving activities, generating
innovative ideas and exploring potential solutions.

The workshop spanned approximately five hours and commenced with the authors
presenting a summary of the current situation. Subsequently, the participants
discussed the current situation, examined relevant literature, and deliberated on the
best solutions for the company. The aim was to collectively analyse the identified
problems, leverage the expertise and perspectives of the participants, and determine
the next steps for the research.

3.24. Literature study

Conducting a broad literature review is an essential part of field research. It provides a
foundation for the study, helps identify research gaps, informs the research design and
methodology, and assists in data interpretation and analysis (Carol, 2018).

Carol (2018) highlights that a literature review is essential to qualitative field research
and allows researchers to position their study within the existing scientific discourse.
By reviewing relevant literature, researchers gain a deeper understanding of current
knowledge, theories and concepts related to their research topic.

According to Carol (2018), a literature review allows researchers to identify gaps,
inconsistencies, or controversies in the existing body of knowledge. This
identification of gaps helps researchers formulate their study's unique contributions
and ensures that their research addresses important issues in the field. It also helps to
establish the theoretical basis of the research, align it with existing theories or propose
new theoretical perspectives (Carol, 2018).

Moreover, a literature review supports the understanding and interpretation of the
data. Carol (2018) highlights that a solid understanding of the existing literature
enables researchers to understand their findings in a broader context. By comparing
their findings with those of previous studies, researchers can identify consistencies,
inconsistencies or alternative explanations, contributing to their interpretations'
overall validity and reliability (Carol, 2018).

Finally, a literature review will be conducted to provide a theoretical context for the
study. This will involve reviewing relevant literature, such as academic journals,
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books, and reports (Carol, 2018). The literature review will focus on key concepts and
theories related to the research question and will be used to develop hypotheses and
identify gaps in the existing literature (Carol, 2018). Some literature search words are
Sustainable operations, Electrical Forklifts, Efficient Layout, and Sustainable
Warehouses.

The literature is drawn from several databases, such as Chalmers Library, Google
Scholar, and Research Gate. Overall, this multi-method approach will provide a
comprehensive understanding of the case and help triangulate the data, increasing the
study's validity and reliability (Creswell, 2018; Yin, 2014; Carol, 2018).

3.3. Case Company

The selected company, Company X, has established itself as a prominent player in the
logistics industry since the beginning of the 20th century. Company X is a leading
provider of transport and logistics services and has earned a reputation for delivering
high-quality services to customers worldwide. Their broad range of services includes
freight, warehousing, and transport solutions. With headquarters in Scandinavia,
Company X has a global presence and employs around 10,000 people in more than 20
countries. Since the company has wished to be anonymous, the information presented
about the company comes from internal documents and can’t be referenced.

This case study focuses on highlighting how organisations are addressing the new
needs of customers and stakeholders by making sustainability a top priority in their
operations. Company X, driven by both the general push for businesses to adopt
sustainable practices and the specific demands of its customers, is striving to respond
effectively. One of its largest customers, a leading global OEM, has expressed a
strong desire for its suppliers to adopt more sustainable practices. Company X has
therefore initiated plans to replace its existing diesel forklifts with electric forklifts at
its warehouse in Gothenburg, Sweden. This strategic shift will reduce Company X's
environmental impact and improve its financial performance.

The supply chain of Company X, as illustrated in Figure 3.2 of the case study, starts at
their CD facility. The primary function of this facility is to facilitate the transport of
materials to customers' factories around the world, including places like Russia,
Japan, and Brazil. Company X receives goods from customers' subcontractors, who
send lorries with the goods to Company X's CD facility for unloading and sorting.
After this process, the goods are loaded onto containers or lorries and transported to
factories worldwide.
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Figure 3.3: The supply chain that affects the CD where the case study is conducted.

3.4. Research Quality

Research quality is a fundamental aspect of any study, as it directly affects the
credibility and reliability of the results. Several key factors must be considered to
ensure research quality, including validity, reliability, and objectivity. This
introduction will explore these factors and their importance in conducting a high-
quality research study. It will also explain what was done to increase the research
quality by the authors.

3.4.1. Validity

To increase the study's validity, the researchers employed the method of triangulation,
which involved utilizing multiple data sources and perspectives (Saunders et al.,
2016). By incorporating interviews, internal documents, literature, and insights from a
workshop, the risk of bias was minimized, and a more comprehensive understanding
of the topic was achieved (Saunders et al., 2016). This multifaceted approach ensured
that the study correctly measured its intended objectives and enhanced the overall
validity of the results. Moreover, the authors recognized the importance of selecting a
specific target group and formulating precise and well-defined questions for
interviews. By doing so, they ensured that the collected data was relevant and aligned
with the research goals, further contributing to the study's validity (Bjorklund &
Paulsson, 2014).

3.4.2. Reliability

Reliability, in this context, refers to the dependability and consistency of the
measurement instruments used. This report used a systematic and rigorous data
analysis method to ensure the reliability and consistency of the results (Bjorklund &
Paulsson, 2014). The researchers aimed to adopt a sufficiently descriptive
methodological framework to facilitate replication and yield comparable results, thus
enhancing reliability. They also recognised the importance of integrating control
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questions within interviews and questionnaires, as these can contribute to increased
reliability by assessing the consistency of responses (Bjorklund & Paulsson, 2014).

In addition, the study utilized triangulation techniques to support overall reliability
(Saunders et al., 2016). Triangulation provided additional layers of corroboration,
strengthening the trustworthiness of the findings. Triangulation involved using
multiple sources of information, such as internal documents, interviews, literature,
and workshop insights. By drawing from diverse sources, the researchers reduced the
reliance on a single perspective and minimised bias, thereby enhancing the reliability
of the study (Saunders et al., 2016).

The authors selected reliable sources for the literature study to enhance further
reliability (Bjorklund & Paulsson, 2014), including reputable sources like the
Chalmers Library. Using credible and trustworthy sources ensured the accuracy and
reliability of the information cited throughout different sections of the report. By
including empirical data as evidence to support various parts of the report, another
reliability dimension was added (Bjorklund & Paulsson, 2014).

3.43. Objectivity

Objectivity in the study is crucial to minimise the influence of personal values and
biases. The researchers acknowledged that personal values could impact the thesis,
such as the interviewee's dependence on the interviewer (Bjorklund & Paulsson,
2014). To promote objectivity, providing justifications and specific details about the
choices made during the research process is crucial, allowing readers to form their
opinions about the study's results (Bjorklund & Paulsson, 2014). This approach
increases the overall objectivity of the study.

Maintaining accuracy and impartiality when presenting the content from sources is
also essential. The text should be free from factual errors, distorted selections of facts,
and value-laden language, ensuring the information is objectively presented
(Bjorklund & Paulsson, 2014). The researchers strived to avoid deliberately biased
and subjective selections during the study.

In the case of interviews conducted for the study, privacy was ensured to uphold
objectivity. The authors tried to establish independence from the company where the
case study was carried out, eliminating any potential dependent positions that could
compromise objectivity. By maintaining this independence, the authors could
approach the study objectively and minimise any undue influence on the findings.
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4. Analysis and Findings

This study is focused on evaluating the current state of Company X's forklift fleet,
infrastructure, facilities, layout, and operational processes. Furthermore, the
challenges that hinder the achievement of Company X's sustainability goals are
identified. This analysis section presents the conclusions from internal documents and
interviews.

4.1. Analysis of the Current Situation

This section will present an analysis of the current situation.

4.1.1. Current State of Company X

The objective of Company X is to operate in an environmentally friendly and efficient
way to reduce their carbon emissions by 45% by 2030. Company X must do this to
follow the requirement of their largest customer, the OEM, that state that the
companies they work with must become more sustainable. While Company X has
identified the need to become more sustainable, they have yet to make significant
progress towards achieving this goal. However, the current state of Company X's
sustainability efforts could be improved.

Company X is reactive in its approach to sustainability, focusing only on solving
emergency problems that arise in its operations rather than proactively implementing
sustainable practices. Currently, Company X is not actively working on improving its
sustainability practices, except planning to electrify its entire forklift fleet. However,
Company X is motivated to make a change, and is starting their sustainability journey
with the electrification of their forklift fleet.

4.1.2. Forklifts

According to the information provided in the interview and internal documents, there
are a total of 24 forklifts. Of these, nine are electric forklifts, and 15 are diesel
forklifts. All the forklifts that companies have are leased from Linde. They also use a
system from Linde called Linde Connets to keep track of the use of the forklifts.
Leasing all nine electric forklifts from Linde costs about 90 000 SEK per month, and
electricity costs about 2 SEK per kilowatt-hour see Table 4. Leasing all 15 diesel
forklifts from Linde costs about 120 000 SEK per month, and diesel costs about 18
Swedish crowns per litre see Table 4. Electric forklifts are mainly used to load
containers. They have a maximum capacity of four and a half tons. The batteries used
in the electric buckets are lead-acid batteries. However, these forklifts require
frequent recharging, typically 2-3 times per session, and occasionally need topping up
with battery water. The average driving hours per year for each electric forklift is
33866 see Table 2.

23



Table 2: Electrical forklift driving hours per year.

No. Forklift Hours per year
1| C430 15136
2| C434 25433
3| C435 47880
4| C436 51824
5| C437 32393
6 | C438 46434
7 | C439 26906
8 | C440 29749
9 | C442 29038
Mean/year 33866

Diesel forklifts are used for loading and unloading trailers. They have a maximum
capacity of five tons and may need refuelling once per session, which takes a
maximum of 10 minutes. Each diesel forklift's average driving hours per year is
56130 see Table 3.

Table 3: Diesel forklift driving hours per year.

No. Forklift Hours per year
1 D401 59131
2 D402 38824
3 D403 47267
4 D404 55431
5 D405 52012
6 D406 54677
7 D407 64307
8 D408 67276
9 D409 60310
10 D410 47050
11 D411 62685
12 D412 48880
13 D413 62907
14 D414 51718
15 D415 69470
Mean/year 56130

Diesel forklifts have a higher maximum capacity than electric forklifts, but they
require refuelling, which takes additional time. Although electric forklifts require
frequent recharging, they can operate without any emissions, making them
environmentally friendly. However, diesel forklifts are better suited for outdoor use
due to their ability to handle rough terrain. The average number of driving hours per
year for diesel forklifts is higher than that of electric forklifts. This could be because
diesel forklifts are better suited for outdoor use and can operate longer without
recharging.
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Tabel 4: Forklift Cost (per month).

Type Total Forklifts Cost Power Source Power Source Cost

El:(iilt.:cltc 9 90K SEK Electricity 1,50 SEK/KWh

gflf‘l?f't 15 120K SEK Diesel 17,5 SEK/L
4.1.3. Infrastructure and Facilities

In the CD area at Company X, there are three facilities utilized for the storage,
unloading, and loading of trucks and containers. The primary facility for CD
operations is the facility with gates seen in Figure 4.1. Additionally, there are two
tents used for storing container goods. The CD facility is connected to the tents via
roads.

The main facility features a total of 35 gates for loading and unloading, as well as for
storage of pallets and goods. The CD facility is partly open, where the trucks drive
into pockets. The items stored in the main facility are primarily for trucks and lorries,
while the tents serve as storage for container goods and pallets. There are designated
areas around the tents for the containers, making them easily accessible when needed.

The charging area for electric forklifts is inside the CD facility, next to a gate. The
CD facility, including the current charging area, is secured up to 630 amps (A). The
maximum recorded peak of electricity usage per day in the CD facility is 199,5A (see
Appendix A). The battery water for the electrical forklifts is placed in the ART-N
warehouse as seen in Figure 4.1.

I

iR ___J_FP H._._I._L

"aH Fﬂmmﬁlﬁ 18 3|§|§

—)
Figure 4.1: Drawmg of the CD facilities where areas of relevance are highlighted.
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4.1.4. Layout and Operational Processes

Out of the 35 gates, 22 is currently being used for loading and unloading operations,
while the remaining gates are being used for storage purposes. The storage area is
necessary because of the shortage of space, which has prompted the management to
make use of the unused gates for this purpose. There are also allocated places in tents
around the CD facility for the storage of container goods and pallets.

Of the 35 gates, 10 gates are dedicated to the unloading of trucks, while 12 gates are
allocated for loading goods and pallets onto trucks. One of the gates is designated as a
charging area for the electrical forklift batteries used in the CD area. This charging
area ensures that the forklifts are always in operation and do not run out of power
during the workday.

The ground of the CD area is marked with lines that indicate where goods and pallets
should be placed, and the ceiling of the CD area has signs with SUFIX numbers that
indicate the identification of each truck load. The forklift drivers unload the goods
and pallets from the truck next to it, and then conduct quality and quantity control
checks before moving them to their respective SUFIX number, where they are stored
until the truck arrives to pick them up.

The storage is divided between the CD area and two additional tents, as shown in
figure X. The tents are necessary because of the limited space available in the CD
area. The diesel forklifts transport the goods and pallets from the trucks to the tents.
The experienced forklift drivers have developed their own internal layout based on
the CD areas demand and have trained new drivers accordingly. This internal layout
helps the forklift drivers navigate the CD area efficiently, minimizing the risk of
damage to the goods and pallets during transportation.

The planner plans the gates that the truck drivers should use when arriving to the
terminal. The truck drivers have a responsibility to send a signal to the planner that
the gate is available for the next truck. This signal is sent through GTMS system to
the planner.

4.2. Challenges in becoming sustainable in Company X

Company X faces various challenges in creating an optimal environment for an all-
electric truck fleet, making sustainability efforts more difficult. The challenges
depend on MHE, infrastructure, facilities, layout, and operational processes. At
present, these challenges represent barriers to achieving sustainability goals. The
following sections describe these challenges in detail.

4.2.1. General challenges in Company X

First, Company X struggles to define the exact actions required to reduce carbon
emissions by 45% by 2030. More clarity is needed to ensure effective planning and
implementation of the necessary measures to transition to an all-electric forklift fleet.
Secondly, the need for better-defined indicators to monitor and measure progress
towards sustainability goals is a challenge. Without clear KPIs for sustainable
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development, it is difficult for Company X to assess its progress accurately. The lack
of clarity makes it difficult to evaluate the effectiveness of current initiatives and
adjust strategies accordingly. Thirdly, Company X faces the challenge of raising
employee awareness of the importance of sustainability.

Finally, a short-term operational focus rather than a long-term strategic approach
poses a major challenge. Company X tends to prioritize addressing immediate
operational issues rather than taking a holistic, long-term sustainability perspective.
This short-term thinking hinders the implementation of sustainable practices that can
deliver lasting environmental benefits and economic success.

4.2.2. Challenges with the Forklift Fleet

One of the challenges is choosing the most sustainable power source for forklifts. The
lack of standardized test cycles and inconsistencies in defining system boundaries
further complicate this task. Another challenge is the poor battery capacity of electric
forklifts used outdoors and in cold environments. Factors such as using electric
forklifts outdoors, exposing the batteries to harsh conditions, charging them near open
gates in the CD area, and neglecting battery maintenance by some drivers contribute
to insufficient battery capacity. This directly affects Company X's ability to achieve
its energy efficiency and CO2 emission reduction targets.

In addition, Company X faces challenges regarding forklift maintenance, especially
for diesel forklifts used to transport goods and pallets. Frequent breakdowns, mainly
caused by potholes on the road to the tents, pose operational risks and increase
mechanical failures. Company X's outdoor activities and the deteriorating site
condition further contribute to these breakdowns.

Furthermore, Company X is currently facing challenges specific to the forklift fleet.
The breakdowns of the diesel forklifts disrupt operations, and their inability to be
used inside containers adds to the operational challenges. From a sustainability point
of view, it is crucial to address the environmental problems caused by diesel forklifts.
Noise problems associated with diesel forklifts also affect the workplace environment.
On the other hand, electric forklifts require frequent recharging, logistical problems
for refilling battery water and reduced efficiency during winter, which affects
productivity.

4.2.3. Challenges with Infrastructure and Facilities

Firstly, the CD facility faces several issues that directly affect the efficiency and
productivity of its operations, which impacts the ability to electrify the forklift fleet. A
major problem is that the charging area is located next to an open gate, making it
impossible to maintain the warm environment necessary to charge the electric forklift
batteries. As a result, the batteries lose capacity over time due to the lack of
temperature control. The overall condition of the facility also contributes to the
reduction of battery capacity, which negatively affects productivity and takes up
valuable time. Furthermore, the open nature of the CD plant exposes operators to
adverse weather conditions, making the working environment challenging and
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uncomfortable. This unfavourable situation can have a negative impact on operators'
morale, enthusiasm, and overall work performance.

Additionally, the lack of cameras and sensors at the CD facility's gates makes it
difficult for the planner to track availability at the gates accurately. This results in
trucks waiting for long periods, causing delays, and potentially leading to traffic jams
and slower operations. The lack of proper monitoring can also increase the risk of
collisions between forklifts and create time-consuming situations at the gates.

In addition, the internal roads within the site suffer from poor conditions, including
potholes and hazards. These road problems damage the forklifts and can also affect
the goods being transported. Navigating around these hazards slows down the loading
and unloading process, affecting operational efficiency. When bad roads damage the
forklifts, they must be repaired, reducing the time forklifts are available.

In addition to these infrastructure and facility challenges, Company X faces
sustainability-related obstacles. The deteriorating condition of the facility,
characterized by leaking roofs and potholes, hinders the implementation of
sustainability goals. Leaking roofs compromise the integrity of the building, lead to
water damage, and increase maintenance needs. Potholes on internal roads pose safety
risks and cause vehicle damage, negatively affecting operations. Contractual
restrictions with the external property owner prevent the implementation of necessary
changes.

Another sustainability challenge is the need for more space within the CD facility.
This is due to goods and pallets taking up the gates, meaning container goods and
pallets must be stored in tents outside the site. This lack of space disrupts logistics
operations, creates bottlenecks, and hampers organization and efficiency. Moreover, it
is a significant challenge to effectively balance the three key sustainability factors -
social justice, economic efficiency, and environmental responsibility - efficiently.

424, Challenges with Layout and Operational Processes

The layout and operational tasks in the CD area play a crucial role in Company X's
operations, including the unloading, loading and storage of goods and pallets.
However, the current state of the layout and operations poses challenges that affect
Company X's productivity, efficiency, and overall performance. One problem is that
the battery water is located far from the charging area, which results in forklift
operators having to actively think about filling the forklifts with battery water and
moving around the premises to do so. Combined with charging in a cold environment,
this leads to less-than-optimal forklift performance.

The visibility of road markings is another problem in the CD area. Thick layers of dirt
cover the lines, making it difficult for forklift operators to navigate and identify
designated areas for goods and pallets. In addition, the lines can be obscured by
pallets and goods, leading to confusion and misplacement.

The experienced forklift operators in the CD area have developed their internal

layouts to optimize workflow. There method may be more efficient for the moment.
However, in the long run the workflow will be affected due to volatility in demand on
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the CD operations. Operators' layout changes can create risks, disrupt workflow, and
waste time.

Misplaced goods and pallets occupy valuable areas, significantly affecting
productivity and prolonging operations. The lack of planning for goods and pallet
storage leads to bottlenecks and a lack of space for essential operations. In addition,
transportation of goods and pallets from the CD area to off-site storage tents takes up
time that could be better used for loading and unloading. Poor roads between the CD
area and the tents pose risks of damage to goods and forklifts, leading to additional
costs and time losses.

The lack of standardized operations also hinders Company X's ability to improve
efficiency and consistently apply sustainable practices. Poor leadership in the CD area
and insufficient commitment from other departments contribute to the lack of
standardization.

Company X also needs help with misleading signage within the CD facility. Outdated
or incorrect SUFFIX numbers on the signs can cause inefficiencies, errors, and
disruptions to operations, hindering progress towards sustainability. Management
deprioritisation and lack of monitoring contribute to the problem. Moreover, it is a
collaborative effort between management, employees, and relevant stakeholders.

4.3. Cost and investment calculations

To assess the financial implications of the new electrical forklift fleet, an investment
analysis is conducted. This analysis should compare the costs of changing to an all-
electric fleet using Li-ion batteries and lead-acid batteries versus continuing with the
hybrid forklift fleet. It should consider upfront costs for leasing Li-ion batteries, lead-
acid batteries, and any necessary charging infrastructure upgrades for each alternative
of batteries. The current forklift information, where costs are highlighted for the
electrical and diesel forklift are shown in Table 5. For the current hybrid forklift fleet,
the calculations present the current cost analysis see Table 6. Where no additional
investment for the facility is necessary.

Table 5: Current Forklift Information

Power Leasing Cost Consumption . . Total Total
Source rate Drift Cost | Service cost | cost/Month Cost/Year
Electrical 10K SEK 16 KWh 4K SEK 1K SEK 15K SEK 180K SEK
Diesel 8K SEK 3,5L/h 10K SEK 2K SEK 20K SEK 240K SEK
Table 6: Current Forklift Fleet Cost
Number | Power Source | Cost/Month Cost/Year

9 Electrical 135K SEK 1 610K SEK

15 Diesel 310K SEK 3 680K SEK

Total Cost 5 290K SEK

The tables below present the cost and investment calculations for a fully electric
forklift fleet using lead-acid batteries see in Table 8. Implementing an all lead-acid
battery forklift fleet requires investments in the facility and infrastructure at Company
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X. Switching from a hybrid truck fleet to a fully electric truck fleet with lead-acid
batteries comes with changed parameters for the cost and investments calculations.
The leasing price for lead-acid during the phase-in period increases from 10 000 SEK
in 2023 to 14 000 SEK in 2025 according to internal documents, when the forklifts
are expected to be delivered to Company X. The general information about lead-acid
battery forklift is shown in Table 7.

Table 7: Lead-acid battery information

Consumption

Leasing Cost rate Drift Cost | Service cost | Total cost/Month | Total Cost/Year

14K SEK 16 KWh 4K SEK 1K SEK 19K SEK 228K SEK

Investment calculation for the facility at Company X starts with the construction work
on the electrical control centre, construction work for battery charging, sockets, and
loading stations seen in Table 8. These are required since the CD facility in its current
state cannot provide an all-electrical forklift fleet with enough electricity. The battery
stands and screen roof for battery rack and service station are an investment that is
required for the batteries that are charging. It is also important that the environment
while charging is heated and controlled, therefore there is a need for a screen roof.
When implementing a forklift fleet with lead-acid batteries there are an expected
reduction in productivity. This is because lead-acid batteries do not have the same
production capacity as the hybrid forklift fleet. This fact is based in the data, that
show that the efficiency of the lead-acid batteries that Company X have in their
current state and the loss of battery capacity that has been noted on Linde Connect.

Table 8: Investment calculation for implementation of lead-acid battery forklift fleet

Facility Investment Required for Implementing Lead-acid Battery Cost
Construction work on the electrical control center including materials 400K SEK
Excavation work for electrical substation 200K SEK
Construction work for sockets/loading stations 350K SEK
Construction work for battery charging 100K SEK
Battery stand 350K SEK
Screen roof for battery rack and service station 400K SEK
Investment Cost 4 200K SEK
Reduced productivity 2 200K SEK
Total Investment Cost 6 400K SEK

With a forklift fleet of 24 forklifts operating in the CD area, the total leasing cost of
the entire forklift fleet is calculated and shown in Table 9.

Table 9: The total leasing cost for the entire all electrical forklift fleet using lead-acid

batteries.
Number Power Source Cost/Month Cost/Year
24 Electrical 336K SEK 4 032K SEK
Total Cost 4 032K SEK
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The tables below present the cost and investment calculations for a fully electric
forklift fleet using Li-ion batteries. The Li-ion batteries have a higher leasing cost
than lead-acid forklifts. Although, the remaining parameters are identical to the lead-
acid battery forklifts as is shown in Table 10.

Table 10: Li-ion battery information

Consumption

. Drift Cost | Service cost | Total cost/Month | Total Cost/Year

Leasing Cost

18K SEK 16 KWh 4K SEK 1K SEK 23K SEK 276K SEK

The implementation of an all-electrical forklift fleet using Li-ion batteries also
requires investments in the facility of Company X seen in Table 11. However, by
introducing a fleet of forklifts with Li-ion batteries, Company X has no reduction in
productivity, as the Li-ion batteries can maintain the same productivity as the hybrid
forklift fleet. In comparison to the lead-acid batteries, Li-ion batteries also do not need
a battery stand as the battery is a fixed component of the forklift. A larger investment
is required for the construction work on the electrical control centre for Li-ion
batteries, since each forklift requires 32 amps to charge, in comparison to the lead-
acid batteries that only require 16 amps to charge.

Table 11: Investment calculation for implementation of Li-ion battery forklift fleet

Facility Investment Required for Implementing Lithium Battery Cost
Construction work on the electrical control centre including materials 1 400K SEK
Excavation work for electrical substation 200K SEK
Construction work for sockets/loading stations 450K SEK
Screen roof for service station 450K SEK
Total Investment Cost 2 500K SEK

With a forklift fleet of 24 forklifts operating in the CD area, the total leasing cost of
the entire forklift fleet using Li-ion batteries is calculated and shown in Table 12.

Table 12: The total leasing cost for the entire all electrical forklift fleet using Li-ion
batteries.

Number | Power Source | Cost/Month| Cost/Year

24 Electrical 432K SEK 5 184K SEK

Total Cost 5 184K SEK

The cost and investment calculations show that Li-ion batteries as a power source
would be less costly for Company X to implement. The lead-acid batteries would
have cost 4 032K SEK in yearly leasing costs and have an investment cost of 4 200K
SEK. However, an additional cost emerges with the lead-acid option, reduced
capacity, which will cost Company X 2 200K SEK, leading to a total investment cost
of 6 400K SEK. The Li-ion batteries will have a yearly leasing cost of 5 184K SEK,
higher than the lead-acid yearly leasing cost. However, the total investment cost of
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implementing a fully electrical forklift fleet using Li-ion batteries as a power source
would cost Company X 2 500K SEK, which is 3 900K SEK less expensive than the
lead-acid option. The costs provided in the cost and investment calculations was
provided by Company X. In addition, the cost and investment calculations are based
on current cost level of the elements. Changes in, electricity prices, SEK exchange
rates, interests, battery mineral and chemicals prices will affect the investment and
cost calculations of the electrified forklift fleet.
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5. Results

The results chapter presents recommended solutions for Company X to improve
sustainability. By addressing research question 3 on suitable solutions from a
sustainability perspective, the results aim to guide Company X in identifying
strategies that align with its sustainability goals.

5.1. Recommendations for Company X from a
Sustainable Point of View

This section presents recommended solutions to help Company X become more
sustainable. To answer research question 3: "Which solutions are most suitable for
Company X from a sustainable point of view?". By answering RQ3, Company X have
the opportunity to identify strategies that are in line with Company X's sustainability
goals. Recommendation 1 focuses on making sustainability goals visible and
promoting a culture were sustainability guides Company X's activities.
Recommendation 2 suggests transitioning the forklift fleet from a hybrid fleet to a
fully electric fleet to reduce carbon emissions and improve efficiency.
Recommendation 3 deals with improvements to infrastructure and facilities, while
recommendation 4 proposes improvements to layout and operational processes in the
CD area. By implementing these solutions, Company X can prioritise sustainability,
reduce its environmental impact and establish itself as a socially responsible
company.

5.1.1. Creating a Sustainability Strategy

Firstly, Company X needs to define clear and specific actions required to reduce
carbon emissions by 45% by 2030. This involves developing a consistent
sustainability strategy with well-defined targets. Company X can effectively plan and
implement actions to transition to a fully electric forklift fleet by setting clear targets.
Ali et al. (2023) ranked the best activities to become more sustainable, which include
green operations, implementing green policies and strategies, training employees on
green practices, introducing green transport, green work environment and culture,
conducting environmental monitoring and control, and developing green buildings
and infrastructure. The sustainable performance measures that Company X can use,
mentioned as the most important indicator by Ali et al. (2023), is the reduction of
energy consumption costs due to implementing sustainable and environmentally
friendly activities. The next best performance measure that Company X may have to
consider is the reduction of toxic emissions.

Secondly, establishing defined and key performance indicators (KPIs) is crucial for
monitoring and measuring progress towards sustainability goals. Clear KPIs will
enable Company X to assess the effectiveness of current initiatives and adjust
strategies accordingly. This will provide valuable insights into Company X's progress
and guide decision-making processes. Based on the measures mentioned above, the
following four KPIs can be used:

1. Total energy savings: Measure the total cost savings achieved by implementing
sustainable and environmentally friendly activities.
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2. Energy cost per touched unit: Calculate the energy cost per touched unit to track
improvements in energy efficiency.

3. Total reduction in toxic emissions: Measure the reduction resulting from
sustainable practices.

4. Toxic emissions per touched unit: Calculate the number of toxic emissions
released per touched unit to track improvements in environmental impact.

Thirdly, raising employee awareness and promoting a culture of sustainability is
essential (Ali et al., 2023). Ali et al. (2023) suggest that employee training
programmes focusing on energy-efficient practices and sustainable operations will
help promote a sustainability-oriented mindset. Company X can create a workforce
that actively contributes to sustainable practices by providing regular training and
enhancing employees' understanding of sustainability goals.

Lastly, Company X must shift from a short-term operational focus to a long-term
strategic approach. This entails prioritizing and incorporating sustainability
considerations into Company X's overarching strategy. By adopting sustainable best
practices, such as those mentioned in the literature review 2.2.5, Company X can
ensure long-term environmental benefits and economic success.

5.1.2. New Electrical Forklift Fleet

Firstly, Company X should develop a comprehensive fleet conversion plan outlining
the step-by-step process of phasing-out the existing forklift fleet, and phasing-in an
all-electric forklift fleet (Preston et al., 2020). Factors to consider when phasing-in
new forklift equipment include the type of products being handled, the size and layout
of the warehouse, the environmental impact, number of electric forklifts required, and
prioritization based on usage frequency. It is also important to consider the cost
effectiveness of different equipment options, considering the purchase price,
maintenance costs and the expected lifespan of the equipment, according to Preston et
al. (2020). When phasing-out the old forklift equipment, factors such as the
equipment's age, performance history, maintenance costs, and the disposal of it in an
environmentally responsible manner, needs to be taken into consideration.

To ensure optimal performance and environmental friendliness, Company X should
carefully select between lead-acid batteries and Li-ion batteries as their power source
for the new forklift fleet. Lead-acid and Li-ion batteries are both the most widely used
types of batteries for stationary operational tasks voltage (Horkos et al., 2015). There
are benefits and drawbacks for each battery type. The performance of lead-acid
batteries is highly dependent on the current rate of the charging and discharging of the
battery. When discharging at a high current rate, the lead-acid battery will decrease in
operation time voltage (Horkos et al., 2015). The Li-ion battery is less affected by the
current rate at discharge, they can undergo faster current rates and still maintain the
same operation time. The conventional charging techniques, such as constant voltage
and constant current, have limitations that contribute to electrolyte decomposition and
high gas generation, leading to a decline in battery performance for lead-acid batteries
voltage (Horkos et al., 2015). Li-ion batteries can reach up to 4.20 voltage per cell,
making the Li-ion batteries more resistant to higher voltage (Horkos et al., 2015).
However, there are newer techniques for charging the lead-acid batteries that allow
higher rates of voltage when charging and maintaining the same battery performance.
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This technique is called Interrupted Charge Control (ICC), the ICC technique ensures
that the battery gets a full charge return by using constant current in the charging
process (Keshan et al., 2016.; Horkos et al., 2015).

The charging procedure varies between batteries, Li-ion batteries get charged by
plugging the forklift to a charging station and takes between 1-2 hours to get them
fully charged (Keshan et al., 2016). Which means that the Li-ion battery forklift
cannot be used while it is charging. Unlike the lead-acid battery, to charge the lead-
acid battery the operator takes the battery out of the truck and places it on a charging
stand, ideally there should be another lead-acid battery fully charged already (Keshan
et al., 2016). This means that Company X gets no standing time when the lead-acid
battery is charging. After a full charge of the battery, operators must top up the battery
with battery water for lead-acid batteries. This is not a process that the Li-ion battery
needs to do after a full charge. Another difference between the batteries is that Li-ion
batteries can be fully discharged without affecting battery performance, unlike a lead-
acid battery where a full discharge of the battery affects the performance of the
battery voltage (Horkos et al., 2015).

In summary, the leasing cost of the lead-acid batterie forklift fleet is less than the
leasing cost for the Li-ion batteries, by 1.37 MSEK. However, the lead-acid forklift
fleet requires investments in the infrastructure and facilities at Company X that will
cost 6.4 MSEK, while the option with Li-ion forklift fleet requires investments that
will cost 2.5 MSEK. The difference in investments between lead-acid batteries and
Li-ion batteries are 3.9 MSEK.

5.1.3. Improving the Infrastructure and Facilities

Firstly, it is crucial to address the issues within the CD facility that directly impact the
efficiency and productivity of operations, particularly the charging area for electric
forklifts. By relocating the charging area to an enclosed space, separate from the open
gates, Company X can maintain a warm environment necessary for optimal battery
charging. This will prevent capacity loss due to temperature variations and improve
forklift fleet performance and productivity (Keshan et al., 2016).

Improvements to internal roads within the site are essential to eliminate hazards and
potholes. Repairing and maintaining the roads will protect forklifts and goods from
damage and contribute to smoother and faster loading and unloading operations. This
will enhance operational efficiency and reduce time-consuming delays caused by
navigating around road hazards (Richards, 2022).

Furthermore, addressing the deteriorating condition of the facility is crucial for
sustainability. Repairing leaking roofs and potholes will ensure a safe and functional
working environment, while preserving the integrity of the building. This will help
prevent water damage to the products, reduce maintenance needs, and create a more
sustainable infrastructure for warehouse operations. Regarding improving the
building, Richards (2022) says that the best practices for sustainable warehouse
management are introducing energy-efficient lighting, installing motion sensors and
timers, and utilising natural light through skylights to help minimise lighting costs.
These are factors that Company X should keep in mind when renovating their
facilities or constructing a new building.
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Another aspect to consider is additional space within the CD facility to accommodate
the goods and pallets stored in external tents. Expanding the facility or optimising
storage areas will reduce logistical disruptions, bottlenecks, and inefficiencies. This
will enhance the organisation, operations, and support sustainability goals by
improving overall resource utilisation.

5.1.4. Improving the Layout and Operational Processes

One challenge is the location of the battery water, which leads to drivers needing to
remember to refill the forklifts. To overcome this, a dedicated area for battery water
should be established near the charging area. This will ensure easy access and remind
forklift drivers to refill the forklifts, optimising their performance. The visibility of
road markings within the CD area is another challenge. Clear road markings will
facilitate smoother operations and reduce errors. Cleaning the lines regularly and
implementing measures to prevent lines from obscuring by goods and pallets will
improve navigation and prevent confusion or misplacement.

The internal layout developed by experienced forklift operators should be reviewed
and optimised to enhance operational efficiency and standardise workflow (Horta et
al., 2016). The layout should be designed based on efficiency and ease of navigation,
considering factors such as the flow of goods, proximity to storage areas, and
minimising risks of damage. New operators should be trained to follow the optimised
layout to ensure consistency and maximise operational efficiency. The CD could
utilise category-based layouts to introduce more flexibility to the layout. Category-
based layouts involve using a limited number of situations based on the facility's
activity level (Horta et al., 2016). For example, busy, average, and quiet days each
have a different fixed layout for each situation. In determining the appropriate
layouts, a forecast is made for the expected demand in the facility, which dictates the
layout's decision. An analysis of different factors that need to be considered within the
forecast is conducted (Horta et al., 2016). Category-based layouts offer added
flexibility compared to fixed layouts, but they require employees to adapt to different
layouts. If adapting to different layouts is a concern, only a few categories should be
used (Vis & Roodbergen, 2011).

Furthermore, standardising operations within the CD area is vital to enhance
efficiency and consistency. Clear guidelines, coordinated decision-making, and
commitment from different departments should be established to ensure standardised
processes. This will contribute to operations, effective resource utilisation, and
improved sustainability practices. Addressing the issue of misleading signage within
the CD facility is crucial. Regularly maintaining and monitoring signage, ensuring
correct and up-to-date information, will prevent errors and disruptions. Prioritising
proper signage as part of the facility's maintenance plan will enhance operational
efficiency and support sustainability objective.
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6. Discussion

This chapter focuses on discussing the strengths and weaknesses of the study. It
analyses the company's industry position and sustainability journey and evaluates how
well the data was collected through interviews, internal document analysis,
workshops, and literature review.

6.1. Strengths and weaknesses of the study

The company's position at the forefront of the industry raises an essential question
about the need for forward-thinking in its sustainability journey. Although the
logistics industry is known for its slow adjustment to change, there appears to be a
significant gap compared to other sectors. The case study highlights the importance of
customer pressure in driving sustainability initiatives, which can trigger the logistics
industry to evolve and catch up.

The methodology used in this study included a range of data collection approaches,
including interviews, analysis of internal documents, workshops, and a literature
review. Each method had its strengths and weaknesses and contributed to the overall
direction of the study.

Semi-structured interviews were conducted, which allowed the authors to have a fluid
dialogue with the participants. This approach proved beneficial as follow-up questions
could be asked, leading to a deeper understanding of Company X. However, a
potential area for improvement of this method was the risk that essential questions
could have been answered. Furthermore, the interview questions were standardised
for all interviewees, without adaptation based on individual interviewers.

The analysis of internal documents provided data on Company X's operations and
offered timely information that formed an essential part of the analysis of the results.
However, some of the data proved challenging to understand and required guidance
from Company X to realise their importance fully.

A workshop was conducted, which played an essential role in shaping the results and
in answering research question 3. The workshop provided a holistic view of the
problem and facilitated the development of possible recommendations. However, a
limitation of the workshop was that it included only management personnel. If the
forklift drivers had been included, they could have provided valuable insights into
operational aspects and given better answers to some operational questions.

In addition, an extensive literature review was carried out, including a range of
publications relevant to the research subject. This approach helped to provide a solid
foundation for the study. The strength of the literature review lies in the different
perspectives and insights offered by different sources. The literature identified critical
areas for improvement that aligned with the issues observed in Company X, such as
the need for better temperature control in facilities to increase sustainability in
economic, social, and environmental aspects. The literature also highlighted best
practices in other organisations, which provided valuable benchmarks.
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Although most of the literature could be related to the company's current situation,
there were cases where the authors had to draw their conclusions, which can be
considered a weakness of the literature. For example, the literature provided different
recommendations and measures to determine the best energy source for sustainability,
which made it necessary for the authors to rely on investment calculations and
consider the company's specific operating environment. Another area where the
literature needed improvement was suggesting appropriate key performance
indicators (KPIs) to measure performance. The authors, therefore, had to develop
their recommendations for the company. However, it would have been beneficial to
have literature that suggests KPIs that have proven effective in other companies.

Another limitation of the literature study was the need for case studies in
environments similar to the case company's environment, which was electricity
certification in a cross-dock for increased sustainability. Most of the available case
studies related to "standard" warchouses, and it would have been beneficial to have
more relevant cases to benchmark.

The study aimed to answer the research questions using these different data collection
methods. The strengths of each method complemented each other, while the
weaknesses highlighted areas for improvement and potential limitations. Combining
these methods enabled a more robust analysis and provided a more well-balanced
perspective on the research topic.
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7. Conclusion and Future Research

In conclusion, this thesis investigates the necessary steps to create an optimal
environment for introducing an all-electric forklift fleet within Company X. The
research focused on various areas, including the forklift fleet, layout, operational
processes, facility, and infrastructure. The primary objectives were to understand the
current state of these areas, identify the challenges associated with the transition from
diesel to electric forklifts and provide sustainable recommendations for Company X
to meet stakeholder requirements.

7.1. Conclusions from the Perspective of the Study and
Company X

The methodology employed in this study incorporated multiple data collection
techniques, including interviews, internal document analysis, workshops, and a
literature review. Each method had strengths and weaknesses, contributing to a
comprehensive understanding of the research questions. Semi-structured interviews
facilitated in-depth dialogues, while internal document analysis provided timely and
crucial information. The workshop offered a holistic view of the problem, although
the lack of forklift drivers could have improved operational insights. The literature
review, with its diverse perspectives, provided a solid foundation for the study.

The following questions have been answered in chapter four, and discussed
throughout the report:

RQI1: What is the present state of Company X's forklift fleet, layout, operation,
infrastructure, and facilities of Company X?

RQ2: What challenges does Company X face when creating an optimal environment
for an all-electrical forklift fleet?

RQ3: What recommendations on solutions are most appropriate for Company X from
a sustainable point of view?

The findings of this thesis will provide Company X with insights into its current
challenges and recommendations for achieving its sustainability goals.

The study conducts an in-depth literature review on sustainable warehouse
management, cross-docking, operational processes, and material handling equipment.
This in-depth exploration has provided the writers of this report with a comprehensive
understanding of the best practices in these areas. Drawing from this knowledge, the
thesis offers Company X well-informed suggestions to improve its sustainability
practices and operational efficiency.

By leveraging the research findings and incorporating the recommended practices,
Company X can enhance its sustainability efforts and make significant strides towards
a more environmentally conscious operation. The suggestions are based on industry
best practices and aim to provide Company X with the most effective strategies to
achieve its sustainability objectives.
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7.2. Conclusions from an industrial perspective

Taking an industry-level perspective, the results of this thesis contribute to a broader
understanding of sustainable practices in the logistics industry. By examining the
challenges and providing recommendations for Company X, this research offers
valuable insights that may inspire other companies in the industry. The in-depth study
of sustainable warchouse management, cross-docking, operational processes, and
material handling equipment provides a comprehensive understanding of best
practices in these areas. It serves as a valuable resource for business professionals.

Implementing the recommendations outlined in this thesis requires a collective effort
from all stakeholders in the industry. Companies must be willing to invest the
necessary resources, including energy, expertise, and financial support, to drive the
transformation towards sustainability. Adopting a holistic approach is crucial, as
sustainability initiatives must be integrated into all aspects of the business.

Although the implementation process may present challenges, companies can utilise
the research-based recommendations in this report to achieve their sustainability
goals. Recognising that each company may face unique challenges and hurdles, such
as a lack of expertise or financial constraints, is essential. However, by following the
suggested strategies and utilising industry best practices, companies can significantly
reduce emissions and improve their overall competitiveness.

This study seeks to ultimately contribute to the industry-wide transition to sustainable
material handling practices. By spreading the knowledge and insights from this study,
we hope that companies across the industry will be empowered to embrace
sustainability and work towards a more environmentally conscious future.

7.3. Future Research

Researchers can contribute to the continued improvement and development of electric
forklifts by investigating new technologies and their potential applications. Future
research directions include exploring advances in electric forklifts, charging
infrastructure and battery technology. This research would examine how these
advances can effectively address the challenges identified in the thesis and optimise
the introduction of all-electric forklifts.

In addition, researchers could investigate how to integrate all-electric forklifts with
renewable energy sources, such as solar or wind power. This research would examine
the feasibility, benefits and challenges associated with integrating renewable energy
to power forklifts, thereby increasing the sustainability and environmental impact of
the fleet. By evaluating the potential synergies between electric forklifts and
renewable energy, researchers can contribute to developing sustainable material
handling practices.

Additionally, it would be valuable to conduct long-term studies to evaluate the
performance, reliability, and durability of all-electric forklifts. This research would
include an assessment of maintenance needs, battery life and overall performance
over more extended periods. By gaining insight into electric forklifts' long-term

40



viability and cost-effectiveness, researchers can inform companies considering
adopting this technology about their decision-making processes.

Another potential future research approach is performing a benchmarking analysis
between companies that have successfully introduced all-electric forklifts and those
that have not. This research identifies the key factors and strategies contributing to a
successful transition. By analysing these companies' experiences, the researchers can
discover valuable insights and best practices to help other organisations navigate the
process more effectively. This comparative analysis would shed light on critical
success factors, challenges to be overcome and lessons learned, providing practical
guidance for companies looking to introduce all-electric forklifts.
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A Appendix Electricity Peaks
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