jamk.fi

Designing the warehouse and improv-
ing the layout of JAMK Bio-Economy
Campus

Yasaman ZandMiralavand

Bachelor’s thesis

December 2018

Technology, communication and transport

Degree Programme in International Logistics Engineering

Jyvaskylan ammattikorkeakoulu
JAMK University of Applied Sciences



jamk.fi

Author(s) Type of publication Date
ZandMiralavand, Yasaman Bachelor’s thesis December 2018
Language of publication:
English
Number of pages Permission for web publi-
63 cation: (Yes)

Title of publication
Designing the warehouse and improving the layout of JAMK Bio-Economy Campus

Degree programme
Degree Program in International Logistics Engineering

Supervisor(s)
Kervola, Henri

Assigned by
JAMK Institute of Bio-Economy , Ms. Minna Lappalainen

Abstract
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and efficiency in a business company. Moreover, it results in having smoother material flows
and in preventing wasting time and energy.
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pus and determine the best location for a warehouse. There were many items that had
reached their obsolete-status but had not been discarded. Therefore, there was not suffi-
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answers for the research questions of the study.
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ing to the Head of the institute and the author’s opinion.

In conclusion, the recommended solutions enhanced the layout, which could lead in raising
the capacity and work rate. Furthermore, the campus looked more organized compared to
its earlier condition.
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1 Introduction

In this section, a general background and study case are introduced and it is followed

by presenting the goal of the project and research questions.

1.1 Background

According to Kassir (2014-2015), "layout planning is deciding on the best physical ar-
rangement of all the resources that consume space within a facility.” In a simple word,
layout planning is finding the most appropriate location for all machines, equipment,
office areas and employees. In real business world, the organization and planning of
the resources might be adjusted whenever there is a change in the operations or di-
mensions of the building, a new employee added to the team or new facilities are

made. (Kassir 2014-2015)

Having a decent layout planning affects the efficiency and productivity at work signifi-
cantly as it could stop wasting time, energy and resources. Moreover, developing the
communication and interactions between the employees in an organization and ha-
ving better flow of information, could be achieved by planning an accurate and sui-
table layout. In addition, Kassir (2014-2015) emphasize that “Similarly, in retail organ-
izations layout can affect sales by promoting visibility of key items and contributing to
customer satisfaction and convenience. Layout planning affects many areas of a busi-

ness, and its importance should not be underestimated.” (Kassir 2014-2015)

1.2 Introduction to the case study

This research was conducted in cooperation with the JAMK Institute of Bio-Economy
which is located in Tarvaala, Saarijarvi. The institute has provided agricultural educa-
tion for nearly 150 years. Since the first meeting at JAMK, it could be seen that both
parties had an urge to start this project as it was a perfect opportunity for the author
to apply the knowledge gained during four years of studying logistics to a real life case.
Moreover, providing a planned and organized layout, result in maintaining different
equipment in a decent condition, having smoother material flow and increasing the

safety.



In the current situation, the JAMK Bio-economy Campus consists of three buildings
(see Figure 1): one building is used as a laboratory, the offices are located in another
building and last one is the library. Outside of the buildings, in front of the laboratory,
there are two warehouses, a few containers and some other equipment, which are

kept outside, as there is no adequate space to store them.
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Figure 1 JAMK Bio-Economy Campus layout

As the Head of the institute stated, a new road was going to be built for truck traffic
which would cross the area near the laboratory in order to avoid truck transportation
from the staff parking area and make the loading and unloading easier and faster.
Hence, there are certain main problems that required to be solved by this project. The
Head of the institution wished to improve both the layout design, which included plan-
ning a new warehouse and organizing the items kept in the yard, and the efficiency of

material flow.



1.3 Topic

The topic of this thesis is, Designing the warehouse and improving the layout of the

JAMK Bio-Economy Campus.

1.4 Goal/main objective

The goal of the thesis was to improve the layout, find the best location for the ware-
house based on the material flow and truck traffic in the yard and propose the most
effective warehouse type based on the current condition. By enhancing the current
layout and providing new warehouse design, all items would have a proper space for
storing and keeping in suitable condition. Accordingly, the material flow would be
smoother which could result in accelerating the productivity, saving time, energy and
money. Having more organized warehouses would increase the accuracy as well. Be-
sides, the repetitive tasks, such as moving items between the laboratory and the ware-
house because of poor weather condition (especially in winter time) and not having

proper storage planning, could be eliminated.

1.5 Research questions
In order to meet the goal of this project, the author tried to find the answers to the
following questions:

1. How can the warehouse layout be designed?

Ahead of starting the designing process of a warehouse, it is vital to examine all
the different resources and the assignor’s requirements in order to find the best

solution.
2. How can the layout be improved considering the truck traffic?

As it was mentioned above, a new road is going to be constructed to avoid truck
transportation from the main parking area. By accomplishing this project, the au-
thor provided distinct alternatives for enhancing the layout that could result in

having a smoother truck traffic.

3. How can the productivity be improved in the laboratory and warehouse?



Having a well-planned and organized warehouse helps the employees to raise their

efficiency at work and prevents wasting time and energy.
4. How can work satisfaction and tidiness be improved?

Considering a specific location for each item, makes the warehouse and laboratory
look tidy and clean. Accordingly, every item can be found easily without spending

extra time and as a conclusion work pace and proficiency are improved.

At the end of this thesis, the research questions above are answered and different

alternatives are introduced and described.

1.6 Scope of the study

This project focused on designing the layout of a warehouse, providing different alter-
natives for storing items and some basic solutions for increasing the productivity and
tidiness. However, it did not include the construction process of the warehouse and
the materials required. Moreover, the data provided by JAMK was analyzed to find the
suitable warehouse area that would meet the current and possible future demand of

the Institute.

1.7 Framework of the report

Research Experimental _ _
procedure findings . . Results . Conclusion

In this section, the reader is presented with the required theoretical back-

I.  Theory

ground for this project. (Rosinska, Chillara 2017)

II.  Research procedure
This chapter points out the research and data collection methods that were

implemented during this project. (ibid.)

lll.  Experimental findings



This part starts with a presentation of the JAMK Bio-Economy Institute and con-
tinues with a description of the current status of the JAMK warehouse and la-

boratory and a list of the items needed to be stored. (ibid.)

IV.  Analysis
In this section, the author recommends different alternatives for warehouse

location and designing the layout. (ibid.)

V.  Results
Comparisons between the suggested alternatives and an optimal solution are

presented in the result section. (ibid.)

VI. Conclusion

This chapter presents a summary of the whole project. (ibid.)

2 Research procedure

This sections clarifies the research procedure that was carried out in order to achieve
the project’s goals. Moreover, it describes the research approach, data collection pro-

cess and research methods.

2.1 Research approach

The research project started by visiting JAMK Bio-Economy Campus and observing its
condition. During the visit, first the problems and challenges were first explained and
the JAMK requirements discussed. At this stage, the general aim of the study was iden-
tified, but for gaining more accurate information, a second visit was planned. Then,
the JAMK status was generally analyzed in order to summarize the project’s objectives
in to three to four main research questions, which were the foundation of the whole

project.

The next step was to compile a theory section by means of literature studies. The first
phase of the theory was about finding the most suitable research strategies and meth-
ods. The second phase was about collecting relative data from different sources, such

as interviewing the Head of institute and the employees as well as literature studies,



in order to help the author to detect the answers to the research questions and pro-
pose suitable warehouse layout designs and possible solutions for improving the

productivity at JAMK.

The research process continued by suggesting diverse warehouse layout design alter-
natives and by choosing the optimal one. Most of the research and data collection was
carried out at the beginning of the project, but, some exploration was done at the last

stages of the research work as well.

2.2 Research strategy/Data collection process

Research strategy simply means how the whole research is done and what kinds of

processess and activites it includes.

According to Wedawatta, Ingirige, and Amaratunga (2011, 2), research strategies
could be categorized as “case studies, experiments, surveys, action research,

grounded theory and ethnography are examples of such research strategies.”

Wedawatta, Ingirige, and Amaratunga (2011, 2) also mentions that “A case study is
documented as an empirical inquiry that investigates a contemporary phenomenon
within its real-life context, especially when the boundaries between the phenomenon

and context are not clearly evident.”

Since this project aimed to answer the research questions by analyzing the current
situation of the JAMK Bio-Economy Institute and find solutions for improving the con-

dition, then the case study design was chosen.

According to Newman, |, R. Benz, C., S. Ridenour, C. (1998,2), the quantitative re-
search approach is done based on a concept or theory in order to prove the validity of
it. Alternatively, in the qualitative research approach the reality or fact is observed in

order to create or develop a theory to explain what happened.

Newman and colleagues have stated that William Firestone (1987), in an article in the
Education Researcher, differentiates qualitative from quantitative research based on

four dimensions: “assumptions, purpose, approach, and research role.”

The idea that perception of a truth is either based on facts or human interactions is

named assumption. Recognition or searching for the reasons behind a phenomenon
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could be named as the purpose of a research. Studying cultures and people or investi-
gating new phenomenon could be assumed as the categorization of a research ap-
proach. Being fully involved or not completely connected to the case could determine

the researcher’s role. (Newman et al. 1998, 2-3)

Below is a comparison between the qualitative and quantitative research approaches:

participant observation and
interviews

Data are analysed by themes from
descriptions by informants

Data are reported in the language
of the informant

Qualitative Quantitative
Conceptual Concerned with understanding Concerned with discovering
human behaviour from the facts about social phenomena
informant’s perspective
Assumes a dynamic and Assumes a fixed and
negotiated reality measurable reality
Methodological ~ Data are collected through Data are collected through

measuring things

Data are analysed through
numerical comparisons and
statistical inferences

Data are reported through
statistical analyses

Source: Adapted from Minchiello ef al (1990, p. 5)

Figure 2 Comparison between qualitative and quantitative research approaches

This case study relied on both qualitative and quantitative research approaches.
Therefore, it was a mixed method study. In order to meet the projects goal and answer
the research questions, some data was collected by interviewing the staff, Institute for
example the Head of institution and the Warehouse Manager (qualitative approach).
In addition, for parts of the project, numerical data was collected and analyzed (quan-

titative approach).

2.3 Research methods

In order to achieve the project’s objectives, distinct research methods were used.

These methods are listed and explained below:
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1. Interview with the Head of JAMK Bio-Economy Institute, laboratory technician
and warehouse coordinators.
These gave more realistic explanations of the existing problems, and difficul-
ties, such as lack of space management, as well as safety and energy issues., In
addition, the interviews also gave information about people’s wishes and ex-
pectations. The author believes that, this research method was one of the most
reliable one as it provides the possibility to use the experience of people who

worked there. This was hoped to lead to better and more authentic decisions.

2. Analyzing internal data
A list of all the items required to be stored in the warehouse and JAMK current
layout design and measurements were provided by the warehouse coordina-
tor. Studying the data provided, helped the author in the process of determin-

ing the most suitable layout design for the new warehouse.

3. Literature study
During this project, author used different materials, such as books, articles and
other bachelor and master theses for understanding and analyzing the current
situation at the JAMK Bio-Economy Campus. This was also needed for forming
an appropriate research theory background for finally proposing different al-

ternatives.

3 Theory

In this section, a relevant theory background is provided in order to make the research

paper more comprehensible and easier to follow for the reader.

3.1 Whatis a warehouse?

As O’Byrne (2017) states, a good definition of a warehouse is “a planned space for the

efficient storage and handling of goods and materials”.

Based on Waters (2003,283), warehouses are not only used for storing different kinds
of material and component, but also they can be designed in a way to add value to a

product. Many companies assign their warehouse as a place where varied kinds of ac-
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tivities concerning the products are done. Material consolidation and sortation, in-
spection and dividing large supplies into smaller amounts could be named as some of
these activities. Moreover, warehouses could be used as stations where the products
are taken under different actions such as labeling and packaging which would prepare

them for sending to retailers or shops in order to be consumed by customers.

3.2 Warehouse design

According to Gauriloff (2012,10), Gu (2010) states that the procedure of designing the
layout of a warehouse could be divided into five main sections which are: appointing
the most suitable approaches for warehouse operations, choosing the equipment re-
quired in the warehouse, analyzing the arrangement and formation of the warehouse,

deciding on the appropriate dimensioning and defining the layout.

Based on Baker and Canessa, (2009,26), the steps used by warehouse design compa-

nies are listed below:

Define system requirement

Define and obtain data

Analyze data

Establish unit loads to be used
Determine operating procedures
Consider possible equipment types
Calculate equipment capacities
Define services and ancillary operations
Prepare possible layouts

10. Evaluate and assess

11. Identify the preferred design

Lo N AWNR

According to O'Byrne (2009), Colin Airdrie (2009) states that, all types of storage facil-
ities or distribution centers such as a small or local store selling spare parts, a supplier
of raw material or a large distribution center providing services to a wide network,
should be designed based on four key factors. These factors are introduced and ex-

plained below.

1. Flow
It can be described in two parts. First, it refers to the physical arrangement of com-

ponents which means that where each item is located and what kinds of handling
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equipment are used. Secondly, it indicated the arrangement between different ac-
tivities in a warehouse. It is vital to manage the interactions between different ac-
tivities and processes in order to prevent high traffic or probable clashes in the

work. (ibid.)

2. Accessibility

It is mainly concerns the fact that how easily an item could be reached in a ware-
house. Accessibility is an important issue especially in the businesses that have a
fast moving stock or the responding time to the customer’s order is quite short.
However, usually providing a high level of accessibility requires a large space.
Therefore, there should be a logical and economical justification for the gap be-

tween desirable level of accessibility and space usage. (ibid.)

3. Space

Regarding the space usage in a storage or distribution facility, the most of the avail-
able area should be assigned to storing different component and warehouse oper-
ations and procedures. The rest of the space could be used for reserved storage,

locating empty pallets, battery charging and offices. (ibid.)

4. Throughput

It is not only about identifying and classification of the products that move through
the warehouse, but also it concerns the products’ special features and velocity.
Dimensions, handling requirements and other characteristics such as hazard or fra-
gility could be named as product’s features. Based on O'Byrne (2009), Colin Airdrie
(2009) defines velocity of the product as “the volumes moving through the ware-
house on a daily basis”. Analyzing the throughput data gathered in a long period,
could provide valuable information for designing the layout of a warehouse as well

as it decreases the possibility of future risks and uncertainties. (ibid.)

Referring to JAMK Bio-Economy case study, the items that are needed to be main-
tained in the warehouse, have different shapes and require distinct conditions. Some
of them could be stored on pallet but some other should have their own space without
placing anything on top of them. Moreover, forklifts should be kept in a warm place as

the cold weather damages them easily.

Characteristics of an ideal warehouse
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Before proposing the most suitable warehouse types concerning this project, it is ben-

eficial to mention KJ Staff (2017) opinion on the characteristics of an ideal warehouse.

e location

It is ideal to locate the warehouse facilities in a place that could be accessed
easily by different transportation means like railways, airports, seaports and
roads. (ibid.)

e Handling tools

It is important to use appropriate handling device based on the products’ fea-
tures. But, mechanical device makes the loading and unloading much easier
and decrease the handling costs. (ibid.)

e Storage space

There should be sufficient room for locating all the items in proper condition.
Besides, if the facilities would be used for storing perishable products, cold
storage should be considered as well. Moreover, some products are required
to be maintained under special circumstance like specific temperature or being
protected from sunlight, moisture, rain and wind. (ibid.)

e Safety and security

The warehouse should be provided by essential tools and device like firefigh-

ting equipment to be secured from probable accidents and losses. (ibid.)

3.3 Warehouse building

This section explains the general requirements and constraints that should be consid-
ered before structuring the warehouse building based on Segerlund and Halbeisen

(2015) opinions.

e Height of the building

The building or the warehouse operations should be designed and planned in a
way that the maximum of the vertical space would be usable. (Segerlund and Hal-
beisen 2015, 54)

e Building columns

According to Segerlund and Halbeisen (2015) “structural columns are an obstruc-
tion for the purpose of an efficient palletized warehouse. To eliminate obstruction,

columns should be sandwiched between racking rows positioned back to back.”
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e Other obstacles
That is any structural element resulting in non-rectangular warehouse areas,
should be omitted by defining space used for any warehousing solution to be a

best fit rectangle (or several rectangles). (ibid., 54)

e Inbound and outbound flows

In the warehouses, longer traveling distance is equal to more costs. Therefore, it is
noteworthy to plan and arrange the warehouse processes in a way to avoid unnec-
essary movements as much as possible. (ibid., 54)

e Floor flatness

Having the right floor flattness is an important matter in planning and designing
the layout of a warehouse especifically,, in the warehouses in which there is
racking system. (ibid., 54)

e Warehouse building

The enviromental condition such as temperatue and humidity could have a signifi-
cant impact on formation different parts of the bulding like electrical installation.
(ibid., 55)

e Building atmosphere and temperature

All the component kept in the warehouse do not require same condition, some of
them are more sensative to enviromental changes while others might not be har-
med so easily. Therefore, it is both important and critical to maintain the bulding
temperature in optimum condition. According to Segerlund and Halbeisen (2015)
”Standard warehouse solutions are designed to operate optimally between +5 C
and +40 C. outside this rang, special and costly measures are required to accom-
modate plant equipment.” Besides, especial material like explosive substances and
the tools that are used for handling them should be protected and supervised ap-

propriately in order to avoid any problem. (ibid., 55)

Size of warehouse

In reality, there are many issues such as level of customer service and type of business,

which, have significant impact on deciding the ideal warehouse size. According to Wa-

ters (2003), below are some general hints that should be taken in to account when

considering the appropriate warehouse size.

e The number of products using the warehouse
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e The type of demand for each product, how much it varies, average order
size, and so on

e Physical features of the products, particularly size and weight

e Special storage condition, such as climate control, packaging and so on

e Target customer service level

e Lead time from suppliers and promised to customers

e FEconomies of scale

e Type of material handling equipment

e Layout of storage and related facilities (284)

3.4 Warehouse layout

Planning the warehouse layout is one of the most important and challenging issues
regarding warehousing. Warehouse layout planning means, deciding on the location
of storage racks, loading and unloading area, offices, rooms, equipment, machines and

other facilities.

A well-designed layout can increase the efficiency of warehousing notably, as it pre-
vents wasting time and raises productivity. For example, the most frequently used
items should be placed in the most visible and accessible areas in order to avoid un-

necessary traveling time.

As stated in Waters (2003, 292), Stevenson (1993) summarizes this by saying that:”
layout decisions are important for three basic reasons: (1) they require substantial in-
vestment of both money and effort, (2) they involve long-term commitments, (3) they

have significant impact on the cost and efficiency of short-term operations.”

At JAMK Institute of Bio-Economy, there is a need for two types of warehousing de-
signs. A temperature and humidity controlled warehouse is required for forklifts and
different kinds of machines and a simple or tent type warehouse is required for other
equipment that do not need special condition. In wintertime, the forklifts and ma-
chines are kept in the laboratory as the outside weather might results in damaging the
equipment. Given that, the laboratory gets occupied and there would not be enough
space for employees to do their tasks. Moreover, it is essential to keep the woodchips
in warm place as they get frozen in winter time and cannot be used before getting
warm again. Consequently, they are brought in to the laboratory and kept there until
the ice melts and they become usable again. All these problems could be solved by

planning a warehouse which, has heating system.
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Heating, ventilation and air conditioning (HVAC)

Warehouse operations consume high amount of energy which means spending a lot
of money. Therefore, managing the energy consumption would result in saving money
by decreasing the costs as well as having a more environmentally- friendly building. As
Kelsey Raftery (2016) mentions “heating, ventilation and air conditioning (HVAC) ac-
counts for roughly 30 percent of total energy cost in a warehouse.” (Kelsey Raftery
2016.)

As it was mentioned before, maintaining the temperature in an optimal level, is one
of the most important and crucial issues regarding constructing a warehouse. Because,
some material and components are sensitive to the environmental changes. Control-
ling the humidity is as vital as controlling the temperature since some material like
wood or fabric could be damaged easily in moist environment. Therefore, the ideal
solution would be climate-controlled storage where the temperature and humidity
fluctuate very little. (What’s the difference between temperature-controlled and cli-

mate- controlled storage? 2018.)

Another solution would be temperature-controlled warehouses where the inside and
outside temperature differs several degrees (about 10 degrees). It would be a suitable
choice for the items that are required to be stored and protected from harsh weather
condition for a long period. (What's the difference between temperature-controlled

and climate- controlled storage? 2018.)

Layout of racking

Typically, different kinds of racking systems are used in warehouses or storage areas.
In practice, the racking system and layout design depend on the items and handling
equipment used. Generally, bulk and heavy products are stored in one part of the
warehouse and they are moved and handled with the help of forklifts or cranes. In the
other hand, there are some items which, are placed on the pallet and are located on
the shelves. Besides, there are some small items that can be stored in containers or

bins.

In most of the warehouses, a series of aisles can be seen. The width of aisles depends
on the handling equipment and the goods stored on the shelves. For instance, if some

small boxes are placed on the shelves, then there is no need for having wide aisle, as
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they can be reached by hand without help of equipment, but they should not be so
high. On the other hand, for the pallet racking, the width of aisle is planned based on

the handling equipment such as forklift or crane dimensions.

Planning the details of the layout depends on the available financial resources, area
and physical constraints. As it was mentioned before, planning and arranging ware-
houses are costly, therefore, we should use the most of floor space in order to avoid

excess expenses, given that fact, one handy solution is making higher shelves.

Materials handling
As it is stated in Waters (2003), “materials handling is concerned with movements of
materials for short distances generally within a warehouse, or between storage areas

and transport.” (297)

There are two types of costs in the warehouses: first one is the fixed costs such as rent
and depreciation and second one is variable costs which, come from more detailed
issues in the warehouse like the time and methods of handling different items. When-
ever, an item moves in a warehouse, it takes time, money and there is always proba-
bility for damages. Therefore, it is clear that even a small change in every employee’s
function or arranging material in order to reduce the unnecessary movements can lead

to a considerable difference in the warehouse operations.

In JAMK Bio-Economy Campus, based on the number of items and their nature, manual
warehousing is operated. In manual warehouses, employees control all the move-
ments’ aspects although, there is some equipment such as hand trucks for moving pal-
lets to help them. In the manual warehouses, the condition such as the temperature
and lighting systems should be appropriate for working. In addition, height of shelves

should be about two meters.

Material handling equipment

There are distinct factors that affect the process of decision making about choosing
the most suitable handling equipment for a warehouse. Some of these factors are:
amount of available budget, product type, customer service level, warehouse dimen-

sions and design.
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3.5 Safety

Health and safety issues are one the most vital concerns for companies and institutions
who have laboratories and warehouses. Besides, this can be a high-cost area, not only
in providing a safe environment but also the cost of not providing a safe and ensure
place to work (Richards 2011, 269). Therefore, in a working place all kinds of risks
should be recognized, analyzed, controlled and managed by effective actions. Prepar-
ing a healthy and safe working environment should not be only seen as a duty, as it
could cause many decent consequences, such as, less accident hence less worker’s
absence, increasing the productivity, building better reputation, having happier and

healthier employees.

3.6 Kind of accidents in Logistics area

According to Health and Safety Executive (HSE), over the period from 2009/10 to
2013/14p, the most common cause of a fatal injury to logistics employees were
being struck by a moving vehicle. (In 2013/14p, for all industries, vehicle injuries
were the third most common cause, with falls from height the most common) 41
out of 44 fatal injuries were in land transport and warehousing. (Statistics report
for the Logistics industry (road haulage and warehousing), 2009/10 to 2013/14p
(provisional) 2013/14)

The main kind of major/specified injury was a slip or trip. (This is the most com-
mon kind of major injury across all industries.) Slips and trips accounted for about
two thirds of major/specified injuries in the other logistics (postal and courier and
water transport) industries but only just over a third of injuries in transport and
warehousing. Falls from height, handling injuries and being struck by a falling
object accounted for a much higher proportion of major/specified injuries in
transport & warehousing.” (ibid.)

HSE also mentions that, “slips and trips were also the top cause of over-3-day
and over-7-day injuries in other logistics, accounting for about four in ten injuries.
Handling injuries were the top cause of over-3-day and over-7-day injuries in
transport and warehousing, also accounted for about four in ten reports. (ibid.)
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Figure 3 Fatal injuries to employees in logistics by kind, 2009/10 to 2013/14 com-
bined

Besides, the injuries mentioned above, OSHA (US Occupational Safety and Health Ad-

ministration) also cites the following causes of injuries:

Unsafe use of forklifts

Improper stacking of products

Failure to use proper personal protective equipment (PPE)

Failure to follow proper lockout/tag out procedures, i.e. prevent equip-
ment from being accidentally energized

Inadequate fire safety provisions

e Repetitive motion injuries (Richards 2011, 270)

Responsibility at work

Actually, everyone’s effort and commitment to regulations, is required to have a safe
and healthy working environment. Richards (2011) classifies the responsibilities into
three groups. Firstly, the employer is responsible to clarify the health and safety regu-
lations, provide the staff with essential education, training and safety equipment.

Moreover, the supplier should make sure that his products align with the company’s
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requirements and they are safe to be used. In addition, all the employees are respon-
sible to collaborate with the employer, participate in the training programs, use the

equipment properly, according to regulations and report issues. (Richards 2011, 271)

3.7 Layout and design

In order to have a safe working environment, it is vital to design a warehouse in which
people and machines (such as forklifts) can move easily and safely. A well-designed

warehouse can considerably reduce the number of accidents.

Points to consider when thinking about the warehouse design and layout are followed

below:

e Storage areas, aisles and gangways

e Pedestrian traffic routes

e Stairs and ramps

e Emergency escape routes (Richards 2011, 275)

Besides, all the vehicles and equipment should be checked and controlled continu-
ously. Additionally, maintenance actions should be taken continuously in order to pre-

vent happening serious problems in a warehouse.

3.8 Work safety for pallet racking

Segerlund and Halbeisen (2015) mention that in European countries the guidelines re-
garding work safety are set according to national regulations. Also they should be in

line with European principles. (60-61)
Some of these guidelines are listed below:

e Protection against falling goods

v’ Passages beneath racking are to be protected by wire or mesh grat-
ing against goods falling from above.

v’ Single faced racking rows with an operational aisle to the rare are
required to have their rearward side completely secured by appro-
priate fencing and back stops.

v’ Outer frames are to have a height sufficient to prevent pallets from
falling sideways.

v’ Clearances in the racking are to be sufficient to allow for safe place-
ment of goods.

v’ Loading aids are to be safe and kept in good condition. (ibid.,61)

e Protection against collisions
v’ Sufficient width of operational aisles.
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v’ Sufficient lighting.
v’ Clear marking of driveways and walking areas.
v’ Clear and safe work organization.
v’ Clear separation of machines from workers. (ibid.,61)
e Protection against racking collapse
v’ Sufficient width of operational aisles.
v’ Protection of racking frames with impact protectors against impact
by forklift.
v’ Clearance in racking are to be sufficient for safe placement of goods
v’ Clear marking and / or control of maximum weights allowed for
storage in the racking. (ibid.,61)
e Protection against a dangerous environment
v’ Fire safety rules including escape routes need to be on prominent
display.
v’ Sufficient lighting.
v' Atmospheric condition is to be such as prevent packaging collapse
or corrosion. (ibid.,61-62)

3.9 Common risks in a warehouse

As it was mentioned before, there are some common risks in warehouse operations
that should be considered and appropriate actions should be set in order to avoid
probable accidents. These risks and possible prevention methods are listed and ex-

plained below:

e Slips and trips

Within storage and warehousing industry, slips and trips are very serious problems.
They are responsible for one-third of major injuries and a fifth of over-three-days ab-
sence injuries. Slips and trips could be avoided by regular inspection of the working
environment. The floor should be even and cleared up from any spillage. Moreover,
any kinds of obstacles should be removed specifically near doorways and on emer-

gency routs. (Richards 2011, 277)

e Manual handling

In warehousing, manual handling can often cause work-related problems, including
back pain and neck pain. Therefore, the risk of injuries should be reduced as far as
possible. Wherever it is possible, the mechanical handling devices such as lift trucks,
pallet rucks, trolleys and scissors lifts should be used. These devices help reducing the

manual operations.
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Besides providing required handling tools, sufficient trainings should be offered as
well. Moreover, the height of items and component placed on the shelves should be
considered carefully as moving them might be harmful to the employees. Additionally,
having appropriate lighting in the working area would be really effective in decreasing

the number of accidents. (Richards 2011, 277)

Moreover, there are specific regulations for using different equipment in warehouses.
Richards (2011, 281) also emphasize that “all mechanical handling and lifting equip-
ment is classed as “work equipment” and subject to PUWER (Provision and Use of

Work Equipment Regulation).” The regulations require:

The inspection and maintenance of equipment;

The provision of information, instruction and training;

The marking of controls;

That mobile work equipment for carrying persons is suitable;
Protection from rolling over;

Facilitate to prevent unauthorized operation;

The provision of lighting equipment where necessary;

The provision, where necessary, of devices to improve vision.

NN NN R

e Working at height

Accidents that happen because of working at height is one of the most popular risks in
a warehouse. The first advice, is avoiding working at height as much as possible, but if
it would not be possible then it should be well planned and supervised continuously.
Besides, all the equipment that are operate at height should be inspected regularly as

well. (Richards 2011, 278)

e Vehicles

One of the most common accident in loading bay is called “drive-away”. “Drive-away”
caused because of vehicle creep, where a lorry moves slightly away from loading dock
or even in a worst case, driver moves the vehicle before the operators finish their

work. Actually, this may cause serious injuries and even fatal.

The risk mentioned above is not the only hazard in loading bays. There are many trail-
ers which, do not have sufficient and proper inside lighting system. Therefore, when
an operator enters the trailer, he might hurt himself or probably, damage products

and items. (Richards 2011, 278)
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e Forklift trucks

Referring to Richards (2011, 279), “in accidents involving forklift trucks, 87 percent
were attributed to counter-balance trucks. The highest number of accidents (48 per-
cent) occur when stacking/retrieving goods and the greatest cause of accidents is be-
ing struck by a moving vehicle.” Below, there are some of guidelines from US National
Institute for Occupational Safety and Health (NIOSH).

v’ Make sure that workers do not operate a forklift unless they have
been trained and licensed.

v’ Separate forklift traffic and other workers where possible.

v’ Install physical barriers where practical to ensure that work-
stations are isolated from aisles travelled by forklifts.

v’ Evaluate intersections and other blind corners to determine
whether overhead dome mirrors could improve the visibility of
forklifts operators or workers on foot.

v' Do not put store bins, racks or other materials at corners, inter-
sections or other locations that obstruct the view of operators or
workers at workstation.

v’ Repair and maintain cracks, crumbling edges and other defects on

loading docks, aisles and other operating surfaces. (Richards
2011, 279-280)

3.10 First Aid

Given the risks in a warehouse, there is always probability of emergency situations and
injuries, consequently, appropriate planning and facilities, such as a first aid box and a
room (depending on the warehouse size) should be considered. It is recommended to
appoint a person (not necessarily a first aider) who is responsible to do the initial ac-
tions in emergency situations, like bringing the first aid box or dialing emergency ser-
vices. As Richards (2011) states in his book “as a general rule there must be at least

one qualified first aider for every 50 people employed.” (282)

3.11 Fire safety

Fire safety is one of the most complicated and costly issues which, affects the ware-
house design. Hence, it should be evaluated carefully and it is strongly suggested that
a local fire safety inspector involved in the design process in order to be able to reduce

the investment cost and fire risk as much as possible. (Segerlund, Halbeisen 2015, 58)
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According to Richards (2011) employers should be provided with a plan which clarifies
what expected from them to do in emergency cases. The plan includes following
points:
v’ Provisions for emergency exit locations and evacuation proce-
dures
v’ Procedures for accounting for all employees and visitors

v Location and use of fire extinguishers and other emergency equip-
ment (276)

4 Empirical findings

4.1 Company presentation: JAMK Institute of Bio-Economy

As Paloniemi (2014) mentions that the Bio-economy is a growing industry in cen-
tral Finland especially in Jyvdskyld area. Paloniemi (2014) also emphasize that
“The forest industry and related machinery and equipment construction pro-
duce over 50% of the industrial added value in the region. Over 85% of electricity
and heat are produced using local fuels.” Moreover, the forest and biomass re-
sources play an important role in developing the economy of this area. It has
been planned to eliminate completely the consumption of fossil fuels in all field

but traffic in Central Finland by 2020. (Paloniemi 2014.)

the Natural Resources Department of the Vocational Institute of North-ern Cen-
tral Finland (POKE) and the JAMK Institute of Bio-Economy are located in Saari-
jarvi, Tarvaala campus which is well-known for the agricultural education it has
offered for more than a decade. (The Tarvaala Bio-Economy Campus is develo-

ping 2014)

The mission of JAMK University of Applied Sciences’ Institute of Bio-econ-
omy, located in Saarijdrvi, is to serve as an international researcher, ex-
pert, trainer, entrepreneurship and business developer in the field of Bio-
economy. The objective of the operations is to support entrepreneurship
related to renewable energy, agriculture and clean water as well as a sig-
nificant increase in employment in Central Finland. The focus areas of en-
ergy related development activities are biofuel production, quality man-
agement and logistics, combustion technology and emission control as
well as entrepreneurship and business activities in the field of bioenergy.
Such elements offer great prospects for raising the profile of Central Fin-
land. (Paloniemi 2014.)



26

4.2 Current status

The JAMK Bio-Economy Campus consists of three buildings: one building is used as a
laboratory, the offices are located in another building and the last one is the library.
Outside of the buildings, in front of the laboratory, there are two warehouses, a few
containers and some other equipment, which are kept outside as there is not adequate

space to store them.

The woodchip bags are stored in one of the warehouses in a way that all of them are
placed on the ground due to the lack of an appropriate racking system. Therefore,
almost two thirds of the warehouse are empty, as the warehouse height is not utilized

efficiently.

In the second warehouse, different components, mostly heavy ones, are stored on the
ground. There is the same problem in both warehouses that there is no sufficient and
convenient infrastructure, such as a proper racking system and floor surface for having

effective space utilization.

4.3 Problem diagnosing

According to the discussion with the Head of the institute, the laboratory and ware-
house coordinators and employees, the most critical problem that the JAMK Bio-Econ-
omy institution faces at the moment is the lack of sufficient warehouse capacity, which
has resulted in diverse difficulties and challenges. Due to the harsh Finnish weather,
especially at wintertime, equipment and machines that works with electricity should
be kept under special conditions in order to be stay in working condition at least for
several years. However, in the current situation, there is no specific place for storing
them. Moreover, many unnecessary items have not been disposed of for years, and
they occupy considerable amounts of space in the laboratory or in the yard. In addi-
tion, space utilization is poor in the existing warehouses as the result of not having
proper structures. Finally, no reserve space has been considered for further operations

or more customers.

In the JAMK campus, the items are mainly divided in to two groups:
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1. There are different elements, such as boilers and forklifts that are sensitive to
cold weather and they are handled in the laboratory because there is no suita-
ble place to store them. In the summer time, when the weather is good, they
can be kept outside and in the wintertime, they are brought into the labora-
tory. In this situation, forklifts occupy a significant amount of space available in
the laboratory, which results in causing problems for conducting activities
there, especially the ones that need space.

2. Besides the components that were mentioned above, some other ones are not
easily affected by cold weather. Most of these items are placed outside of the

laboratory in the yard in distinct locations. (See Figures 4,5, and 6)

Figure 4 JAMK Institute of Bio-Economy status, yard



Figure 5 JAMK Institute of Bio-Economy current situation, labratory

Figure 6 JAMK Institute of Bio-Economy status, yard

28



29

Because of a limited budget, there is no need to make two different buildings; one can
be built and the space separated with a wall (this would lead to two rooms or sections).
Then one section can have a special heating and ventilation system, and for other sec-
tion, a pallet racking system is considered for smaller items and the ones that do not
need special conditions. However, the optimal option would be having a fully heated

warehouse.

5 Development solutions

In this section, the author’s suggestions and solutions in order to reach the project’s
goal, are explained. In addition, the possible locations of a new warehouse and the

potential warehouse layouts are introduced.

5.1 Disposal of inoperative items

The first action is finding the components whose service life and market value have
ended. In this case, JAMK’s policy should be followed, but generally, given the
bookkeeping recordings, each item has a market value and it decreases when the item
reaches to the end of its service life. Therefore, it is vital to check the items’ database
and make a list of the ones that should be discarded. This is called write off inventory,
and it provides a clear view of what would be stored in the warehouse and how much

space is needed.

Writing off inventory means removing some or all of the cost of an inventory item from
the accounting records. The need to write off inventory occurs when it becomes ob-
solete or its market price has fallen to a level below the cost at which it is currently
recorded in the accounting records. The amount to be written off should be the differ-
ence between the book value (cost) of the inventory and the amount of cash that the
business can obtain by disposing of the inventory in the most optimal manner. (Bragg

2018.)

What should be stored in the warehouse?
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Based on the author’s discussion with the warehouse and laboratory coordinator, be-

low is a list of existing items that are required to be placed in the warehouse. All the

components are mentioned in the following table:

Laite (item) Pituus Leveys Korkeus Paino
(lenght) (widht) (hight) (mass)

Ariterm Bio Twin 500, boiler | 5,3m 2m 6,3m 3950kg

500kw

Savukaasupesuri, smoke gas | 2m Im 1,6m

washer

Siilo, silo 2,4m 2,1m 2,8m 940kg

Vaaka (4), scale 3,2m 3,2m 0,3m

Vaaka (2), scale 1,5m 1,5m 0,3m

Vaaka (3), scale 1,5m 1,5m 0,3m

Vaaka (5), scale 1,5m 1,5m 0,3m

Vaaka (1), scale 2,5m 2,5m 0,42m

Kuormaaja, loader 4,7m 2m 3,3m 1150kg

Trukki, forklift 4,7m + piikit 2m 3,7m 4750kg

Erka sininen seula, screen 5,4m 3m 2,85m 980kg

Teline, scaffolding 4,4m 1,5m 1,1m 120kg

Ariterm Biocomb 40, boiler 40 | 2,2m 2,5m 3,2m 690kg

kw

Pieni seula, screen 3,4m 1,5m 1,84m 230kg

Siilo (Mafa), silo 2,62m 1,4m 2,4m 60kg

Table 1 The list of the items required to be stored in the warehouse

As it can be seen in the table, the items have different shapes, sizes and weights. Most

of the them are quite large, they require their own space in the warehouse. Therefore,

stacking is not an applicable method for many of these elements.

5.2 Warehouse location

In the current situation, there are two operating warehouses. The main warehouse is

located in front of the laboratory in which there are some of the machines and other



31

equipment, and the other one is used for storing the woodchips bags. The main ware-
house does not have sufficient space for storing all the items, and the floor is not suit-
able for building shelves and a racking system there. In the second warehouse, the
woodchips bags are located on the ground without anything on top of them, and
therefore, the warehouse space is not used efficiently. In addition, none of the ware-
houses is heated. Eventually, in the wintertime, the forklifts are kept in the laboratory
that affect the working area there. Moreover, the woodchips should be warmed up

and dried before being used.

Furthermore, there are a few containers in the yard, and if the manager decides to
keep them, they can also be used as storage. For instance, the empty pallets, can be

kept there, and besides, it is possible to use them as reserved storage.

5.2.1 Warehouse Location 1

As can be seen in Figures 7 and 8, the first option would be building a large warehouse
in front of the laboratory instead of occupying other spaces for storing. The warehouse
would consist of two different parts. One part would be a climate and humidity con-
trolled warehouse in which the forklifts and other equipment that are sensitive to cold
weather and humidity could be kept. The other part could be a simple tent warehouse
for ordinary items that do not require any special conditions However, providing all

the items with a heated warehouse would be the ideal option.
Following are the advantages of the first warehouse location alternative:

1. The warehouse is close to the laboratory, and it makes it easy to move items
from the laboratory to the warehouse or vice versa.

2. According to the Head of the JAMK Bio-Economy Institute, a new road is going
to be built close to the POKE area, especially for truck traffic to avoid truck’s
transportation from the parking lot in front of the main entrance. Thus, in this
case, trucks can reach the warehouse easily from behind the campus.

3. As mentioned before, there is already a warehouse in front of the laboratory,
so that it would be possible to continue constructing a new building besides it.
Consequently, some amount of the budget could be saved as there would be
no need to demolish or move the current warehouse.

Moreover, there are two options for the access road to the warehouse:
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1. One possibility is constructing a new route that starts from the main road and
reaches the laboratory (see Figure 7). This road would be in the private use of
the JAMK Bio-Economy Institute.

2. The second choice might be using the same road with POKE (see Figure 8). In
this case, there would be no need for a new route construction. However, the

traffic and congestion might be high as both institutions use one road.

Figure 7 Warehouse location 1.a
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Figure 8 Warehouse location 1.b

5.2.2 Warehouse location 2

Another option would be locating the new warehouse on the other side of the road in
POKE’s area (see Figure 9). There is the probability that POKE would not accept it but
there would be another possibility to construct the building (warehouse) in coopera-

tion with POKE. Hence, the warehouse would be in use of both JAMK and POKE.
This option could benefit JAMK in the following ways:

1. The warehouse would be absolutely close to the road and trucks can conven-

iently reach it without crossing the yard.
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2. ltisalso close to the JAMK laboratory, but it is further comparing to first option,
and it is not in sight of people who enter the institute. Alternately, the area in
front of laboratory could be used as a parking place. Additionally, it could be
decorated with plants and flowers. Moreover, the current solar system, which

is close to the main parking area, could be moved to this new location.
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Figure 9 Warehouse location 2
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5.2.3 Warehouse location 3

Another alternative location for the new warehouse would be behind the main current
parking area. Comparing to the two other options, authors sees this option the least

probable one, yet it could be considered as a suggestion.

Now, there is a wide land behind the parking area, in which there is enough space to
locate a new warehouse. If it is decided to have the warehouse in this location, then it
is required to continue the new road, which crosses the POKE’s area and continues in
front of the JAMK’s laboratory, to reaches the warehouse. There is this possibility to
consider two gates in the warehouse. One of them is connected to the main road and
the second gate is connected to the new road, which crosses the yard in front of the
laboratory. However, it is possible to have only one gate if there is not much traffic in

the warehouse.
The main advantages of this option would be:

1. It would be close to the main road and it can be accessed easily. However, a
new road should be built which connects the main road to the warehouse.

2. There would be more possibilities and flexibilities in choosing the preferable
sizes and layout designs for the warehouse as the mentioned area is quite wide

and there are no obstacles there.
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Figure 10 Warehouse location 3

5.3 Warehouse layout design

According to Richards (2011, 159) “the warehouse layout will very much depend on
the size and shape of the building, access to it, type of equipment utilized and the

operation envisaged.”

In order to being able to compare different alternatives, author decided to provide
different options for the warehouse layout design. She also emphasizes that, in ware-
house designing, it is critical to recognize the goals, requirements and come to a con-
clusion accordingly. Some of the warehouses are designed in a way that all the items
could be accessed effortlessly in order to have a quicker customer’s services. Although,

they might require larger space which means spending more money. On the other
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hand, in some circumstances, the most important issue in warehouse layout designing
is using the budget and space as effective as possible, while the access to all the items

might not be so easy and fast, therefore, the customer service might be at lower pace.

During this project, author has tried to recommend both types of warehouses. In all of
the layout designs, it is assumed to have a standard racking system but the size of it
could be adjusted according to the requirements and the types of items that would be
stored in. Moreover, it is more favorable to store all the items in a heated warehouse
although it might be costly. If it would not be possible, the warehouse could be divided
in to two sections: heated and tent type warehouse. It is advised to keep the machines

in warm place especially, in wintertime.

In the current situation, the woodchips bags are located on the ground in an unheated
warehouse. In order to protect the woodchips, pallet collars and pallet boxes are one

the best choices to store bulk.

The flexibility in the construction of pallet collars, makes the possibility to store them
on a racking system which results in having a more organized warehouse and using the
most of the space. Moreover, this kind of packaging is reusable, long-lasting and easy
to handle. (see Figure 11, 12, and 13). (KRONUS Carrying Your Business: pallet collars
2018.)

The size of pallet collars is adjustable and they could be set in different heights. This
feature makes the transportation process much easier as the packaging could be
changed based on the dimensions of an item. (SAVOPAK: easy and flexible packing

with pallet collars 2014)



Figure 11 Pallet collars

Wood pallet collars

Figure 11 Pallet collars

Plywood pallet collars
: - Tt A—

Figure 12 Pallet collars
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Layout planning procedure

As it was mentioned in table 1, all the items that must be stored in the warehouse
have been provided with their measurements. At first, items’ shape, size and need for
especial condition are analyzed. Then it is noteworthy to consider if any of cited items
can be stacked or placed in a racking system. Besides, it is essential to consider proper
material handling tools, the amount of space they occupy and the aisle width, each of

them requires.

Calculation of aisle width requirement (Ast) based on VDI 2198
Reach trucks

A, =W,+R+a |

R= J(zf —x)? +(b%)2

a =200mm (safety distance) / .

Figure 13 Aisle width calculation (Ast) based on VDI 2098

Insert data below to calculate Ast

Safety distance (mm) 200
Turning radius, Wa (mm) 2609
Pallet/load length, /6 (mm) 1200
Load distance, x (mm) 500
Pallet/load width, b12 (mm) 800
Aisle width requirement, Ast (mm) 3616

Table 2 Aisle width required at JAMK's warehouse
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As it can be noticed in table 2, according to the size of the forklift trucks used at JAMK,
a suitable aisle would be around 4 meters wide. Table above (see table 2) shows how
the aisle width has been calculated based on the formula presented by The Association

of German Engineers (VDI).

All the warehouse dimensions are estimations and they might be adjusted when the

final plan is applied.

5.3.1 Warehouse layout design 1

In the first option, it is assumed that both shipping and receiving gates are located in
same side of the warehouse, which makes the security much easier. However; traffic

might be high if both gates would be busy.

The warehouse area has been divided in three different parts. (See Figure 16) The first
area that is close to the gates, is suitable for fast-moving items, comparing to other
items, as a result they can be picked and handled more easily. This area would be suit-
able for storing both JAMK and the customers’ boilers and woodchips bags. Since, they
are used for testing quite often. In addition, the boilers are so heavy and it is better to
locate them close to the door in order to prevent long distance movements in the

warehouse.

The second area has been designed for medium used items and it is a little bit far from
the gates. In this part, the equipment that are used less often, can be stored. The third
area is considered for the least used items such as empty pallets or some of the ma-

chines that are used hardly. Moreover, it can be used as reserved storage.

All the warehouse layout designs that have been offered in this paper, include a sepa-
rate area for value adding operations. This area could be used for making some
changes in the products, repairing and maintenance. In order to use the most of the
warehouse space, any area with low height should be assigned to the value-adding
operations and the items picked frequently. Besides, mezzanine floor could be an op-

timal option as well (see Figure 15). (Richards 2011, 160)

Mezzanine floor is a floor with a ceiling built in the middle of two floors in the shape

of a balcony. Therefore, it is not counted as a complete floor. Mezzanine floors could
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be constructed in one or two levels depending on the space available and require-

ments. (What is a Mezzanine floor? 2018) (Richards 2011, 160)

In addition, the area close to the gates has been assigned for consolidation and sorta-
tion activities, which is useful if there would be a combined shipment. Moreover, it
would be nice to consider having the staff offices as well as a rest room in the ware-

house.

Figure 14 Mezzanine floor
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Figure 15 Warehouse layout design 1

5.3.2 Warehouse layout design 2

In the second alternative, it is presumed that shipping and receiving trucks are served
in opposite sides of the warehouse, this type of warehouses is called, through-flow

warehouse.

As Richards (2011, 161) mentions, having two gates in the warehouse would be a suit-
able option especially if there would be high traffic as the congestion is divided in to
two areas. On the other hand, the security issue becomes more challenging when the
number of gates increases. Moreover, having two doors in the warehouse might limit

the future plans for enlarging the warehouse.
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There is a wide aisle in the center of the warehouse where forklifts can move easily.
As it can be seen in the picture, the warehouse is divided in to six different sections
(see Figure 17). It is more logical to place frequently-used products closer to the aisle,

as they can be accessed more simply.

Based on author’s opinion, using pallet collars is an effective way of storing woodchips
bags. Accordingly, two to three collars can be placed on top of each other and which
results in saving a lot of space. Besides, pallet collars can be easily moved by the help

of the forklifts or other lifting equipment such as pallet jacks. (Michael G. Kay 2012.)

In all the suggested warehouse layouts, it is considered to have a standard racking
system for the items that can be put on pallet. In addition, the racking system could
be used for storing boxes. The boxes that contain frequently-used items, should be
placed in the lower shelves and the upper shelves could be assigned for reserved stor-

age.

For storing large and less frequently-used items and machines, drive-in racking could
be considered as an appropriate option (See Figure 18). One kind of pallet racking sys-
tems is Drive-in rack which consists of column, row and depth. In Drive-in rack, there
is an aisle which fits the size of the forklift and an entry point. Therefore, the worker
should drive in to the racking system from one side which would be the entry point
and the pallets are taken out from the same side. In Drive-in rack, it is vital to apply an
accurate plan for picking items as it follows LIFO (Last-In, First-Out) method. Conse-
qguently, the last component placed in the racking system, should be removed first.
This issue might be challenging especially in storing perishable items. Although, this
problem could be solved by using drive-through racking. The structure of Drive-
through rack is the same as Drive-in rack, unless, in Drive-through racking system the
items could be accessed from both sides of the racking, as it follows FIFO (First-In, First-
Out) system. Consequently, the first item placed in the racking system from one side
could be removed as the first component from other side of the racking system. As the
result, the throughput increases. The cost of installing these racking systems is low and
they are suitable options to use the space efficiently. (M Z Hadi, T Djatna, & Sugiarto
2017.) (Racking systems and warehousing equipment. The backbone of internal logis-

tics.)
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Same as the former layout design, there are places for value adding operations, con-

solidation and sortation.
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Figure 16 Warehouse layout design 2

Figure 17 Drive-in racking
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5.3.3 Warehouse layout design 3

Perhaps this option would not be the most cost effective one, as it requires a large
area. However, every single item could be accessed easily. As it can be seen in the
following warehouse layout design, the shipping and receiving gates are separated. It
is recommended to place the most frequently-used items close to the aisles and the

gates in order to pick them more conveniently and in a shorter time.

As it was mentioned before, the size of the racking system is adjustable. The author
thinks that one of the simplest way to have an organized warehouse is using pallets
for storing the items instead of placing them separately. Furthermore, the racking sys-

tem could be used for storing different kinds of boxes as well.

Figure 18 Warehouse layout design 3
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5.3.4 Warehouse layout design 4

A simple-designed warehouse has been suggested as the fourth alternative. This ware-
house has a wide aisle in the center and an aisle, which connects to the exit gate. All
the items can be reached through the main aisle. Moreover, it is more logical to place
the frequently-used items close to the gates. As it can be noticed in the picture (see
Figure 20), the items that are used less frequently, are stored in the middle of the
warehouse and the least frequently-used components are located far from the gates.
As well as the other layout designs, it is assumed to have a section for consolidation

and sortation and a separate area for value adding operations.

There is this possibility to use the JAMK’s existing warehouse and build a new ware-
house beside the current one. Accordingly, there should be a connecting path between

the warehouses for easier access.

Scale 1:1

Figure 19 Warehouse design 4.a

The warehouse layout designs that have been proposed in figures 21 and 22, include
the same features as in layout design 4.a (see Figure 20), the only difference is one of
the gates has been eliminated and only one door is used for both shipping and receiv-
ing items (see figures 21 and 22). If only one gate would be used in the warehouse,

then the appropriate location of it depends on the direction of truck path.
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Figure 21 Warehouse design 4.c

5.4 Warehouse addressing system
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In order to have an organized warehouse, it is vital to plan and apply an addressing
system. Addressing system means, using numbers or letters to define each item’s lo-
cation. In the lack of addressing system, a considerable amount of time is wasted for
finding different items. Relying on people’s memory works well when there are not
much items or the workers are not changed or substitute in the warehouse. Therefore,
providing a simple and easy addressing system can improve the work efficiency and
shorten the reaction time to the customer’s need. Addressing system can differ based
on the warehouse design and manager’s preferences; thus, there is not a solid formula

for planning warehouse-addressing system.

Below there are some suggestions for addressing the racking system at the warehouse

of JAMK Institute of Bio-Economy.

1. As it can be seen in the picture (see figure 23), two rows of racking are stick to-
gether. Additionally, there is a space between every two columns and there is an
aisle in front of the racking system.

This addressing system includes five different parts.

I.  First of all, the aisles are identified by letters for example, aisle A. It is also pos-
sible to use numbers for identifying the aisles.

II.  Secondly, it is possible to split the warehouse into different sections, however
it is totally optional. Section means that all the related items are kept together
in one area. Besides, sections can be categorized by numbers such as 01. An-
other probability would be using alphabets. For example, all boxes are stored
in one place together; therefore, that section can be named as “Bo”.

lll.  The next classification relates to the rows in the racking system. Each row is
identified by a number like 01, 02,.. .

IV.  In each racking system there might be several levels, therefore, it is important
to describe each level individually. Accordingly, numbers can be used for clas-
sification. Depending on the size of the racking system, the numbers can start
from 1 or O1.

V.  The last but not the least is diagnosing the location of each item. Usually, in
each level every item is numbered from left to right. Here item refers to a pal-

let, a box, a single element or a component.
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To clarify the described numbering system, below is an example (see Figure 24,

marked in blue):

Address: A-01-01-4-2

level 3

A:aisle A

01: section 01

01: row number 01 located in section 01
4: fourth level of row 01 in section 01

2: the item location in fourth level of row 1

section 3

section 2

Figure 22 warehouse addressing system

2. As it can be noticed in Figure 24, the racking system can be set in another order.

The addressing system would be the same as former example and the only differ-

ence is each level is occupied by only one pallet. Consequently, there is no need to

have the last part of addressing system, which defines the item’s location.

To clarify this numbering system, below is an example (see figure 25, marked in blue):

Address: A-01-04-2
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l. A: aisle A
Il. 01: section 01
I, 04: row number 4 located in section 01

V. 2: second level of row 4 in section 01

level 3

level 1

Figure 23 warehouse addressing system

It is vital that all the staff and employees be committed to the categorizing system,
otherwise, in a short period the organization will be in jeopardy. As a result, every now
and then, a considerable amount of time should be spent to reorganize the items

which causes both wasting time and money.

5.5 Status after the author’s recommendations

Author expects that, discarding all of the unnecessary and obsolete items would clear
up the yard which does not have a nice view at the moment. Eventually, the first result

would be having an acceptable look. In addition, having a proper and coordinated
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warehouse, has a considerable impact on increasing the staff performance that results
in serving the customers quicker and more efficiently. Moreover, a lot of time could
be saved by stopping reheating the woodchips and moving the machines between the
warehouse and the laboratory just in order to protect them from cold weather. More-
over, it would be possible to assign a specific space for locating customers’ products

in the in the warehouse.

6 Research result

In this section, the optimal solution regarding JAMK’s case study and the justifications

behind this decision are explained.
Final design

Considering both Head of institution’s preferences and the author’s opinion, locating
the new warehouse in front of the laboratory would be the most suitable option as it
can be reached conveniently by the trucks and it is close to the laboratory. Moreover,
the truck traffic would not affect the area in front of the main entrance (see Figures
25 and 26). Given the warehouse layout designs, the fourth alternative was selected
as the ideal option since the space has been used as efficiently as possible and all the

items could be accessed easily.

Below, there is the final version of the warehouse layout design that is offered by the
author. (see Figure 27). In this design, all the items and equipment that are required
to be stored in the warehouse, have been dedicated with their own space in the build-
ing. As it can be noticed in the picture, the addressing system has been applied as well.
In the JAMK’s case study, almost all the items should be located separately because of
their special shape. Therefore, it is not possible to benefit from stacking components
on top of each other. Moreover, most of the elements are not suitable to be stored in

the racking system, hence, the height of the warehouse could not be used completely.

As it is clarified in figure 25, the warehouse has been divided in to 15 different sections,
even numbers are in the right side of the warehouse and odd numbers are in the left
side of the warehouse. This division is mainly made based on three elements: the

shape and size of the component, how frequently every item is used and efficiently
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space utilization. Accordingly, sections 5, 11, and 13 have been distributed into smaller
sections. In section 12, it is assumed to have a racking system for storing the items that

can be located on pallets, small boxes and empty pallets.

It is suggested that the items which are used more frequently, should be placed close
to the gates and less frequently-used items in the middle and the least frequently-used

items at the end of the warehouse.

Figure 24 Final warehouse location a
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Figure 25 Final warehouse location b
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Figure 26 Final warehouse layout design

7 Further recommendations

In this section, few development ideas are offered in order to enhance the condition

at JAMK’s warehouse.

1. First suggestion would be enlarging the warehouse, which means considering a re-
served storage for future activities or increasing in the number of customers. It is
logical to have an estimation about future plans and changes before constructing
the new warehouse. Consequently, the possible upcoming risks could be handled
and dealt with more conveniently.

Given the area available in front of the laboratory, it is more probable to extend

the length of the warehouse than increasing the width of it (see Figure 28).
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Figure 27 Final warehouse layout design (considering enlargement)

2. Second advice would be investing in new forklift trucks which are smaller in size,
such as (very) narrow aisle trucks, as a considerable amount of warehouse space
is occupied by the very wide aisles. Moreover, smaller forklift trucks provide more
flexibility for designing different warehouse layouts.

The price of narrow aisle forklift trucks very much differs based on the model,

brand, lifting height and capacity, however, it costs at least 5000 euros.

As it was mentioned in the aisle width calculation chapter, the forklift trucks used
at JAMK’s warehouse require an aisle which is between 3.5 to 4 meters wide, how-
ever, sufficient aisle width for narrow aisle forklift trucks would be between 2.8 to
3.4 meters. Consequently, by using narrow aisle trucks, it would be possible to save

up about 18% of space.

Although, purchasing the smaller forklifts are beneficial investment, they have lim-
ited lifting weight capacity. It would be a challenge especially, for moving bulks and
heavy items, therefore, all the items’ dimensions and weights should be consid-

ered before deciding on purchasing any new forklift truck.

8 Conclusion

The aim of this project was proposing a new warehouse location and layout which

could accommodate all the items that were required to be kept in a proper place in
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order to clear up the yard and the laboratory from unnecessary components. By ap-
plying the author’s ideas, it is expected to have an appropriate campus view. Besides,

these changes would result in increasing the productivity and tidiness.

During this project, different research methods and resources were used and at the
end of the procedure, three various warehouse locations and four distinct warehouse
layout designs were suggested. Finally, the optimal alternative was chosen which

meets the projects goals and answers the research questions.
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