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Abstract 

Scania OmniExpress Busproduction Finland Oy in Lahti, a company that manufactures buses 

of product family Scania Interlink LD, Scania Interlink MD, Scania Interlink HD and Scania 

Citywide LE Suburban. As Scania receives larger customer orders, these orders are divided 

into both Scania Production Słupsk S.A. and Scania OmniExpress Busproduction Finland Oy, 

which bring a desire to harmonize these factories. To achieve this harmonization an 

investigation is required of Scania OmniExpress Busproduction Finland Oy analysis process 

and comparison with Scania Production Słupsk S.A. To keep up the permanent development 

outcome, Strategic Plan Scania Production Lahti requires a survey of the painting process in 

Lahti, Finland. Based on this, an internal cost performance benchmark has been implemented 

between the factories. 

Through a currant status analysis of both facility’s, based on Strategic Plan Scania Production 

Lahti methods and strategies, as well as complementing this with external methods and 

theory, the gap between the factories has been conducted from a cost perspective. Based on 

the more in-depth analysis made in Scania OmniExpress Busproduction Finland Oy, an 

improvement work has been carried out. 

 

Sammanfattning 

Scania OmniExpress Busproduction Finland Oy i Lahti, tillverkar idag bussfamiljerna Scania 

Interlink LD, Scania Interlink MD, Scania Interlink HD och Scania Citywide LE Suburban. 

För att kunna leverera vid större kundordrar delas dessa upp mellan två Scaniaägda fabriker, 

Scania Production Słupsk S.A. och Scania OmniExpress Busproduction Finland Oy, detta 

medför att en harmonisering krävs mellan fabrikerna så att slutprodukten blir identisk. För att 

uppnå denna harmonisering utfördes denna studie mellan dessa fabriker. Att jobba med 

ständiga förbättringar är djupt inprintat i Scanias visioner och mål. I arbetet med ständiga 

förbättringar för processer skulle målerprocessen förbättras i denna studie.   

Genom en nulägesanalys i båda fabrikerna baserad på Strategic Plan Scania Production Lahti 

metoder och strategier såväl som kompliment från externa metoder och teorier har prestanda 

gapet identifierats. Baserat på en såväl djupare nulägesanalys i Scania OmniExpress 

Busproduction Finland Oy, har ett förbättringsarbete utförts. 
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Abbreviations 

ABC                                                                           

Activity Based Calculation 

MXF (FINLAND)  

Bus Body Production Finland (Lahti) 

MXP (POLAND) 

Bus Body Production Poland (Slupsk) 

Lead Time  

Time of an activity, eg: the time at which the product resides in the operation or time from 

order to delivery 

EK 

Process in MXF 

RAL 9010                

White colour 

KPI 

Key performance indicator 

LE                                           

Low entrance  

LD                                

Low decker 

MD                    

Mid decker 

HD                    

High decker 

CW                    

Citywide 

BCW                 

Blue collar worker 

WCW                

White collar worker 

Policy 

A policy is a letter of intent and guidelines for managing decisions and achieving desired 

goals 

PPG 

Painting supplier in Lahti 

LGP 

Liquid gas petroleum 

SPSPL 

Strategic Plan Scania Production Lahti 2018+ 

SPS 

Scania Production System 

SHE 

Safety, health and environment 
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1 Introduction 

"The whole industry is suffering if the transport industry can not grow and develop. 

Transportation is a prerequisite for other industries to work” [1].  

With rising demands for a more sustainable future (Agenda 2030) [2], public transportation 

has an important role to play. In order to ensure a continued development of sustainable 

transportation and public transportation the production of the means of transportation must be 

cost efficient. This thesis is based on a study of the SOE Bus production Finland Oy, factory 

in Lahti. The main purpose of the study is to make an internal process/cost benchmarking 

study between two factories. The factories are located in Finland and Poland.  

1.1 SOE Bus production Finland Oy 

1.1.1 History 

Below a brief introduction to the history of the Lahti factory is presented: 

 1945 - Established 

 1967 - First aluminium bus body (before wooden) 

 1973 - New production bay: the last wooden body and new production hall 

 1989 - Expansion of production lines 

 1996 - National entrepreneurs price and expansion of production facilities 

 1997 - ISO 9001-certificate 

 2005 - Contract with Scania until 2014 

 2007 - New factory at Lahti: OmniExpress production starts 

 2013 - Bankruptcy 

 2014 - Ownership changes, new owner: Scania 

 2015 - Interlink LD, MD and HD   

 2016 - Citywide LE Suburban production starts 

 2016 - ISO 9001:2015 

 2018 - SPSPL +18 

The demand for local transport as an essential part of societal infrastructures has always been 

high. Due to the customer demand for lower costs and society’s increasing environmental 

demands the bus market is competitive. As a strategy to gain more market segments and to 

deliver at the pace of customer demand, the factory ownership changed in 2014 and is now 

developing by scanias’s policies and visions. 

1.1.2 Today 

The factory is owned by SOE Bus production Finland Oy, it has been under Scania ownership 

since May 2014. A relocation to Lahti in 2007 occurred for the factory and the operations 

started in April the same year. The total area of the factory is about 12500 m2, including office 

and social premises in two buildings. 

 

SOE Bus production Finland Oy is building buses and coaches’ product families (Interlink 
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and Citywide LE Suburban) with high variations from scratch. Bus body production (MX) is 

for local line transport, express transport and charter transport services. The models are 

Interlink Low Decker (LD), Mid Decker (MD), High Decker (HD) and Citywide Low 

Entrance (LE) Suburban. Usually for line services models are LD and Citywide LE, for 

express services MD and charter services is HD. The production lead-time at factory varies 

from 1,7 to 1,9 buses/day. The yearly volume (2017) was about 380 buses. 

Almost every Bus and Coach is unique and with high variations, which results in high 

requirements for flexibility, communication skill and wide knowledge of the personnel.  

The total number of the personnel at the factory is at the moment 333. At production and 

logistics there are a total of 276 employees, 235 are Blue Collar Workers (BCW) and 41 

employees are White Collar Workers (WCW). At Research and Development (R&D) there are 

a total of 57 employees, 17 BCW and 40 WCW.  Markets of Scania Interlink and Citywide are 

shown below in figure 1. 

 

 

Figure 1 Picture of the markets of Scania Interlink and Citywide. 

 

The factory has made some tremendous changes during 2014 -2017. The turnover went from 

27.2 million euro to 65.4 million euro during 2014 -2016. When Scania first took over the 

factory in 2014 it was based on traditional supply chain management with just small 

implements of Lean or Six Sigma. That has come to be one of the biggest challenges in this 

factory, to keep up with the rising overturn year after year. To get the reader an understanding 

on where Scania is at and will be, see appendix. The Strategic Plan Scania Production Lahti 

2018 is a Lean and Six Sigma plan/vision.  

1.2 Project outline 

This is a study project/action research with the main purpose of conducting a comparison 

between the two painting processes of the Bus body. Due to two different paint suppliers and -

processes in Bus Body Production Finland (MXF) and Bus Body Production Poland (MXP), 

there is a need to do a calibration between these two units. This is needed from quality 

process perspective, cost calculations and to be able to split incoming orders, between MXF 
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and MXP for LE Suburban. 

The objectives: 

 Carry out a pre-study of citywide LE Suburban painting process in MXF 

 Conduct a gap analyse between MXF and MXP 

 Improve the MXF painting process 

The expected benefits of the project are: 

 Better process quality  

 Cost savings 

To be able to make the comparative study between the two painting processes  The 

definition of the project is to study both methods MXF and MXP considering CW LE 

Suburban bus painting processes. After study, charting and benchmark labour hours, energy 

consumption (MWh), direct material (liter usage of colour) and indirect material cost (€) of 

the two painting processes, come up with a solution on which one of the processes is the most 

cost effective. To carry out the comparison, LEAN and its method PDCA have been helpful. 

Scania Lahti also works with a standard work structure, SPSPL, which has been followed 

throughout the study such as selection of methods, tools and literature. The improvement 

work is only done for MXF and is based on the more accurate mapping of activities in MXF 

than MXP. MXF and MXP painting processes have today big differences in costs and system. 

MXF is today more cost-effective and with a higher capacity than MXP. 
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2 Background 

2.1 The Problem 

Today there is a difference between the two factories in Finland (Lahti) MXF and Poland 

(Slupsk) MXP looking at the painting processes. In 2014 when the turnover started to 

accelerate at the factory MXF, there was a need to start implementing new tools to keep up 

with the turnover, continuous improvements, six sigma, ISO 9001:2015 and Lean. In the 

appendix, the reader can get an understanding of MXF strategies, goals and visions, SPSPL 

18+. The growth in turnover increases the demand of the factory to deliver more buses, which 

consequently resulted in higher production rates. In the flow of processes in Lahti, the 

painting process is one of the most costly and time demanding. That brings a challenge to the 

managers and becomes one of the most important processes to improve. To minimize the cost, 

lead times and improve quality are critical steps to sustain the turnover and keep customers 

satisfied according to the interviewed managers. These aspects are closely related to increase 

the lead in terms of market share and productivity, in this case as well to keep up with the 

turnover growth [3]. To get the reader an understanding on the maturity of the processes, 

according to Capability Maturity Model, CMM, developed by Software Engineering Institute, 

a state-founded research institute in the USA, the mature level of the painting processes are at 

level 3-4 of 5 .[3][4] This is confirmed according to the BPO mature modelling [5]. There are 

now requests from managers to clarify the painting processes, weighted at quality and cost. 

 

In order to reach the objectives of the study the following questions will be answered: 

 Q1 - What are the activities in the painting processes MXF? 

 

 Q2 - What are the costs of the painting processes in MXF? 

 

 Q3 - What are the energy, labour hours, colour and material gaps MXF and MXP? 

 

 Q4 - Could the painting processes in MXF lower in cost? 

These issues/questions are essential for mangers, to make the basis for upcoming different 

decisions and in itself a continuous improvement. They are also in line with the strategic plan 

for Scania Lahti 2018+. 

2.1.1 Delimitation 

A clear delimitation is necessary in this study to identify what to measure, which is in the 

planning phase of the internal benchmark model.[3,6,7,8]  The processes are complex and the 

bus models are of high variety (different lengths, options of colors, customers choice). One 

other reason to have the delimitation is to actually reach the 1 to 1 ratio, which is nececerry, 

otherwise measurements and calculations will be made on different buses and different 

resources. The result of not having the 1 to 1 ratio is completely unrecognizable results [6]. A 

benchmark analysis between MXF and MXP will be performed, which delimitation will be 

adapted to the common denominators of the MXF and MXP, 1 to 1. This will ease the 

benchmark and the gap analyse can be done. To get the 1 to 1 comparison a specific bus 
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model that both MXF and MXP had in common was picked with a specific standard colour. 

To leave purchases skills and currency differences out of this study, energy cost will be 

translated to use MWh/per bus, direct labor cost to working time per bus, direct material the 

sum of liters of colour used on one bus, these have been benchmark corners in the gap 

analyse. Only indirect material costs (€) have been used as cost compersant. Indirect material 

costs for the gap analysis have been used, since there is no single unit in comparison in this 

case.. 

 

Bus: 

 

The bus model on which the action study will be based on is Citywide Le Suburban, 12 

meters steel bus, with basecoat colour Ral 9010. The choice of Citywide Le Suburban 12 

meter is based on the fact that this is the only model that is common in MXF and MXP at this 

moment. The standard basecoat colour RAL 9010 is the most used. There is a difference in 

chemicals of the different paints and different primers, thinners, hardeners and basecoats. This 

is because MXF and MXP have different suppliers, BAFS in MXP and PPG in MXF. 

Different quality in different primers, hardeners, thinners and basecoats will not be taken into 

account in this internal performance cost benchmark but will come to have a contributing 

factor for the result. 

Processes:  

According to the semi-structured interviews in Lahti with managers, MXF painting team and 

a recent intern audit report, the processes connected to the study should be focused on the 

painting processes such as pre-work station (EK), body hatchet painting (Painting 2) and part 

painting. To ensure that the gap analysis will be as valid as possible, all these three processes 

will be included in the delimitation of MXF, as in MXP, common processes to these are P100, 

P200, P400 and P700. It is basically preparation process stations before painting and painting 

processes.  

Costs: 

 

The cost will be based on 1 bus within the processes showed over. It will be based on a 

Activity Based Calculation (ABC). Couse of confidential material the reader will not get the 

real estimate costs. Instead, a translation will be made of all the cornerstones apart from 

indirect material, where the costs will be compared when 1 to 1 ratio becomes impossible in 

this case. Indirect labor costs translated into working hours, colour costs are translated to the 

amount of paint liters used and energy is compared MWh to MWh used for 1 bus, this to 

example with real costs. To the improvement of MXF, real costs will be used as measurement. 

The choice of this mix will be described in 2.4.4, the mix ABC/manufacturing cost 

calculation. To be as reminder, in the result chapter, improvements MXF, the costs will be 

used as measurements and solution material data for the PDCA structure. 

2.2 What has been done earlier 

According to semi structured interview in functional areas such finance, HR and production, 
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no cost calculation but some process description has been done for the painting process in 

MXF by the paintsupplier PPG. This internal performance cost benchmark is the first one of it 

kind for the factory. PPG, the supplier of materials and paint for MXF, has its own system 

where each painter weighs the colour in factory; the information is then passed on and 

translated directly to exact costs for the supplier. That way this study will be based on high 

validation data according to liters of colours used and its costs in MXF, for that reason cost 

caluclations are done every time for one bus. According to safety, health and environment 

(SHE) engineer at MXF, consumption for energy has been calculated before. In MXP, there is 

no exact valid information of the amount of colour used for one Cw Le Suburban. With help 

of maintenance coordinator in MXP the energy consumption could be find in MXP. An 

internal performance benchmark between MXF and MXP about the painting costs and 

processes has never been done according to 1:1 bus comparison. A capacity benchmark has 

been done MXF vs. MXP at that ovens where the heating of paint is done. 

 

There are plenty of studies about benchmarking principle. For examples Xerox, Motorola and 

the internal Revenue services has done successfully benchmark that this study has been 

inspired by [7].   

2.3 Description of technology area 

 

Based on the objectives, study questions and working structure this report will be based on 

four areas of technology: 

 Business Administration, Management and Management of Processes 

 Business Administration and economics, Management Accounting and Control 

 Mechanical Engineering, Production Engineering & Lean 

 Quality Engineering, Quality Development 

Business Administration, Management and Management of processes: 

 

A greater understanding in processes and management has been applied in this study. This 

area has helped the way to visualise, improve and work with the processes.   

Business Administration and Economics, Management Accounting and Control: 

 

With help from this area calculations could be collected and implemented in this study. The 

ABC calculations were picked from this area.  

Mechanical Engineering, Production Engineering and Lean: 

Couse of the SPSPL, most theories and methods are picked from this area to work along with 

MXF visions and long-term goals. 

Quality Engineering, Quality Development: 

From this area, tools from the TQM have been picked, as well experience from working with 
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processes. 

2.4 Theory 

This action research has ground on the SPSPL and ISO 9001:2015, which includes continuous 

improvements and Lean. Based on these models the theory has been built and developed. To 

refer both the methods and reach the objectives, an internal performance benchmarking, MXF 

up against MXP is done by using methods and strategis like global communications, visual 

(go and see), continuous improvement methods, totally quality management tools etc. The 

benchmarking process has similarities with the PDCA continuous improvements [3][7][8]; 

PDCA is a Lean method [9]. The way to solve these objectives is according to Petersson, Per, 

et al, LEAN gör avvikelser till en framgång, to do a proper status analysis to support the 

method-choices/theories for the PDCA method/internal performance benchmark. The status 

analysis for MXF and MXP therefore has it own chapter later in this study. 

2.4.1 Lean  

In order to understand the similarity between SPSPL and Lean, a basic understanding must be 

clarified for the reader of Lean. Lean is originally from Henry Ford, Lean Production. The 

basic idea was to create a car all can afford. In order to achieve a low cost for end customers, 

a low cost is required for the manufacturing process.[3,9] To achieve a low cost of 

manufacturing process, there is today a developed general interpretation by Toyota Production 

System (TPS), "lean-house". A simple model has been created from previously mentioned 

references, thus allowing the reader to compare SPSPL with this model to see the similarity, 

figure 2. 

 

 

 

 

 

 

 

 

 

When Lean is visualised like a house it help organisations to continuously have a dialog about 

the principals. Lean should not be seen as a method where the organisation is Lean, but more 

of a ratio manner or long strategic planning. Lean is a method to reach an organisations 

visions and aims for future conditions (visions), for example: No wastes, zero deviations as in 

Short lead-time, Highest quality, Low costs 

Takt, 

Continuous 

flow, 

Pulling 

system 

Built in 

quality, 

Stop at error, 

Waste 

reduction 

Standardization, Stability 

JIT (Just in 

time) 

Jidoka 

Figure 2 Lean House 
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SPSPL. The house is build up with 3 stages, on the ground supporting pillars and roof: 

Ground: 

 Stability and standardization 

Pillars: 

 Jidoka (Built in quality, waste reduction, error proofing) 

 Just in time (Pace, Continuous flow, Pulling system) 

Roof: 

 Highest quality, lowest cost, shortest lead-time 

To be mentioned to the reader is that according to David Mann, PhD, and organizational 

psychologist retired as the manager of Lean management and organisation development after 

21 years at Steelcase in Grand Rapid, that “implementing tools represents at most 20 percent 

of the effort in Lean transformation. The other 80 percent of the effort is expended on 

changing leader’s practise and behaviour’s and ultimately their mind-sets”[10].   

2.4.2 PDCA/Internal Benchmarking  

2.4.2.1 PDCA 

The method/working structure that the whole job is based on is PDCA. It is a method that 

shows the way of working and provides structure. PDCA is a Kaizen method, which is the 

basis of the Lean House, standardization. There are typical 4 phases in the PDCA circle; plan, 

do, check, and act [3,9]. To illustrate how the PDCA works and provides new standardization, 

quality and continuous improvements, figure 4 is made at page 14, based on mentioned 

references. For the PDCA the phases are described as follows: 

 

Plan: 

When a deviation from an organization's vision or goal appear, the cause of the deviation most 

be found. Decisions and continuous improvements are based on facts and, for example, total 

quality management (TQM) tools can be used for this purpose.  

Do: 

When an important cause of the deviation or gap in performance is found, the improvements 

are made. 

Check: 

Improvement is made, what are the effects? A convincing improvement gives rise to the new 

improvement standard. 

Act: 

The new improvement will now be set as new standardization. 

2.4.2.2 Internal Benchmarking 

Internal Benchmarking, when comparisons are made between departments/divisions of the 
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same company or group with a focus on performance.[3][6][7][8] The purpose of 

benchmarking is to identify the highest standard in the market for products, processes, and 

services, then to make an improvement to achieve these standards. Commonly called “best 

practice”. The internal benchmarking performance follows the PDCA cycle. Below, the reader 

can see a simpler explanation in text. The bold letters are PDCA method and the italics follow 

the internal benchmark structure made by in this study. The text then explains both the PDCA 

and the benchmark concept and how this study has been developed by this method. This way, 

the reader can understand the implementation of internal benchmark in the PDCA method: 

P 

Plan: 

To understand your own process and choose what to measure  

D 

Find: 

Find the appropriate process in your organization to compare with  

Study: 

Study each performance of processes costs and analyse gap  

Analyse: 

Determine the causes of the differences in both processes  

C 

Suit: 

Choose the best performance and modify to own process/implement  

A 

Improve: 

Implement the new standard and measure, re-do whole circle  

 

 

 

 

2.4.3 Swimlane/Flowchart 

The use of flowchart is one method that is included in Scania’s visions, is a confirmed 

P
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A

Time 
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            Figure 3 How the PDCA/Internal benchmark method provides new standard 
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continuous improvement for ISO 9001:2015 “measure, monitor and analyse 

processes/activity’s "when appropriate" [3]. This method is often used for purpose of 

understanding your own process. A list of activities and the time spend on that activity is 

charted [9]. There is no bigger different between a value stream mapping and a 

flowchart/Swimlane, the both methods are designed to show the present picture of a process. 

Usually there are parallel lanes, similary to swimlanes where different professions or divisions 

represents one lane and its activities. For this study, one lane is the activitie and the other lane 

is the time spent on that activitie.  

2.4.4 Cost calculations 

The calculation is based on the doctoral thesis; by Mathias Jönsson, Cost-conscious 

manufacturing, Models and methods for analysing present and future, performance from a 

cost perspective [11]. The cost accounting method used in this study originates from the 

Swedish industry. The method is called “självkostnadskalkylering”. This method is based on 

that all costs generated in the process flow in an organisation are brought down to every 

produced product. The “självkostnadskalkylering” is the base and different parts of these 

calculations are picked according to the doctoral thesis and to reach the 1 to 1 comparison. 

The costs pools for “självkostnadskalkylering” are: 

 Direct material cost 

 Indirect material cost 

 Direct labour cost 

 Manufacturing overhead costs 

 Special direct costs 

 Cost of sale 

 Administration cost 

For this study, only direct material cost (paint), indirect material cost (sandpapers, tapes etc.), 

direct labour costs and energy costs will be calculated. To be as a remainder to the reader, to 

exclude purchases skills and currency differences, amount of liters for colours (direct material 

costs), energy consumption (MWh, energy cost) and direct labour hours (direct labour costs) 

for one bus will be compared in the gap analyse. The indirect material costs will be compared 

cost vs. cost to the fact that it is not possible to make a 1: 1 comparison for this in any other 

way. The indirect material costs will be masked and the costs will not be showed for the 

reader, but used for gap analyse. For the MXF improvement part, no adjustment will be taken 

and real costs will be used.  

 

Direct material cost: 

Direct materials are traceable material used to create the product [11][12]. In this study the 

only direct material is the actually colour and will be compared 1:1 by amount use of liters.  

Indirect material cost: 

Indirect materials are no-traceable material used to create the product. In this study these are 

products such as: Sandpapers, papers, pinhole fillers, tape etc. [11][12].  

Direct labour cost 
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A part of wage-bill that is incurred in order to produce the specific product or provide specific 

services to customers. In this study the direct labour cost will be compared 1 to 1 about hours 

spent on 1 bus though the processes like this: 

 

((
𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑠

𝑇𝑎𝑘𝑡
) x (8 hours))= Total workload spent on 1 bus threw the process painting. 

The ABC is based on segregated areas, unit, batch, product sustaining and facility. At unit 

level we have direct labour cost, material cost (indirect and direct), machine costs and energy. 

According to Robin Cooper and Robert S. Kaplan the “abc reveals the links between 

performing particular activities and the demands those activities make on the organization’s 

resources, it can give managers a clear picture of how products both generate revenues and 

consume resources”[13]. The explanation of the relationship above is explained by, the 

hierarchy of factory operating expenses:  

 

 

 

 

 

 

 

 

 

 

 

 

 

On the left side are the activities visualized. On the right side are the expanses of these 

activities. This is an interpretation by Robin Cooper and Robert S. Kaplan, which is also 

supported by S.L. Kohli [12]. According to S.L. Kohli there is three sub-divisions in 

accounting of costs; finance accounting, cost accounting and management accounting. Couse 

of this benchmark is about processes my focus will come logical to the frame for cost 

accounting, to quote S.L Kohli: 

“It shows classification and analysis of costs on the basis of function, processes, products, 

centers etc.”   

Further into the cost accounting, to quote the interpretation of S.L Kohli, one of the four 

scoops of cost accounting is, costing: 

 

“Costing, It refers to the techniques and processes of ascertaining costs. It involves systems, 

methods and techniques of acumuation, analysis and appropriate allocation of expenditure 

incurred in respect of a product or service” 

There are three elements of cost accounting/costing, these are: material costs, labour costs and 

Direct labor, Materials, Machine 

costs, Energy 

 

Setups, Material movements, 

Purchase orders, Inspection 

Process engineering, Product 

specifications, Engineering change 

notices, Product enhancement 

Plant Management, Building and 

grounds, Heating and lightning 

 

Unit Level  

Activities 

Batch Level 

 Activities 

Facility Sustaninig 

Activities 

Product Sustaining 

Activities 

 

Figur 4 Hierarchy of factory operationg expenses 
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expenses cost. Materials are direct and indirect; labour could be direct and indirect. Expenses 

refer to the expenses directly, conveniently and wholly allocated to specific cost center or cost 

units, which could be energy like in this case.  

 

With these references in this chapter, a clear interpretation can be made what should be 

included in this internal cost performance benchmark: 

 Direct material cost 

 Indirect material costs 

 Direct labour 

 Energy 

A short exemple of how the actually calculation in this case is made for the indirect material 

cost for one of the processes: 

Chart 1 Exemple for a calculation of indirect material cost for one process 

 

 

2.4.5 Pareto diagram 

Cause of the many different costs and activities, Pareto diagram comes in handy. It is a TQM 

tool that will be used both under Plan and Do with the PDCA/benchmark method. 

Transferring the data from the flowchart/swimlane and costcalculation to the Pareto Diagram 

helps to rank activities with regard to its costs [3]. Pareto diagram is named after an Italian 

economist named Vilfredo Pareto, 1848-1923. With help of the Pareto diagram this study 

could select what process has highest costs and what activity is consuming most time by the 

workers. What a Pareto diagram usually shows is that a very small number of 20% of the total 

number affects 80% of the amount. It is called the 80-20 rule. To quote James Nicholson the 

connection between the costs and performance in this study with help of the Pareto chart: 

“A bar chart in which the categories are arranged in the order of their frequencies, starting 

with the most frequent. This reveals what are the most important factors in any given 

situation, and enables a realistic cost benefit analysis of what measures might be undertaken 

to improve performance” [20]. 

A similar explanation of a Pareto Chart from Jonathan Law is that: 

“A type of bar chart in which vertical bars representing the relative frequency (or cost) of a 

set of factors are displayed in decending order of size (i.e. with the most significant factor or 

cause on the left and the least so on the right). A line graph is generally superimposed to 

show the cumulative total of the frequencies; this will rise to 100% at the right vertical axis” 
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[21]. 

To illustrate, an example of the Pareto Digram figure 5 is created from an example of 

flowchart, Chart 2: 

Chart 2. This flowchart shows how many minutes spent on one activity, total of minutes and the part of 
that activity of the total (%) 

 

And now a pareto digram of the data of Chart 2 is shown below. 

 

Figur 5. A Pareto diagram based on the data from Chart 2. The left axis is minutes and right axis is 
total sum in % of each step of the activity. 
 

The line follows the total of % by each step relative to the right axis. Sanding + painting are 

together 88% of the total minutes. The left axis are relative to the bars, sum of each activity in 

minutes, sanding = 60 min. Sanding have 52% part of the total sum of alla activity minutes. In 

this example the sanding activity are arrange as first due to the fact it is takeing up most of the 

minutes of the total.  

2.4.6 5 why 

The method called 5 why is a Lean method. The method 5 why aims in this study to find the 

root cause of the difference in cost between MXF and MXP after completing which cost gap 

is greatest. Aswell used in the improvements MXF to find a root cause of a deviation. The 

question why is asked 5 times and that will lead to the main reason for the gap or deciation. 

[3][9] 
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Method 

2.5 Methods of work structure  

 

This study was conducted through partial quantitative and qualitative data collection methods. 

It is based on a mixed method [13]. Shortcomings before the study on both process 

description and cost estimates required a new mapping for the activities and completely new 

calculations for MXF. Mainly literature used for this study is LEAN gör avvikelser till 

framgång and Kvalite från behov till användning. The methods and theories chosen for this 

study have been based on the SPSPL and have its ground in Lean with the PDCA method 

combined with TQM tools. The ISO 9001:2015 has as well been a frame for this project.  

Through the use of the flow chart tool, a mapping could be done for each process and its 

activities/costs in MXF. After each process, the questions were asked to the workers 

(interviews) about how their perception was of their work without telling the times and steps 

of the work done by the worker. This way, a determination of the time, activity flow and its 

costs could be found both through quantitative and qualitative assessments. At the same time 

as a mapping of the activities was done in what time, data for indirect material could also be 

collected. In the same way as the activity and time mapping data was collected, all material 

consumed in each activity was collected. After a process was completed, questions were 

asked (interviews) to the employee about her/his perception of consumption of material. In 

this way, the author of the study can present the standardized method of working, the 

materials used and the average consumption of the materials can be presented. When the 

consumption of materials where collected, for example, sanding = 4 sandpapers, the price for 

1 sandpapers was collected. Amount of material or amount of liter x cost of 1 material or liter 

= cost for 1 bus.  

 

Energy consumptions cost for the three processes were collected by the data, MXF:s SHE 

engineer had in the database. The fuel using for energy in MXF is gas, LPG. For MXP, other 

energy source is used for heating the oven. The energy source is district heating and oil.  

In MXP, the data collection of material need was mostly done by semi-structured interviews. 

The information/data was therefore mostly collected quality wise with some quantity method. 

As well MXP has no system that support exact calculation of paint used.  

Due to the fact that no flowchart could been made in the way, direct labour cost was collected 

by: 

 

(
𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑠

𝑇𝑎𝑘𝑡
) 𝑥 (8 ℎ𝑜𝑢𝑟𝑠) = 𝑡𝑜𝑡𝑎𝑙 𝑤𝑜𝑟𝑘𝑙𝑜𝑎𝑑/𝑏𝑢𝑠  

 

That way all costs could be compiled by the ABC calculations: 

 Direct and indirect material costs 

 Direct labour 

 Energy 
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When the data of the costs and time had been collected in MXF and MXP a total cost 

calculation was made. Through these assessments an understanding of which one of MXP and 

MXF that had the highest cost/efficiency could be reached. A gap-analysis chart is being made 

to locate where the biggest gaps are between MXP and MXF. The corners of the gap-analysis 

chart is: 

 Direct costs (Liters of paint use/bus) 

 Indirect material costs (Actually costs/bus) 

 Direct labour costs (Labour hours/bus) 

 Energy costs (MWh/bus) 

With help of the gap-analysis the biggest gap can be visualized. For this official report costs 

for direct material, direct labour costs and energy cost will not be measured. 

After gap analyse was done and results where showed no actually implementation work was 

created because no “best practice” found in MXP over MXF. Instead, the work started over in 

the PDCA method based only on improvements in MXF. This because the study did not find 

any “better practice” in MXP, only looking at cost performance. A Pareto diagram was done 

to rank the costs, it is a way to know what to improve first. 5 whys was implemented in the 

highest cost of pareto diagram to see where the cost are located and find the root cause of that 

cost.  Methods and working frames are illustrated in figure 6. The core of this study was the 

objective given. Based on these objectives, 4 questions, Q-1,Q-2,Q-3 and Q-4 were developed 

to reach the objectives. The parts of the PDCA are based on a mixed method, some with both 

qualitative and quantative data collection methods. The colours show which collection data 

methods were used in each sstep of the PDCA structure. If both methods had been used, a 

wall of bricks shows the mix of methods, othervice single colour is to detail to one of the 

methods. The frame around the entire work is SPSPL, which takes into account Scania’s 

visions and goals in MXF 

To give the reader a visualisation of the studies ground in methods and working frames, a 

figure will help, figure 6.: 



 

2018-05-23 Simon Rosell Sagrelius   21 

 

Figure 6 Process working method 

2.5.1 Validation of methods and tools 

One of the advantages of using a mixed method, both of the workers' perception of used 

material and interviews and by actual data collection will add up to the degree of validity 

[14]. This allows estimates to come with reasonable assurance in order to determine a valid 

final result. The data collection with the qualitative method was by interviewing as semi-

interviews [15]. The questions asked were open and the interviewee could therefore speech 

freely about reason and other important information could be received. As a quantitative 

method, data collecting about how many types of sandpaper was actually used for one bus etc. 

For example: The amount of washing spray D845, consumed was measured with how much 
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the spray can wasted under the whole process. The can was weighed before and after process 

was done, then converted from kilograms to liters. By using a mixed method more accurate 

data/validation could be reached but only using one method. 

In MXP almost only qualitative data method has been used in higher scale, some quantitative 

method was used to understand the accuracy of MXP painting team estimates. The core of the 

data collection as viewed in figure 6, was interviews with the MXP painting team. This 

because MXP paints only parts of the bus and different parts for different busses at the same 

time in the same chamber/oven, that makes it hard to for MXP to come up with any system 

such as MXF has, where the amount of liters used directly points to one bus. As well the 

shorter visit in MXP made it hard to collect all information by both quality and quantitative 

method.  

 

In MXF the system works so that every time a painter weighs the colour, the information is 

passed on to PPG, PPG has ready-made systems that transfer the weight of the colour to direct 

costs. However, an estimate has been made of how much colour is used in Part Painting 

processes, for one bus. Couses of the more time spend in MXF most areas of costs could be 

reached by the quantitarive and qualitative method. 

The mixed method design for this study could sum up as a equal complementarity method 

Davis et al. (2011) [14], illustrated in figure 7::  

 

Quantiative 

Mehtod 

Qualitative 

Mehtod Results 

Figur 7. Illustration of the complementarity mixed method 
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3 Current Status 

To give the reader a better understanding of the painting processes and it costs at MXF and 

MXP, this will be presented in this chapter. 

3.1  MXF 

To answer the questions in this study and reach the objectives, a deeper study has been made 

for MXF. 

3.1.1 Activities 

What the reader needs to know about activities before is that in this study the Part Painting, 

Painting 2 and EK are processes. Within these processes the activities are done, an 

illustration/example is showed: 

 

 

 

The Part Painting->Ek->Painting 2 are the flow of processes. Within Part Painting we have 

the activities, sanding->wash. This study is based on understanding what activities that are 

done in each process and its costs. 

The delimitations of this study are at three different processes but all in the same group called 

FA6 [Figure 9]. The processes included are: 

 Part painting 

 Painting 2 

 Ek 

The figure showing the reader the start point of the line production and end point. That is the 

process flow. Marked in the rings are Part Painting, Painting 2, EK and FA6. Those black 

colored arrows show the way through all the processes of a bus. However, it is simplified but 

gives a clearer picture of how the entire process flow looks like in MXF. 

 

 

 

 

Part Painting EK Painting 2 

Sanding Wash 

                   Figur 8 Examples of description of process and activity flow 
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3.1.1.1 Part Painting 

 

Flow charts are used to follow/visualize a product or customer through its flow of activities in 

the process, all flowcharts of MXF can be find in the appendix. The flowchart for Part 

Painting can be found in the appendix. At the part painting process, followed parts for the bus 

Cw Le Suburban are done to be assembled later in the process flow;  

1. Front door side panel, 

2. Ac unit covers, 

3. Front roof corners, 

4. Drivers side panel, 

5. Rear light modules, 

Figur 9 Manufacturing Process Layout MXF 

Start 

End 

 

 

 

EK 

Painting 2 

Part Painting 

FA6 
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6. Rear Bumper, 

7. Rear Hatch, 

8. Reverse camera hatch; Reverse camera box 

9. Front Bumper, 

10. Front Hatch, 

11. Roof corners, 

12. Air Duct, 

13. Intake plastics, 

14. SCR-hatch, 

15. Door around panels, 

16. Mirrors, 

17. Trim panel, 

These are marked in the second appendix to help the reader visualize the parts on the bus. 

These parts are the products that go in to the process through different activities. The input is 

non-color parts. Output is painted parts. A pie chart has been made making it easy for the 

reader to understand what activities take up the most time in the process, figure 10:  

 

 

Figure 8 Percent of each activity in Partpainting 

 

Painting In the part painting only plastics and glasfiber materials are being painted. Clothes 

and buckets are used in this process. Three different paint liquids are sprayed on in this 

process for these materials. The first one is called wet on wet, which is a primer. A primer 

layer is sprayed on the surface to let the visual main color get better adhesion, durability and 

some extra protection. Second one is the main color. In this activity, it is the color Ral 9010, 

black brilliant. Third one is sometimes clear coat, if that is a customer demand. It gives both a 

glossy look (transparent) and protection. This activity is done manually with painting pistol. 

Sanding is done to allow the primer to get better grip, softer corners, remove dirt, get rid of 

holes, take down putty, scratches etc. This is done on all parts before painting. Part painting 

29%

15%

11%

10%

7%

5%

5%

4%

4%
4%

3% 2%
1%

Painting
Sanding
Wash
Mixing
Cleaning SprayGun
Empty Chamber
Air Blow
Filling Chamber
Changing The Colthes
Remove trashes
Masking
Putty
Remove Masking
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process is consuming sandpapers as Soft P400, Soft P220, P180, P240+ and Mirlon 115x230. 

This activity is done manually and with machine. 

Washing is done to remove dirt from the surface before and after sanding. It is used to remove 

fats and dirt, as well as working as a tool to find deviations on the surface, crack, scratches, 

pinholes etc. The washing activities in the part painting are consuming D837, D845, D856 

and D 8401/8431. D845 is a high strength degreaser. D856 is an anti-static liquid to eliminate 

buildups of static electricity in order to help the painting. D8401/D8431 is designed to remove 

salts, fingerprints, carbon blacks, wet marks and any other waterborne pollutants that can 

cause problems. D837 is a mild blend of solvents to remove light impurities in small areas of 

pure metal as a step in the preparatory process. Reusable towels are used. This activity is done 

manually. 

Mixing is within this process. Mixing is an activity where the painters mix different liquids to 

reach the tint requested by the customer. Not only to give the paint its right tint, as well 

mixing thinners and hardeners. Thinners are used as solvent to thin out the paints or to clean 

up the surface. Hardeners are used to hard the paint if there is any waste. That way no spill 

will be done in transports and local carry, which could be harmful for the environment if 

spilled. Additionally, spilled color on floor in factory will bring big costs. This is done 

manually. 

Cleaning spray gun is done after the painting job to ensure there are no leftovers. This activity 

is done manually. 

Empty chamber is done every time the painters have done their job and the painting has dried. 

This activity is done manually. 

Air blow is done after each sanding. This is a way to remove dust from the surface, which is 

undesirable. This activity is done manually. 

Filling chamber is done when the parts is ready to be painted.  This activity is done manually. 

Changing clothes is done before and sometimes after the painting job is done. 

Remove trashes 

Masking is a prework activity before painting job. This is done to protect surfaces that are 

either painted or shall not be painted. The paper used for masking is a 37 cm paper. Tape 50 

mm, 38 mm, 6 mm and 5 mm is used. Masking is done manually. 

Putty, putting on putty is done to fill up deviations such as scratches etc. Putty is used to 

repair parts as filler. This activity consumes polyester putty or universal spachel putty. Putty is 

mixing with a hardener.  This activity is done manually. 

Remove masking is done when the parts are finished painted. This activity is done manually. 
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3.1.1.2 EK 

The EK process has some different activity approach then Part Painting and Painting 2. This 

process is focused only to pre-work, pre-work to the Painting 2 process. As well in EK 

process, a flow chart has been done to understand the activities. The swimchart can be found 

asappendix. In this process, there is no parts being assembled or taken off, whole bus is within 

this process, but not the parts that is included in Part Painting. Input in this process is an 

unmasked and unpainted bus. Output for this process is a masked sanded bus. To give the 

reader a better visualization of what parts of the bus that the activities are applied, see 

appendix. Parts being processed in EK: 

18. Side hatchet, 

19. Other Rear Parts, 

20. Other Front Parts, 

 

 

These are marked in the appendix. The BCW are working on sides, rear and front at the same 

time. As in part painting a pie chart has been done, making it easy for the reader to understand 

what activities take up most time in the process, figure 11: 

 

Figure 9. Percent of each activity in EK 

Sanding activity is done on all parts being marked in appendix. It is the highest time 

consumption activity for this process. Same here as in Part Painting, sanding is done to allow 

the primer to get better grip, softer corners, remove dirt, get rid of holes, take down putty, 

scratches etc. This activity is done manually and with machine. 

Masking is done to protect the areas on the bus that is not going to be painted in Painting 2. 

Masking is taking place at wheels, left back hatch, door, front and rear parts, windows etc. 

The masking paper used here is a 150cm x 30 m and 37.5 cm x 45 m paper. As well a film is 

pulled over the car 500 cm x 120 m. To fit the paper on the bus tape is used, 5 cm x 50 m. 
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This activity is done manually. 

Putty, putting on putty is done to fill up deviations such as scratches etc. Putty is used to 

repair parts as filler. This activity consumes polyester putty or universal spachel putty. Putty is 

mixing with a hardener.  This activity is done manually. 

Washing is done to remove dirt from the surface before and after sanding. It is used to remove 

fats and dirt, as well a tool to find deviations on the surface, crack, scratches, pinholes etc. 

The washing activity in EK is consuming D845. D845 is a high strength degreaser. Reusable 

towels are used. This activity is done manually. 

Tapeing is done at several places/details where the masking cannot protect from paint in 

Painting 2. It is also used to protect the lower edge of windows when sandpapering the 

hatchets, rear and front. Tape used for this purpose is 5 cm x 50 m. this activity is done 

manually. 

Air blow is done after each sanding. This is a way to remove dust from the surface, which is 

undesirable. This activity is done manually. 

Fix is for an example; fixing cables front, rear and sides. This is done manually.  

Pinholefiller is a material used to fill the pinholes. Pinholes are to be unvisualized with the 

naked eye. 

3.1.1.3 Painting 2 

When the bus has been pre-worked in EK the next process is painting 2. In painting 2 all the 

areas that has been pre-sanding in EK is now being painted in this process. Input is an 

unpainted bus output is a complete painted bus. In this process the bus goes threw different 

activities that has consumed different materials. In Painting 2 a swimchart has been created to 

understand the process and its activities, see appendix. To give the reader a good visualization 

of which parts of the bus are being painted, the author of this study refers to the previous 

process explanation, EK. A pie chart is done to visualize what activities consuming most time, 

figure 12: 
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Figure 10 Percent of each activity in Painting 2 

Painting is the activity where the parts on the bus being painted showed in figure. In painting 

2 there is both glasfiber and steel parts on the bus being painted on. Clothes and buckets are 

used in this process. Four different of paint liquids are sprayed on in this process. First one is 

called etch primer. The etch primer is used to withstand corrosion. Second layer is wet on wet. 

Wet on wet layer is sprayed on the surface to let the visual main color get better adhesion, 

durability and some extra protection. Third layer is the main color. In this activity it are the 

color Ral 9010 and black color. Fourth one is sometimes clear coat, if that is customer 

demand. It gives both a glossy look (transparent) and protection. This activity is done 

manually with painting pistol. This activity is done manually. 

Washing in this process is done several times due to minimize the risks of leaving any dirt on 

the surface. The material used for this washing activity is done with D846. D856 is a higher 

degreaser then D846 and mostly used in this process. This activity is done manually. 

Deviation search is done using the D845. This is an important activity for this process cause 

of it is the last wash before the painting of the bus. This activity is done manually. 

Control is done as end activity for this process. It is by the painters using a deviation chart 

pointing the deviations out. This activity is done manually. 

Masking is done at places that previous process missed or any areas where painting should not 

be painted. Paper film used in this activity is the 37,5 cm x 45 m. This activity is done 

manually. 

Mixing is the same activity as in part painting. The painters mix the colors, thinners, 

hardeners, clear coat and etch primer. As well weighting the color to reach wished the right 

calculated ratio. This activity is done manually and automatic. 
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Changing clothes is done before and sometimes after the painting job is done. This activity is 

done manually. 

Air blow is done after each sanding. This is a way to remove dust from the surface, which is 

undesirable. This activity is done manually. 

Remove mask is done when the painting job is finished. This activity is done manually. 

Tapeing is done where at small parts and mostly in front of the bus. Material used is 50 mm x 

50 m. This activity is done manually. 

Assemble hatchet is transported from processes part painting, to painting 2. This activity is 

done manually. 

Remove hatchet is done on the left side of bus. This is done because of reaching edges with 

paint. This activity is done manually. 

3.1.2 Costs 

 

In this chapter all the costs of the MXF will be presented. It will be first calculations of 

indirect material for the processes EK, part painting and painting 2. As pointed out before the 

costs are of confidential matter and will not be showed for indirect materials. But 

explanations are made to help the reader understand the costs without need to observe the real 

cost figures. To give the reader an understanding about the calculations, example: 

To the left is the indirect material. Liters stand for the consumption in liters for that material. 

Pcs stands for pieces used of the material; 30 meters of a 50 meters tape equals 0.6 of one 

piece. 
30

50
= 0.6, 0.6 is multiplied with the real cost of 1 piece. 

After that energy (MWh), direct labour (hours) and direct material (liters) will be presented in 

this chapter. These are corners for themselves in the spider chart.  
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3.1.2.1 Part painting 

The indirect materials are shown for the partpainting process in chart 3 below: 

Chart 3. Indirect material. Cost calculations Part Painting 

 

Wash/degreaser: D8431, D845, D846, D837 

Masking: Paper 370 mm 

Sandpapers: P180, P220, P400, Mirlon 

Tapes: 5 mm, 6 mm, 38 mm, 50 mm 

 

These are the indirect materials for the process part painting.  

3.1.2.2 EK 

The indirect materials are shown for the EK process in chart 4 below: 

Chart 4. Indirect material costs for Painting 2 
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Sandpapers: P80+, P120+, P240, P240 Soft, Mirlon 115x230 

Washing liquids: D845 

Putty and pinholefiller: Polyester putty, Universal putty, Pinhole filler 

Tape: 50 mm x 50 m 

Masking: Masking paper 150 cm, Plastic Film 

3.1.2.3 Painting 2 

The process painting 2 has direct material, indirect material, labour cost, gas and energy costs. 

In this calculation, only labour costs and indirect material will be calculated. The indirect 

costs are shown in chart 5: 

Chart 5. Indirect material costs for Painting 2. 

 

Putty and pinholefiller: Universal putty, Polyester putty, Pineholefiller 

Tape: 50 mm x 50 m 

Sandpapers: P220 Soft, P320 Soft 

Wash: D837 

Masking papers: 37.5 cm 

3.1.2.4 Direct labour cost 

Direct labour cost for the processes is calculated as this formula: 

 

(
𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑠

𝑇𝑎𝑘𝑡
) 𝑥 (8 ℎ𝑜𝑢𝑟𝑠) = 𝑡𝑜𝑡𝑎𝑙 𝑤𝑜𝑟𝑘𝑙𝑜𝑎𝑑/𝑏𝑢𝑠 

Spent threw the process painting EK, part painting and painting 2. The amount of working 

positions in MXF is 12. The Takt for MXF today is 1,7.  

This makes the total workload/direct labour hours for one bus in MXF (efficiency): 

((
12

1.7
) 𝑥 (8 ℎ𝑜𝑢𝑟𝑠)) = 56.5 ℎ𝑜𝑢𝑟𝑠/𝐵𝑢𝑠 

For one bus to pass threw EK, part painting and painting to, the need/workload is 56.5 hours. 
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For MXF, the direct labour hours in the gap analyse will be 56.5. 

 

 

3.1.2.5 Energy cost 

Energy consumed for painting process in MXF is based on the LPG system/source. An energy 

audit made by Peter Tingstig, Team Leader/Energy & Development Engineer, shows the 

percent of energy used for each process: 

 

Figure 11 Percent of energy consumption for each box 

 The parts that’s includes in EK, Part Painting and Painting 2 is: 

 Paintbox Part 

 Paintbox Bus 1 

 Paintbox Bus 2 

To keep into the delimitations of 1 bus, calculations need to be done to understand how much 

energy 1 bus consumes. The painting boxes which includes in this study equals 79% of the 

total amount of energy consumption. The total amount of energy consumed 2017; 1543 MWh. 

1543 MWh is multiplied by 0.79,   

(1543 𝑀𝑊ℎ)𝑥 (0.79) = 1219 𝑀𝑊ℎ 

1219 MWh is then divided by the amount of buses built in 2017: 

 

(
1219 𝑀𝑊ℎ

402 𝑏𝑢𝑠𝑒𝑠
) = 3.0323 𝑀𝑊ℎ/𝐵𝑢𝑠 
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The amount of consumed energy for one bus is around 3 MWh. As mentioned before, only 

LPG is used for heating these paintboxes.   

3.1.2.6 Direct material cost: 

In MXF, the painters are mixing the colours by themselves. When mixing is done of different 

components, the paint is ready for use (RFU). In the RFU different components with different 

costs is calculated out same time as the painter mix, by the system tells in what order the 

components will be weight in the mix. The liters are an average of 10 buses. The chart 6 

shows the total liter consumed in MXF: 

Chart 6. Liters of colours. 

Total Painting of 1 bus Cw Le Suburban 

Paint Liter 

Topcoat White, Ral 9010, RFU 20.98 

Wet on Wet Primer, RFU 5.27 

Etch Primer, RFU 1,43 

Ral 9005 (Jet Black) 40+90, RFU 0.47 

Basecoat Black brilliant, RFU 0.8 

Total 28.95 

 

The total amount liters off all primers, hardeners, thinners and basecoats for part painting and 

painting 2 are 28.95 liters for the MXF for one bus, Cw Le Suburban 12 m. 

3.2 MXP 

To be mentioned for the reader, that only energy and hour spent on bus will be through both 

quantitative and qualitative method data collection for MXP. Due to the fact that MXP only 

painting separate parts for multiplied buses at once, only estimations by amount of 

colour/liters and material used for one bus has been made by author of this study and MXP 

painting team.   

3.2.1 Activity 

In MXP, a flow chart could not be made in the same detailed version cause of the limited time 

spent in MXP.  On the other hand, a presentation of the processes must be done and its 

functions to get the reader an idea of the activities and processes. What should be mentioned 

is that in MXP all parts are painted individually. No part is assembled on the bus when they 

are pre-worked or painted. In order to achieve the benchmark needed 1 to 1, processes in 

MXP were selected to correspond to FA6 in MXF. The processes are: 

 P100 

 P200 

 P400 

 P700 

A comparison is that P100 and P400 is equal to EK in MXF. These are preparation processes 

in MXP. P200 and P700 are painting processes that equals to part painting and painting 2.  
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3.2.1.1 P100 

The P100 is a preparation process of the hatchets parts, this process is equal to EK in MXF. 

The different activities here are: 

1. Degreasing 

2. Sanding 

3. Air-blowing and degreasing 

4. Application of putty 

5. Sanding 

6. Air-blowing and degreasing 

3.2.1.2 P200 

The P200 process is where the hatchets are being painted. Input for that is preparation worked 

hatchet and output is painted hatchet. There is a difference both between the activities and 

product used here. The activities in this process are: 

1. Surface preparation 

2. Application of primer-filler 

3. Drying 

4. Repair of defects 

5. Application of topcoat 

6. Application of basecoat 

7. Application of clearcoat 

3.2.1.3 P400 

This process is preparation of the plastics and polyester laminates. The process corresponds to 

the process EK and part painting, in MXF. The activities for polyester laminates are: 

1. Degreasing 

2. Sanding 

3. Air-blowing 

4. Application of putty 

5. Sanding 

6. Air-blowing and degreasing 

That activities made for the plastic are: 

1. Degreasing 

2. Sanding 

3. Air-blowing and degreasing 

3.2.1.4 P700 

This process is painting the plastics and polyester laminates. These equals to part painting and 

painting 2. The activities for the painting of the polyester laminates is: 

1. Surface preparation 
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2. Application of primer filler 

3. Application of topcoat 

4. Application of basecoat 

5. Application of clearcoat 

For painting the plastics the activities are: 

1. Surface preparation 

2. Application of surface 

3. Application of topcoat 

4. Application of basecoat 

5. Application of clearcoat 

3.2.2 Costs 

 As in MXF there will be calculations of indirect material costs, energy consumption, direct 

material colour consumption and labour workload hour in this study report, all separated to 

later in result chapter be compared and benchmarked, MXF vs. MXP. For P400 and P700 

there is no indirect material cost associated with a specific activity. 

3.2.2.1 P100 

This process consumes indirect material to handle the parts made of steel. The reader can pay 

attention to this by inspecting the products used in chart 7 below: 

Chart 7.  Indirect material cost for P100. 

 

3.2.2.2 P400 

For P400 is a preparation process before painting. Of the two preparation processes in MXP, 

this one uses more of a variety of indirect material, this can be shown in chart 8 below: 
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Chart 8. Indirect material cost for P400 

 

3.2.2.3 Labour 

To get the labour hour’s workload for one bus, the same formula has been used for MXP as 

MXF. This to get 1 to 1 comparison: 

(
𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑠

𝑇𝑎𝑘𝑡
) 𝑥 (8 ℎ𝑜𝑢𝑟𝑠) = 𝑡𝑜𝑡𝑎𝑙 𝑤𝑜𝑟𝑘𝑙𝑜𝑎𝑑/𝑏𝑢𝑠 

 

SSpent on 1 bus threw the process painting.  The amount of working positions in MXP is 23; 

the Takt for MXF today is 2,8.  

This makes the total workload/direct labour hours for one bus in MXP (efficiency): 

(
23

2.8
) 𝑥 (8 ℎ𝑜𝑢𝑟𝑠) = 65.7 ℎ𝑜𝑢𝑟𝑠/𝑏𝑢𝑠 

For one bus to pass threw P100, P200, P400 and P700. For MXP, the direct labour hours in 

the gap analyse will be 65.7. 

3.2.2.4 Energy 

Today, MXP uses two different energy sources to heat their furnaces. These energy sources 

are oil and district heating. In order to calculate the amount of oil and district heating used as 

an energy source, energy converting is done. Total amount of oil used to heat up the ovens 

during 2018 for 240 buses; 3200 liters and total energy used for district heating is 5871 giga 
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joules. To do a 1 to 1 comparison the energy converting is as follow [16]: 

1000 liters of oil = 42 giga joule 

3200 liters of oil = 134.4 giga joules 

3.6 giga joules = 1 MWh.  

Total energy for oil is: 

(
134.4 𝑔𝑖𝑔𝑎 𝑗𝑜𝑢𝑙𝑒

3.6 𝑔𝑖𝑔𝑎 𝑗𝑜𝑢𝑙𝑒
) = 37.3 𝑀𝑊ℎ 

Total energy for district heating is: 

(
5871 𝑔𝑖𝑔𝑎 𝑗𝑜𝑢𝑙𝑠

3.6 𝑔𝑖𝑔𝑎 𝑗𝑜𝑢𝑙𝑠
) = 1631 𝑀𝑊ℎ 

Sum of total energy is (37.3 MWh + 1631 MWh)= 1668 MWh 

The total energy consumed for painting process in MXP during a period in 2018, producing 

240 buses is 1668 MWh.  

(
1668 𝑀𝑊ℎ

240 𝑏𝑢𝑠𝑒𝑠
) = 6.95 𝑀𝑊ℎ/𝑏𝑢𝑠 

The total energy consumed in the ovens of process P200 and P700 is 6.95 MWh/bus, this will 

be used to the benchmark. 

3.2.2.5 Direct Material Cost 

 

The figure below shows how many liters are used in total for a bus in MXP. The colours and 

amount of liters follow the boundaries choice of bus as well as processes. The method of 

collecting data of the amount liters is through qualitative data, semi-structured interviews. 

This can be shown in chart 9 below: 

Chart 9. Liters of colours used in MXP. 

Total Painting of 1 bus Cw Le Suburban 

Paint Liter 

Topcoat White, Ral 9010, RFU 18 

Primer 45, RFU 12 

Primer 230, RFU 6 

Ral 9005 Gloss 90, RFU 0.52 

Ral 9005 Gloss 40, RFU  0.1 

CS1905081, RFU 0.7 

Total 37.32 

Figure 12 Liter consumed in MXP 

All these colours are ready for use, which means that hardeners and thinners are included. 

This is the total amount of used paint for a finished product.  
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4 Result 

4.1.1 MXF and MXP Gap 

Overall the cost and process are more efficient in MXF. In order to eliminate the reader from 

being able to interpret the cost of indirect material and to obtain a unit-like comparison 

between the unit sizes, the cornerstones are measured as a percentage of the total for each 

cost: 

3.03 𝑀𝑊ℎ + 6.95 𝑀𝑊ℎ = 9.98 𝑀𝑊ℎ 

(
3.03 𝑀𝑊ℎ

9.98 𝑀𝑊ℎ
) 𝑥100 = 30% 

That makes the MXF using 30% of the total of energy by MXF and MXP. This makes it clear 

where the gap lies and it is easy for the reader to get an overview. 

1. Labour costs (Hours) 

2. Direct material (Liters) 

3. Indirect materials (€) 

4. Energy (MWh) 

 

 

 

 

 

 

 

 

 

 

 

 

The reader can now understand no costs/performance are higher in MXF then MXP. The 

internal performance benchmark shows that today's performance, MXP does not perform 

better than MXF on any of the selected cornerstones in this study, direct labour, indirect 

material, direct material and energy, as mentioned already to the reader. These are only from a 
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Figur 13 Gap Analys of cornerstones MXF - MXP in % 
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cost perspective at the ground of Unit level Activities [13].  

4.1.1.1 Indirect material 

The difference in the use of indirect material is to the extent that in MXP the parts are also 

painted around and partly inside the hatchet. For this reason, more indirect material usage is 

required for a higher preparation job. Another explanation for the difference of indirect 

material is the differences of primer. The primer used in MXF has a so-called solvent against 

a waterbased primer used in MXP. The difference between these is that a primer of solvent 

helps to clean and maintain better rust protection, leading to more indirect material used in the 

MXP to protect the parts. Another explanation is that the cloths used to dry with after washing 

with degreser are reusable in MXF. They are passed on for clinical cleaning and can be 

reused. Though, in MXP wipes are used that goes into trash, which is a huge expense of the 

entire indirect cost of MXP. More paper and film is used in MXF to protect the roof and 

windows. The cost for paper and film does not take to much of the whole cost of the costs, 

because paper is a less cost then other products such as tape, sandpapers. Another example is 

that sandpapers are in rolls at MXP. The workers grab the roll and just rip an estimated part of 

the roll. This is unlike in MXF, where a roll contains 200-measured sandpaper so no higher 

waste is made. 

4.1.1.2 Direct material 

To understand the difference in direct material, an understanding must be achieved what the 

reason for such big difference in liters and what colours differ. As the two factories use 

different suppliers, the recommended amount of liters of primer and basecoat is also different. 

Even though there are different chemicals in the two suppliers, an exact comparison will be 

made on the final product. Below, MXP and MXF direct material consumption will be set 

aside to understand where the difference is shown below in Figure 17: 

Total Painting of 1 bus Cw Le Suburban 

 

Total Painting of 1 bus Cw Le Suburban 

Paint Liter 

 

Paint Liter 

Topcoat White, Ral 9010, RFU 18 

 

Topcoat White, Ral 9010, RFU 20.98 

Primer 45, RFU 12 

 

Wet on Wet Primer, RFU 5.27 

Primer 230, RFU 6 

 

Etch Primer, RFU 1,43 

Ral 9005 Gloss 90, RFU 0.52 

 

Ral 9005 (Jet Black)40+90, RFU 0.47 

Ral 9005 Gloss 40, RFU  0.1 

 

Basecoat Black brilliant, RFU 0.8 

CS1905081, RFU 0.7 

 

Total 28.95 

Total 37.32 
   Figure 14 To left MXP to the right MXF 

As the figure shows the MXP is to the left and MXF to the right. What this side to side charts 

shows is that MXF using more of Ral 9010 and basecoat Black Brilliant. Black brilliant is 

equal to CS1905081. But, there is a high different in use of primer. What can be read from the 

charts is that MXP uses about 2.7 times more primer than MXF. That leads to a bigger cost for 

MXP then MXF. 
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4.1.1.3 Energy 

The highest difference in this analysis is energy use. Presented before the gap analysis, the 

difference is 70% -30% of the total use of energy between the two factories. One of the major 

reasons for the differences is that the MXF fills up a large amount of volume in the oven, 

while in MXP, it is a lower volume that is filled up only by the parts are painted. If the oven 

fills up to a larger part of a bus, less energy is needed to reach the desired temperature. In 

addition, the same volume of heating up is not required = less energy is required. 

(11.99 𝑚)𝑥(2.55 𝑚)𝑥(3.1 𝑚) = 94.8 𝑚3 

 

When a bus is in the oven, the Cw Le Suburban 12 m, a total of 94.8 m3  space is not needed 

to heat up. That space is a total saving in energy. One thing to mention, however, is that LPG 

is generally a more expensive energy resource that MXF using. Thus, MXP has an advantage 

as district heating is combined with oil used to heat up an oven. Actually, only a small part of 

the total consumption of energy is used by oil in MXP: 

(
37.3 𝑀𝑊ℎ

1668 𝑀𝑊ℎ
) 𝑥100 = 2.24% 

2.24% of the total energy consumption is made by oil in MXP for one bus. What does this 

result show? It shows that MXP has a built in poorer performance when it comes to energy 

recovery but uses a cheaper energy resource then MXF. 

4.1.1.4 Labour 

The result when it comes to direct working hours per completed bus is the one with the least 

gap. Of total working hours, MXP only takes up 54% hours. In order to get an idea of the 

efficiency of the processes as well the time the buses/parts spends in the ovens, a quick 

crosscheck was made with Marcin Skrzypczyk, Project Manager of MXP, a previously 

benchmark done to visualize the capacity for one bus only looking at the time bus spent in 1 

Cabin/Oven [Figure 17]. This crosscheck to see if the percentage of hours worked on a bus 

complies with the capacity bus/shift. The benchmark of capacity (brutto time) made by 

Marcin Skrzypcxyk shows that brutto time for one bus threw one process flow; MXP 490 

minutes, MXF 440 minutes: 

490 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 + 440 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 = 930 𝑚𝑖𝑛𝑢𝑡𝑒𝑠   

 

𝑀𝑋𝑃 (
490

930
) 𝑥100 = 53 % 

 

For this reason, not only working hours are divided by this percentage scale, but also that the 

entire efficiency of the entire painting process, points in the same direction shown in Chart 10 

below:  
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Chart 10. Efficiency PPG (MXF) vs BASF (MXP) 

 

4.1.2 Improvements MXF 

In this chapter, the reader can follow the work of from P to A only for the MXF, without any 

implementation from MXP. What this benchmark study has shown is that MXF has a "best 

practice" over MXP from only a cost perspective. Since benchmarking is a continuous 

improvement tool, a benchmark should be made once again externally or internally. As an 

internally performance benchmark, for example of what to measure; quality, dependability, 

health and environment. Externally performance cost benchmark at another company to 

continue striving for “best practice”. Though, it seems like that MXF have the “best practice”, 

but this is only through an internal cost performance benchmark. According to a report 

research done by The National Academy of Science, 500 Fifth Street, N.W. Washington, DC 

20001: 

”External benchmarks provide the added advantage of comparing against competitors. 

Without external benchmarks, an organization and its managers may lack an understanding 

of what constitutes “good” performance.” [17]  

 

This means that the internal benchmark working structure stops at, C/Suit: 

 C 

Suit: 
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Choose the best performance and modify to own process/implement 

 

There is no better cost performance to modify to own process, although, to show an example 

and keep the PDCA rolling, there is no stop, in this Improvements MXF chapter, the wheel 

will start over from P to A now only looking at MXF own painting process, this as well to 

reach the objective and Q4 - Could the painting processes in MXF lower in cost? The 

headings will follow a logical P, D, C and A in order. Under each heading, the work method 

and tools used will be presented to the reader.  

4.1.2.1 P -Plan 

 

Plan, one of the first steps to take when using the PDCA method to use a rotor analysis of, for 

example, a deviation. This in order to proceed to D, DO. One way to look at a deviation in 

this case is to rank the different cornerstones, to its costs. In that case it will be possible to 

locate where one of the biggest costs is to later make an improvement. To make a ranking of 

the costs, a Pareto chart is used. First, for the different cornerstones, then making a sub Pareto, 

this will then highlight what activity, color, energy or used material actually has a major 

contributing cost. 

MXF cornerstones will now be translated directly to costs, €. A ranking of costs is required to 

know where the importance of the improvement work should be. Labor cost is taken by the 

flowchart made for MXF activities, then multiplied with the cost of one hour for labor. The 

direct material will have exact valid costs taken from PPG, energy cost will have the exact 

costs with help of the SHE engineer in MXF and indirect material is taken from both quality 

and quantity data collection method by the author of this study, this shown in Figure 18 

below;  

 

Figure 18 Pareto Chart of MXF cornerstones costs 

General the Pareto theory have the 80%-20% principle. That 20 % of activities brings the 

80% of costs. Even that this chart is out zoomed; this economic Pareto chart indicates the 

Pareto principle, 80%-20%. The left axis shows the total cost of the cornerstones, serie 2. To 

the right axis shows how much of the total cost are reached after each staple, from left to 
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right, serie 1. What shows here is that the labour cost is about 55% of the total costs. To dig 

deeper and trying to find out an improvement that could lower the cost or create more added 

value work, sub Pareto Charts are being created for labor minutes spent by activity, shown in 

figure 19 below:  

 

Figure 19 Pareto chart of minutes of activities 

 

The Pareto diagram now shows in detail how many minutes are spent on any activity, these 

activities are visualizing the processes Part Painting, EK and Painting 2. What can be deduced 

from this chart is that it complies with Pareto's principle; about 30% of the total part of the 

actives takes up 70% of total time. Clear is that sanding and painting is activities that account 

for 50% of total working hours. The maximum amount of spent minutes of the total labor cost 

is on the sanding activity. The biggest time consumption of sanding activity is located at EK. 

In EK, about 52 % of all time spent in this process is done by the activity sanding, total 363 

min for one bus. When now help by first the flowchart, cost calculations and Pareto diagram 

one of the rootcouse could be find, labor costs and the activity sanding in EK. Next step is to 

find out the cause of why so high workload is needed on that activity and if any 

improvements can be made. By study when the workers where sanding, a symptom or 

specific deviation could be found at the upper corner of hatchet. A total of 5 setup times and 2 
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different activities could be found in this specific deviation. As said before, by a combination 

of 5 whys and SPSPL “go and see” method, interviewing and study the sanding processes 

gives a greater understanding and rootcause can be reached. One of the most time-consuming 

in the sanding process was the setup time and as well actually time spent on sanding. Another 

activity goes hand in hand by this specific deviation, putty. By studying the figures below 

gives the reader an understanding of the specific deviation, show in figure 20:  

 

 

Figure 20 A picture of the mark in upper corner of hatchet 

This is how the hatchet looks before sanding and putty. A clear marking is visible along the 

top corner. It's a deeper impressed line and can be followed on the whole bus. By study the 

boundary area around the marked line, the hatchet did not contain any deeper lines or 

markings. Several buses were studied and the check mark was clear on all buses, conclusion 

is a built-in process specific deviation. Figure 21 shows the mark after sanding with 3 

different grits on the sandpaper: 
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What appears here is that after 3 setup times and sanding with 3 different grits, the marking is 

clear. Even the fixed workers add an extra lot of workload to correct the deviation; so do not 

solve the problem. The next step to solve this is by flipping the selection, resulting in more 

setup time, more material consumption and more activity. This is shown in the figure 22 

below; 

 

 

 

 

 

 

 

 

 

 

Figur 21. Mark after sanding with 80+, 120+ and 240 

Figur 22. After sanding and putty 
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Figure 22 shows how the activity putty fills up the marking line. The labourer goes and mixes 

the spachel with a hardener. After this is done, the labor is again forced to sand down the 

spachel. One thing to mention is that after each time the activity sanding happens, dust must 

be removed from the surface, sanding-> airblow-> sanding-> airblow-> sanding-> airblow-> 

spachel-> sanding-> airblow-> wash. This is the total circle of fixing this specific deviation. 

Further investigation in setup time and extra time spend for just only this deviation as follows: 

 Setup time = 3 min (Mixing the putty/change of sandpaper grit/airblow) 

 Sanding = 4 min 

 Putty = 2 min 

Tot. Time = 2 sides of bus ((5 setup times x 3 min) + (Sanding 4 times x 5 min) + Putty 

2min)) 

 

66 𝑚𝑖𝑛 = 2((5 𝑥 3 𝑚𝑖𝑛) + (4 𝑥 4 𝑚𝑖𝑛) + (2 𝑚𝑖𝑛)) 

 

Less or more then 66 min is spent on this deviation in EK. To somehow get an understanding 

of the costs/workload spend on this deviation, to show what a improvement could give, 66 

min per bus, 402 buses made 2017, 9600 minutes for a regular working month: 

(
402 𝑏𝑢𝑠𝑒𝑠 𝑥 66 𝑚𝑖𝑛

9600 𝑚𝑖𝑛
 ) = 2.7 𝑚𝑜𝑛𝑡ℎ𝑠 

 

According to the lean method, this time is directly categorized as two different wastes, 

overwork and movement. [3,9] The method is called 7+1 wastes and two of them are within 

this deviation. Unnecessary work is not something the customer interested in paying for, this 

deviation is based on a built-in process failure that is not needed which leads to additional 

overwork. Within this overwork, there is the setup time between each activity. At setup time, 

it is necessary for the worker to go to different places in the premises to exchange tools and 

materials. Thus, these 2.7 months can be categorized as overwork and movement wastes. To 

go further and find a root cause of this built in process deviation, the Lean method 5 why is 

used [9]. Actually, the 5 why had it start point when the author of this study recognized some 

signature moves by the workers. To get answer to specific asked questions, interviews where 

asked to the production line workers: 

1. Question: Why are only 80+ grit used on upper corner? 

Answer: There is a deep marked line 

 

2. Question: Why is there a deep marked line? 

Answer: Because the supplier of the hatchet deliver with mark 

 

3. Question: Why is the supplier delivering a marked hatchet? 

Answer: The edge bending machine press has sharp edges 

 

4. Question: Why does the machine have sharp edges? 

Answer: The supplier of machine/machine parts creates the machine with sharp edges 

 



 

2018-05-23 Simon Rosell Sagrelius   48 

 

 

5. Question: Why is the supplier of the machine creating instruments with sharp edges? 

Answer: The sharp edge meet no desirable function 

The first step for this improvement was to find a deviation based on the ranking of the highest 

cost. When a deviation could be found, a rotorax analysis was made; it was found that a major 

contributing factor to the sanding and putty activity was based on an instrument that left clear 

markings. This has now been identified and a solution can be started, DO. 

4.1.2.2 D - Do 

A long-term solution for this problem should be to contact the supplier of the instrument and 

let them fix this instrument to more rounded edges. For this study, an easy solution was made 

just for one hatch to go further with C and A in the PDCA working structure. The plan that 

was created was to place a cloth when a hatch being bend. After that, follow that hatchet to 

the production line and observe the workers at EK.  A cloth was placed in the instrument for 

one hatchet, that way no penetration was made into the hatchet. When that hatchet had been 

created and passed further on in the production line, a check could be made. Figure 23 shows 

a picture of the instrument. 

4.1.2.3 C - Check 

When an improvement work/plan has been done, it is important to follow up / study the new 

solution to see if actually any real improvements have been made. In this case, this part of the 

working structure (check) was conducted such way that the author of this study observed the 

hatch that has no mark on it. In order to base decisions on facts, time measurements were also 

made. What was shown in this observation was very correct that no extra time, material or 

resource was spent to fix that hatchet, there was no mark. Instead, it was observed that the 

workers along the side of the bus worked more relaxed and that the process time actually 

decreased. 

4.1.2.4 A - Act  

Once a test run has been completed and a clear improvement has taken place, it provides the 

basis for being the new standardized way. What is required now is to have a dialogue with the 

dealer of the instruments to get rounded edges, alternate round the edges themselves. In this 

way, the PDCA can roll over time to better quality, then stay there by standardizing the tested 

enhancement. 
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Figure 23 A picture of the instrument 



 

2018-05-23 Simon Rosell Sagrelius   50 

Discussion 

4.2 Valuation of results 

What has been shown is that in general terms, MXF has a higher performance when it comes 

to spending the company's resources shown in, figure 14. A large part of this is because of the 

different primers used in MXF and MXP, chart 9. As more primer has to be used in MXP to 

maintain the same performance as MXF primer, more work is required in preparation, figure 

14 and chart 9. What has been stated in this report is that for MXF, continuing with its 

supplier is the right choice. What is also clearly stated in this report is when it comes to the 

difference in energy efficiency, why so it is a great advantage to fill the oven with the bus. In 

this way, less energy is consumed, figure 14.  

The objectives have been met in such a way that a comparison has been produced and shown 

on results, figure 14. What was not fulfilled from the objective is to acquire something from 

MXP, thus contributing to the improvement work being designed solely on the basis of MXF's 

own process, figure 17- figure 20. Using a detailed zero-state analysis of MXF, the report 

could start an improvement work with the PDCA structure performed in MXF.  

In order to evaluate the validity of the two factories and data collectively, the work has been 

performed by both a qualitative and quantitative data methods, mixed method. This, of course, 

increases the validity. [14,15] The reason for picking a complementarity mixed method [14] is 

to avoid misscalculations cause of misunderstanding in language difficulties due to the fact 

this report is between two different counitries. This in order to avoid language flaws that 

could be misleading threw only a quality method such as semi-structred interviews. [15] The 

author's native language is Swedish but visited factories with two other native languages, 

Finnish and Polish. The PDCA method picked for this study is based on various reviews and 

literature. [6,7,8,17,22] To synch the internal benchmark working structure (PDCA) and 

higher the validation of this study work, the frame and strategies from SPSPL shown in 

appendix A, was taken such as:  

• Prioritize and execute  

With help of the gap analyse figure 15, and Pareto Charts figure 18-19, gaps and costs where 

prioritized and with help of the 5 why method one of the highest time consuming activities 

was executed.  

• Develop the knowledge everyone has about sps  

Due to the fact that this study was about making a pre-study of the MXF painting process, the 

auther of this study shared the knowledge of the MXF painting process and how it could 

develop.  

• Always challenge the current situation 

 

 By performing a internal performance benchmark betwwen current situation in MXF vs 

MXP and using the visual SPSPL method “go and see” the current situation was challenge  
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• Everyone should be part of our progress, corss-functional work  

By involving the BCW in the production line who is the actually experts in the painting 

process with WCW such as purchaser, administration, SPS managers, project managers, 

design engineer, health safty and envoriment engineer etc. everybody was part of this study  

• Decrease lead time  

 

One of the priorites in “prioritize and execute” was to find an acitivty with a high time 

consumption to later come up with an improvement to decrease lead-time  

• Global production 

  

This benchmark where between two factories in Finland and Polan, to come up with a result 

between MXF and MXP a support and benefit of global production could be reached.  

The level of detail within what is considered sufficient to clearly see the gap has been valid. 

Even though there could be a wrong margin by some % in results, lets say, wrong calculation 

of 2-3 sandpapers, 3 meters of tape etc. it doesn’t affect the whole, figure 15. It is about the 

differences between painting the parts individually as opposed to painting the parts when 

attached to the bus. It's also about the fact that the primer used in MXF is more efficient.  

What this report doesn’t show is the reflection over sustainable environment. In order to 

sustain the Agenda 2030 and the 17 Global Sustainable Development Objectives, Goal 7: 

Sustainable Energy for All and Goal 13: To take immediate action to combat climate change 

and its consequence [18], is the LPG a better choice then Oil [18][19], though, only a low 

amount of oil is consumed in MXP, most energy is consumed by district heating. The best 

solution for the environment and to have lower cost a combination with district heating and 

LPG is the best choice for MXF.  

When it comes to choosing what to measure in the PDCAmethod as the accounting cost, there 

are those to choose from according to Jönsson, M [11]: 

 Activity Based Costing 

 Throughtout accounting 

 Life cycle costing 

 Kaizen costing 

 Resource consumption costing 

Of these the most sutid for this study is ABC. If any other cost would be within the 

delimitation such as: floor space, repairs, material action, computer, inventory, quality: 

prevention, quality: appraisal, quality: failure (scrap), reworking, downtimes, speed loss, 

idling or envoriment, there could absolute be other alternative of what to measure as 

benchmark unit instead of the ABC. Though these are the units that 1 to 1 ratio could be hard 

to reach during the period of the study aswell dosent exists in the painting processes. 



 

2018-05-23 Simon Rosell Sagrelius   52 

The study’s working methods and this internal performance comparsion between the painting 

processes could well be implemented for other processes within Scania and also 

recommended bu the author of this study. 

4.3 Continued work 

Today, less energy consumed in MXF than MXP is due to the fact that a bus fills up the oven 

in MXF but in MXP only parts is filling up the oven. Something that is not visible in the 

result is that MXP has a better sub-solution of energy resources than MXF. What is 

recommended is to investigate if a combination of district heating and LPG can be 

implemented in MXF. This reduces costs, reduces the transport of LPG, increases the safety 

when lowering the use of LPG, this is overall an improvement from a societal perspective. In 

that case, there are no disadvantages if MXF succeeds in maintaining the same efficiency in 

the oven as today, but also with the aid of district heating. Such an investigation will require 

quite high workload and possibly external assistance. Tips for MXF for external assistance are 

by contacting the person currently performing energy audits in MXF. This from the internal 

cost performance benchmark perspective.  

As explained earlier in the study, there is always an uncertainty about what is best practice. In 

the short term, MXF and MXP should strive to have similar processes possible by comparing 

each other. When a "satisfied" level of parity has been met on the basis of similar processes, 

an external comparison should be done to see how performance is on the market. 
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5 Conclusions 

The conclusion of this study is that, from an cost perspective benchmark, it can also come up 

with continuous improvements such as reducing lead times, preventing accidents, motivating 

staff, developing activities, etc. This because of the comparison of costs on unit level 

activities, to obtain data for all costs and resource consumption, required a cross-functional 

working method where finance, engineers, production line, suppliers, purchases and maintain 

personnel were involved in the entire work study.  

The results  

Based on the objective, it was found that both the supplier of color MXF uses and how the 

MXF painting process uses the company's resources, a clear result can be given from the 

author of this study to continue with the same supplier and process. 

The result is based on such a high degree of certainty that a completely correct perception of 

the “whole picture” was found to determine which of the measurement processes is the most 

costly and why. 

Conclusions: 

 Cost benchmark may unmask the processes efficiency 

 MXF should keep the same supplier from cost perspective 

 MXF should not have partpainting and part preperation as MXP  

 MXF need to further investigate their energy resources 
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  Bilaga A 

 

 

Appendix A: SPSPL and Painting/Figures 
The frame of the work, SPSPL is shown as a whole picture with text abd as the Lean house: 
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The painting figure with numerous of the bus and parts according to delimitations of this 

study: 
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  Bilaga B 

 

Appendix B: Flow charts 

Flowchart Painting 2 

Activity 
Steps Activity Min 

1 Tape 4 

2 Tape 6 

3 Take off hatchet 3 

4 Masking 3 

5 Tapeing 2 

6 Collect back Hatchet 5 

7 Blowing 15 

8 Washing 30 

9 Etch primer-mixing 4 

10 Pinholefiller 10 

11 Blowing 4 

12 Dust remove rag 18 

14 Changing the clothes 10 

15 Etch painting 12 

16 Cleaning the spray gun 4 

17 WetWet-mixing 4 

18 Paint WetWet 27 

19 Cleaning the spray gun 4 

20 Black colour-mixing 4 

21 Black Spraying roof 14 

22 Masking 5 
23 DeviationsSearch 35 

24 Tape 5 

25 Masking 4 

26 Masking 10 

27 Sand + tag rag 18 

28 Changing the clothes 10 

29 Main colour-Mixing 5 

30 Main Spraying 64 

31 Cleaning the spray gun 4 

32 Clearcoat Mixing 4 

33 Clearcoat Spraying 34 

34 Remove mask 20 

35 Controll 20 

  Total 421 
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Flowchart EK 

Worker 
Activity 
Steps Activity Min 

Right side 1 Cables 3 

  2 Wash 1 

  3 Wash 6 

  4 Tape 12 

  5 Masking 21 

  6 Fix 2 

  7 Tape 2 

  8 Sanding 44 

  9 Sanding 26 

  10 Sanding 5 

  11 Putty 13 

  12 Sand 15 

  13 Masking 4 

  14 Air Blow 2 

  15 Masking 2 

Left Side 1 Cables 3 

  2 Wash 1 

  3 Wash 6 

  4 Tape 12 

  5 Masking 21 

  6 Sanding 44 

  7 Sanding 26 

  8 Sanding 5 

  9 Putty 15 

  10 Sanding 15 

  11 Air Blow 2 

Front 1 Wash 7 

  2 Sanding 7 

  3 Sanding 15 

  4 Fix 4 

  5 Blow 2 

  6 Wash 7 

  7 Sanding 11 

  8 Sanding 5 

  9 Air Blow 2 

  10 Putty 13 

  11 Sanding 14 

  12 Air Blow 2 

  13 Masking 18 

  14 Putty 6 

  15 Sanding 4 

  16 Blow 2 

  17 Wash 4 

  18 Sand 20 

  19 Blow 2 

  20 Wash 10 

  21 Putty 4 

  22 Sand 6 

  23 Air Blow 2 
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Rear 1 Wash 4 

  2 Sanding 15 

  3 Sanding 26 

  4 Air Blow 2 

  5 Wash 7 

  6 Sanding 11 

  7 Sanding 5 

  8 Air Blow 2 

  9 Putty 13 

  10 Sanding 14 

  11 Air Blow 2 

  12 Masking 18 

  13 Putty 6 

  14 Sanding 4 

  15 Blow 2 

  16 Masking 18 

  17 Wash 4 

  18 Sanding 20 

  19 Air Blow 2 

  20 Wash 10 

  21 Putty 4 

  22 Masking 8 

  23 Sanding 6 

  24 Pinholefiller 6 

Total     684 
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Flowchart Part Painting 

Parts 
Activity 
Steps Activity Min 

Roof corners  1 Emptying the chamber 15 

PUR-plastic parts 2 New parts to chamber 15 

  3 Sanding 15 

  4 Air blow 5 

  5 Wash 10 

  6 Masking 15 

  7 Changing the clothes 7 

  8 Paint mixing 8 

  9 Spraying 10 

  10 Cleaning the spray gun 5 

  1 Emptying the chamber 15 

  2 Chamber preparation (stands) 6 

  3 PUR- plastics parts to chamber 15 

  4 Wash 15 

  5 Air blow 12 

  6 Base paint 10 

  7 Cleaning the spray gun 5 

  8 Grinding color spraying 10 

  9 Cleaning the spray gun 5 

  10 Changing the clothes 7 

Roof  1 Sanding 10 

AC unit covers 2 Wash 5 

  3 Masking 5 

  4 Air blow 5 

  1 Wash 5 

  2 Sanding 10 

  3 Evercoat putty 7 

  4 Air blow 5 

  1 Wetwet-paint 15 

  2 Wetwet-mix 7 

  3 Surface-mix 15 

  4 Spraying 45 

  5 Removing masking 7 

  6 Emptying the chamber 7 

  7 Building the stands 5 

Door around panels  1 Filling the chamber 20 

Intake plastic pieces 2 Air blow 15 

  3 Wash 30 

  4 Removing trashes 15 

  5 Changing the clothes 10 

  6 Plastic primer 15 

  7 Cleaning the spray gun 10 

  8 Primer mixing 15 

  9 Painting 15 

  10 Cleaning the spray gun 10 

  11 Changing the clothes 5 

  12 Wetwet- mixing 15 

  13 Spraying 30 

  14 Cleaning the spray gun 10 
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  15 Removing trashes 10 

  16 Mixing the paint 20 

  17 Spraying 60 

  18 Mixing varnish 15 

  19 Spraying 30 

  20 Cleaning the spray gun 10 

  21 Changing the clothes 10 

  22 Emptying the chamber 20 

Front hatch /  1 Filling the chamber 20 

Front bumber / 2 Air blow 15 

Trim panel upper / 3 Wash 30 

Bumber (Fully loaded chamber) 4 Removing trashes 15 

  5 Wetwet- mixing 15 

  6 Changing the clothes 5 

  7 Wetwet painting 30 

  8 Cleaning the spray gun 10 

  9 BlackBrilliant mixing 30 

  10 Removing trashes 5 

  11 BlackBrilliant spraying 60 

  12 Cleaning the spray gun 10 

  13 Mixing varnish 10 

  14 Spraying varnish 60 

  15 Cleaning the spray gun 10 

  16 Changing the clothes 5 

  17 Emptying the chamber 20 

Rear bumber 1 Wash 2 

  2 Sanding 7 

  3 Putty 5 

  4 Sanding 5 

  5 Wash 2 

  6 Masking + spraying 5 

  7 Removing masking 1 

  8 Masking + spraying 5 

  9 Removing masking 1 

Front bumber 1 Wash 2 

  2 Sanding 10 

  3 Putty 5 

  4 Sanding 10 

  5 Wash 2 

Engine intake plastic pieces 1 Wash 2 

  2 Sanding 2 

  3 Wash 2 

Panels around the door 1 Wash 2 

  2 Sanding 10 

  3 Wash 2 

Front hatch 1 Wash 2 

  2 Sanding 10 

  3 Putty 10 

  4 Sanding 10 

Sanding the AC unit covers 1 Wash 5 

  2 Sanding 20 

  3 Evercoat putty 5 

Rear hatch 1 Masking 5 

  2 Wash 5 
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  3 Sanding 10 

  4 Putty 5 

  5 Sanding 10 

  6 Wash 5 

  7 Evercoat putty 5 

Trim panel upper (front hatch) 1 Sanding 5 

  2 Putty 2 

  3 Sanding 5 

  4 Sanding paint 1 5 

  1 Sanding 1 5 

  2 Putty 2 

  3 Sanding 5 

  4 Sanding paint 2 5 

Side plastic panel 1 Wash 4 

  2 Sanding 10 

  3 Putty 5 

  4 Sanding 10 

  5 Wash 4 

Front roof 1 Wash 4 

  2 Sanding 20 

  3 Wash 4 

  4 Masking 1 

Mirrors + Reverse camera 1 Filling the chamber 20 

  2 Changing the clothes 5 

  3 Air blow 10 

  4 Wash 15 

  5 Removing trashes 10 

  6 Spraying plastic base color 20 

  7 Cleaning the spray gun 5 

  8 Wetwet- mixing 15 

  9 Spraying 20 

  10 Cleaning the spray gun 5 

  11 Mixing the paint 20 

  12 Spraying 30 

  13 Cleaning the spray gun 5 

  14 Changing the clothes 5 

Total     1568 
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