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Sammanfattning 
Seasol International Pty Ltd är ett australienskt företag som producerar ett sorts flytande 

organiskt gödsel. I nuläget är de marknadsledare inom flytande gödsel på den australienska 

marknaden. Därför vill Seasol nu i samarbete med Beijing JHM Commercial Trading Co., Ltd 

penetrera den kinesiska marknaden. En del av JHM:s plan för att uppnå detta mål är att bygga 

en ny fabrik i staden Tianjing. Fabriken ska användas för ompaketering av Seasols produkt till 

mindre behållare för försäljning.  

Målet med examensarbetet är således att utforma en planritning för ompaketeringsfabriken som 

kan möta JHM:s behov. För att åstadkomma det uppsatta målet används den konventionella 

teorin i planritningsdesign i samverkan med GMP (Good Manufacturing Practice) och Lean 

teorin.  

Den första halvan av projektperioden kommer tillägnas litteraturstudie och besök hos sex 

företag, både i Sverige och Kina, som är verksamma inom paketering av vätskor. De ämnen 

som behandlas under litteraturstudien är paketering, Lean, GMP, material hantering, design av 

planritning och teori bakom val av maskin.  

Den erhållna kunskapen från studierna applicerades sedan på planritningen och dess 

utformning. Utformning av potentiella planritningar skapades genom SLP (Systematic Layout 

Planning). Genom MFEP (Multi-Factor Evaluation Process) valdes den tredje lösningen som 

den mest optimala. Därefter simulerade och visualiserades planritningen med hjälp av 

programvara. ExtendSim 8 användes för simulering av flöden i den tänkta fabriken och 

SolidEdge ST7 för själva utformningen av fabriken. 

Den slutgiltiga planritningen var utformad så att fabriken kunde hantera dubbelt så stor 

efterfrågan som JHM har förutspått. Samtidigt så har den tänkta fabriken grundprinciperna från 

GMP och Lean inbakade för en effektivare fabrik.  
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Abstract 
Seasol International Pty Ltd is an Australian company that produces an organic liquid fertilizer. 

They are now market leader within their industry in Australia and plan to extend their market 

to China, with the help of Beijing JHM Commercial Trading Co., Ltd. JHM plans to import the 

organic liquid fertilizer and re-package it in Tianjin international duty free port, China. They 

therefore want to build a new facility in the city of Tianjin that can meet their requirements.   

The aim of this thesis is thus to design a layout for a repacking factory that will meet the 

demands from JHM. The method used for reaching the set goals will not only follow the 

conventional layout design theory, but also merge together with GMP requirements and Lean 

manufacturing principles.  

Literature researches about packaging, Lean manufacturing, good manufacturing practices, 

material handling, facility layout design, and machine selection are done during the first half 

period of this project. Six industrial visits are also conducted in combination with the literature 

research to factories working with liquid packaging, in both Sweden and China.  

The knowledge gained from the research was then applied to the factory layout design. Factory 

planning and design process of the possible layouts is done according to SLP (Systematic 

Layout Planning). Layout 3 is chosen as the most suited layout to meet the set requirements by 

the use of MFEP (Multi-Factor Evaluation Process). From there the, visualizing and analyzing 

of the layout is achieved with the help of software programs. ExtendSim 8 was used for the 

analyzing the production flow and SolidEdge ST7 for the digital representation of the factory. 

The final layout can handle two time the original demand given by JHM. Meanwhile, it matches 

the basic GMP principle to manufacture high-end products, as well as Lean manufacturing 

concepts for a more efficient layout.  
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1 INTRODUCTION 
This chapter intends to provides an introduction to the subject of this master’s thesis project  in  

order  to  help  readers  understand  the  scope  of  this  project. First, a background to how 

this project came to be is given. Following background is the focus of the thesis translated into 

purpose and objectives. How the objectives have been reached is further explained by the 

method section. Finally, the introduction chapter is concluded with the delimitations of the  

1.1 Background  
Seasol International Pty Ltd (Seasol) is a widely recognized and respected Australian owned 

company that manufactures and markets a range of organic and organically based liquid 

fertilizers. Seasol is Australia’s market leader in liquid fertilizer supply. In recent years they 

have commenced exporting to Japan, Taiwan, Mauritius, Malaysia, UK, New Zealand, Brazil, 

Vietnam and Thailand. They are now preparing to supply China. 

Beijing JHM Commercial Trading Co., Ltd. (JHM) is the agent for Seasol in China and 

managing the Seasol Project. JHM plans to import bulk consignments from Australia into a 

Tianjin distribution hub. The purpose of the facility is to repack product into various container 

sizes then arrange for transport to end users such as strawberry farmers in Shandong, Beijing, 

Hebei and Henan.  

Because of the products odor it has proven difficult to find a partner company willing to package 

the liquid. In addition, simply outsourcing the re-packaging is not probable as Seasol is a 

premium product and its quality has to be kept at a high standard. The solution for JHM is to 

construct a new facility for the repackaging of the product.  

1.2 Purpose  
Purpose of the thesis is to design a re-packing facility that has the flexibility to meet changing 

demands and high quality standards. The developed layout should act as a guideline for the 

upcoming factory and not a blueprint. 

1.3 Objectives 
The main goal of the project is to deliver a feasible layout of JHMs new re-packaging facility 

that is planned in Tianjin, with focus on the production area. The goal is divided into 3 

objectives:  

 Incorporate GMP and Lean manufacturing principles in the future state of the factory. 

 Present suitable manufacturing equipment for the new layout.   

 Construct a 3D model of the factory layout and simulate the material flow within the 

facility.  
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1.4 Method 
The thesis was initiated with a literature study of previous work done in the field of facility 

planning, mostly focusing on theses written by other students. The literature study, was after 

the initial research broadened to cover books, articles and electronic resources. Areas of 

knowledge covered as a part of the secondary data were:  

 Facility layout design 

 Material handling 

 Packaging 

 Lean 

 GMP (good manufacturing practice)  

 Machine selection 

Designing a new plant layout is not possible by only relying on quantitative information. For a 

comprehensive layout both quantitative and qualitative factors have to be taken into 

consideration (Heragu S. S., 2008). In order to complement the literary study and give more 

reliability to qualitative decisions reached in the thesis, a primary data collection was 

performed. The primary data consists of six case studies in different companies that have similar 

filling processes. Two companies were investigated in sweden; Arla, Nordium and four in 

China; Qiang Chang, Hua Sheng, Lao Henghe, Tianjin cosmetics factory. Case studies were 

conducted in China as a means to further increase reliability because the future facility will be 

located in that country.  

Even though GMP is not obligatory in this type of industry, it will still be applied to the layout 

design as it is requested from JHM. The software used in the thesis are Solid Edge ST7 and 

ExtendSim 8. Solid Edge ST7 is used for the visualization of the factory layout. ExtendSim 8 

is used simulation of the material flow through the production lines in order to ensure a 

functioning production process.  

SLP (Systematic Layout Planning) was chosen as the theory for developing the facility layout 

as it is a well-tested approach to facility planning. With the combination of the research 

conducted and the use of SLP a valid result was reached.  

1.5 Delimitations  
Some limitations had to be put in place in order to achieve a satisfying result within the time 

frame of the project. Following topics will not be incorporated: 

 Location of the facility 

 Optimization of order quantity and frequency 

 Supply chain, both upstream and downstream of the facility 

 Detailed daily operational procedures 

 Detailed architectural features 

 Detailed inventory management  

 Other departments like cafeterias, toilets etc. 
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2 THEORETICAL FRAMWORK 
This chapter aims to give readers an understanding of the fields of knowledge that are 

necessary in designing a layout for the facility in mind. An introduction is given to the science 

of packaging, primarily focusing on packaging of liquids. The following two sections describe 

theories and some guidelines for operating a more efficient plant. Material handling is also 

described as it is a vital part of any business with a material flow. Then the main theory of 

facility planning and design is presented, ending with the theory of machine selection. 

2.1 Packaging 
The field of packaging is very broad and consists of many different processes, materials and 

equipment. Due to the restriction given by JHM regarding the product and its packaging, focus 

will be given to packaging by bottle and sachets. 

For a long time, packaging has been viewed as only a means of protecting products during 

transport and handling. Another common notion is that packaging is used for increasing sales 

by attracting potential customers. Though these functions are the main purposes of packaging 

they focus mainly on the external and marketing benefits. Equally important are the packaging 

aspects that affect the internal material handling and production system of a company. (Chan, 

Chan, & Choy, 2006) 

Packaging can be divided into six functions as presented in the table below.  

Table 1 Packaging functions and their characteristics (Chan, Chan, & Choy, 2006) 

Function Characteristics  

Protection Most fundamental function of packaging. The amount of 

protection needed is determined by the products fragility as 

well as the cost of absolute protection.  

Promotion Packages can also be used for sales and marketing of the 

product.  

Communication The information that packages provide consumers and how it 

is displayed is important. Equally vital is the information flow 

that the packages provide before reaching the consumer. Great 

costs are related to incorrect handling of goods or reclamation 

due to wrong/insufficient information.    

Convenience/handleability  Packaging of the product should be made so it is easy to 

handle during the manufacturing and distribution process as 

well as for the end users.   

Apportionment  

(right amount and size) 

Apportioning of the product into desirable size and amount is 

easily overlooked but none the less essential in ensuring the 

correct package.  

Volume and weight 

efficiency 

The packages have to be designed in such a way that the 

volume and weight relation ensures an efficient utilization of 

the distribution chain.  
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Approximately nine percent of a products total manufacturing cost is attributed to packaging. 

The three major areas of packaging costs are labor, material and the equipment used in the 

process. But out of these three only 10 percent is designated as material cost. Even so, the 

impact of packaging costs on a company’s supply chain and cost of handling packaged items is 

rarely taken into account. Hence it is important that the package shape and process of packaging 

is designed with material handling mind. (Parvini, 2011) 

A distinction should also be made between the different types of packages. Broadly speaking, 

there are two types of packaging; industrial and consumer packaging. The two categories are 

not each other’s opposites but the purpose of their packaging differs. Industrial packaging is of 

a more practical nature. The emphasis is on the shipping, handling and protection of the product. 

Consumer packaging on the other hand is designed to be more appealing to the customers and 

focuses on sales and advertising. In some cases of consumer packaging the cost of packaging 

can be larger than the cost of the product itself. This is common in for example the cosmetic 

industry. (Chan, Chan, & Choy, 2006) 

Packaging will also differ depending on what stage it is in the distribution chain. The primary 

package is the material that envelopes the product that the end user can bring home. For example 

a can of soup that you would find in a convenience store. Secondary package is used for 

grouping of the primary packages for ease of handling. Following our previous example this 

would be the cardboard box containing the canned soups delivered to the store. Lastly tertiary 

packaging is used to collect the boxes of canned soup in a way better suited for transport. 

Generally tertiary packaging would involve putting the secondary packages on a pallet. 

(Emblem, 2012) 

2.2 Packaging of liquids  
A packaging line for filling bottles or similar containers with liquids typically consists of six 

stations; depalletiser, filler, capper, labeller, packer and palletizer (Lea, 2005). Depending on 

the product, some additional stations would be added or in some cases even removed. When 

Figure 1 Different packaging stages (Chan, Chan, & Choy, 2006) 
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for example working with beverages and other food items consumed by people extra care has 

to be taken to sanitize the containers before filling. In that case a rinsing station would be placed 

before the filler machine, often complemented by an ultraviolet light source to kill of any 

bacteria (Lea, 2005). Below is a layout out of a typical liquid packaging line. In this example, 

the capper has been placed together with the filling machine illustrated by filler block.  

 

2.2.1 Depalletiser   

In the above example, a depalletiser is the first station of the line. Bottles or similar containers 

are manually or by machine put on the conveyor from the pallets. Often when using plastic 

bottles they will be manufactured directly on to the line which eliminates the need for a 

depalletiser. The containers could also be transported to the line from a large storage and only 

descrambled (oriented) before being placed on the conveyor. (Lea, 2005) 

2.2.2 Filler 

The filling machines now days are very versatile in terms of operations. Depending on what 

your product characteristics are, which level of quality you wish to achieve and what your 

customer expects, there are different fillers to be used. They can be equipped to steam a bottle 

to cleanse it or pre-evacuate it to reduce oxygen levels, fill from the bottom of the bottle to 

reduce fobbing using a long tube valve, take a bottle and fill a precise weight, fill to a level, fill 

a precise volume, etc. When selecting the right filling machine another aspect should be taken 

into consideration and that is ease of cleaning. For example machines with complex valves or 

small passages will be harder to clean and should be avoided if possible. (Lea, 2005) 

Scale 1:200 

Figure 2 Typical liquid packaging line (Lea, 2005) 
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Fillers are divided into two groups based on their arrangement; in-line and rotary. The two 

systems utilize the same heads (filler mechanisms) but have some basic differences in their 

setup. Below follows a description of both systems: 

In-line filler 
The filling system is positioned as a part of the conveyor and the filling takes place in a line as 

the bottles arrive to the machine. In-line filler is suitable for most types of liquid product with 

different viscosities, ranging from beverages to mayonnaise. The number of heads (filling 

mechanisms) can vary from one to more than a dozen. The filling process is done in a couple 

of steps: 

1. A number of containers equal the number of filling heads is moved to the filling 

machine by conveyor.  

2. When the containers are in place the heads will be lowered in order to start the 

filling. 

3. When finished the containers will be moved downstream leaving space for the 

next set of containers. 

Sensors are positioned upstream of the filling station in order to ensure that the right amount of 

containers are passed for filling. If any delays occur or the wrong number of containers are 

conveyed the line will stop.  

The in-line filler is preferred when high speed filling is not required, where changeovers are 

frequent and capital investment is limited. (Hughes, 2007) 

 

Rotary filler 
In this systems the empty containers are taken from the conveyor into the rotary turret and filled 

while the turret is rotating. The number of heads in the turret can vary from 4 to more than 140 

depending on the volume of production. A larger rotary turret can produce about 1600 bottler 

per minute. When implementing a rotary filler system, it is essential that the infeed and outfeed 

starwheel are synchronized with the turret to ensure correct placement of the containers. 

(Hughes, 2007) 

Figure 3 Illustration of an in-line filling process (Hughes, 2007) 
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Like in the given example, the filling machine and the capping machine are often integrated 

into one station with a common mechanical drive. This is done in order to ensure more efficient 

handling of the containers when passing the station. The filling station is also the heart of the 

line and should not be affected by unplanned stops in the production flow. That is why it is 

preferable to have a lower speed on the filling machine and space upstream and downstream of 

the machine to create a buffer. (Lea, 2005) 

 

2.2.3 Capper 

The capping machine and filling machine are illustrated as one station in the given example. 

But capping is very different and requires some further explanation to fully understand the 

dynamics of the process. Capping is the procedure of sealing a bottle like container by the use 

of another item. Just in regards to sealing of bottles there are a many different closures to choose 

from. Depending on the liquids characteristics and choice of cap, a capping method will be 

chosen.  

Figure 5 Speed of different stations in the line (Lea, 2005) 

Figure 4 Illustration of a rotary filling process (Hughes, 2007) 
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Two main groups of capping processes are used for applying caps to containers; press-on 

capping and screw capping. The two groups share many similarities. The largest difference is 

in the action of fitting the cap itself. Regardless of the difference, the capping process will 

always start with a cap orienting machine, which makes sure the cap is placed in the right 

position before being placed onto the bottle. (Hughes, 2007) 

Screw capping 
After the caps are oriented into position they are fed down a shaft. The cap at the end of the 

shaft will stick out just enough so that the bottle passing underneath will catch it by the edge. 

As the bottle passes and caches the cap, it will land on top of the bottle opening. The bottles 

will then pass a set of spinning disks that screw the cap into place. This is a common inline 

procedure for applying the caps. But like the inline filler, this process has a limited capping 

speed. (Hughes, 2007) 

 

For greater speeds a rotary capping machine can be used. In this case the above mentioned disk 

system cannot be used. Instead a spindle with a pneumatic chuck attached could be used. The 

spindle pick up a cap from a shaft similar to the previous process or trough some other 

mechanism and places it on to the bottle. As the chuck is in position over the bottle it will start 

spinning and descending on to the bottle until the cap is firmly screwed on. For increased 

capping speed several spindles can be used simultaneously. (Hughes, 2007) 

Press-on capping 
Chucks can be used in a similar manner to apply caps by pressing them down on to the bottles. 

The method is same except for that the chucks do not spin for press-on capping. Another method 

for pressing on the caps is roller press-on capping. The caps are applied on top of the bottles 

through a shaft and then proceed under one or more roller that push them down onto the bottle. 

Deeper caps require several rollers. This method works well when the caps have a flat top. 

(Hughes, 2007) 

Figure 6 Bottles being capped by the use of an inline screw capper (Hughes, 2007) 
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2.2.4 Labeler 

Labelers can also be arranged both in-line or rotary systems. Though rotary systems is preferred 

as the containers are firmly positioned allowing for better control and ultimately better quality 

of the labeling process. Traditional placement of the labeler is after the filling/capping station. 

If the variety in bottle size is high, then a buffer should be placed upstream of the labeling 

station. Production lines with high variety should have at least a five minute buffer between the 

two stations in order to ensure a good flow. In the case of just one bottle size, monoblocking 

will work. (Syrett, 2006) 

There are many options and methods for decorating bottles. Just by looking in any grocery 

store, one can see the large variety of labels and other decorative items on the bottles. Some of 

the different labelers used for bottle labelling are; wet-glue labelers, self-adhesive labeler, 

sleeving etc. Each of these with its own subcategories of machines. Wet-glue labelling is the 

most used type in regards to bottles and similar containers.  

For better understanding, a step-by-step explanation of a wet-glue patch labeler is given. The 

process in this type of machine start with the glue segment coming in contact with the glue 

roller guaranteeing a fine film of cold glue is applied. As the drum rotates, the glue segment 

picks up the already precut label and delivers it to the mechanical gripper cylinder. The gripper 

in turn meets the bottle with the glued side towards it. Lastly the bottles are guided through 

brushes or sponges that smooth the label onto the surface. (Syrett, 2006) 

Figure 7 Bottles being capped by the use of a roller type press on capper (Hughes, 2007) 
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2.2.5 Packer 

Secondary packaging is done in this station. The complete containers are packed into sales unit 

of usually 12 or 24 bottles. The secondary packaging is usually done in cardboard boxes, plastic 

crates or in shrink-wrapped trays (Lea, 2005). This step in the process will vary in automation 

depending on the company. High volume production lines will have an automated packer but it 

is not unusual that the secondary packaging is done semi-automatic or even manually.  

Several machine configurations are available for secondary packaging. Out of the three 

mentioned packaging methods, cardboard boxes are the most common package. A typical 

machine setup for wrapping bottles into cardboard boxes is the wrap-around packer. The packer 

folds the cardboard blank directly around the containers and glues the remaining opening to 

close the package. These kind of packers are fully automated and work at speeds of 30-60 packs 

per minute. The more modern packers can be directly integrated into the production line 

eliminating the need to transfer the containers from one conveyor to another. (Bückle, 2009) 

Figure 8 Illustration of a patch labeler (Syrett, 2006) 
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Proceeding the packer is usually a laser or ink printer for labeling the date and other information 

on the neck or cap of a bottle. It is also common to have some kind of inspection area for quality 

control prior to the secondary packaging. (Lea, 2005) 

2.2.6 Palletizer 

Palletizer is the last machine in the production line and it is used for tertiary packaging. Tertiary 

packaging is generally done on pallets thus the name palletizer. Similar to the secondary 

packaging, palletizing will be done semi-automated or manually in low volume production. For 

larger volumes and where the available floor space is limited robots are used. They are flexible 

as they can move in many different patterns but can only support lighter weight boxes of around 

20 kg. High-speed palletizers can move heavier items and at speeds of 150 cases per minute 

compared to the robot speed of 5-15 cases per minute, but they require a much larger capital 

investment and floor space. 

  

Figure 9 Example of a wrap-around packer for secondary packaging of bottles (Bückle, 2009) 
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2.3 Sachets  
Sachets or sample bags belong to the category of flexible packaging. The process of packaging 

liquids and other substances into sachets is done in three steps; form-fill-seal (FFS). Form-fill-

seal machines come in three setups, namely vertical, horizontal and thermo form-fill-seal. The 

process is similar for all three machine types as they all follow the same three steps. (Hughes, 

2007) 

Vertical form-fill-seal (VFFS) machines are the most widely used and the mechanisms are easy 

to understand. The packaging material is pulled from it roll as a sheet and wrapped over a former 

in order to get the shape of a tube. The two sides of the sheet are then heat sealed together to 

complete the tube profile. At the same time the product that is to be packaged is fed inside the 

newly sealed tube. As the filled tube continues downwards, the horizontal heat sealing 

mechanism forms the top of a filled sachet and the bottom of the next sachet. (Hughes, 2007) 

Figure 10 Vertical form-fill-seal (VFFS) machine (Hughes, 2007) 

The FFS machines can be placed as stand-alone equipment with a box added underneath for 

secondary packaging. They can also be part of a line for higher automation of the secondary 

and tertiary packaging process much like the example given for bottles.   
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2.4 Lean Manufacturing: 
Japanese factories have applied the practice of Lean manufacturing for more than half a century. 

However, it became a theory for academic research and studies just a couple of years ago. Lean 

has a long history of being applied within the industrial and manufacturing area, but now it is 

used in other areas like the service sector. (Petersson, Johansson, Broman, Blücher, & 

Alsterman, 2011) Unlike the conventional push flow in production, the most important idea of 

Lean manufacturing is that the production flow is pulled by the requirements from upstream. 

(Pattanaik & Sharma, 2009) Lean manufacturing has many characteristics; the main ones are 

one-piece flow, elimination of non-value added time, and evening out the flow. (Pattanaik & 

Sharma, 2009) It is important to know in advance that Lean is not a universal method that can 

be adopted at once. It is a way of thinking in order to achieve better performance and smarter 

production. (Petersson, Johansson, Broman, Blücher, & Alsterman, 2011) 

In the next section, the 14 principles of Toyota production system are described. All 14 

principles cannot be imbued in the layout design of a factory. Many are used in the daily 

planning and operations of an organization. The principals that have more effect on the design 

processes are 3, 4 and 5. 

2.4.1 Toyota 14 principles 

In the Toyota production system (TPS), hardware setting is just a small part of the whole idea. 

The core part of the system is the people: the way they work, communicate, solve problems, 

and improve together. TPS encourages, inspires, and actually asks employees to involve in 

suggestion making. (Liker, 2003) 

The Toyota way of working contains 14 principles in four sections: Long-Term Philosophy, 

The Right Process Will Produce the Right Result, Add Value to the Organization by Developing 

Your People and Continuously Solving Root Problems Drives Organizational. According to 

Liker (2003), the 14 principles are:  

Principle 1. A long-term philosophy is more important than making short-term money. A long-

term philosophy is the base for all other principles. Toyota thinks a company should have a 

long-term philosophical mission that has higher priority than other short-term decisions. This 

can lead the work and development towards a better corporation and achieving the long-term 

philosophical mission. 

Principle 2. Creating a non-stop operating process to enable the emergence of problems. Toyota 

thinks a correct process can lead to a good result. A continues improvement can occur only 

under the condition when the process is stable and standardized. Therefore, they keep on 

evaluating the working process in order to make it a high value-added and continuous working 

process. 

Principle 3. Use ‘pull’ system in manufacturing. Replenishing stock and change the rate 

according to the actual quantity that downstream customer wants. Making sure to keep a low 

quantity of inventory. Also minimize the quantity of work-in-process (WIP) products and buffer 

size. 

Principle 4. Emphasizing on homogeneous production. If the requirements of upstream 

processes are volatile, then the downstream processes have to increase their inventory, which 

will end up with a lot of waste. Therefore, Toyota asks to level out the workload and 

requirement of each process. In this case, the supply and demand will be homogeneous while 

production waste and inventory can be reduced to a minimum. 
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Principle 5. Create a culture of not hesitating to stop, solve problems and make quality right at 

the first place. Try to apply all the available techniques or methods to assure the quality. A 

visualized system is required to get the workers attention when a problem occurs, and a built-

in support team can go and fix them at once. Stopping to fix problems might slow down the 

production for a short moment, but ensuring good quality can increase the long-term 

productivity. 

Principle 6. Standardize processes thoroughly. Toyota has very strict standards for all details of 

tasks including every activity, content, sequence, time control and output. However, it does not 

mean the standards are unchangeable. As long as the workers find a better or more efficient 

method, the working standards can be changed to improve the productivity. 

Principle 7. Praise visualized management highly. Let problems have no place to hide. It does 

not need to be a computer screen since it will distract workers. A simple indicator that can show 

the status is enough. Moreover, try to reduce all the reports to one paper. 

Principle 8. Only apply mature technology to help your production. Technology is used to assist 

people, not to take over the place. New technology that has not been tested thoroughly and 

carefully may damage the working flow. Therefore, only implement technology after careful 

consideration and thoroughly test. 

Principle 9. Cultivate leaders or managers inside the company instead of taking them from other 

companies. Toyota thinks leaders must be role models of the company’s philosophy and way 

of doing things. They train their own employees to be leaders that completely support the 

philosophy of the company, and then let them teach other employees. 

Principle 10. Pay attention to the education of employees, encourage them and help them 

improve. Train outstanding individuals and teams to achieve company philosophy and gain 

excellent results. Use cross-functional teams to improve quality and productivity, solving 

difficult technical problems to improve the whole flow. 

Principle 11. Respect and help your suppliers and business partners to grow together. Toyota 

gives great emphasis to their business partners and treats them as an extension of its business. 

Toyota will also help their business partners plan and achieve challenging goals and ask them 

to grow and develop. 

Principle 12. Go to the field to check and understand the situation thoroughly. Toyota considers 

the solution for solving problems and improving flow has to be done by going to the source and 

observe personally, and then verify the information you get. Solutions cannot come from words 

from others and what shows on the computers. 

Principle 13. Make a decision based on consensus, thoroughly consider all options, and rapidly 

implement the decision. When you have fully considered all alternatives and picked out one 

direction, you need to act quickly and continuously. The process of seeking potential solutions 

requires participation of all those affected to collect their ideas, and to get a consensus solution. 

Although it is time consuming, it helps to broaden the scope of solutions. Once a consensus is 

reached, it needs to be executed quickly. 

Principle 14. Create a learning environment to improve company continuously. This requires 

the company to have continuous self-examination and improvements. After one project or plan 
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is done, find out all the mistakes that have been done honestly, and then make plans to avoid 

that the same mistakes happen again in future work. 

2.4.2 5S Toolbox 

5S originated in Japan and refers to effective management of some factors in production site 

including people, machines, materials, methods and so on. (Petersson, Johansson, Broman, Bl

ücher, & Alsterman, 2011) It is a unique Japanese business management approach. Because the 

five Japanese words all start with S in Roma letter spelling system, and English translation 

keeps the same rule which is why the approach is called 5S. (Graphic Products Editorial Staff, 

2015) Base on the 5S toolbox, some companies add Safe as the sixth factor, and they call it 6S, 

some even have 12S. However, they are all derived from 5S. 

According to the book ‘Lean-turn deviations into success’ (Petersson, Johansson, Broman, Blü
cher, & Alsterman, 2011), the five elements of 5S are: 

1. Seiri-Sort:  

Divide all the objects in a workplace into necessary and unnecessary objects. Then clear 

as many of the unneeded objects as possible. The purpose is to make free space and full 

use of the room. In this case, you can avoid mistakes of using wrong tools and making 

faulty delivery, and instead create a clear and fresh workplace. This is the first step of 

5S. 

 

2. Seiton-Structure:  

After sorting, the necessary objects need to be put in specific places. Everything needs 

to be put in order and labeled with names. In this way, all the objects will be visible and 

time spent looking for them can be eliminated. Moving away excessive overstocked 

objects can make a neat and clean working environment, which is the foundation of high 

working efficiency. 

 

Figure 11 The elements of 5S 
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3. Seiso-Systematic Cleaning: 

Systematically clean all the space, including visible and invisible places, to keep 

workplace clean and neat. This is done in order to ensure a stable quality of the products 

and reduce industrial harms. 

 

4. Seiketsu-Standardize: 

After the previous 3S have been done, workers should have agreed on how things should 

be set up and what the cleaning routines are. By doing this, you ensure that the work 

done in the previous steps, sort, structure, and systematic cleaning, will be maintained. 

 

5. Shitsuke-Self-discipline: 

Every worker should have a good working habit, and follow the principles they have 

agreed upon with others. They should have a proactive working attitude. Train those 

workers who have good working habits and follow the rules, and create a team-working 

environment. 

5S is the foundation of all industrial activities. As long as it can be thoroughly applied, no matter 

which management approach is to be used, they all can achieve success. 5S is a very important 

method for companies that it helps create a higher standard management, and also a guarantee 

for having high quality products. (Petersson, Johansson, Broman, Blücher, & Alsterman, 2011) 

2.4.3 Non-value Added Activities 

In order to improve your work with Lean, your goal is to eliminate all waste, but in real life you 

cannot eliminate all waste. This means value added activities increase in scale, which will 

benefit the customers because it will reduce their cost; the workers because it can simplify the 

working processes; the owners because they can make more profits, and the society because the 

company will become more competitive and be able to employ more people. (Petersson, 

Johansson, Broman, Blücher, & Alsterman, 2011)  

There are seven typical types of wastes. The worst kind of waste is overproduction, which 

means producing too fast, or more than the customer demand. This will increase need for 

storage space and put the company at larger risk if the customer changes their mind. (Petersson, 

Johansson, Broman, Blücher, & Alsterman, 2011)  

The second form of waste is waiting. It can be all kinds of waiting time that is not used on 

production. Usually, it occurs because lacking of information or materials. If one employee 

spends a lot of time on waiting, the cost of hiring him/her will be a big waste. (Petersson, 

Johansson, Broman, Blücher, & Alsterman, 2011)  

The third type of waste is transport. For customers, the only transport fee they are willing to 

pay is the finished goods delivery. Other transports are non-value added activities. Therefore, 

keep only the needed transport and try to eliminate the other ones. People will always confuse 

improve methods of transport with elimination of transport. Using a forklift to replace manual 

transport does nothing with reducing transport inside production activities. A simple method to 

help analyze transport inside a factory is using the Spaghetti chart. (Petersson, Johansson, 

Broman, Blücher, & Alsterman, 2011) 
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The fourth waste type is inappropriate processing. This means doing more than is actually 

needed. For example, some companies will set up more inspection processes in the production 

to ensure a higher quality product. At the beginning, customers will be delighted and surprised, 

but after a while, they will not want to pay for the extra processes that are not actually needed. 

Those extra processes are in fact wastes. Therefore, always ask yourself if the process is really 

necessary. (Petersson, Johansson, Broman, Blücher, & Alsterman, 2011)  

The fifth waste is inventory. Inventory is necessary because of uncertainty in the delivery 

system. It is also needed if there is a big discount of upstream products, and the purchasing 

department will buy a large quantity at once. However, too large of an inventory will also be 

potentially wasteful. It will reduce the ability of adapting to demand changes, and quality 

problems may occur but might not be noticed. (Petersson, Johansson, Broman, Blücher, & 

Alsterman, 2011) 

The sixth waste is motion. Unnecessary motion is an obvious waste. For example, a worker has 

to bend to find a tool inside a tool box. This is not only unnecessary, but also harmful from a 

ergonomic aspect. (Petersson, Johansson, Broman, Blücher, & Alsterman, 2011) 

The seventh type is producing defective products. A defective product has to be corrected from 

the previous steps and this will cost more and customers are not willing to pay for that. A lot of 

companies put a large quantity of resources to correct the defective products. However, these 

resources should also be put into finding the cause of the mistakes that have been made and 

preventing them from occurring again. (Petersson, Johansson, Broman, Blücher, & Alsterman, 

2011) 

2.4.4 Production line leveling 

Levelling of the production pace or as it is referred to in Japanese, heijunka, is according to 

Luyster and Tapping (2006) “the heart and soul of a Lean manufacturing system”. The basic 

concept of leveling is simple to understand but is often hard to implement. To have a leveled 

production system means that the flow of products is steady and that all the processes involved 

are working in a syncronices pace (Luyster & Tapping, 2006). In order to investigate if a 

production line is functioning correctly or to plan a future line, two factors need to be known. 

These are takt time and cycle time. 

Takt time comes from the germen word for beat and like a beat, takt sets the pace for a 

production line. Takt time is often described as the amount of time it takes for a product to be 

completed. For example, if the takt time is set to 15 seconds it would mean that one finished 

Figure 12 An example of Spaghetti chart 
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product would exit the production line every 15 seconds. The takt time is set by the demand of 

the customer, internal or external, and the actual available machine time. If a company needs to 

produce 14000 units and the actual available machine time is 7 hours (420 minutes) it would 

give a takt time of 3 minutes per unit as according to the formula (1). 

 
𝑇𝑎𝑘𝑡 𝑡𝑖𝑚𝑒 =

𝐴𝑐𝑡𝑢𝑎𝑙 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑒𝑙 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 𝑡𝑖𝑚𝑒

𝐷𝑒𝑚𝑎𝑛𝑑
 (1) 

The second implementation of takt time is that all the processes in a production line have to 

fallow the pace of production set by the takt time. In order to balance the production pace of 

the different processes cycle time is needed. (Manos & Vincent, 2012) 

Cycle time is the pace at which a process completes its task. For example, each machine in a 

production line has its own cycle time. That cycle time is determined by how long time it takes 

the machine to process an item. The cycle time needs to be lower than the takt time in order to 

ensure a flow through the production line. If a machines cycle time is above the takt time it acts 

as a bottle neck and will tighten the flow resulting in inventory buildup. Machines that operate 

at a pace to far under the takt time are also unwanted as it indicates wasted capacity. (Manos & 

Vincent, 2012) 

2.5  Good Manufacturing Practices: 
GMP, which stands for good manufacturing practice(s), is a rigid and complex regulation for 

the pharmaceutical industry to ensure the quality of their products (Pavlović & Božanić, 2012). 

It is also applied to other industries, for example food industry, cosmetics industry etc. (WHO, 

2011) 

In 1967, World Health Organization (WHO) started to prepare good manufacturing practices 

according to the requests from consultants who attend the twentieth world health assembly 

(WHA). (WHO, 2011) At that moment, it was named as ”Draft requirements for good 

manufacturing practice in the manufacture” and quality control of medicines and 

pharmaceutical specialties. In the WHA of the following year, the “Draft” was submitted and 

passed. In the next couple of years, it was revised, published in different versions and accepted 

by a majority of countries around the world as the basic principles of medical production and 

quality control. (WHO, 2011) 

2.5.1 GMP in China: 

Chinese GMP for drugs is based on Drug Administration Law of the People’s Republic of China 

and Regulations for Implementation of Drug Administration Law of the People’s Republic of 

China. (CFDA, 2011) Based on the situation in China and experiences gained abroad, China 

National Pharmaceutical Corporation formulated a trial version of GMP in 1982, and 

implemented successfully in the following four years. It can be considered as the earliest 

version of GMP in China. (Hong, 2002) In 1988, Ministry of Health of the People’s Republic 

of China published the first official version of GMP for drugs. In 1992 and 1998, Chinese 

Ministry of Health published another two revisions of GMP. (Hong, 2002) The latest revision 

was published by Chinese Ministry of Health in 2011. (National Health and Family Planning 

Commission of the PRC, 2011) 
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Chinese GMP has 14 chapters in total, including: (CFDA, 2011) 

 General provisions 

 Quality management 

 Organization and personnel 

 Premises and facilities 

 Equipment 

 Material and products 

 Qualification and validation 

 Documentation 

 Production section 

 Quality control and quality assurance 

 Contract manufacture and analysis 

 Product distribution and recall 

 Self-inspection 

 Glossary 

 

2.5.2 Comparison between Lean and GMP: 

As mentioned above in section 2.2, Lean is an expression of an idea of how to work or run an 

operation smarter. It has gained great success in modern industries. The focus of Lean 

manufacturing is the value stream throughout the production. (Petersson, Johansson, Broman, 

Blücher, & Alsterman, 2011) GMP gives compulsive rules for pharmaceutical industry to 

secure reliability, quality and safety. To design a factory, which has Lean manufacturing idea 

built-in and GMP regulations applied, comparisons in key areas should be known in advance. 

Objective of Lean manufacturing is reducing any kind of waste and increasing the efficiency of 

production to achieve cost reduction and create more value. The important aims to be achieved 

for Lean manufacturing are reducing cost, improving quality, reducing cycle time, reducing 

inventory and improving delivery. (Pavlović & Božanić, 2012) For GMP, the objective is to 

secure the quality of products and avoid bringing any harm to the customers. It has two aims, 

which are following validated process and preventing deviation. (Pavlović & Božanić, 2012) 

Lean manufacturing focuses on analyzing and continuously improving the value steam, while 

GMP is focusing on ensuring the quality by assuring the manufacturing. (Pavlović & Božanić, 

2012) 

To achieve their objectives, they have different methodology for manufacturing. Lean 

manufacturing has a way of equilibrating both quality and productivity. And the improvements 

of Lean manufacturing are continuous and always happen synchronously with the 

manufacturing. For GMP, making sure of high quality in every aspect is the main approach. 

Because of this characteristic, the improvements of GMP applied organizations are always 

limited by different regulations and have to be very cautious when they try to change something. 

(Pavlović & Božanić, 2012) 

2.5.3 Integration of GMP and Lean Manufacturing: 

Not like conventional products, pharmaceutical products directly related to human being’s 

health, and customers cannot easily check and judge the quality of the products by themselves. 

They have to be checked by special equipment and done by experts. That is why the control of 

quality and the supervision, which based on GMP, of the pharmaceutical products on the 

markets are so important. This is not in conflict with the quality requirement of Lean 

manufacturing. The aim of Lean manufacturing quality management is 100% customer 
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satisfaction. A basic premise of Lean manufacturing is that an increase in productivity cannot 

negatively affect quality and safety. Therefore, integrating Lean manufacturing with GMP 

together also has a tremendous meaning from the aspect of assuring quality. (Lihong, 2005) 

As mentioned in the previous section, Lean uses the principles of built-in quality and stop the 

process, which makes sure that the quality is right from the very beginning. It encourages 

applying all the available approaches for ensuring quality, which matches the requirement of 

integrating GMP with Lean manufacturing in this case. The principle also requires slowing 

down or stopping production when a problem occurs. Fixing the problem at once makes sure 

that the quality is not affected in a negative way. It seems it would lower the productivity, but 

on the contrary, productivity would increase in the long term. (Liker, 2003) 

The key factor of integrating GMP and Lean manufacturing is that they must be considered 

equivalent in different aspects. The implantation of GMP and Lean manufacturing together in 

a company should fit the best of the enterprise culture and their strategy. (Pavlović & Božanić, 

2012) 

2.6 Material handling 
Material handling (MH) is a subject that has been a part of humanity for as long as human 

beings needed to move objects from one place to another. In more recent times, MH has become 

a science and to a certain degree, an art (Farahani, Rezapour, & Kardar, 2011). It is a view that 

is supported by Magad and Amos (1995): 

 “MH is the art and science of moving, storing, protecting, and controlling materials.” 

Tompkins et al. (2003) offer another definition with a more detailed description of the abstract 

functions involved in MH: 

“Material handling means providing the right amount of the right material, in the right 

condition, at the right place, in the right position, in the right sequence, for the right cost by the 

right methods.” 

Both definitions have a common understanding that MH is more than just allocation and 

movement of goods. Farahani, Rezapour and Kardar (2011), in their book give a further 

explanation that a MH system cannot solely be based on mathematical formulas. The design 

process also demands an understanding of what is right or wrong. 

Cost of material handling is often a substantial amount of the total production cost. Estimates 

show that the number can be as high as 60 percent of the total production cost. Similar studies 

have shown that 25 percent of all employees, 55 percent of all factory space and 87% of 

production time is dedicated to MH in an average industrial firm. These are alarming numbers 

for a process that essentially is not adding any vale to the product. Thus it is important for 

companies that want to enjoy a competitive edge to work on reducing cost of MH (Farahani, 

Rezapour, & Kardar, 2011). Farahani, Rezapour and Kardar (2011) name five areas of 

importance for controlling MH costs: space, labor, inventory, equipment and waste.  

 Space: Better utilization of space, for example by storing vertically, helps reduce costs.  

 Labor: Investing in automation of labor intense operations can be used to reduce costs. 

 Inventory: Reduction of inventory size by the use of different tools and systems like 

Kanban, JIT has great impact on the cost of MH. 

 Equipment: Development and investment in MH equipment can lead to lower costs. 
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 Waste: Good material handling practice and updated material management systems help 

in reducing costs by minimizing the number of damaged goods.  

All of the above mentioned topics are dependent on the factory layout in varying extent. MH 

and its effectiveness are therefore closely related to the design of the factory layout (Farahani, 

Rezapour, & Kardar, 2011).  

2.6.1 Designing process of a MH system 

Design is the most important step in assuring an efficient MH system. Resources should be put 

on this stage of creating a MH system as it will only impose a cost once compared to using a 

poorly designed system that will inflict continuous costs throughout its lifetime (Farahani, 

Rezapour, & Kardar, 2011). Farahani, Rezapour & Kardar (2011) break down the design 

process into six steps: 

Problem definition: The problem or reason instigating the change of a MH system should be 

investigated and clearly defined. This requires a review of the entire current system from the 

point that the material enters a facility and through all the manufacturing steps until it leaves. 

Afterwards objectives are specified for what the future MH system should accomplish, for 

example reducing cost, better space utilization, decreased damage of material handled etc.  

Analyze the requirements: The data and information collected in previous step is now analyzed. 

Depending on the information gathered and the objectives that have been set, a more focused 

approach can be taken in regard to further investigation. Some of the analytical tools at disposal 

are: from-to chart, flow-process chart, flow diagram, product quantity (PQ) chart, Simulation 

and waiting line analysis.  

Developing alternatives: In this step additional system designs are created. Formula (2) is used 

in order to help the designer in developing alternative MH systems designs.  

 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝑠 + 𝑀𝑜𝑣𝑒𝑠 + 𝑀𝑒𝑡ℎ𝑜𝑑𝑠 = 𝑆𝑦𝑠𝑡𝑒𝑚 (2) 

Evaluating alternatives: Values of the different alternative systems developed are now 

estimated. It gives some common denominators to the alternatives upon which the designer can 

choose an optimal solution. Economic analysis tools are used first hand in order to evaluate the 

different systems, such as: payback period, return on investment (ROI) and discounted cash 

flow (DCF). But there are some non-economic parameters that can be used as well: capacity, 

ability to handle the product, maintainability, reliability, damage and safety, compatibility, 

installation and lead time. 

Selecting the preferred design: The alternative systems that where evaluated are compared with 

each other. The one solution that best satisfies the objectives is chosen.  

Implementing the system: In the final step the chosen MH system is implemented in the physical 

world and tested so that it fulfills the objectives.  

2.6.2 Ten principles of material handling 

Heragu and Ekren (2015) describe in the book “Mechanical Engineers’ Handbook” ten 

principles of material handling developed by the Material Handling Institute of America 

(MHIA). The ten principles given can act as a guideline and support when creating a MH 

system. Because no mathematical model can solve all of the problems concerning MH, 

experience in the form of the below principles is useful (Farahani, Rezapour, & Kardar, 2011).  
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Planning: A MH plan should include what is handled, when, where, how and who should move 

it. Some other factors to take into consideration when making a plan is to stay true to the 

company’s strategic objectives, involve people who will be using the equipment and unite the 

different engineering design processes. 

Standardization: Standardization of a MH system involves the MH methods, controls, software 

and equipment used. Successful standardization reduces the variety in MH processes and 

increases the overall productivity while not negatively affecting flexibility, modularity and 

throughput.  

Work: The definition of MH work is “The measure of work is material handling flow (volume, 

weight or count per unit of time) multiplied by the distance moved” (Material Handling 

Institute, 2001). MH work is, as mentioned before, not a value adding process and should be 

reduced if possible. The decrease of work can be achieved by: 

 Simplifying the process and eliminating unnecessary movement.  

 Using the shortest way from point A to point B. 

 Each pickup and set down should be calculated. 

 Whenever possible gravity should be used for movement of material. 

 All the MH steps should be planned so to minimize resource use.  

Ergonomics: The workplace should be designed in such manner so that employee safety is 

ensured. Ergonomics should both reflect on the physical and mental tasks of the worker.  

Unite load: Unite load is a body on which you can move a number of individual objects at one 

time, for example a pallet or container. The size of the unity load should be adapted to the 

different steps and flow of the supply chain. Smaller unity load sizes are preferred for flexibility, 

continuous flow and JIT (Just-In-Time) delivery.  

Space utilization: Efficient use of all available three-dimensional space is the goal. this can be 

done in three steps: 

1. Eliminate cluttered and unorganized spaces and blocked aisles in work areas. 

2. A balance between maximizing storage density and accessibility needs to be taken into 

consideration. In the case of items being stored for a longer period of time maximum 

storage density is preferred and the opposite applies for items with high turnover rate.  

3. Cube per order index (COI) is an often-used storage policy in warehouses for efficient 

storing of material.  

“COI is a storage policy in which each item is allocated warehouse space based on the 

ratio of its storage space requirements (its cube) to the number of storage/retrieval 

transactions for that item.” (Heragu & Ekren, 2015)  

The highest COI level items are stored closest to the input/output (I/O) point.  

System: Material movement and storage activities should be fully integrated into a system 

following the material throughout the whole supply chain. Both the physical flow of goods as 

well as the flow of information should be included in the system. Two commonly used tools 

for attaining this information are bar codes and Radio frequency identification (RFID) tags. 

Automation: Benefits of automation are plentiful and range from increased proficiency to 

elimination of repetitive or even unsafe work. Automation is not always the best solution and 

should only be applied when feasible.  
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Environment: When designing a MH system, environmental impact should be taken into 

consideration. If possible a business ought to minimize its environmental footprint.  

Life cycle: Life cycle can be applicable in numerous fields of knowledge and to different 

objects. In the industrial world Life cycle analysis is often used to determine the total cost of a 

product or equipment. Life cycle cost is an accumulation of cost from the procurement of the 

item until it is disposed of. Cost, while being the most used, is not the only valid factory for 

decision-making. Other factors that are important from a strategic viewpoint of the business 

should also be considered.  

2.6.3 Material handling equipment 

MH devices are used to transport material to the correct location. If material is the blood of a 

manufacturing facility, then MH devices are the vessels that “pump” it around (Heragu S. S., 

2007). There are many different devices and equipment that can be used for handling of 

material. Some are fixed others are flexible, some use the floor and others use the empty space 

above the machines. In the following table a summary of the most common devices used are 

presented.  

Table 2 Common material handling devices. Source: (Heragu S. S., 2008) 

MH Devices Description Varieties  Example 

Conveyors Conveyors are generally 

fixed-position MH devices 

and thus applicable in 

situations where large 

volumes of similar sized 

objects are to be moved.   

Chain conveyor 

Chute conveyor 

Gravity conveyor 

Pneumatic or 

vacuum conveyor 

Roller conveyor 

… 

 

Palletizers Palletizers are usually 

automated high speed MH 

devices. They are used to 

create unite loads directly 

on a pallet from the 

production line.  
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Trucks Trucks are broadly used in 

storage facilities. Benefits 

of using trucks is that they 

do not have set paths and 

they can transport objects 

of different size, shape and 

weight. Trucks are to be 

preferred when low volume 

of material is moved and 

few trips are necessary.  

Hand truck 

Forklift truck 

Pallet truck 

Counterbalanced 

truck 

Tractor-trailer 

truck 

AGVs 

…  

Robots Robots are versatile, 

programmable machines 

that resemble the human 

arm. They can be used for 

different activities one of 

them being MH. In the case 

of MH robots are often 

used in a cell layout.  

Point-to-point 

robots 

Contouring or 

continuous-path 

robots 

Walkthrough or 

teach robots 

Hydraulic robots 

Servo-controlled 

robots 

… 

 

Jigs, Cranes 

and Hoists 

Jigs, Cranes and Hoists are 

put in the same category as 

they share many 

characteristics. They are 

predominantly used for 

transporting bulky objects 

and they do it by using the 

free space above the 

machines. 

Bridge crane 

Gantry crane 

Manual, electric, 

and pneumatic 

hoists 

… 
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2.6.4 Choosing the right equipment 

In order to determine what MH equipment is most suitable for the production, six questions 

have to be answered; why select MH equipment, what material is going to be moved, where & 

when is the move going to take place, how will the move be made and who will move it. It is 

important that all six questions are answered in order to come to a valid conclusion (Heragu S. 

S., 2007). This methodology has been expressed into formula (3):  

 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝑠 + 𝑀𝑜𝑣𝑒𝑠 = 𝑀𝑒𝑡ℎ𝑜𝑑𝑠 (3) 

It is the same equation but with a different formulation than Formula (2) given by Farahani, 

Rezapour and Kardar (2011). The equation is expressed in this form to emphasize the 

importains of knowing what (material) and where & when (moves). If you know these variables 

than the who and how (methods) become clear as well. 

2.7 Facility layout design (FLD) 
Planning, design, layout and location of facilities is not a new invention. Traces of these ideas 

can be seen as far back as 4000 BC in the creation of the pyramids. But it was not until the mid-

1950s that these ideas were researched and studied as a discipline. Since then, facility layout 

design has been evolving in conjunction with the development of manufacturing and service 

industries into a more complex form. As number of automated systems increased in these 

industries so did the complexity of the FLD problems. (Heragu S. S., 2008) 

For a manufacturing facility it is essential to have a firm understanding of the manufacturing 

system in order to achieve the optimal facility layout. Optimal in this context simply means that 

the chosen layout is the most fitting out of the alternatives in regards to the set criteria. The 

design of a manufacturing system requires a holistic approach as it encompasses everything 

from the layout of the departments to their physical location and consequently the material 

handling in-between. In manufacturing systems, departments are machines, workstations as 

well as locker rooms, rest areas and other support facilities. Physical location is the floor 

placement and area of the departments. (Heragu S. S., 2008) 

Designing a facility layout is daunting as it is a long-term and costly undertaking. Once a facility 

is built and equipment installed, it is not feasible to make any substantial changes to the layout 

for at least 3-5 years. A long term approach has to be taken during the design phase so to ensure 

an efficient manufacturing facility for years to come. For example, space for future growth of 

the business has to be taken into concern when designing the layout. A mistake in doing so 

would result in additional expenses that could have been avoided. (Heragu S. S., 2008) 

There exist some general constraints in FLD that should be taken into consideration during the 

design process. Some departments have to be placed next to each other regardless of the 

material flow in-between them. In other instances departments that have high volume of 

material flow between them have to be placed away from each other. The reasons for inefficient 

placement can occur for several resons, one of them being safety. For example the welding 

station generates sparks that could possibly ignite flammable solvents in the painting station 

and thus cannot be adjacent to each other. (Heragu S. S., 2008) 

Some departments simply cannot be moved or it would require too high of an investment to 

change the position of them. Any changes to the layout have to take that departments placing 

into consideration when planning a redesign of the layout. Lastly federal and local government 

regulations can demand certain requirements in the design of the layout. The facility could be 
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required to have a number of fire exits or separate restrooms for men and women depending on 

the amount of employees. (Heragu S. S., 2008) 

2.7.1 Types of layout 

Classification of layout is based on the composition of different machines and departments 

within the plant. Different layouts work in different circumstances. Some can be used in a labor-

intensive workshop while others can be used in a fully automated production line. Number of 

different products, orders, sales, and update frequency of orders all make a great influence of 

companies’ choice on which kind of layout they are going to apply. The specific demand and 

production time must also be taken into consideration. Generally speaking, large volume 

production is predisposed towards automated layout, and layout containing more manual work 

suits small amount production better. Using different types of layout within the same factory is 

quite common, because sales volumes of different products are not the same. (Sule, 2009) There 

are some different names for these layout categories, for example some call it production 

system, but essentially they are very similar. 

According to Heragu (2008), there are five different types of layout in a manufacturing system: 

product layout, process layout, fixed position layout, group technology (GT)-based layout, and 

hybrid layout. 

Product layout is suitable for companies that have high-volume production of a single or few 

products. Machines and workstations will be arranged according to the process sequence. Some 

advantages of this layout are like cutting down the material handling time and cost, shortening 

processing time, simpler planning and control. However, it will cost a lot if the product changes 

because the layout is not flexible (Heragu S. S., 2008). Moreover, the tasks will not be 

interesting for the workers because they are simple and highly repetitive. (Sule, 2009) 

In a process layout, machines that have similar functions will be gathered together in the same 

place, and the product comes in and out of these places according to the process sequence. This 

layout is used by companies that have various products with low production quantity of each 

item. Flexibility is very high for this layout and workers can become experts of each type of 

process task. However, the material handling cost will be quite high and the queuing time for 

each workstation will be very long. Because of that, more space for temporary stocking is also 

necessary. (Heragu S. S., 2008) 

Machines and tools in a fixed position layout are usually carried to where the products are 

located. Therefore, ‘fixed position’ here means the products are fixed, usually because their 

volume is too large or they are very hard to move around. In this way, the chance of products 

getting damaged during transportation and the cost of moving them are completely zero. 

However, the cost of moving machines and equipment will be very large and the utilization of 

them will be very low. (Heragu S. S., 2008) 

Group technology-based layout, also known as cellular and flexible manufacturing, is usually 

applied by companies that have a lot of different products or parts needing to be manufactured 

on a lot of machines. Different machines will be grouped together in a cell. Common parts will 

be set as a group, which will be manufactured in corresponded machine cell (Heragu S. S., 

2008). This can reduce the machine setup time and increase the production rate. A large amount 

of money can be saved since duplicate tools purchase can be avoided. Moreover, workers can 

sharpen their skills of manufacturing a group of common parts, which can lead to higher quality 

and productivity. All these advantages can be achieved by a good production plan without 

physically changing the machine arrangement. However, in most cases in real life companies 
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will physically arrange machines together. Thus the material handling cost can be further 

reduced. (Sule, 2009) 

As mention at the beginning of this section, choosing a single type of layout for a company 

sometimes is not the right solution, and it is not unusual for some companies to adopt more than 

one layout within the same factory. The combination of different layouts is called a hybrid 

layout (Heragu S. S., 2008). Figure 13 shows an example of this type of layout. In this example, 

three types of layouts have been combined; process layout in the upper-left area, group 

technology-based layout in the upper-right corner, and product layout for final assembly line 

on the bottom.  

2.7.2 Systematic layout planning 

Systematic layout planning (SLP) technique has been broadly used in the industry for more 

than 30 years because of its simple step-by-step approach to layout planning as showed in 

Figure 14. (Heragu S. , 2008) 

 

1. Determination of the location of the area where departments are to 

be laid out. 

2. Establishing the general overall layout 

3. Establishing detailed layout plans 

4. Installing the selected layout 

Figure 14 Four steps used in the systematic layout planning approach 

Figure 13 Example of a plant using hybrid layout (Heragu, 2008) 
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Stage 1: Determination of the location of the area where departments are to be laid out. This 

is the simplest stage among these four stages. Designer just needs to decide the locations for 

different departments. (Heragu S. , 2008) 

Stage 2: Establishing the general overall layout. In this stage, there are a lot of tasks, including 

figuring out the material flow, affirming special equipment that are next to each other, deciding 

space for each department, balancing it with available space and constrains, and designing up 

to five plant layout proposals. After finishing these tasks, evaluating the plans correspond to 

the same factors such as cost, flexibility, and selecting a layout for the next stage. (Heragu S. , 

2008) 

Stage 3: Establishing detailed layout plans. Details will be filled in the chosen layout from 

stage 2. These details cover the place for equipment, machines, support services, like offices, 

coffee rooms, toilets and so forth. The method of completing this stage is the same as stage 2. 

In the end, the detailed layout needs to be approved by all the related people from each 

department and management. (Heragu S. , 2008) 

Stage 4: Installing the selected layout. Now the layout plan is ready to be applied, when the 

time and money are ready, the actual installation and moving-in work can begin. (Heragu S. , 

2008) 

In this section, we will talk more about stage 2 since for facility planning it is more important 

than stages 1 and 4. Stage 3 uses the same method except for a more detailed planning of each 

department. (Heragu S. , 2008) Figure 15 illustrates the steps for achieving stage 2 and 3. 
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Figure 15 .Steps of achieving stage 2 and 3 (Heragu, 2008) 
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Refering to Figure 15, five data (Heragu S. , 2008) will be input at the beginning: 

P-Product: types of products to be produced 

Q-Quantity: volume of each part type 

R-Routing: operation sequence for each part type 

S-Services: support services, locker rooms, inspection stations, and so on 

T-Timing: When are the part types to be produced? What machines will be used during this 

time period? 

Based on P, Q, and R information, box 1 is filled out with the from-to material flow matrix that 

declares the flow intension among machine pairs. According to P, Q, and S information, box 2 

is filled with activities relationship. Then box 3 can be built with relationship diagram, which 

helps to understand the non-flow relationship among machine pairs, using quantitative from-to 

material flow matrix in box 1 and qualitative activities relationship in box 2. Even if the 

relationship diagram cannot show the overall layout, it does offer the layout designer a lot of 

key information to build up a rough layout. (Heragu S. , 2008) 

Space requirements will then be filled in box 4 with a list of spaces that each machine and 

department need. Moreover, moving space for workers, path way for material in and out, and 

auxiliary equipment also need to be counted for. This is a very important step since it determines 

if the layout plan is meaningful or not. Followed by box 5, information about available room, 

special spatial restrictions, and other similar factors will be created. After these two steps, a 

space relationship diagram can be made in box 6. Figure 16 shows an example of how a space 

relationship diagram looks like. (Heragu S. , 2008) 

 

Figure 16 Example of a space relationship diagram (Heragu, 2008) 

Now, the planner has the space relationship diagram from the last step. With modifying 

considerations (material handling approach, storage equipment etc.) and practical limitations 

such as cost, manpower, safety so forth, the planner can create layout for up to five proposals. 

It is not necessary to create too many proposals since it is very time-consuming and there will 

not be so many big differences in between, so two or three proposals are enough under most 
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conditions. Then, it is time to evaluate each layout proposal based on some key factors with 

related people, which will be explained more in the next section. (Heragu S. S., 2008) 

2.7.3 Evaluation of the factory layout 

According to Dr. Dileep R. (2009), there are eight steps to evaluate plant layouts: 

1. The designer needs to get information from the management, including the goals, scope, 

fund quantity, and schedule of the project. 

2. Based on the product, draft a plan for material flow requirements. 

3. Consult opinions about suitable layout type from the management until both sides have a 

consensus. 

4. Draft more than one overall layout for further discussion. 

5. Discuss all the proposals and modify each overall layout with the head of every department. 

6. The temporary solution for any problem and plant layout need to be evaluated 

corresponding to the settled goals. If any of the supervisors do not totally agree on the 

proposal, operational problems might be caused later. 

7. Evaluation of all the proposals needs to be done based on certain factors, for example cost, 

flexibility, safety etc. 

8. An approach called Tabular can be used to help the evaluation job. Table 1 illustrates a 

simple example of it. There is a maximum and a minimum weight for each factor. If any 

factor lower than the set minimum weight, then that alternative will be ejected. Maximum 

weight representing the importance of that factor. 

 

There is another approach from the financial aspect, which determines the best alternative by 

the revenue it generates. However, a big drawback of this method is that the strict planning time 

period is hidden. It takes a long time to sell the final alternative to the management. According 

to the instability of the public policy, tax, and bank interest rate, the alternative that brings the 

most present worth might not be the best one at the time it is finally sold to the management. 

(Sule, 2009) 

Factory planning needs to balance the concerns and interests from different sides. The functions 

and features it contains are more leaning towards satisfaction than optimization. Therefore, a 

good alternative should resolve as many as concerns possible from different sides. (Sule, 2009) 

Table 3 Tabular method for layout evaluation (Sule, 2009) 
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Another method that uses a qualitative approach to an inherently subjective evaluation is MFEP 

(Mulit-Factor Evaluation Process). In order for the MFEP method to be useful, one has to be 

able to quantify the preference of various factors used. Furthermore, the factors used have to be 

applicable on all the alternatives that are to be evaluated and weighted accordingly. (Render, 

Stair, & Hanna, 2011) 

MFEP is done in three steps: 

1. Choose the factors that are to be used for evaluating your alternatives. Then give the 

factors weights from 0-1 but the sum of the weight should be 1.  

2. Grade the factors for each alternative by giving it a coefficient from a predetermined 

interval, for example 1-10. 

3. Lastly the weights and coefficients given are multiplied. The alternative with the highest 

sum of the multiplied numbers is the best choice.  

(Turna & Grewal, 2015) 

2.8 Key machine selection factors 
Machines are a fundamental part of manufacturing. Thus, it is important to have a structured 

system for selecting the machines needed based on the requirements of the product to be made 

(Sule, 2009). In this chapter, an overview will be given of what the criteria are for selecting 

production equipment and how to calculate the quantity of machines needed to meet production 

demand.  

2.8.1 Production layout 

Even though the facility layout has yet to be made, a rough estimate can be made of which 

production layout will be used as described in section 5.1. The knowledge of what production 

layout will be used gives sufficient information for considering the machine type. Questions 

such as, should focus be put on finding more flexible machines but with a lower output capacity 

or should the investment be in highly specialized equipment need to be answered. (Sule, 2009) 

2.8.2 Cost consideration 

Cost of purchasing production equipment can vary substantially between different machines 

but also among the machine models with the same functions. Often when considering the cost 

of production equipment, the aim is to reach a balance between automation and manual labor. 

In modern time, there has been shift to using more automated manufacturing systems in order 

to reduce labor costs. Aside from the large initial investment needed for purchasing automated 

system, there are often hidden cost that are not taken into consideration. For example cost of 

maintenance, prove-in or changes to the systems.  

2.8.3 Available capacity 

It is important to calculate the true capacity of the production equipment. Machines can rarely 

be used at full capacity throughout the production period. This is due to many factors, some are 

more easily accounted for than others. Common machine factors that reduce the capacity is 

need for setup, preventive maintenance, tool sharpening, unpredicted failures and repairs. 

Operator related factors include absence, personal time, machine adjustments and material 

preparations.  

Systems where machine coupling is used are more sensitive to unexpected problems. Machine 

coupling is when one operator is in charge of multiple machines. If a problem occurs with one 
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machine it can create a domino effect halting the production, due to the operator not being able 

to run the other machines. 

It is also vital to have in mind that addition of a second or third shift do not increase the available 

capacity by the same amount as the first shift. When increasing the production time, the time 

used for reparations or other unforeseen problems decreases and as a result the production time 

drops. This is due to the fact that reparations now have to be done during the production time 

of the added shift. Time for reparations, material shortages and absence of technical help will 

be taken from the time of the added shift.  

2.8.4 Required capacity 

The required capacity is determined by the number of operations a machine is assigned to do 

and the time it takes to complete an operation. The operations done in the machines are of 

course based on the product or products that are to be produced. But in order to reach the total 

amount of time that the machine(s) have to produce to meet the set forecast, additional 

information has to be included in the calculation. Information such as setup-time, personal 

allowance for operators, number of discarded products etc.  

2.8.5 Number of machines needed 

When the available capacity and required capacity are known, it is straight forward to calculate 

the number of machines needed. The calculation can be done both in terms of time and quantity 

of products. It depends on how the capacities were derived. But it is important to keep in mind 

that machines rarely operate at full capacity. The accumulated inefficiency of the manufacturing 

line has to be considered when calculating the total required capacity of a manufacturing line.  

If an imagined line is composed of three machines and each machine produces 95 percent of 

the products within the tolerances and 100 units should be produced. In this case, the input 

value, meaning number of items being produced, has to be larger than 100 in order to ensure 

the desired output quantity. By calculating the problem, the right input value can be attained. 

 Line yield = (1 − 𝑃1)(1 − 𝑃2)(1 − 𝑃3)(1 − 𝑃4) (4) 

By the use of Formula (4) we can get the input quantity needed to meet our demand. If the 

example data of 95 percent machine success rate and 100 unit demand is used, the input should 

be 117 units. 
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3 FACTORY PLANNING 
This chapter is heavily centered on the theory of Systematic Layout Planning (SLP) as explained 

in the Systematic Layout Planning section. First step of SLP is to determine the location of the 

departments in the facility. This step will not be depicted in detail because the focus of the paper 

is on the production area of the layout. Instead a description will be provided of the three 

departments and the location will be directly presented at step three of the SLP. Second step is 

described in the Layout selection section and the detailed layout (step three) is in Factory layout 

design section. The last step, installing the selected layout, is outside of the project scope and 

is not included in the paper.  

3.1 JHM 
Beijing JHM Commercial Trading Co., Ltd (JHM) is a Chinese Equity Joint Venture (EJV), 

established in 2013 to develop opportunities for Australian sourced products and technologies. 

The EJV is between the Australian based Aliv8 Projects Pty Ltd (85%) and China based Beijing 

Zhixing Business Consulting Co., Ltd, (15%). It is registered in China (Beijing) and is permitted 

to conduct activity associated with this project. JHM was introduced to Seasol by associates 

who understood the complexities of doing business in China. JHM conducted a number of pre-

feasibility and field studies to assess the regulatory requirements and potential supply chain 

arrangements for Seasol supply and managed the product registration process with the Ministry 

of Agriculture. The packaging project emerged from this work. Seasol is seriously considering 

their options to set up a packaging hub in China for serving their export market. 

3.1.1 Seasol 

Seasol international PTY LTD is a key business partner of JHM and the sole supplier of Seasol. 

The company named after its main product, Seasol, began as a small Tasmanian seaweed 

company. It was not until Eric Haynes, a coal miner from England, bought the company in 1984 

that it started growing. The seaweed extract was quickly recognized by farmers and commercial 

growers for its potency. Consumers noticed the improved quality and growth of their crop and 

Seasol continued to grow in popularity. 1990 Seasol penetrated the home garden market and 

received the same level of praise. (Seasol International PTY LTD, 2015) 

Seasol is by definition not a fertilizer as it does not contain high enough levels of nitrogen and 

phosphorus. It can be described as a seaweed extract or a plant tonic. Seasol is made by washed 

up seaweed from King Islands Bull kelp and Knotted kelp from the North Atlantic Ocean. 

(Wholesale Bromeliads, 2013) That means that unlike most of the fertilizers, Seasol does not 

contain any chemicals that harm the environment. (Claire Suttles, 2015) 

3.2 Prerequisites 
Because this projects goal is to present a future layout for a currently nonexistent factory, some 

assumptions had to be made. This section will mainly focus on the requirements and constraints 

set by JHM. During the course of planning and designing the layout additional assumptions 

have been made by the authors for a more pragmatic result. 

Because this is a new facility that has yet to be built and the area where it will be built is not 

certain at this moment, it is difficult to estimate what the restraints are in terms of building 

space. From the observations during our case studies in China and information gathered by the 

Chinese government about new plants in Tianjin some conclusions could be reached. A 

standard new plant in Tianjin industrial park is 1000 m2 and six meters in height. (The peoples 

goverment of Zhengzhou city, 2006) 
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Jim Marron from JHM has outlined a production scenario that offers a foundation for building 

the layout. The targeted yearly production volumes, product mix and packaging units are shown 

in the tables below.  

Table 4 Production volume and mix 

Package Size Unit Litres Units 

Sachet 40 ml 200 000 5 000 000 

Bottle 0.5 Litre 400 000 800 000 

Bottle 5 Litre 250 000 50 000 

Bottle 25 Litre 100 000 4 000 

Bulk 1 000 IBC 50 000 50 

 

Table 5 Product specifications 

Package Individual Size Package Unit Package Description Package Volume 

Sachet 40ml Box 10 sachets in a box 400ml 

Bottle 0.5 litres Box 12 bottles in a box 6.0 litres 

Bottle 5 litres Bottle Single units 5 litres 

Bottle 25 litres Bottle Single units 25 litres 

Bulk 1 000 litres IBC Single units 1 000 litres 

 

Table 6 Packaged unit specification 

Package Size Final Package Units Per package Packages 

Sachet 40 ml Box 10 500 000 

Bottle 0,5 litres Box 12 66 667 

Bottle 5 litres Bottle 1 50 000 

Bottle 25 litres Bottle 1 4 000 

Bulk 1 000 litres IBC 1 50 

   Total 620,717 
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The plant layout will be based on the given yearly production volumes and has to be designed 

to meet the required production quantity. JHM believes that they will be successful in 

penetrating the Chinese market and increase their market share in due time. In regard to their 

expectations, the plant layout has to be designed so to have a higher production capacity or 

sufficient space for expansion. Furthermore, the IBC (Intermediate Bulk Container) container 

will not be filled in the future Tianjin plant as they only amount to 50 containers per year. IBC 

containers are standardized units for transport of liquids. Because of the low quantity sold and 

that the containers are already used for transport of Seasol it is unnecessary to invest in 

equipment for filling the IBCs. The IBCs will be directly purchased from JHM´s Seasol 

manufacturer. 

Not counting the IBC, there are four different containers to be filled: 0.5L bottles, 5L bottles, 

25L bottles and 40ml sachets. The 0.5L bottles and sachets will be put into secondary packages 

before placing on pallets and distributed. The dimensions for each container are: 

 

Sachets and 0.5 liter containers are packaged into their corresponding boxes. The sachet box 

has the dimensions: h-200, w-100 and l-150 mm. 10 sachets are stored in one box. The 0.5 liter 

box holds 12 bottles and has the dimensions: h-150, w-250 and l-350 mm.   

The different containers, with the exception of sachets, have near identical production process. 

Normally this would call for an aggregated production line. But because the containers have a 

large variety in size it could be unfeasible to have only one line. An aggregated line would 

require large flexibility in all steps of the process with the addition of changeovers between 

containers. Choice of layout and the thought pattern behind it will be discussed in depth in the 

Factory layout section.   

The containers should be labeled in the new factory. Sachets are originally bought as rolls of 

film so they will already have the labeling printed on them. For the three bottle shaped 
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Figure 17 Illustration of the containers and their dimensions 
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containers, labeling will be a necessary step in the production line. The bottles should be labeled 

on both sides, front and back.  

Some requirements also exist in regard to material flow in and out of the Tianjin facility. 

Restocking will be done on a weekly basis of both seaweed extract and the empty containers. 

Seasol will be delivered in 20,000L bladders and the empties on standardized pallets. JHM 

requests an inventory of 4-8 weeks for ingoing items and a finished goods inventory of 2-4 

weeks. Storage of the ingoing items as well as outgoing will be accounted for in the layout of 

the future plant.  

Lastly, the workable time available is eight hours per day for six days a week. That means 48 

hour workweeks. The factory is assumed to work for 52 weeks a year.  

3.3 Inventory for incoming goods 
Delivery of Seasol to the Tianjin factory will be done in the form of 20,000L bladders as 

specified in the Prerequisites section. For receiving the shipments of Seasol, a system like the 

one used by Nordium will be applied. The delivery system is constructed so that the trucks 

never need to enter the facility but can directly pump the liquid into the storage tanks through 

a station on the outside. This system holds two main benefits; it saves space inside of the facility 

but more importantly it reduces the material handling time and cost.  

 

Figure 18 Highlighted part is an outdoor pump station, seen from a side view. Using this system can 

avoid trucks entering the factory.  

Seasol is transported from the pump station via pipes to the bulk storage tanks. By JHMs request 

there should be enough storage for 4-8 weeks of production. One week’s production quantity 

is approximately 20,000L of Seasol. This number was derived from the total yearly amount of 

1,000,000 liters of Seasol divided by 52 weeks. 

Following the manufacturing philosophy of Lean, all forms of inventories and buffers should 

be kept at the lowest level possible provided that the flow of production is not interrupted. 

Keeping a smaller inventory helps to identify processes that are not working proficiently as they 
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cannot be covered by large inventories. It also reduces the non-value adding activity that 

keeping stock is and binds less capital. Because the deliveries will be made on a weekly basis, 

disturbances in the supply chain will not have an effect on the production. It is not until four 

weeks of planned deliveries do not arrive that a problem is created. The probability for that 

scenario to occur should be very low.  

From the case studies conducted on companies in both Sweden and China, it was predominantly 

tanks of 20,000L that were used for storing liquids. The tanks can be of varying dimensions 

depending on if it is meant for vertical or horizontal use, or what material the tank is made of. 

It can also vary from manufacturer to manufacturer. In the case of the Tianjin factory, a 

cylindrical tank with a diameter of 2.7m and height of 3.5m will be used. This was calculated 

from Formula (5). 

 𝑉 = 𝜋 ∙ 𝑟2 ∙ ℎ (5) 

Height is the most important parameter as the factory ceiling will be six meters high and 

approximately one meter is needed for the pipes. From simple math one can conclude that four 

such tanks will be needed. 

The containers that are to be filled also need adequate space for storing. Four different 

containers will be used in production and subsequently stored; three different sizes of bottles 

and the rolls of film used for making sachets. It is assumed that the empty containers will be 

delivered on pallets. Because the containers will be purchased in China, that country’s standard 

of pallet size will be used in further calculations. ISO standard pallet commonly used in Asia 

and China is 1200 x 1000 x 154 mm.  

A pallet with 25L containers would have the following configuration:  

16 containers fit on the surface of one pallet and are stacked 3 times for a total of 48 items. 

Height of the load is thus 1350 mm. Adding the height of the pallet which is 154 mm, gives the 

total height of 1504 mm. 

Same calculation is done for the 5L and 0.5L bottles. Pallet formation for the 5L bottles is 45 

bottles stacked 5 times for a total of 225 bottles. Height including the pallet is 1554 mm. For 

the 0.5L bottles, a total of 14 stacks is used. Resulting in a height of 1554 mm, just like the 

bigger 5L bottles and 2520 bottles per pallet.  
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Figure 19 Illustration of the tanks and their grouping 
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Sachets, on the other hand will be delivered as rolls of film. It was hard to acquire information 

on the dimensions of the rolls of film or how many sachets they consisted of from a single 

supplier as they are usually sold by weight or length. In order to make a valid assumption, data 

was taken from different sources. The input data is: 

 Film thickness: 0.1 mm (Haixuan Wei, 2015) 

 Core outer diameter: 50 mm (Haixuan Wei, 2015) 

 Sachets per roll of 100 x 150 mm: 2500 (Automated packaging systems, 2015) 

From this data it is possible to calculate the outer diameter of the roll of film, which is 381 mm 

(Glenroy Inc, 2015). The last piece of information needed is the height of the roll itself. Because 

the film is folded in half in order to form the sachet, logic dictates that the film has to be at least 

twice the product width. The height of the roll is thus no smaller than 200 mm. With the 

dimensions known, the same approach used in the bottle pallet examples can be applied in order 

to define the pallet arrangement. 6 roll of film can be placed on the pallet and stacked 7 times 

for a total of 42 rolls containing 105,000 sachets. The resulting pallet height is 1554 mm, 

identical to that of the 0.5L and 5L pallets.  

Now that the pallet sizes are known an estimate of the empty containers storage can be made. 

The forecasted demand for each container is translated into pallets per week. That number is 

then multiplied by four because the storage should hold four weeks of product. All numbers 

have been rounded up so to ensure that adequate space and number of products will be available. 

The result is: 

 25L: 7 pallets 

 5L: 18 pallets 

 0.5L: 25 pallets 

 Sachets: 4 pallets 

 Total: 54 pallets 

 

Metal frame shelves will be used to store the pallets. In order to utilize the space as much as 

possible, one shelf column will be three stacks high. A total of 20 columns will be needed to 

hold four weeks of pallets. 10% of additional shelves are added to take into consideration room 

for spare parts and other miscellaneous items that are not accounted for. From the figure below 

it is possible to distinguish how a shelf column would be arranged. 
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In the given suggestion, focus is put on how to maximize the utilization of space in the facility. 

The dimensions chosen for the pallets can be changed if needed with little effect on the layout. 

Depending on what JHM decides is the largest cost driver or the best solution from other KPI 

(Key Performance Indicator) in regards to the material handling of pallets, the dimensions could 

change. For example, the shipping method could be a deciding factor or the ergonomics of 

handling the material by workers. Many of the changes can be solved by rearrangement of the 

shelves. 

3.4 Production area layout 
The process of filling and packaging containers of this type is simple and linear. Furthermore, 

the quantity of products to be produced is high. From the five types of production layouts as 

explained in Types of layout section, it is the product layout that is most suitable for this type 

of production. The products are few, production linier and quantity relatively high.  

Following will be a more detailed description of the processes used in filling and packaging the 

containers. 

3.4.1 Bottle filling 

Filling and packaging of the bottles is done in nine steps (counting secondary packaging for the 

0.5L bottles): Loading of the empty containers onto the conveyor, filling, descrambling, 

capping, labeling, inspection, ink labeling, secondary packaging and palletizing. One or more 

of these processes can be grouped into a station. It is for example common in the bottle filling 

industry to group the filling and capping processes into one monochrome station. This decision 
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Figure 20 Illustration of a shelf column 
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is made to ensure a higher level of accuracy as the bottles will not be repositioned in-between 

the processes. Descramblers are also ether directly attached to the capper or built in.  

The stations in the production line will all be connected via a conveyor. Not only is the conveyor 

a means of transport, but it also acts as a buffer. Because the most important process in this type 

of production is the filling a buffer should be placed before that station so to ensure a continuous 

flow. This buffer is usually achieved by broadening or prolonging the conveyor before the 

process. Traditionally, it is the filling process that sets the takt-time for the rest of the line. But 

depending on the machine selection this can vary. While on the conveyor, the bottles should be 

placed length to length to ensure that they do not fall over when the conveyor starts and stops.  

Total demand for the different bottle sizes translated into weeks, days and hours are the 

following quantities: 

Table 7 Demand translated into different time periods for 0.5L bottles 

Time period Calculation  Demand (pieces) 

Week 800000/52 15386 

Day 15386/6 2565 

Hour 2565/8 321 

 
Table 8 Demand translated into different time periods for 5L bottles 

Time period Calculation  Demand (pieces) 

Week 50000/52 962 

Day 962/6 161 

Hour 161/8 21 

 
Table 9 Demand translated into different time periods for 25L bottles 

Time period Calculation  Demand (pieces) 

Week 4000/52 77 

Day 77/6 13 

Hour 13/8 2 

 

Compared to other manufacturers of the liquids filling industry, these are low numbers. Because 

the development in food packaging has advanced during the last decades most of the machines 

used in this purpose can handle high volumes. Thus, products that are packaged in a similar 

fashion, like for example soft drinks, can choose from a large variety of high capacity machines.  
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3.4.2 Sachets production 

Filling and packaging of sachets differs significantly from that of the bottles. Most of the 

operation are done in one machine and then transported for secondary and tertiary packaging. 

Form-Fill-Seal machines that are used for sachets filling, as the name implies, create a pouch 

of the film, then fill it with the liquid and seal it off. The roll of film used in creating the sachet 

is already labeled and placed directly onto the machine.  

The sachets are then transported from the Form-Fill-Seal machine to a secondary packaging 

station. Depending on the level of automation this process will vary. In a strictly manual layout, 

sachets will be collected in a container of sorts and then moved to another location for fitting 

into their secondary package. Because sachets will often be produced in large quantities this 

process can be very labor intense. For a fully automated line on the other hand a larger 

investment is needed. The machines have to be able to handle high speeds and good enough 

accuracy to pick up the sachets and place them into the corresponding secondary package.  

Total demand for the sachets is 5,000,000 per year. Translated into weeks, days and hours are 

the following quantities: 

Table 10 Demand translated into different time periods for sachets 

Time period Calculation  Demand (pieces) 

Week 5000000/52 96154 

Day 96154/6 16026 

Hour 16026/8 2004 

3.5 Inventory for outgoing goods 
The finished goods inventory should hold 2-4 weeks of product according to the requirements 

given by JHM. Following the same principles as described in “inventory for incoming goods”, 

the lower level of two weeks is chosen. Product arrangement on the pallets will differ from the 

incoming goods in order to take into consideration the heavier loads. Because the palletizing 

operation will be performed by workers it would not be practical or ergonomic to stack products 

as high as 1554 mm. The 5L and 25L pallet configuration will stay the same with the exception 

of how many containers are stacked.  

Table 11 Outgoing goods inventory calculation 

 25L 5L 0.5L box Sachet box 

Units on a surface 16 45 12 80 

Number of stacks 1 3 7 5 

Units per pallet (single containers) 16 135 1008 4000 

Total height incl. pallet (mm) 604 994 1204 1154 

Number of pallets for two weeks 10 15 31 49 
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Even though the finished goods inventory only holds two weeks of product it contains almost 

twice as many pallets, 105 in total. This is partially due to the lower number of stacked products 

on a pallet and that they are placed into boxes. But, because less product are placed on each 

pallet it is possible to place four pallets on each shelf column resulting in 27 shelves. 

3.6 Layout selection 

In this section focus will be given to the production area layout. The inventories used to store 

incoming material and finished goods will be the same for each production layout, as described 

in “Inventory for incoming goods” and “Inventory for outgoing goods” sections.  

The steps involved in producing a finished product are clearly defined and follow a specific 

order. For example, the filler has to be placed before the capper, secondary packaging can only 

be done after filling, capping, labeling, inspection and ink printing etc. There are some 

exceptions, like putting the labeler in the beginning of the process instead of after capping. But 

this practice is not recommended because the containers are not as rigid, which can interfere 

with the labeling process. As a result, the arrangement of the steps will not differ between the 

layouts. Emphasis will instead be given to how different configurations of product flow through 

these steps will affect the outcome.  

The numbers used to demonstration the production rate of the machines are based on the data 

acquired from the manufacturers. In the case where the capacity of the machine was shown as 

an interval, the lowest number was chosen. It is good to keep in mind that the machines 

presented often have a larger capacity. For detailed information of each machines 

characteristics go to the Machine selection section.  

Four different layouts were chosen for a comparison. The layouts range from very simplistic 

design with each product given its own production line to a completely aggregated line. These 

layouts were selected in order to investigate how many of the four containers it was feasible to 

produce in a production line and how it would affect parameters like cost, flexibility, 

complexity etc.  

In the coming illustrations of the four layouts certain abbreviations are used. These are: 

 Lo – Loading of empty containers onto the conveyor. 

 F – Filling station. 

 C – Capping station. Descrambler is attached to the capping machine. 

 La – Labelling station. 

 I – Inspection 

 Pr – Ink printer, for date labelling and similar. 

 Se – Secondary packaging station 

 Pe – Pelletizing, tertiary packaging station 

 * – Station done manually by one worker. Cost of one worker is 3000 RMB per month 

or 36,000 RMB per year. The salary is based on the industrial visit to Tianjin factory.  

 

  



44 

 

3.6.1 Layout 1 

The first layout is designed to be simple in regards to material flow and operational use. Each 

of the four products are produced in a separate line without any cross usage of the machines. 

Because each line is dedicated to only one product the required capacity of the stations is low. 

In order to keep the cost down semi-automatic machines or manual labor is used whenever 

possible and/or feasible. Semi-automatic machines are illustrated by a worker symbol (*) next 

to the machine price.  

Because of the 25 liter container lines low production rate, multiple stations can be operated by 

one worker. Even though it is illustrated in the table below that five stations will be manned by 

a worker, in actuality two people would be sufficient. This fact will be taken into consideration 

in section Layout evaluation. 
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3.6.2 Layout 2 

In this layout the 5 liter and 25 liter containers have been grouped into one line. By producing 

both 5 and 25 liter containers in one line less space and capital investment is necessary. But this 

creates a problem for two of the stations, namely capping and labeling. The capping machine 

is flexible and can be adapted to fit the two different containers but if the cap size varies too 

much then it would be a problem. Because JHM did not give any information about the 

dimensions of the caps it can be assumed that they would be similar in size. 

The joined labeler on the other hand provides a more difficult problem. There is no labeler on 

the Chinese market right now that can handle the large variation in container and label size. It 

was made clear from conversations with different labeler manufacturers in China that such a 

flexible machine would cost at least three times as much as a standard labeler. That is the reason 

behind the price in the table below.  
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3.6.3 Layout 3 

This layout is also comprised of three lines like the previous layout. 0.5 and 5 liter containers 

are produced in one line whilst the 25 liter containers have separate line. The 0.5-5 liter line 

splits up into two lines at the end because the 0.5 liter containers need to be packed into boxes 

before palletizing. There are no complications in the joined line as the chosen machines are well 

adapted to handle both containers size and weight. The capacity of the machines is also well 

above the needed production rate. The filler was changed for a more expensive but fully 

automatic one which releases a worker.  

Joining the production of 0.5 and 5 liter containers in one line means that a whole line needs to 

be added for the production of the 25 liter containers. It is not a preferable outcome because the 

25 liter container production quantity is the lowest of all the products. Furthermore, because of 

the 25 liter lines low production rate the actual number of workers to operate all the stations is 

two. Same as for the line in layout 1. This fact will be taken into consideration in section Layout 

evaluation. 
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3.6.4 Layout 4 

The last layout is also the most aggregated one. All the containers except for the sachets are 

placed on one line. Because the sachets filling is so different and does not share any process 

with the other containers except for palletizing it would not be beneficial to place it in the same 

line. But it could be placed parallel to the line so that the same palletizing resources are used 

for the sachets as well.  

The machine will need to be custom made for this line, it is therefore hard to guess the cost and 

capacity of the machines. One can only assume that it would be even more expensive than in 

the case of the 5-25 liter line. According to the machine manufacturers it is not even certain that 

such machines can be made. Because of the many uncertainties regarding this layout it is 

deemed as not feasible.  
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3.6.5 Layout evaluation 

Various ways of evaluating and choosing a layout exist. Some of these methods are described 

in the section Evaluation of the factory layout. Because this paper is dealing with a brand new 

factory and not an improvement of an older layout, it is not possible to discuss and 

incorporate thoughts from the various department heads. Instead another approach hade to be 

taken in order to choose the best layout.  

In this case, the MFEP (Multi-Factor Evaluation Process) was used. MFEP is beneficial as it 

is a quantitative approach to inherently subjective decision making. To begin with, a factor 

evaluation is made where each layout is graded on how well it performs in regards to a factor. 

The factor evaluation is done from 1 (worst) to 5 (best) representation. After the factor 

evaluation, another table is used to present the weights given to each factor and the weighted 

evaluation of each layout. The weights are distributed according to the importance of each 

factor and sum up to 1.  

Layout 4 is not presented as it was not feasible to make.  

Factors: 

 Lowest initial investment – The capital investment needed to buy the equipment used 

in a layout. Higher value equals to lower investment. 

 Lowest operation cost – Cost of running the production area based on number of 

workers. Higher value equals to lower operational cost. 

 Area saved – Area used for the equipment of a layout. Higher number equals to less 

space used. 

 Flexibility in change of production volume – How well a layout can handle increased 

or decreased production volume. 

 Efficient – Utilization degree of the equipment in a layout.  

Table 12 Factor evaluation matrix 

 Layout 1 

(Evaluation) 

Layout 2 

(Evaluation) 

Layout 3 

(Evaluation) 

Lowest initial 

investment 

2 1 4 

Lowest operation 

cost (workers) 

3 4 5 

Area saved 2 3 3 

Flexibility in change 

of production 

volume 

5 4 4 

Efficient 2 3 3 
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Table 13  Weighted factor evaluation matrix 

 Weight Layout 1 

(Weighted 

Evaluation) 

Layout 2 

(Weighted 

Evaluation) 

Layout 3 

(Weighted 

Evaluation) 

Lowest initial 

investment 

0.3 0.6 0.3 1.2 

Lowest operation 

cost (workers) 

0.1 0.3 0.4 0.5 

Area saved 0.1 0.2 0.3 0.3 

Flexibility in 

change of 

production 

volume 

0.3 1.5 1.2 1.2 

Efficient 0.2 0.4 0.6 0.6 

Total 1 3 2.8 3.8 

 

From the table above it is evident that the third layout is best fitting in this case. It is followed 

by layout 1 and lastly layout 2.  

3.7 Flow simulation  
The program used for creating simulating and analyzing the flow of the chosen layout is 

ExtendSim 8. A short description of the program features will be explained for readers not that 

familiar with flow simulation programs. Rest of the section will be dedicated to the flow models 

of each product. Two scenarios were created for each product; one for the current production 

rate and one for the future production rate that is increased by 100 percent.  

3.7.1 ExtendSim 8 

The developers of ExtendSim describe the program as:  

“ExtendSim is a powerful, leading edge simulation tool. Using ExtendSim, you can develop 

dynamic models of existing or proposed processes in a wide variety of fields. Use ExtendSim 

to create models from building blocks, explore the processes involved, and see how they relate. 

Then change assumptions to arrive at an optimum solution.” (ExtendSim, 2013) 

ExtendSim is in other words well adapted to simulate and test the chosen layout. The “blocks” 

that are mentioned in the description are the basis of model building. Each block has a function 

with parameter the user can modify to fit the process at hand. The blocks used in the simulations 

and their functions are: 
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Table 14 ExtendSim block desription 

 

Create Create block is used for determining how many 

or how often an item should be introduced into 

the model. The create block, in this case 

represents the loading station. 

 

Activity Activity Block is used for simulating a machine, 

task, process. In this case they show represent 

the stations used in the line.  

 

Queue Queue bloc is used for measuring number of 

items that are waiting in a queue before a task. 

 

Batch - Unbatch These blocks are used for collecting items into 

one batch and reversing the process. 

 

Select items in – 

Select items out 

Used when items need to be divided amongst 

parallel activity blocks at a certain stage. 

 

Plotter Show statistical data of the simulation. 

 

Exit Put in the end of a model to count number of 

exiting items. 

 

0.5 Liter container flow model 
Two scenarios are used to show how the model is affected by the increase of production like 

mentioned earlier. The available machine time for one day is 8 hours, or 28,800 seconds, and 

daily demand is 2565 containers. By using Formula (1), takt time of the first scenario is 

estimated to 11 seconds.  

With a takt time of 11 seconds it takes about 7.9 hours to complete the daily demand. From the 

model below it is possible to explore the state of the machines/stations. Above the Activity 

clock and Queue blocks are boxes with number. These boxes show us the utilization for the 

stations in our line and maximum number of product in waiting before each station. The queues 

are present in the model in order to measure how many products need to wait before entering a 

station. But more importantly they show whether a station is a bottle neck or not.   

From the given number one can conclude that there currently is no effect from eventual bottle 

necks on the flow. The queue before the capper station does show a maximum of four products. 

But this is due to the fact that the filler fills four containers at a time and not that the cappers 

operational speed is to slow.  

If we look at the utilization of the stations it possible to see which station is most heavily used. 

In this case it is the secondary packaging station. By looking back at the layout in Layout 

selection section it becomes clear that the secondary packaging station has the slowest 

processing speed of 10 seconds. Secondary packaging is in other words the bottle neck in the 

flow. In order to manage an increase in production the process time of the stations needs to be 
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decreased. Because secondary packaging is performed manually by a worker the simplest 

solution is to add another worker. 

 

Figure 21 0.5 liter container flow model of current demand 

In the future scenario the demand has doubled. The takt time is thus 5.5 seconds, half of the 

previous scenario. To manage the increased production rate an additional worker has been 

added to the secondary packaging station. It is evident from the model that all the stations except 

for secondary packaging are still not fully utilized. If the demand would increase further 

additional measures have to be taken to keep an unhindered flow through the secondary 

packaging station. Instead of adding more workers it could maybe be viable to purchase a 

machine that can handle the same process. An example of such a machine is given in the 

Machine selection part.  
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Figure 22 0.5 liter container flow model of future demand 

In the diagram below are the cycle times for each station are presented in comparison with the 

takt time, represented by the green line. Data used in the diagram is for the future production 

rate scenario. The diagram shows that the flow through the line is unhindered. There are still 

relatively big differences in capacity of the stations which ideally should be avoided.  

 

Chart 1 Cycle times for each station in the 0.5 liter container production line 

5 liter container flow model 
The model for the 5 liter container is very similar to the 0.5 liter one. The only difference on 

appearance is the lack of a secondary packaging station. But the simulation numbers for the 

different stations has been changed according to the process time needed for the 5 liter 

containers. These changes affect the loading and palletizing station.  
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First scenario uses the takt time of 176 seconds per container. The daily production of 161 

containers is then finished just under 8 hours. Because the production rate is slow and the same 

machines are used for producing the product, the utilization of the stations is very low. Even 

with a two folded increase in production there are no significant effects on the stations.  

 

 

Figure 23 5 liter container flow model of current demand 

 

Figure 24 5 liter container flow model of future demand 
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It is clear from the diagram below that the machines are severely underutilized in the production 

of 5 liter containers. Takt time is in this case set to 88 seconds, which is the production pace of 

the future scenario. But this is unavoidable as the stations are adapted to handle the higher 

production volumes of the 0.5 liter containers.  

 

Chart 2 Cycle times for each station in the 5 liter container production line 

25 liter container flow model 
Production rate of the 25 liter containers is very slow due to the low demand. Only 13 containers 

per day. During the machine selection and design phase of the layout effort was put into making 

the 25 liter line as simple as possible. But the capacity of the stations in the line is still more 

then needed to meet the demand. The current takt time is 2222 seconds, which translates into 

37 minutes per container. A 100 percent increase in demand would not have any negative effect 

on the flow as seen below 

 

Figure 25 25 liter container flow model of current demand 
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Figure 26 25 liter container flow model of future demand 

Similar to the production of 5 liter containers, it is evident that the 25 liter container line stations 

are grossly under-utilized. Even with a 100 percent increase in production the stations are far 

below the takt time of 1111 seconds. In both the 25 liter and 5 liter container case, production 

pace could be increased significantly. But in doing so other problems would emerge due to 

overproduction, which is referred to in Lean as the worse waste. For more information of the 

effects of overproduction go to section Non-value Added Activities. 

 

Chart 3 Cycle times for each station in the 25 liter container production line 
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Sachet flow model 
Sachets have the highest demand of all four products. To keep up with the daily demand a takt 

time of 1.79 seconds is needed. From the figure below one can discern that both the form-fill-

seal and the palletizing station have high utilization, especially the form-fill-seal station. In 

order to double the production rate the processing speed of the two stations need to increase.  

 

Figure 27 Sachet flow model of current demand 

Because the palletizing station is done manually by a worker, an additional worker can be 

added. The same principle could be applied to the form-fill-seal station. But it will not be 

necessary as the form-fill-seal machine in use has a higher capacity then used in this scenario. 

As mentioned in the Layout selection section, most machines have a higher capacity. Whenever 

the manufacturers of the machines offered a range in capacity, the lowest value was chosen. If 

the highest value is used instead an additional machine is not necessary. For more information 

on the machine statistics go to Machine selection. 

The result of adding another worker for palletizing and increasing the capacity of the form-fill-

seal machine with a 100 percent increase in production is seen below.  

 

Figure 28 Sachet flow model of future demand 

The relationship between the cycle times and takt time can be seen in the diagram. After doing 

the above mentioned changes to the line the stations can produce at a pace below the takt time. 

The stations are also leveled without large variations in capacity which results in a good flow.  
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Chart 4 Cycle times for each station in the sachet production line 

3.8 Machine selection 
Before investigating manufacturing equipment on the market, it has to be clear what machines 

are suited for the corresponding processes that are going to be used. For sachet bags, the 

processes are from-fill-seal, secondary packaging; for 500ml and 5l bottle, they are filling, 

capping, labeling, laser printing, secondary packaging; for 25l bottles, they are labeling, laser 

printing, filling, capping. 
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It was not possible to extensively investigate each machine suitable for the factory because of 

the sheer amount of machines that exist on the market. In order to make the machine selection 

process possible within the time frame of the project, some constraints are used. To the extent 

possible machines were selected based on the observations during the case studies or 

recommendations from the production engineers of the companies. The second level of decision 

making was by choosing an average prized machine from a selection of manufacturers that have 

machines matching the requirements of the factory layout. The machines are selected from the 

Chinese industrial online market www.1688.com. 

Since the relatively low manufacturing quantity, a fully automatic production line is not 

suitable. Therefore, machine selection for this project will focus on semi-automatic machines. 

3.8.1 Fillers 

Automatic filler ZXG-16 has characteristics as below: 

1. ZXG uses PLC controlling system that makes filling measurement precise and filling 

adjustment simple, convenient, flexible and suitable from 500 to 10000ml. 

2. The model imitates examples of foreign high-performance filling equipment so that it can 

fill quickly without spills. It operates simply, has low energy consumption, low investment, 

and high degree of automation. 

3. Exposed parts, which are in contact with liquid, are using USU304 stainless steel sheet that 

meets national food hygiene standards. 

 

 
Figure 30 ZXG-16 is a standard filler that can be found on the Chinese market 

Table 15 Parameters of ZXG-16 

Brand Kairui 

Model ZXG-16 

Capacity 1000-2000 b/h 

Space (mm) 1500×870×2100/5200×1000×2000 

(Depends on the head number) 

Cost (RMB) Single 85000;>=2 83000 
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Volume of bottle (ml) 500-10000 

Filling head number 4/6/8/12/16 

Tolerance ±0.5% 

Diameter of bottle (mm) 60-120 

Height of bottle (mm) 100-380 

 

Guangzhou Lianmeng machine LM-FF-A is suitable as semi-automatic filler. This machine can 

handle all different kinds of liquid including cosmetics, medicine, pesticide etc. From JHM’s 

point of view, this would be an important factor that this machine meets GMP regulation.  

 

Figure 31 LM-FF-A is a standard semi-automatic filler that can be found on the Chinese market 

Table 16 Parameters of LM-FF-A 

Brand Guangzhou Lianmeng 

Model LM-FF-A 

Capacity 600-1800 b/h 

Space (mm) 850×750×1550 

Cost (RMB) 65000 

Volume of bottle (ml) 50-1000 

Filling head number 2 

Tolerance ±0.5% 

Diameter of bottle (mm) Customized 

Height of bottle (mm) Customized 
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Shanghai Shengsen has semi-automatic filler, which has the capacity to fill 0.5L and 5L bottle, 

though it does not have other special features compare to others, so its characteristics are not 

going to be laid out here. 

 

Figure 32 Shengsen filler is a standard semi-automatic filler of smaller containers that can be found 

on the Chinese market 

 Table 17 Parameters of shengsen filler 

 

 

 

 

Brand Shanghai Shengsen 

Model N/A 

Capacity 1200-2400 b/h 

Space (mm) 1500×1200×500 

Cost (RMB) 65000 

Volume of bottle (ml) 500-5000 

Filling head number 4 or 6 

Tolerance 0.10% 

Diameter of bottle (mm) >2 

Height of bottle (mm) 300 
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Shanghai Jiajue has a semi-automatic filler that can fill both 5L and 25L bottles. It has a capacity 

of 2-3 bottles per minute with a price of 26,000 Yuan. It has a touch screen and uses PLC 

control. A built-in electronic scale helps to maintain a high accuracy.  

 

 

Figure 33 Shanghai Jiacheng 5L and 25L semi-automatic filler is a standard filler designed for big 

containers that can be found on the Chinese market 

Table 18 Parameters of 25L filler 

Brand Shanghai Jiacheng 

Model N/A 

Capacity 120-180 b/h 

Space (mm) Customized 

Cost (RMB) 26000 

Volume of bottle (ml) 5000-50000 

Filling head number 2 

Tolerance 0.20% 

Diameter of bottle (mm) Customized 

Height of bottle (mm) N/A 
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3.8.2 Sachet filler 

Model SZ-Y50z from Guangzhou Heyi is chosen for filling sachets in this case. The main 

reason behind this choice is the working performance that has been observed on site, and Mr. 

Zhou who owns a filling factory in Tianjin recommended it. It works smoothly, occupies little 

space, and the price is in the middle range compares to others on the market. 

 

 

 

 

 

 

 

Table 19 Parameters of SZ-Y50z 

Brand Guangzhou Heyi 

Model SZ-Y50z 

Cost (RMB) 1-4:25000;≥5:22500 

Space (mm) 625×750×1550 

Capacity 2400-4800b/h 

Width of thin film (mm) 40-300 

Szie of sachets (mm) L20-150 W30-100 

Sachet volume (ml) 1-50 

  

3.8.3 Labeler 

After extensive contact with several labeler manufacturers, a couple of interesting questions 

arose in regards to the layout design. It is possible to build a customized labeler to adapt all 

three different size bottles. However, since range of volume between the containers is so large, 

it will be very hard to customize one machine like that. The price would also be much higher, 

usually a couple of times the cost of a standard machine. But there will not be any problems to 

find a standard labeler that can fit both 0.5L and 5L bottles. For workers that have rich 

experience, the changeover time between 0.5L and 5L bottles only takes 10-20 minutes; those 

who are not familiar with the machines needs around 1-2 hours to finish the changeover 

according to the machine manufacturer. All the changes needed to be done for changeover is 

Figure 34 SZ-Y50z is a standard sachet filler that can be found on the Chinese market 
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change the dimensions through computer, and height or width of the conveyor and labeling arm 

by adjusting joint screws. 

Whether the labeling occurs before or after filling will also have an impact on the choice of 

machine. The big difference in weight should be considered when to decide conveyor and fans 

along it. The machine manufacturer suggests putting the label process behind filling and 

capping. In this case, the bottles will be more stable when being moved on the conveyor through 

the labeler. 

All three-size bottles will be labeled both sides with big stickers. Unfortunately, there is no semi 

or manual labelers available on the market to meet this demand. The reason is none of those 

machines can suck that large-size label stickers. 

ZS-3510 is a labeler from Shanghai Zhisheng. This machine is specially designed for a 25L 

container. It is easy to operate, and has sensors to detect objects on the conveyor so that no 

container will be neglected. Stainless steel and premium aluminum are used in the machine to 

reach a stronger structure. The configuration is done through PLC with a touch screen. Stickers 

on two sides can be placed on the container simultaneously. All the parts are able to be 

customized according to customers’ requirement. 

Table 20 Parameters of ZS-3510 

Brand Shanghai Zhisheng 

Model ZS-3510 

Capacity 30-120 b/h 

Space (mm) 2700×1500×1500 

Cost (RMB) 86000 

Maximum width of label (mm) 150 

Tolerance ±1 mm 

Size of bottle (mm) Customized 

Figure 35 ZS-3510 is a standard labeler for big containers that can be found on the Chinese market 
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For 0.5L and 5L bottles, CX-SMT made by Shanghai Chengxiang can be used in this production 

line. This machine can label flat, round, square, and special shape bottles. It has a smart optical 

and electrical tracking system to ensure that no bottle will be neglected. The big advantage of 

this machine is that it fits GMP regulations. 

Table 21 Parameters of CX-SMT 

Brand Shanghai Chengxiang 

Model CX-SMT 

Capacity 20-150 

Space (mm)  2800×1450×1360 

Cost (RMB) 69800 

Maximum width of label (mm) 200(customized) 

Tolerance ±1 mm 

Size of bottle (mm) h:30-280 w20-200 (customized) 

  

3.8.4 Cap sort machine and Capper 

Usually cap sort machine and capper are sold together as a pack. Due to lack of information on 

the cap dimensions for the different bottles, the capper manufacturers could not offer a definite 

answer. The most important factor that determines what capper to use is the dimensions of the 

cap. As long as the diameter, height and thickness of these caps are similar, only one capper 

would be needed for any combinations over these three-size caps. Moreover, since Seasol 

would like to use secure caps, screw-capper is the only choice to realize this demand, why 

rolling capper cannot be used in this case. 

The automatic capper, which is suitable for 0.5L and 5L bottles, is Changzhou Paijin’s XD05 

capping machine. This machine can do both sorting and capping work. It uses vibration to sort 

the caps towards one direction. Then those caps will be placed on top of each bottle. After the 

cap is placed on top of each bottleneck, a capper mechanism will tight up the caps. Built-in 

optical and electrical sensors can control the speed of the sorting and capping processes. When 

sensors detect that a bottle has not been fitted with a cap, the machine will be paused and an 

alarm will ring. This machine is mainly facing chemical, pharmaceutical, food, cosmetics and 

cleaning supplies industries. 

Figure 36 CX-SMT is a standard labeler for small containers that can be found on the Chinese market 
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Table 22 Parameters of XD05 

Brand Changzhou Paijin 

Model XD05 

Cost (RMB) 29999 

Space (mm) 3500×1360×2100 

Capacity 3000 b/h 

Diameter of cap (mm) Customized 

 

Considering the relevantly low productivity of 25L containers, a simple handholding capper 

made by Shanghai Shunfa can do the capping process for it manually. Model SF-1550 is small 

and light, so it is portable. Torque can be adjusted in accordance to the caps’ characteristics to 

avoid damaging them. When a cap is tightened up, the machine will stop at once. Moreover, 

the company claims the motor is imported from Germany and if any hardware problems occur 

during warranty period, they can replace it with a new machine. 

 

 

 

 

 

 

Figure 37 XD05 is a standard capper that can be found on the Chinese market 
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3.8.5 Sachet secondary packer 

HZ100 made by Ruian Mingshen is a secondary packer used for packing sachets, bottles, poker 

cards etc. into paper boxes. This machine is able to erect boxes, fold paper notes, put objects 

into boxes, print batch number, and seal the boxes with plastic film. The machine uses PLC 

control and is easily adjusted for different products. Built-in sensors can detect defective 

products, stop the line and ring the alarm.  

Brand Shanghai Shuaifa 

Model SF-1550 

Cost (RMB) 1-4:320 >4:300 

Space (mm) 70×70×300 

Capacity 30-90 b/h 

Diameter of cap (mm) 8-50 

  

Table 23 Parameters of SF-1550 

Figure 38 SF-1550 is a standard hand-holding capper that can be found on the Chinese market 
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Figure 39 HZ100 is a standard secondary packer for sachets that can be found on the Chinese market 

Table 24 Parameters of HZ100 

Brand Ruian Mingshen 

Model HZ100 

Cost (RMB) 140000 

Space (mm) 3300×1350×1650 

Capacity 3000-7200 box/h 

Size for box (mm) 20-300×20-170×15-100 

Size of guidence note (mm) 100-260×100-190 

  

3.8.6 Ink jet printer 

For ink jet printer, we decided to use K68C from Beijing Kangdi. It has a 10.4 inches high 

resolution touch screen with a very simple user interface. This printer can print three lines of 

Chinese or four lines of numbers, also Latin letters and other daily used symbols. The format 

can be edited through software and saved into maximum 40 files. After being printed on the 

surface, it takes less than one second for it to dry. Moreover, it has the function to automatically 

adjust the density of the ink and clean the tube. 
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Table 25 Parameters of K68C 

Brand Beijing Kangdi 

Model K68C 

Cost (RMB) 17,800 

Space (mm) 370×270×520 

Capacity 6m/s 

  

3.8.7 Conveyor 

Because of the relevantly low requirement of productivity, no-power roller conveyor is suitable 

for 25L line. Jinhuahui from Guangdong Foshan city can customize this type of conveyor. The 

manufacturer gives an average market price of 400 rmb/m. It uses A3 low carbon steel that can 

resist acid, alkali, heat, cold, scratching, oil, burning, corrosion and so on. It has a simple 

structure but is very reliable and stable. Installation of the conveyor is easy. 

Figure 41 No-power roller conveyor from Jinhuahui 

Figure 40 K68C is a standard ink printer that can be found on the Chinese market 
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Table 26 Parameters of No-power roller conveyor 

 

 

 

 

For 0.5L and 5L, NMT-B is suitable for the production line. It is powered by motors. This 

company claims it is specially designed for cosmetics, pharmaceutical, food, and chemical 

industries. The transferring part is using metal slat. When the conveyor is working, it will not 

make so much noise. Moreover, the size of this conveyor can be made based on customers’ 

demand. 

Table 27 Parameters of NMT-B 

Brand Guangzhou Senmeite 

Model NMT-B 

Price (RMB) 1500/m 

  

3.8.8 Drop packer 

XC-Z01-D drop packer is able to adapt different sizes and shapes of bottles. This machine does 

not occupy so much space. Built-in sensors can detect if there is any bottle missing before 

dropping into boxes. The noise is very low when it is working. This machine uses PLC control, 

and has a touch screen. 

Brand Jinghuahui 

Model N/A 

Price (RMB) 400/m 

Figure 42 NMT-B is an automatic conveyor that can be found on the Chinese market 
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Figure 43 XC-Z01-D is a standard drop packer that can be found on the Chinese market 

Table 28 Parameters of XC-Z01-D 

 

3.8.9 Case erector 

XC-K12 automatic box erector is used for opening the folded cardboard box, closing the 

bottom, then deliver them to the packing equipment and sealed with tape afterwards. This 

machine adopts PLC and touch screen control, with an advance warning system for detecting 

lack of material. It is easy to use and the company offers a one year warranty. 

Brand Xiamen Xinchenda 

Model XC-Z01-D 

Cost (RMB) 59000 

Space (mm) 900×1500×1550 

Capacity 60-1080 box/h 

Size for box (mm) 250-500×200-400×180-450(customizable) 
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Figure 44 XC-K12 is a standard case erector that can be found on the Chinese market 

Table 29 Parameters of XC-K12 

Brand Xiamen XinChenda 

Model XC-K12 

Cost (RMB) 45000 

Space (mm) 2000×1900×1450 

Capacity 60-720 box/h 

Size for box (mm) 200-450×150-400×100-350 

3.9 Factory layout design 
From the layout evaluation section the conclusion was reached that layout 3 was the best option 

in this case. In this section, a detailed design is presented of the third layout. The layout is 

shown as a 3D digital model as well as a 2D technical drawing. Comments are given for the 

layout design throughout this section for a clear understanding of how the layout is meant to 

operate and on certain elements that need further explanations. 

3.9.1 General glance of the layout 

This factory is a combination of five different areas: storage area for the vertical standing tanks, 

inventory area for keeping empty containers, production area for 0.5L and 5L containers, 

production area for 25L containers, production area for sachets and inventory area for finished 

products. These areas are connected with each other in this sequence as well. The path of the 

material flow through the factory is shown in Figure 44.  
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Figure 45 Material flow through the factory 

The layout of the factory is designed so to meet both the current demand from JHM, but also to 

be able to adapt to a demand increase. In order to create a robust factory layout that will not 

need to be changed for a perceivable future a production increase of 100 percent is assumed.  

According to the production philosophy of Lean, as explained in the Non-value Added 

Activities section, there are 7 wastes. They are; overproduction, waiting, transport, 

inappropriate processing, inventory, motion, producing defective products. These wastes cover 

all aspects of a manufacturing system and cannot be solved purely by effective layout design. 

In the coming sections a more detailed look is presented of each area and how Lean and GMP 

has effected the design of the layout.  

3.9.2 Production Area 

The size of production area is 338.56𝑚2. Based on the sizes of these three production line, 

0.5L and 5L containers production line occupies half of the whole area and the remaining space 

is used by 25L container production line and sachet bag production line. 

In the 0.5L and 5L production line, it begins with loading empty containers onto the conveyor. 

This step is done by a worker in the current demand and by two workers if the demand is 

doubled in the future. When workers take short breaks, a buffer is needed between the loading 

spot and the filler to achieve continuous manufacturing. According to the Flow simulation 

section, takt time for producing 0.5L containers under current demand is 11 second/container, 

and 5.5 second/container under future demand. For 5L container filling, they are 176 second/ 

container and 88 second/ container. Moreover, lengths of these containers are 110mm and 

180mm. Assuming a short break takes 10 minutes, which is 600 seconds, and conveyor is 

combined by several 2m long units. Using Formula (6) to (8), we can get numbers of conveyors 

that are needed under different situations as shown in Table 30. 

 
𝑉𝑐𝑜𝑛𝑣𝑒𝑦𝑜𝑟 =

𝐿𝑏𝑜𝑡𝑡𝑙𝑒

𝑇𝑡𝑎𝑘𝑡
 (6) 

 𝐿𝑏𝑢𝑓𝑓𝑒𝑟 = 𝑉𝑐𝑜𝑛𝑣𝑒𝑦𝑜𝑟 ∙ 𝑇𝑏𝑢𝑓𝑓𝑒𝑟 (7) 

 
𝑛 =

𝐿𝑏𝑢𝑓𝑓𝑒𝑟

𝐿𝑐𝑜𝑛𝑣𝑒𝑦𝑜𝑟
 (8) 
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Table 30 Numbers of conveyor for the buffer before the filler in 0.5L and 5L production line 

 Demand Number of conveyor 

0.5L container 
Current 3 

Future 6 

5L container 

Current 1 

Future 1 

 

According to the calculation, to meet the largest buffer, six 2m long conveyors are needed 

before filler. Since the filler used in this production will fill four containers at the same time, 

space between filler and capper needs to be able to accommodate at least four 5L containers, 

which has the length of 720𝑚𝑚. In this case, one 2m conveyor is wanted before capper. 

A buffer will appear before labeling, because the machine has to stop production during 

reloading sticker rolls. Assumption of the reloading time was set as 3 minutes, which is 180 

seconds, based on our observation during factory visits. The other parameters for calculating 

size of the buffer are the same as before. Thus, using Formula (6) to (8), we can get the quantity 

of conveyors needed under different circumstances as shown in Table 31. 

Table 31 Numbers of conveyor for the buffer before the labeler in 0.5L and 5L production line 

 Demand Number of conveyor 

0.5L container 
Current 1 

Future 2 

5L container 
Current 1 

Future 1 

 

According to the calculation, to meet the largest buffer, two 2m long conveyors are needed 

before labeler. Ink printer works simultaneously with the movement of containers, so there will 

not be any buffer needed in front of ink printer. After printing, either the 0.5L containers will 

go through secondary packaging or 5L containers will be palletized. Both jobs are done by 

workers, so a buffer is created at the end of the line in order for the works to be able to take a 

short break. Because all the parameters needed to figure out the buffer size are the same as those 

used in loading process, six 2m long conveyors are needed at the end of this production line. 

At this moment, we have the total length of the line. If all equipment is installed along a straight 

line, it will be too long. By making a U turn in the middle the total length can be reduced, 

however it will make the loading and palletizing area overlap each other. Eventually, the layout 

as illustrated in Figure 46 is decided as the one that should be the most suitable in this case. The 

chosen layout for the line is not too long. Now there is enough space at both ends for saving 

materials temporarily and for the forklift to load/unload goods. The previous issue of the 

overlapping between loading and palletizing processes is also resolved. 
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Figure 46 0.5L and 5L containers production line top view 

Similar to the 0.5L and 5L containers production line, buffer areas are necessary before labeling 

and palletizing in the 25L container production line. The difference is that the filler in this line 

is semi-automatic, so no buffer area is needed before filling. The filler used here has two filling 

heads, so a space after the filling process should be able to hold two 25L containers. The length 

of the 25L container is 290mm, thus a length of 580𝑚𝑚 is needed.  

One roller conveyor unit used in this line is 600mm in length, which is enough length to fit two 

25L containers. To figure out the buffer space before labeling, similar method can be used as 

in 0.5L and 5L containers line. Takt time now is 2222 second/container, under future demand 

it will be 1111 second/container. Assuming that reloading the sticker rolls takes 3 minutes, by 

using Formula (6) to (8), we get the quantity of conveyors needed under different demands as 

illustrated in Table 32. 

Table 32 Numbers of conveyor for the buffer before the labeler in 25L production line 

 Demand Number of conveyor 

25L container 

Current 1 

Future 1 

 

Based on the calculation, one 600mm long conveyor is needed before the labeler. Same for 

calculating the buffer area before palletizing, assuming short break is 10 minutes, then we get: 

Table 33 Numbers of conveyor for the buffer before palletizing in 25L production line 

 Demand Number of conveyor 

25L container 
Current 1 

Future 1 
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One conveyor in the end creates a buffer to keep two containers. There will be in total 16 

finished 25L containers palletized on one pallet. Considering there is only one worker in charge 

of this line, he/she needs to come to the end of the line 8 times for palletizing one pallet. To 

avoid wasting time running back and forth between loading spot and palletizing area, it is better 

for the worker to fill more containers for a while, then go to the end of the line do palletizing 

for multiple containers at once. Then a bigger buffer area is required before palletizing.  

However, if this worker waits until the number reaches 16 finished containers, the buffer area 

will be too big. Therefore, it makes more sense for this worker waiting until the number of 

finished product gets to eight. In this case, it only takes him/her two times coming to the end of 

the line for finishing loading one pallet. Thus, total length of eight containers is 2320𝑚𝑚, and 

by applying Formula (8) we get number of conveyor that needed is four, meaning four 600mm 

long conveyors should be set after labeling.  

Last but not the least, a table will be put in between the filler and labeling area along the 

conveyor. It makes it easier for the worker to reach for the capping tool and the caps. Figure 47 

shows how this production line looks like. 

 

Figure 47 25L container line top view 

The only place where a buffer area exists on the sachet production line is after the secondary 

packaging machine. Takt time in this line is 1.79 second/bag under current demand, and 0.895 

second/bag under future demand. Since 10 bags will be put in one box after secondary 

packaging, it takes 17.9 seconds to produce one box now and 8.95 seconds in the future. 

Moreover, the width of one box along the conveyor moving direction is 100mm. We still 

assume that the short break takes 10 minutes. Applying Formula (6) to (8), we get the result as 

shown in Table 33. 

Table 34 Numbers of conveyor for the buffer before palletizing in sachet production line 

 Demand Number of conveyor 

Sachet 

Current 2 

Future 4 

As shown above, four 2m long conveyors should be put after the secondary packer. Figure 48 

demonstrates the layout of the sachet production line. 
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Figure 48 Sachet production line top view 

3.9.3 GMP applied in production area 

According to good manufacturing practice section from handbook of food safety engineering 

(Sun, 2012), separation of cLean and dirty areas have to be undertaken by layout of production 

premises. Lockable rooms are preferable to be used in this case. Changing rooms are mandatory 

to be installed for staff entering the production area from outside or a relevantly dirty area. 

Merged together with what we observed in Huasheng pharmaceutical Co. and Laohenghe 

brewing Co., some detailed designs were added into the layout, which is illustrated in Figure 

49. 

Figure 49 Areas with numbers shows designs based on GMP  

Room 1 is designed as a changing room where contains lockers and hand wash facilities. Staff 

that enter the door from outside can save their clothes and shoes here. They can also change to 

clean protection suits, boots, and clean their hands. Then they will have to pass room 2 before 

entering the production area. In room 2, there is a small pool that can remove dirt on the bottom 

of boots. Both rooms 1 and 2 have a closed celling on top, which is not shown in the model. 

Number 3 and 4 are walls built to isolate the production area, which is a clean area, from 

inventory area, which is considered a relatively unclean areas. Semi-transparent rubber rolling 

doors as presented as number 5 and 6 in the picture can be used to connect the production area 

and inventory areas. 
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Another detail that features GMP principles has been mentioned in machine selection section. 

As many machines as possible with GMP certificates are chosen for the layout. For example 

the filler and labeler that are used in the 0.5L and 5L production line are both GMP certified. 

3.9.4 Lean manufacturing in layout design 

As stated in the Non-value Added Activities section, eliminating waste as much as possible will 

advance your productivity into a higher level. By designing the 0.5-5 liter container line into 

the shape of an S instead of a U, the transportation of goods is reduced. A table is also settled 

at the end of the line for secondary packaging of 0.5L containers, so workers do not need to 

bend down for packing boxes.  

In 25L container production line, another table is located along the conveyor. In this way, that 

worker does not need to bend himself/herself to get caps from boxes on the ground. The two 

black conveyors that appear in Figure 49 are automatic conveyors unlike the other ones in the 

line. After the 25 liter container is filled, it becomes very heavy. It will cost some time and 

energy for the worker to push them forward. Using automatic conveyor in that instance will 

help eliminate time and energy used on pushing containers. Moreover, as stated before, setting 

four conveyors as a buffer area in the end can reduce the amount of times the worker needs to 

run back and forth, which means decreasing the waste of motion. 

In the sachet production line, one proposal was placing the filler on a base and transporting 

finished sachets by a horizontal conveyor. However, considering workers have to use some 

extra tools or ladders to reach the top of that filler for reloading the film roll, an inclined 

conveyor is designed as shown in Figure 50, to replace using the horizontal one.  

Furthermore, all inventory areas are planned to adapt current demand, and doubled demand in 

the future. Even though the current production lines are able to produce more than the demand, 

the takt time is set according to the demand from JHM to avoid unnecessary overproduction. 

By avoiding overproduction inventory areas can be held at a minimum avoiding use of 

unnecessary inventories. 

Last but not the least, in the machine selection part, most machines chosen have indicators to 

show the working status of the machine. In this way, if any problems occur with machines 

during production, it can be brought into attention very quickly. This meets principle 5 of 

Toyota principles written in Lean Manufacturing section, which is to create a culture of not 

hesitating to stop and solve problems as well as make quality right at the first place. Try to 

apply all the available techniques or methods to assure the quality. A visualized system is 

needed to get workers attention when a problem occurs, and a built-in support team can go and 

fix them at once.  

Figure 50 Inclined conveyor used in sachet line from side view 
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4 Conclusion 
The outcome of this thesis is a factory layout design for liquid packaging of Seasol’s product 

with a detailed representation of the production area. The layout can match the current 

production demand estimated by JHM. Furthermore, it has the capacity to handle a two folded 

increase in production for a potential demand increase in the future. The assumption of a 100 

percent increase in demand was decided by the authors in order to design a more robust layout. 

From the results it is possible to conclude that the production lines have a wide flexibility in 

regards to demand levels.  

The layout is presented both in a 3D format as well as a digital drawing with more technical 

data included. The digital factory layout was created with SolidEdge ST7 which is not originally 

intended for such use. Software similar to Autodesk factory design suite would have simplified 

the design process but the end result would not have been that different.  

Through research on the Chinese industrial market and through contact with different machine 

manufacturers as well as observations done during factory visits, machines that are used in this 

layout have been chosen. The selection process was extensive given the time limit. Costs, floor 

space and capacities of the machines are highly representative of the Chinese market offering.  

SLP is chosen as the approach to develop the layout design. But it has been infused with GMP 

principles and concepts from Lean manufacturing. Lean is ultimately a way of thought when it 

comes to manufacturing and there is only so much that can be incorporated in a layout. GMP is 

similar in that matter. In the end it is the effort of the managers that dictate how effective these 

theories are. The authors do not feel that there is a great need for GMP in the layout design 

process for this type of facility. GMP certification is not mandatory for factories of fertilizer 

repackaging. If it is only used for the purpose of reaching a high level of quality and cleanliness 

other theories and methods are more suitable.  

The 25 liter containers have a much lower production volume than compared to the other 

products. If possible, the filling of these containers should be outsourced or not produced at all.  

4.1 Future work 
The layout presented is based on various assumptions due to the project being at an early stage 

of the process. Moreover, some delimitations were put in place because of the project’s limited 

timeframe. In order to achieve a more reliable result some additional research is required.  

1. The moment that Seasol is ready to initiate this project, some key factors might need to 

be reconsidered or analyzed since they will change along with the time. Some key 

factors will have a great influence in layout design, for example new machines, labor 

cost etc. 

2. Discussion with civil engineering design team is necessary before the actual building 

faze starts. The position of pillars inside the factory and the structure of the building can 

have a great impact of the production line layout and the inventory areas. 

3. Further research should be done on equipment used in the factory. A comparison with 

manufacturers outside of Chine would be interesting. 

4. Thorough cost benefit analysis of the various options so the most economical solution 

could be identified. 
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