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Abstract 

Brazil is one of the five biggest markets of healthy food and transparency in food production is one of 

the sector’s main trends. This project studies a Brazilian startup of healthy food created in 2016. The 

company notices that its demand is sensitive to price, besides the fact that customers notice a higher 

value on the differentiation of the products.  

The startup concept is linked to fast growth and high uncertainty level. The company under study grows 

15% month over month and, in 2017, its industrial kitchen moved to a plant five times bigger. Since then 

the number of employees increased in 100% and the company bought around 10 new machines. In this 

scenario of a non-planned fast growth, the company noticed that the production flow was no longer 

optimized, and the layout cost had increased.  

Therefore, this project aimed to redesign the plant layout based on Systematic Layout Planning 

methodology. The project proposes three solution alternatives and they are evaluated in both 

quantitative and qualitative perspectives. The alternative with the best performance contributes to a 

reduction in 20% of the layout costs.  
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1. Introduction 

 

The plant layout concept is old and there 

are many researches in this theme. However, 

the plant layout problem is more relevant for 

small and medium entreprises due to cost and 

space restrictions (Khan and Tidke, 2013). This 

project addresses a plant layout problem at 

Healthy&Co1, a Brazilian startup of healthy 

foods founded in 2016.  

                                                      
1 The company is called Healthy&Co for 

confidentiality reasons. The name is fictitious, and it 

Despite the tendency to perceive higher 

value by product differentiation in the healthy 

foods market, Healthy&Co notices that demand 

is very sensitive to price. In a market where 

competition is also at cost, the operational 

efficiency of production and distribution can 

confer a competitive advantage on the 

company. Thus, this work covers one of the 

operational aspects that can make Healthy&Co 

more competitive. 

was created by the author. 
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In 2017, Health & Co moved its industrial 

kitchen from a 50m2 building into a five times 

bigger building. At the time of the change, the 

new industrial kitchen operated with less than 

half the capacity and the company had few 

automated processes. Since then, the number 

of employees has increased by 100% and the 

company has purchased about ten machines to 

automate different processes. 

The layout that was designed in 2017 

underwent temporary adaptations to 

accommodate the growth of the company and 

the acquisitions of machinery. However, there 

was no study behind the changes and with the 

accumulation of these temporary changes 

Healthy&Co realized that production flow was 

no longer optimized, and employee productivity 

had dropped. 

Therefore, this work aims to redesign the 

layout of Healthy&Co facilities in order to 

optimize the flow of materials, reducing its cost, 

and contributing to raise productivity to 220 

portions per person. 

Next, the methodology used in the work is 

explained. The first stage consists of an in-

depth analysis of the current situation, in which 

the company's production process, its 

productive sectors, the current layout and the 

cost associated with the flow of materials are 

studied. Then, we immerse ourselves in 

literature to look for the concept of facility layout 

and its importance, to understand the phases in 

layout planning, the most common types of 

layout, and finally to understand what the main 

authors have developed in area. 

For the development of the new layout, the 

study uses mainly the resources of the 

Systematic Layout Planning, with some 

modifications to better adapt to the case 

studied. The steps to be followed consist of: 

collection of input data and volume-variety 

analysis; definition of the layout type to be 

adopted; determining the resources needed by 

area; material flow studies; studies of the 

relationship between activities; calculation of 

the combined inter-relations matrix; inter-

relationship diagramming; space studies; 

generation of alternatives through diagrams of 

inter-relations between spaces; analysis of the 

alternatives by calculating the total cost of the 

layout; choosing the new layout; analysis of 

results. Finally, the conclusions of the 

dissertation are presented, with its results, 

limitations and proposals for future projects. 

 

2. Current scenario 

 

Production process 

The production process itself begins with 

the requisition of the ingredients for the stock. 

The raw materials go directly to one of the three 

pre-processing areas of the industrial kitchen, 

divided into: fruit and vegetable area; meat area 

and snack area. 

  In each of these areas, the ingredients 

undergo mostly manual processes of 

unpacking, cleaning and cutting. Then, part of 

the products goes through a machine 

processing, which involves automating 

modeling or pre-portioning. 

After processing, the production passes 

through the cooking area and then through a 

flash-freezing tunnel, in which the product 

undergoes a rapid cooling process. 

The next step is to portion the production in 

the final package, in the quantity specified. The 

package then passes through a vacuum sealing 

and go back to the tunnel for the flash-freezing 
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process. Once the freezing is finished, the 

production goes to the finished goods stock.  

 

Current plant layout 

Healthy&Co’s facilities layout before the 

project is illustrated in Figure 1.  

 

Figure 1. Healthy&Co’s layout before the project. 

The industrial kitchen is divided in areas 

according to the process described above. 

Portioning is divided in two spaces: one 

dedicated and another shared with machine 

processing. 

In order to analyze the impact of the non-

optimized flow in the company, the current 

layout cost was compared with the cost at the 

time of the building change. The layout cost was 

calculated through the equation proposed by 

(Tavares, 2000), in which the material flow 

between areas is multiplied by the distance 

traveled: 

𝐹(𝑐𝑜𝑠𝑡) = ∑ ∑ 𝑐𝑖𝑗 × 𝑓𝑖𝑗 × 𝑑𝑖𝑗

𝑛

𝑖=𝑗+1

𝑛−1

𝑗=1

 

 

𝐹(𝑐𝑜𝑠𝑡) represents the quantitative layout 

cost; 𝑐𝑖𝑗 represents the unitary transportation 

cost between activities i and j; 𝑓𝑖𝑗 is the flow of 

materials between i and j; 𝑑𝑖𝑗 is the distance 

between i and j.  

Considering the current layout with a 

production of 3500 portions/day, the layout has 

a cost of 52.120,5 kg*m in terms of material 

transportation. At the time of the property 

change, the layout had a cost of 36.735 kg*m. 

Therefore, from the second half of 2017 to now, 

the plant layout cost increased 40%.  

 

3. Literature review 

 

Plant layout concept and objectives 

The plant layout is related to the way in 

which the resources are positioned and how 

tasks are allocated according to them (Slack, 

Chambers and Johnston, 2007). Gurgel defines 

the layout of facilities as the science of 

converting the elements of manufacturing and 

its physical facilities into a structure capable of 

achieving objectives by optimizing costs and 
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profits (Gurgel, 2003). Stevenson emphasizes 

the optimal flow in layout planning (Stevenson, 

2001).  

The most common situations that lead a 

company to modify its layout are production 

capacity expansion with the introduction of new 

equipment, introduction of new product that 

requires a new production process, high 

operational cost, since an improper layout can 

lead to long and confusing productive flows 

causing low productivity, and improved 

ergonomic working conditions (Peinado and 

Graemi, 2007). 

 

Layout types 

The concept of facility layout is related to 

the concept of the type of process. For (Slack, 

Chambers and Johnston, 2007) layout is a 

physical manifestation of the type of process. 

Most layouts are derived from one of four basic 

types of layout: by process, product, cellular, 

and fixed position. 

 

Resources allocation 

The allocation of equipment and processes 

in a cell can be done by analyzing of the 

production flow, which examines both the 

resources required by the products and the 

grouping of processes. In this analysis, the 

products should be grouped into families that 

need the same resources. Then, an incidence 

matrix is made to relate the families to the 

necessary resources. Finally, through a 

reordering of the rows and columns of the matrix 

it is possible to form the cells with their 

necessary resources 

 

Systematic Layout Planning 

The Systematic Layout Planning (SLP) 

method was developed by Muther and allows us 

to capture the information needed for the layout 

design not only quantitatively but also 

qualitatively. This method is divided into three 

phases: analysis, research and selection. 

The analysis begins with the evaluation of 

the flow of materials, using a from-to chart to 

represent the flow intensity between the 

different departments, and follows with the 

relationship of activities in pairs to understand 

the need for proximity between different areas 

(Tortorella and Fogliatto, 2008). 

In the research step, a space relationship 

diagram is elaborated, and an ideal 

arrangement of spaces is initially obtained. This 

arrangement then moves on to a work with the 

real plant constraints and other practical 

limitations. At this point, layout alternatives are 

generated. 

Finally, in the selection phase, the 

alternatives are evaluated, and the final layout 

is approved. 

 

Mathematical models 

The optimization of a plant layout can also 

be done through a mathematical formulation. 

The models used can be divided into problems 

with a single goal or multiple goals. In addition, 

problems can be modeled in a discrete or 

continuous way, resulting in Quadratic 

Assignment Problems (QAP) or Mixed Integer 

Programming (MIP), respectively (Drira, 

Pierreval and Hajri-Gabouj, 2007) 

Just as there are different methods for 

formulating the layout problem, there are also 

different ways of solving. Among the different 

forms, there are exact approaches and 

approximate approaches, using heuristics and 

metaheuristics. As an exact resolution method, 

we can use the branch and bound algorithm 

(Meller, Narayanan and Vance, 1999) and 
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dynamic programming (Kim and Kim, 2000). 

 

4. Plant layout redesign 

 

Volume-variety analysis 

Healthy&Co has a line of flash-frozen 

products and a line of snacks. This study deals 

with the manufacture of flash-frozen products. 

In this line, there are currently more than 75 

products and the demand is well distributed 

among the different products. A preliminary 

volume-variety analysis of production without 

an initial grouping of items shows that the 

company has a high variety of low volume 

products. By selecting products that represent 

more than 80% of total sales, we get many 

items with considerably different manufacturing 

processes. In this way, an initial grouping of the 

products can bring better results for a material 

flow analysis. 

Grouping the products by the 

manufacturing processes gives us five classes: 

vegetables without pre-portioning, vegetables 

with pre-portioning, meats without pre-

portioning, pre-portioned meats and dairy 

products (always with pre-portioning). Figure 2 

shows sales by category. 

 

 

Figure 2. Sales by product category 

Selection of layout type 

In order to select the most appropriate 

layout type, we used the matrix suggested by 

(Slack, Chambers and Johnston, 2007) that 

relates variety and volume of production to the 

standard layout types. Healthy&Co's production 

has low variety (in terms of operational process) 

with high volume. This feature indicates that the 

most appropriate layouts are layout by 

processes and cellular layout. 

The main advantage of layout by 

processes lies in the flexibility to meet changes, 

an important factor considering the fast-growth 

scenario of a startup. On the other hand, the 

main disadvantage is the long flow between 

operations, one of the causes of the high cost of 

the current layout. 

The cellular layout has a good flexibility - 

cost ratio and helps decreasing the flow of 

materials. However, the cost of switching to this 

layout may be high if you need to purchase 

more equipment. 

Given the qualitative information regarding 

the choice of layout, the organization in cells is 

more advantageous for Healthy&Co because it 

contributes to the reduction of material flow, 

without harming flexibility in case of changes. 

However, a hybrid layout and the use of special 

cells with resource sharing can contribute to a 

lower cost with the change and the need to 

acquire new equipment. Thus, we decided to 

combine both types of layout. 

 

Resources allocation 

The allocation of resources in cells uses 

the method of the incidence matrix proposed by 

(Slack, Chambers and Johnston, 2007). When 

resources are needed in more than one cell, the 

quantities already available in the company and 

the value for the acquisition of new units will be 

analyzed, as well as the possibility of organizing 

a specialized cell with shared resources. 

Figure 3 shows the incidence matrix and 
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the manipulation of rows and columns to get the 

result of the resources assignment. The section 

in blue represents the hamburger machine, that 

is resource shared with cells 1 and 2. Due to the 

cost of duplicating the resource, this equipment 

will be placed at a specialized cell for sharing 

the resource. 

 

 

Figure 3. Resource allocation matrix 

Flow of materials analysis 

With the resources’ assignment to each 

one of the areas, it becomes possible to 

calculate the material flow intensity between 

them. For this, the from-to chart proposed by 

(Muther, 1978) is used. This chart illustrates the 

flow of materials between areas through the 

material total weight that is transported. 

From the from-to chart, a graph with the 

flow intensities was plotted. In order to follow the 

directions proposed by (Muther, 1978), the flow 

intensities were classified as A to O, with the 

highest value represented by A and the values 

of class O representing less than 10% of the 

highest value. 

Figure 4 shows the intensities of flow 

between areas and their classification in the A 

to O scale. 

 

Figure 4. Intensity of material flows between areas 

Other-than-flow activities analysis 

The SLP method proposes that it is not 

enough to do only the analysis of flow 

relationships between areas. Thus, the chart 

with the other interrelations between the 

departments was also developed. The 

relationships were classified in A, E, I, O, U or X 

and had their reasons listed. The main 

interrelations are: use of the same kind of 

equipment; heat; use of similar tools; 

supervision; people in common; frequency of 

contacts. 

 

Combined matrix and diagram 

With the definition of flow relationships and 

other interrelations between areas, the next 

step is to combine the two components. This 

combination is done through the following 

equation: 

𝑇𝑜𝑡𝑎𝑙 = 𝑉𝐹𝑀 × 𝐼𝐹𝑀 + 𝑉𝑂 × 𝐼𝑂 

Where 𝑉𝐹𝑀 corresponds to the value of the 

material flow intensity; 𝑉𝑂, to the value of the 

intensity of other interrelations; 𝐼𝐹𝑀  is the weight 

for the flow relations (in this case 𝐼𝐹𝑀  = 2); and 

𝐼𝑂, the weight for the other interrelations (in this 

case 𝐼𝑂= 1). 

The values of the combined totals were 

then ordered incresingly and again grouped into 

the five classes represented by the vowels. The 

division and correspondence between values 

and letters were made respecting the proportion 
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suggested by (Muther, 1978). Class U gathers 

the non-punctuated relations. Figure 5 

illustrates the matrix with combined 

relationships. 

 

 

Figure 5. Interrelationships combined 

Once all the relations between areas are 

defined through the matrix of combined 

interrelationships, we can diagram the 

interrelationships. In this step, an initial diagram 

of the plant layout is designed, without 

considering the spaces required for each of the 

areas. It is important to maintain equal 

distances between the departments within the 

same class and A-relations must have the 

smallest distances, while O-relations, the 

largest. 

 

Figure 6. Interrelationship diagram 

Space determination and diagram 

To calculate the space required by each of 

the areas, the roughed-out layout method was 

used. The resources required for each of the 

operation centers were positioned so that there 

was space for the operator and for 

maintenance. However, the study will not 

necessarily be the final detailed layout. 

With the spaces defined, we made a 

version of the diagram of interrelations 

considering the area occupied by each center. 

Thus, we obtain the space relationship diagram 

as shown in Figure 7. 

 

 

Figure 7. Space relationship diagram 

 

Layout alternatives 

Based on the space relationship diagram 

and the building plan, three alternatives of 

layout were designed. Table 1 shows the scores 

for each one of the alternatives. 

 

Table 1. Alternatives’ scores 

Alternative 
Flow 
relationship 

Other-than-
flow 
relationship Total 

A 
                       
0,98  0,73 2,7 

B 
                       
0,48  1 2,0 

C 
 
1  0,79 2,8 
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Figure 8 puts the three alternatives together: 

 

Figure 8. Layout alternatives 

 

Final solution 

With the combined analysis of alternatives, the final solution is obtained, which consists of the layout 

alternative C, although it presents a very close result comparing to alternative A. By switching to layout 

C, the following advantages over the current layout are expected: 

1. Improved process flow, with fewer crossings between routes; 

2. Definition of a dedicated corridor to the main flows of materials, which makes the routes more 

organized; 

3. Less displacement of employees, in order to increase their productive time; 

4. Decrease of transport of materials, in order to reduce the cost of layout by 20%; 

5. Easier supervision of areas with synergies; 

6. Greater proximity to areas with common staff. 
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5. Conclusion 

 

The project developed in this thesis aimed 

at redesigning the layout of Healthy&Co's 

facilities in order to reduce its total cost and 

contribute to an improvement in the productivity 

of its employees. In order to do so, we looked 

for related works that were developed in small 

and medium companies. These works served 

as a basis for selecting the methodology to be 

applied in the case studied. 

The theoretical background for the 

development of the project was constituted by 

questions related to the definition of the ideal 

layout type, resource allocation and the 

methods suggested by Systematic Layout 

Planning. 

Thus, the development of the solution was 

initiated with an analysis of Healthy&Co 

products and their respective quantities 

produced. It was extremely important to carry 

out groupings of products according to the 

production processes, a classification that 

previously did not exist. With this, it was 

possible to identify families of products with 

similar processes. 

From the definition of using a hybrid layout, 

to encompass cells and layout by processes, 

another result of great value for the company 

was the allocation of resources between the 

different areas, a problem that the company 

faced after acquiring many machines and not 

studying its positioning in the kitchen. 

In addition, it was possible to reduce the 

cost of layout in terms of material transport 

through a study of interrelations between 

spaces. Since the move to the new property, the 

cost had increased by 40% and with the project 

it was possible to get an alternative that reduces 

the costs of transportation of materials by 20%. 

However, the work was not limited to 

analyzing only the quantitative aspects of flow. 

An analysis of other interrelationships between 

activities was also carried out and the final 

alternative presents a good fit to these 

relationships, with a greater facility for the 

supervision of the areas with synergies and with 

greater proximity to the areas with personnel in 

common. 

The final solution also has advantages over 

the flow of processes, with fewer crosses 

between routes; the corridor dedicated to the 

main flows of materials, which gives greater 

organization in the kitchen; and the smaller 

displacement of employees, in order to increase 

their productive time. Thus, the use of the 

Systematic Layout Planning methodology 

resulted in satisfactory results for the problem 

faced. 

Despite the very positive results achieved, 

there are project limitations. One of them 

consists of the search for alternatives that did 

not generate a high capital investment. Thus, no 

alternatives that involved building renovations 

or cold chamber changes were suggested. 

Despite this factor, the final solution presented 

advantages such as improved process flow, 

better organization of routes through the 

creation of a dedicated corridor, increase of the 

productive time of the employees with the 

reduction of the displacements, decrease of the 

transport of materials in 20%, greater ease of 

supervision and shorter distance between areas 

with staff in common. 

Thus, considering the results obtained and 

the limitations of the study developed, as an 

extension of the present work and for future 

projects, an in-depth study of the detailed 

layouts is suggested, through which an even 

more organized flow can be obtained and a 
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larger reduction of material transportation costs. 

This study can also facilitate the work of the 

operators within each of the areas and 

contribute once again to the productivity 

increase. 
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