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THE IMPACT OF WORKPLACE SUPPLY ON PRODUCTIVITY IN FUNCTIONALLY ORGANIZED 
LAYOUTS 

Grega KOSTANJŠEK, Brigita GAJŠEK 

Abstract: In practice, way of supply of workplaces often affects production process realization. This is particularly true in the majority of small and medium enterprises in non-
automotive sector, where production is functionally organized. Literature review confirms that production processes and their logistics support are organizationally and 
operationally connected to each other and in most cases even inseparable, performed by the same employees. The latter restricts efforts to determine the impact of supply on 
overall equipment effectiveness (OEE) and on productivity in a broader sense. Assessed impact of supply on OEE indicator forms an excellent starting point for decision making 
and planning of investments in production and inbound logistics. Practice shows that investments in production machines prevail over investments in inbound logistics. Why to 
invest in logistics is constantly recurring question between production managers, especially in nonautomotive sector. Operation and flow process charts are upgraded and used 
in combination with the equation for OEE indicator to determine the impact of supply (logistics) on Availability and on productivity in a broader sense. 
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1 INTRODUCTION 

Productivity is a term that constantly hovers between 

employees and management, especially in automotive 

industry [3], where experts and researchers are not focused 

only on the production lines but also on logistics. Logistics 

can be seen as a key competitive factor in the automotive 

industry due to the rising number of model variants and 

options [1]. With the increasing importance of logistics [2], 

the evaluation of logistics effectiveness and efficiency is 

gaining increased attention. While the most advanced 

automobile industry develops and implements logistics 

performance management (LPM) [1], many other 

production companies are even unable to distinguish 

between logistics and technological operations. Nowadays, 

picking and sequencing of parts are not everywhere a core 

logistics activity, although from the perspective of the 

automotive industry this would be highly expected.  

From the perspective of managers, at first sight, the 

easiest ways toward increased output are increasing 

overtime, increasing number of shifts [17], the introduction 

of machines with higher capacity, and the transition from 

manual to automated production. Less frequently, 

companies approach to productivity improvement 

progressively, with separation of logistics and technological 

operations on workstations with low value of Overall 

Equipment Effectiveness (OEE). Generally, it is difficult for 

companies to link supply of workstations (logistics) with 

productivity, especially since the same workers are 

performing alternately logistic and technological activities. 

It has been a known fact that the productivity of work 

system depends on the number of installed workplaces and 

logistics needed to produce a defined amount of units: the 

more wastes of time, such as walkways, idle times or non-

value-adding handling operations a work system includes, 

the higher is the number of required employees and lower is 

the productivity [3,15]. 

Production companies are mostly familiar with OEE, 

which measures the gap between the actual performance 

and the potential performance of a manufacturing unit. OEE 

shows how well a company is utilizing its resources, which 

include equipment, labor and the ability to satisfy the 

customer. The OEE can be recognized as a tool that helps 

companies to determine the workstations with potential for 

improvements. An OEE score of 60 % is fairly typical for 

discrete manufacturers, but indicates there is substantial 

room for improvement [17]. 

Productivity focused managers can orient using several 

indicators. Three of them are OEE, Single Resource 

Productivity (SRP), and Total Resource Productivity (TRP). 

They all evaluate how effectively companies utilize 

production operations and the trend. However, OEE does 

not demarcate the logistics impact from technological one. 

For this purpose it is necessary to combine OEE with an 

additional methodology to explain indicator OEE on an 

analytical level. Distinction between two types of influences 

is important, because it indicates where to invest to improve 

productivity, in logistics or in technology. 

In this paper we focus on the non-automotive sector, 

discrete manufacturing and SME type of company in order 

to develop a simple methodology that will help described 

companies make the first step towards defining the 

boundaries between logistics and technological activities 

and start with continuous improvements. Practice in 

automotive industry shows that it is necessary and possible 

to increase productivity. For this reason, a kind of process 

analysis was developed for a systematic approach to seeking 

time reserves in production processes organized on 

functional layout in SMEs. The fundamental contribution of 

the proposed procedure is firstly to determine the share of 

non-value added and logistics activities in production 

processes, and secondly to point on root causes for time 

inefficiency and connect them with the responsible 

persons/departments. In production companies, times and 
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types of necessary logistics activities are often not recorded 

in databases of business information systems. Generally, the 

formal technological procedures or routings define only 

preparatory closing times and piece times. Times of delays 

and transports between workstations are not planned. This 

situation is problematic in cases when someone is looking 

for areas with potential for improvement in terms of saving 

time. The latter is nowadays essential for business survival.  

Improved analytical approach for distinguishing 

logistics and technological activities at any kind of 

workplaces serves us as base for defining the share of 

supply of workstation in OEE on a selected case in practice. 

Additionally, the relation between OEE and productivity 

will be discussed. 

2 THEORETICAL FRAMEWORK 

2.1 Productivity 

The term productivity was probably first mentioned by 

French mathematician Quesnay in an article in 1766 [4]. In 

1883, another Frenchman, Littre, defined productivity as 

"faculty to produce". In 1950, the Organisation for 

European Economic Cooperation (OEEC) issued a formal 

definition [16]: "Productivity is the quotient obtained by 

dividing output by one of the factors of production. In this 

way, it is possible to speak of the productivity of capital, 

investment, or raw materials, according to whether output is 

being considered in relation to capital, investment or raw 

materials, etc." In 1979, and later in 1984, American 

Productivity Center (APC) offered the first three (and in 

1987 the fourth) basic definitions of productivity, 

particularly as relevant to companies [5]: 

 Partial productivity is the ratio of output to one class of

input. For example, output per person-hour (a labor

productivity measure) is a partial productivity concept;

 Total factor productivity is the ratio of net output to the

sum of associated labor and capital (factor) inputs. The

net output here is sometimes called value-added output.

In this ratio, we explicitly consider only the labor in

capital input factors in the dominator;

 Total productivity is the ratio of total output to the sum

of all input factors. This is a holistic measure which

takes into consideration the joint and simultaneous

impact of all the input resources on the output, such as

manpower, materials, machines, capital, energy, etc.;

 Comprehensive total productivity index is the total

productivity index multiplied by the intangible factor

index. This is the most sophisticated measure that

extends the total productivity measure to include any

user-defined qualitative factors – as many as are

relevant to a company – ranging from product quality

and process quality to timeliness, market share,

community attitude, etc.

Most of the indicators used by companies today are 

non-standard and cannot be distributed to any of above four 

basic productivity definitions, although companies are 

convinced that they are measuring productivity. Labor 

productivity is still often set in foreground. On the other 

hand, scientists try to determine total productivity and the 

broader, holistic productivity concept. Sumanth [4] stated 

some misconceptions about productivity. It is applicable to 

know the following truths, which are antonyms of 

mentioned misconceptions: 

 production improvement does not necessarily mean

productivity improvement;

 efficiency improvement does not guarantee productivity

improvement;

 improvement in sales revenue does not necessarily

ensure productivity improvement;

 quality improvement does not have to be at the expense

of productivity.

Partial productivity, for example labor productivity 

expressed as output per man-hour, is a ratio of output to one 

type of input. Labor productivity originates from Taylor’s 

scientific management. Work-study specialists and 

industrial engineers continue to place great emphasis on the 

output-per-man-hour measure to set up time standards, to 

prepare labor efficiency reports and to do labor planning 

and unit labor costing. Although Sumanth [4] suggests 

replacement of partial productivity with total productivity 

measure, this is unattainable in practice. However, precisely 

because of that it is important to be aware of partial 

productivity measure limitations [4]: 

 if used alone, can be very misleading;

 do not have the ability to explain over-all cost

increases;

 tend to shift the blame to the wrong areas of

management control;

 profit control through partial productivity measures can

be a hit-and-miss approach.

In practice, despite everything, the prevailing opinion is 

that low labor productivity threatens the survival of the 

company [13]. Productivity is often linked with “time and 

motion” [14]. The evidence of time and motion studies was 

used to put pressure on workers to perform faster. Not 

surprisingly, these studies had a bad press as far as workers 

were concerned. Similarly, the image of "time and motion" 

does not sit well with productivity specialists. 

2.2 Manufacturing performance measurement system 

The leading indicators of business performance cannot 

be found in financial data alone. Performance measurement 

is the process of quantifying action, where measurement is 

the process of quantification and action leads to 

performance. Companies achieve their goals by satisfying 

their customers with greater efficiency and effectiveness 

than their competitors [18]. The terms efficiency and 

effectiveness are used precisely in this context. 

Effectiveness refers to the extent to which customer 

requirements are met, while efficiency is a measure of how 

economically the firm’s resources are utilized when 

providing a given level of customer satisfaction. This is an 
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important point because it not only identifies two 

fundamental dimensions of performance, but also highlights 

the fact that there can be internal as well as external reasons 

for pursuing specific courses of action [19]. Take, for 

example [20], one of the quality-related dimensions of 

performance – product reliability. In terms of effectiveness, 

achieving a higher level of product reliability might lead to 

greater customer satisfaction. In terms of efficiency, it 

might reduce the costs incurred by the business through 

decreased field failure and warranty claims. Hence the level 

of performance a company business attains is a function of 

the efficiency and effectiveness of the actions it undertakes, 

and thus:  

 A performance measurement can be defined as the

process of quantifying the efficiency and effectiveness

of action;

 A performance measure can be defined as a metric used

to quantify the efficiency and/or effectiveness of an

action;

 A performance measurement system can be defined as

the set of metrics used to quantify both the efficiency

and the effectiveness of actions [21].

This article will focus on the issues associated with 

designing the process for quantifying the efficiency in 

general workplace. 

 According to [6], “Operations management literature 

considers throughput as a part of performance 

measurement.” The throughput is output/machine hour or 

capacity utilized. TPM, a concept for corporate change, 

includes a way of defining OEE [7]. The definition of OEE 

includes downtime and other production losses, which 

reduces throughput. The definition of OEE does not take 

into account all factors that reduce the capacity utilization, 

e.g. planned downtime, lack of material input, lack of labor 

etc. OEE is just a useful component of a complete overall 

manufacturing performance measurement system, but it 

does not allow classification of observed inefficiency on 

technological and logistical causal areas. 

The basis for implementation of any performance 

measurement system is trusted and quality data. In the TPM 

literature, collection of trusted data is something left to the 

inventiveness [6]. Usually several complementary systems 

are used, but neither of those data collection systems gives 

an appropriate and comprehensive picture of the losses and 

reasons for them. Companies can choose between manual 

and automatic data collection systems. Manual data 

collection systems are, in comparison with automatic data 

collection systems, cheaper, less complex, more detailed 

and failures can be carefully examined. Since there is no 

unified picture about lost productivity and reasons for it, 

there is also no general agreement on the magnitude of 

different types of losses, nor on the reasons for losses [26]. 

The reason for collecting data should not be to present neat 

figures, but to create a base for action and development of 

processes [27]. The set of measures should cover those 

aspects that indicate potential future improvements and the 

measure should in itself identify and generate continuous 

improvements, instead of working as passive control. The 

objective for future research of data collection should be 

finding a method that is not time-consuming, is at the same 

time precise and gives trusted data. 

Performance measurement systems are often analyzed 

in scientific literature. Most studied companies seriously 

need to consider changing their performance measurements 

[28] because they use wrong measures or fail to use the 

right measures in correct ways. This was assessed as serious 

and therefore it seems important to identify the critical 

dimensions in a performance measurement system (what to 

measure) and the optimum characteristics of the measures 

(how to measure) [29]. New performance measurement 

systems should be dynamic and time should be important as 

a strategic performance measure. 

Efficient flow of materials and short throughput times 

depend on effective manufacturing, comprising production 

and logistics actions; therefore we have to measure 

horizontal business processes instead of functional 

processes. This leads to flow-oriented measures. One way 

of switching to flow orientation is to measure times and 

throughput volume [30]. 

2.3 Process analysis based on ASME standard 

The literature on tools for process analyses was 

reviewed with aim to find one for detecting inefficiency in 

production arising from logistics and separately 

technological activities. It should help to identify root 

causes for any kind of inefficiency. Frank and Lillian 

Gilbreth’s Operation and Flow process charts have proved 

as good starting point and techniques of motion and process 

analysis, which unfortunately did not meet all our needs. 

They [31] defined process charts as “a device for 

visualizing a process as a means of improving it.”  

Later adopted ASME standard defines a flow process 

chart as a graphic representation of the sequence of all 

operations occurring during a process or procedure, and 

includes information considered desirable for analysis such 

as time required and distance moved. According to ASME 

standard, for analytical purposes and to aid in detecting and 

eliminating inefficiencies, it is convenient to classify the 

actions, which occur during a given process into five 

classes, known as operations (produces and accomplishes), 

transportation (moves), inspection (verifies), delays 

(interferes), and storages (keeps). Each class is represented 

with graphical symbol. These symbols serve as verbs, 

describing the actions, and provide observers with a 

powerful common language for describing work. They are 

an outstanding set of categories that are: 

 mutually exclusive - each one represents a distinct type

of action;

 universally applicable - they occur in all work areas

(engineering, legal and other);

 comprehensive - they cover the work processes

completely [19].

In the early 70s, Graham introduced additional three 

variations of the aforementioned operation symbol. 
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Symbols were later incorporated into a revised ASME 

Standard [32]. Two of them show “value-added” steps in 

information processing. Those are “origination” and 

“Add/Alter”. “Origination” represents the creation of a 

record or a set of documents and “add/alter” an addition or 

change of information on an existing record or set of 

documents. The third symbol stands for “Handle” and 

represents make ready and put away, loading and unloading 

and all sorts of activities that do not involve information 

change.  

The aim of the process chart has remained the same as 

in 1927. Several articles and multiple uses in practice have 

revealed the usefulness of Gilbreth’s approach, 

sophisticated by Graham, for process analysis requirements. 

In practical part of this paper process charts were used for 

inefficiencies detection at production workplaces arising 

from logistics and to define causes for them. 

2.4 Needs for customization and reuse of process charts 

Implementation of manufacturing performance 

measurement system demands setting standards for 

performance measures. Setting those standards in general 

conflicts with continuous improvement [33] and the ability 

to be flexible. Carelessly set standards have effect of setting 

norms rather than motivating improvement. Continuous 

improvements and flexibility are important characteristics 

of SMEs in wood and metal processing sectors [34]. 

Logistics plays a vital role in economic systems and in 

everyday life. Given the significant cut of production and 

workforce costs, reducing logistics costs has also become an 

increasingly important task for managers. The latter are 

often hidden for identification, especially in production 

halls. In the face of competition, most sectors of European 

industry have made substantial efforts to upgrade their 

production infrastructures and integrate new forms of 

organization. One of further possibilities in reducing costs is 

in logistics industry as business supporting services 

provider. The global logistics industry is estimated at 

roughly 5.4 trillion euro or 13.8 % of the global GDP [22]. 

On average, logistics costs account for 10-15 % of the final 

cost of the finished product. Logistics therefore has great 

potential for cost reduction. 

Costs of activities can be gradually reduced by 

eliminating activities that do not add value or by reducing 

their duration. Time management is extremely important 

also in production halls where logistics is mostly not 

recognized as function contributing to effectiveness. 

However, even in this field conditions are changing 

[23,24,25]. Trendy applications of lean thinking to 

productions companies require elimination of all types of 

unnecessary productivity losses that could in some cases 

largely fall on logistic activities. In order to eliminate 

wastes and improve lead-times it is certainly important to 

develop methodologies for searching non-value adding 

activities in production environments and wider.  

Today companies are free to implement value stream 

mapping, Kaizen, any kind of performance measurement 

system, document their processes, and perform audits or 

certifications. However, not many SMEs can afford systems 

demanding a lot of administration, time and money. 

Today’s companies are open to more simple solution that 

will help them to improve their processes faster and 

cheaper. 

2.5 Overall Equipment Effectiveness 

The equipment is a basic working tool in every 

production. Handling it in an inappropriate way is almost 

intolerable and performing preventive maintenance is a 

necessity. However, it happens that workers use machines 

and equipment until they break. Such unplanned defects 

decrease productivity in the absence of in-process 

inventory. Consequences are loss of revenue, missed 

deliveries, and waste of resources. 

Figure 1 Indicator for "Machine" 27 
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The production processes constantly repeat. Cyclicality 

allows the use of known methods and techniques for control 

and improvement. Historically, financial indicators were the 

most common way for operation valuation. However, over 

time this type of performance monitoring led average 

company to extremely poor performance. Companies have 

employed labor force, bought new machinery and 

equipment regardless of customer orders, rotate suppliers in 

order to achieve the lowest possible cost, while ignoring 

quality, the uncertainty of supplies and increased cost of 

large orders, etc. 

In the last fifteen years due to the impact of total quality 

management implementations and Japanese manufacturers’ 

competition on the market with short delivery times, 

companies slowly replace traditional cost and financial 

indicators with new or simply add additional ones. One of 

the biggest challenges in designing a system of indicators is 

to convince senior management and owners to satisfy with 

less than twenty indicators [35]. The indicators may be 

indexes, coefficients or shares. 

Various indicators fall within different influential areas 

on Cause-effect diagram designed by Kaoru Ishikawa, Fig. 

1. In many years of research, he discovered that causes for

problems generally originate from five areas, namely 

process, machines, people, material, environment and 

measurements. OEE indicator very well covers the area 

"machines" on which we want to monitor the impact of 

supply [7]. 

OEE is a measurement method that is commonly used 

by companies on their way towards a Lean production 

where in specified it is a percentage number that is usually 

defined by multiplying the calculated availability rate, 

performance rate and quality rate [5]. It is a measure of 

equipment utilization in relation to its full potential. OEE 

and its individual factors give the company numbers to see 

where the equipment is losing time [6,5].  

Availability (1) takes into account Down Time Loss. It 

is a percentage number that shows how often the machine is 

available when needed for production. It accumulates two 

wastes, breakdowns and setup/adjustments, which are 

downtimes measured at the equipment. 

PPT

OT
tyAvailabili     (1) 

OT – Operating Time 

PPT – Planned Production Time 

Performance (2) takes into account Speed Loss. It takes 

into account minor unplanned stops, for example idling and 

operation at a lower speed than the built-in.  

TP

OT

ICT
Performace     (2) 

ICT – Ideal Cycle Time 

TP – Total Pieces 

Quality (3) takes into account Quality Loss. The quality 

ratio includes losses due to ejection produced by the 

machine, as well as losses due to the occurrence of errors.  

TP

GP
Quality    (3) 

GP – Good Pieces 

Improving OEE (4) should not be the only company’s 

objective. OEE gives companies three values, which are all 

useful individually as situation changes from day to day. It 

also helps to visualize performance in simple terms.  

QualityePerformanctyAvailabiliOEE      (4) 

The machines in discrete production usually have OEE 

rates between 45% and 65%. Companies’ aim should be 

values from 85% to 95% [36]. 

3 METHODOLOGY 

Inbound logistics activities are recognized as a potential 

for improvements to gain shorter lead times and increase 

productivity. Automotive industry is much ahead from other 

production sectors because of its specific, very work 

intensive environment. But competition is present in all 

production environments, not only in automotive one. We 

observed a segment of production companies that lags 

behind. Their employees perform alternately logistics and 

technological activities and achieve a low OEE indicator. 

Such companies need cheap, easy to use and effective 

methods to collect data for decision making on future 

improvements and investments.  

Companies’ needs for determining the share of non-

value added and logistics activities in production processes 

were noticed in Slovenian wood and metal processing 

sectors, specifically in SME with production processes 

organized on functional layout. 20 selected companies 

mostly: 

 dispose with limited financial resources to invest in

development and implementation of new technologies;

 have lack of trained employees who are free to implement

any kind of manufacturing performance measurement

system;

 are not aware or are unwilling to admit the existence of

reserves on side of logistics;

 have limited options for automation;

 did not install the mechanism of continuous improvement

yet;

 are familiar with the principles of lean production, but

practical implementation is weak.

Typical for functional layouts is the large amount of 

transportation and handling. Workstations that frequently 

interact with movement of material, semi products or people 

are located close together. Products are produced in batches 

and all machines performing similar type of operations are 

grouped at one location. Companies exploit this layout 
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when the production volume is not sufficient to justify a 

product layout. Its limitations are backtracking and long 

movements of materials/semi products, inability of 

mechanized material handling, prolonged process time, 

lower inventory turnover, frequent set-ups, longer 

throughput time and work-in-process ties up space and 

capital [5]. 

Functional layout largely influences on efficiency of 

logistics activities, although this is not always recognizable 

by managers. In such production facilities, in addition to 

machines, there are many chaotically distributed logistics 

units and means of transport. In the researched branch, 5S 

method is usually completely unknown to managers, Fig. 2. 

Figure 2 Common situation in observed companies 

Firstly we improve Gilbreth’s approach, sophisticated 

by Graham, for process analysis requirements. The goal was 

to develop a tool for inefficiency detection in production 

processes adapted to the requirements of our time.  

Methodology for process analysis was spontaneously 

developed at the Faculty of Logistics, University of 

Maribor, through the last six years. At the beginning we 

were using original ASME standard for flow process chart. 

The standard was used to present information on existing 

and proposed processes. Because the feedback information 

for partner’s companies was possible to present in a simple 

form, the methodology became immediately applicable by 

students and employees in observed companies before any 

changes in their processes whatever actually were made, so 

that the special knowledge and suggestions of those in 

positions of minor importance, skills and knowledge were 

fully utilized. 

The idea is that qualified person follows the material 

flow through the production plant and records the sequence 

of actions, determines the type of each activity, assignees 

the ASME symbols, measures the duration of each activity, 

and travels distances for all movements. This kind of 

research work requires short preparation on the observation 

and allows participation of methodologically unskilled 

persons but with invaluable work experience. The use of 

cameras resolves dilemma with occasional uncertainty 

concerning the classification of certain activities. 

The methodology was used in 20 SMEs with functional 

layout and above mentioned characteristics. Weaknesses of 

the basic procedure were gathered, discussed and used for 

development of improved methodology. 

In the second phase OEE indicator was analyzed. Case 

study method was used to determine the impact of supply 

on OEE indicator. 

4 RESULTS 

4.1 Renewal of time study technique 

Motion and time study aim to eliminate unnecessary 

work and design most effective methods and procedures 

while providing methods of measuring work to determine a 

performance index for an individual or group of workers, 

department or entire plant [5]. A group of scientists lists 

four time study types. Those were stopwatch, work 

sampling, predetermined motion time system (PMTS) and 

Maynard’s Operation Sequencing Technique Methodology 

(MOST). Today, of course, we note a number of variants, 

which were developed according to the specific needs of the 

user. In this paper we used process analysis bases on ASME 

standard. 

Frank and Lillian Gilbreth originally developed 

Operation and Flow process charts as techniques of motion 

and process analysis. They defined process charts as “a 

device for visualizing a process as a means of improving it. 

Every detail of a process is more or less affected by every 

other detail; therefore, the entire process must be presented 

in such form that it can be visualized all at once before any 

changes are made in any of its subdivisions. In any 

subdivision of the process under examination, any changes 

made without due consideration of all the decisions and all 

the motions that precede and follow that subdivision will 

often be found unsuited to the ultimate plan of operation” 

[10]. That is only one of many techniques that identify the 

different types of activity that take place during the process 

and show the flow of materials or people or information 

through the process. According to ASME standard, for 

analytical purposes and to aid in detecting and eliminating 

inefficiencies, it is convenient to classify the actions, which 

occur during a given process, into five classifications. These 

are known as operations (produces and accomplishes), 

transportation (moves), inspection (verifies), delays 

(interferes), and storages (keeps) [11].  

Figure 3 Example of initial flow process chart fragment for “as is” process 

Group of students followed different material flows 

through 20 production plants and recorded the sequence of 

activities, determined the type of each activity, assigned the 

ASME symbols, measured the duration of each activity and 
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travelled distance for all movements. They filled the data 

into the pre-prepared table (Fig. 3). This kind of work 

requires short preparation for the observation and allows 

participation of methodologically unskilled persons. After 

third cycle we started to use cameras and resolved the 

dilemma with occasional uncertainty concerning the 

classification of certain activities. 

After methodology application in 20 companies, some 

weaknesses of the basic procedure were gathered. The most 

important finding was that logistics activities could not be 

easily separated from the production ones, excluding 

transportation and storage. Logistics activities, including 

transportation and storage, in manufacturing environments 

do not add value. Further finding was that delay can 

characterizes two types of activities with significantly 

different characteristics. The first type of delay activities 

comprises those activities that are necessary for the 

completion of the process and the second type of delay 

activities comprises those activities that are not associated 

with the process at all. We noticed that logistics activities in 

production environments do not add value for the customers 

who order products, but companies need to realize them for 

process completion. The situation is completely different in 

the case of logistics company selling logistics services, but 

this does not fall within described research. It is difficult to 

understand the practical value of technological and 

administrative activities equation under "operations" as 

proposes ASME standard. According to ASME an 

"operations" also occurred when information is given or 

received or when planning or calculating takes place.  

To improve the approach we introduced four types of 

activities/times rather than just value-added and non-value-

added activities/times. Those are: 

 beneficial – activities/times that are directly related to a

product that is the subject of the contract with

company’s customer (e.g. painting);

 non-beneficial - activities/time that are not directly

related to a product that is the subject of the contract

with company’s customer (e.g. paperwork);

 necessary – activities/times that are strictly necessary

for realization of customer’s orders (e.g. painting and

paperwork);

 unnecessary – fully redundant activities/times that are

not related to the customer’s order and the

manufacturing process at all (e.g. coffee break, private

conversation).

From the list above three meaningful pairs describing 

specific operation can be formed:  

 beneficial - necessary (add value);

 non-beneficial - necessary (do not add value);

 non-beneficial - unnecessary (fully redundant).

Two changes of initial Gilbreth’s methodology have 

been introduced. Firstly, the symbol for work with 

documentation, namely "diamond", was added. In 

production environments, any kind of work with 

documentation does not add value. Nowadays physical 

work with documents is becoming redundant, non-value-

adding and need special attention. Secondly, in standard 

flow chart, initial types of time were replaced with proposed 

(beneficial/necessary, non-beneficial/necessary, non-

beneficial/unnecessary) and a column with an additional 

symbol for work with documents was added (Fig. 4). In 

such a manner, pure technological activities were 

successfully separated from all other. Too many production 

companies still do not have any sense of how much time 

they spend for logistics and transport activities, downtimes 

or even for with the process entirely unrelated activities 

inside production halls. Constantly monitoring the situation 

is questionable for SMEs from the point of efficiency. It is 

advisable that companies at least occasionally monitor those 

processes that bring them the majority of revenues. After 

the renovation, the methodology was again tested and used 

in practice.  

Figure 4 Improved flow process chart  

The observation of specific process was always 

performed several times on different shifts (night, morning), 

at rush hours and non-rush hours. Each time, observers 

made flow process chart. Normally, five repetitions were 

performed, preferably using the camera, without prior 

notice. 

To combine longer and/or non-value adding times with 

the causes for them, the resources that are necessary for 

each cycle of the observed process were preliminary listed 

and systematically arranged in groups like material, 

technology, documentation, work organization and so on. 

Existing characteristics of each group can be a potential 

source of inefficiency. These groups can afterwards label 

categories of the cause-effect diagram. Data on the 

repetition frequency of individual cause and on total process 

time were also collected. Cause-and-effect diagrams 

revealed key relationships among various variables. Defined 

root causes provided additional insight into process 

behavior. The use of 5W technique to trace causes back to 

root causes was also encouraged on side of observers.  

Companies initially wanted to shorten their process 

times and did not know where or how to start. They looked 

for the professionals who would later also be hired to design 

a tailored system for processes improvement.  

Average cycle time in observed processes lasted 29 

minutes, of which we observed in average: 

 53 % of beneficial - necessary time,

 36  % of non-beneficial - necessary time,

 10% of non-beneficial - unnecessary time.

Production lead-time could be on average shortening by 

10 % without any investment, usually with only minor 

organizational changes. 36 % of non-beneficial - necessary 

time on average was spent on:  
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 logistics and transportation (22%),

 administration work (8%),

 inspection (4%),

 necessary delays (2%).

By investing in logistics and transportation it would be 

possible to reduce the lead-time on average by maximum of 

22 %. Delays were mostly caused by long search times 

(logistic units, tools, documents, vehicles), not defined work 

organization, duplications of tasks, absence of detailed 

scheduling, low and basic IT support, absence of IT support, 

lack of prevention in the field of quality assurance, not 

optimal layout, disadvantageous features of workshop.   

4.2 Defining the impact of supply in OEE indicator 

With process flow charts collected data was used for 

calculating OEE indicators.  

Actual time needed for supplying the workplace with 

materials, tools, documents and alike is incorporated in 

Actual Production Time (ATP) in equation for Availability. 

If data is collected according to previously described 

methodology, APT can be calculated using the equation (5) 

where PPT represents Planned Production Time. It is 

calculated in a way that the maximum available time is 

reduced for planned breaks (lunch) and planned 

maintenance works on the machine.  

   (5) 

Non-value adding required supply time (NVARS) 

represents the sum of all supply times/operations that are 

not directly related to the production of products and are the 

objects of the contract between company and its customers. 

Execution of these operations is strictly necessary for 

realization of customesrs’ orders.  

Non-value adding required non-supply time (NVARO) 

represents the sum of all non-supply times/operations that 

are not directly related to the production of products that are 

the subjects of the contract between company and its 

customers. Execution of these operations is strictly 

necessary for realization of client orders.  

Non-value adding non-required time (NVANR) 

represents the sum of all times/operations that are not in any 

way related to the customer order and are fully redundant. 

Hereinafter we want to explore how OEE indicator will 

change if we exclude NVARS. 

4.3 Case study 

We chose a modern and innovative European company 

with several decades of experiences on development, 

production and marketing of superior manufactured 

furniture. Their activities combine flexibility of the 

production process, cutting-edge CNC technology and years 

of experience, which enable them to produce perfect 

construction solutions. Therefore, the results of their work 

are high quality and aesthetically sophisticated products that 

make them one of the top manufacturers of interior design 

for recreational vehicles, boats, mobile homes and other 

special furniture. The company has about 320 employees 

coming mainly from the local environment. Investing in 

new technologies requires a highly trained staff. Therefore, 

educational structure of employees keeps growing every 

year. [12] 

The observation and time study was carried out in the 

workplace 122 4SSS Weinig. Two operators work on this 

machine. The main operator works at the entrance and the 

assistant manipulates outputs. They use floor storage places 

and wooden EURO pallets for storage of materials and 

products. Main operator sets the machine on computer. The 

machine operates on average 3 days per week, for one shift 

per day. Operator’s work hour costs 10.35 €. The purchase 

price of the machine was 193,337.47 €. Depreciation rate is 

12.5%. Each hour of this machine costs 23.38 €. Ideal 

machine cycle is equal to 8 seconds/piece. Operator moves 

in a quite big radius around the machine. The observation 

lasted 1 hour 15 minutes and 22 seconds.  

The collected data were presented in a form of process 

chart. Table contains the following data types: 

 name of activity;

 cumulative process time;

 duration of each activity;

 value adding / non-value adding activity;

 type of loss (eight losses in the concept of lean);

 supply / non-supply time;

 number of workers who carried out the activity.

First, the indicator of OEE was calculated by equations 

1 to 4. The calculated OEE value was 0.27 (6). 

27.097.084.033.0 OEE   (6) 

We wanted to define the influence of supply on 

calculated value of OEE. For the calculation, we considered 

the equation with the expressed proportion of times spent 

for supply of the workplace (5). In recalculation, we set 

times spent for supply of the workplace on zero. Supply 

times were excluded from the calculation. In general, we 

can say that eliminated times relate to losses. Those losses 

appear because necessary things (tools, documents, 

information, materials, and semi products) are not located in 

the site of technological processing and in the form that 

would allow immediate use in technological processing. 

The calculated OEE value was 0.48 (7). 

48.097.084.059.0 teoOEE     (7) 

OEE indicator can occupy any value from 0 to 1 or 

from 0 to 100 %. Elimination of supply times in our case 

resulted in change of OEE value. The impact of supply 

reflects in the Availability. The impact of supply on the 

value of the Availability was in our case 26 or 26 % of the 

maximum value of the Availability. 
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Table 1 OEE on different work places 

Company Workplace OEE OEEteo 
Difference because 

of supply 

A 1 0.27 0.48 0.21 

A 2 0.46 0.62 0.16 

A 3 0.40 0.57 0.17 

B 1 0.57 0.78 0.21 

B 2 0.66 0.86 0.20 

B 3 0.44 0.76 0.32 

C 1 0.50 0.64 0.14 

C 2 0.45 0.60 0.15 

Average 0.47 0.66 0.19 

The survey was repeated at several workplaces with 

similar characteristics. We present OEE values before and 

after the elimination of supply times in Tab. 1. Average 

calculated value of OEE was 0.48. After elimination of 

supply times, this value has risen to 0.66. Influence of 

supply times on OEE was 0.19 on average, more 

specifically; availability of machines in focused category 

can be raised for approximately 19 % on average by 

improved logistics activities.  

5 CONCLUSIONS 

In practice, supply of workplaces often affects the 

production process realization. This is particularly true in 

the majority of SMEs, where production is functionally 

organized. Production processes and logistics services are 

connected to each other and in most cases even inseparable. 

We upgraded Operation and Flow process charts and used 

them in combination with the equation for OEE indicator to 

determine the impact of supply (logistics) on Availability 

and on productivity in a broader sense. In the calculation, 

we preserved machine Performance on original level, 

assuming that the greater machine Availability will reflect 

in greater quantity of produced pieces. The impact of supply 

on OEE calculation would form an excellent starting point 

for decision making and planning of investments in 

equipment and logistics. Practice shows that investments in 

machinery prevail over investments in logistics. Constantly 

recurring question between managers is why to invest in 

logistics. We upgrade Operation and Flow process charts 

and OEE, hierarchy of metrics, in order to help measure the 

impact of workplace supply.  

Data for the calculation was acquired in a modern and 

innovative European company with several decades of 

experiences on development, production and marketing of 

superior manufactured furniture. We observed one 

workplace that is very typical for most wood processing 

companies with functionally organized production. If it was 

possible to completely remove the supply operations and 

employees could deal only with the technological 

operations, Availability would increase for maximum 26 %. 

By raising the Availability, it is not necessary to achieve the 

increase of Performance. Later depends on whether the 

workers will really produce more pieces of the product after 

the change.  

The survey was repeated at several workplaces with 

similar characteristics. Average calculated value of OEE 

indicator was 0.48. After elimination of supply times, this 

value has risen to 0.66. Influence of supply times on OEE 

indicator was 0.19 on average, more specifically; 

availability of machines in focused category can be raised 

for approximately 19 % on average by improved logistics 

activities. 

We will continue the research, mostly towards 

estimation of the assessed metric parameters impact on 

productivity improvements realized by their utilization. 

Additional examples from real production environment will 

be added. 

We cannot claim that the improved value of OEE 

indicator will raise the total productivity of the company. 

Production improvements do not necessarily mean any kind 

of productivity improvement. Most probably only partial 

productivity will improve, for example a labor productivity 

measured as the ratio of output to one class of input (output 

per person-hour). In order to increase holistic 

comprehensive productivity, it is not enough merely to 

remove supply operation from the set of operator’s tasks, 

which must be done on individual workplace. However, this 

can be a good starting point. These efforts must continue 

with comprehensive package of measures, which reflect in 

the increase of total productivity. 
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