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Abstract: Production assets management in a company is a traditional function, which in the period of tran-
sition of the Polish economy gradually lost the role of co-relation with the production function to the func-
tion of marketing and sales, finance or even logistics. An efficiency was selected as the main operating crite-
rion at the company level i.e. the ability to reach a set goal of the final activities.  Technological efficiency 
at the level of the production station is expressed by the ratio of technological efficiency, at the level of pro-
duction cell the efficiency of technology influence on efficiency of production cell. The inspiration for this 
paper were the new approach to company value on the market, including the value of assets, and advance-
ment in the production technology and an appearance of modern tools. 
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1 Introduction 
 
Business processes in companies are strictly related 
to the asset management. In the period of structural 
changes the following factors affect the effectiveness 
of production assets: asset restructuring, privatization, 
implementation of quality assurance systems, new 
markets and new technology, also internationalization 
and globalization in the multinational business. Com-
petitors on the markets of all industries focused their 
activities and aimed at utilizing economies of scale 
of production and the new role of marketing. Maintain-
ing the conventional production equipment it is impos-
sible to meet new requirements and compete on the 
market in the future. The preferred variant of technolo-
gy selected on the basis work consumption minimiza-
tion criterion led to a large fall in employment, howev-
er, the development investment guarantees significant 
growth in efficiency of companies. The market is char-
acterized by high influence of innovation in products 
on technology modernization. 

Gradual implementation of new technologies and mod-
ern production processes into businesses requires in-
creased efficiency of production assets. Innovation 
in technology became the main driving force behind 
the decrease in costs, increased productivity and in-
creased quality. The fixed assets analysis traditionally 
comprises a set of partial ratios such as: fixed assets 
possession ratio, modernity of fixed assets ratio, 
and fixed assets utilization ratio. The productivity ratio 
is a synthetic measurement tool. The matters of tech-

nical system exploitation efficiency is further devel-
oped in the science of exploitation. A new idea of effi-
ciency results from a research assumption that devel-
opment of production systems, including technology 
and production, shaped by the market needs, is the 
basis for production assets efficiency. 

 
2 The genesis of the problem  

of assets and efficiency in the enterprise 

2.1 Market impact on the development  
 of production in the enterprise 
 
Production assets management in a company is a tradi-
tional function, which in the period of transition of the 
Polish economy gradually lost the role of co-relation 
with the production function to the function of market-
ing and sales, finance, or even logistics. A new ap-
proach to company value on the market, including 
the value of assets, and advancement in the production 
technology and appearance of modern tools are an in-
spiration for search of such production fixed assets 
which would constitute a material source of competi-
tion in the scope of quality, efficiency and utilization 
and costs. 

The management cadre tend to forget that in modern 
companies the highest element of costs is not an em-
ployee, but the depreciation of a machine. Advance-
ments in technology are so fast nowadays that it is 
difficult to assume a 20 year machine exploitation time 
(recommended time – 5 years).  
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A higher efficiency of machines results enforced higher 
efficiency of an employee.  

Apart from quality, productivity and cost reduction 
producers should present flexibility of operations i.e. 
an ability to provide a fast and efficient reaction to the 
needs of the market and client’s preferences. One of the 
main goals of a company is to define a product 
and ensure its place on the market. Execution of the 
goal requires new product planning, flexible manufac-
turing and introduction of the products on the market. 

The fundament of balanced growth strategy of compa-
nies is efficient basic functioning of the production 
system. The business is shaped by market needs sup-
ported by the rules of the market economy on one hand 
(from outside to inside) and from the other side (from 
inside to outside) by production potential limited 
by technology and means of work. In order to increase 
client satisfaction and efficiency of production 
the space between the demand and the supply and the 
client and the producer is filled with advancement 
in manufacturing technology and processes of integra-
tion of human and technical resources. J. Honczarenko 
[15, p. 27] explains that the manufacturing process is 
subject to change starting from mass production to the 
philosophy of flexible, cost-effective, lean to agile 
manufacturing. 

The evolution of production (Fig. 1) develops from 
economical production to innovation in the production. 

The essence of Fig. 1 is the presented need for purchase 
of new skills by organizations, in order to meet increas-
ing and more complex market needs. 

Production is a function in a company, therefore like 
any other function it is a means to goal of an organiza-
tion as a whole. Goals require engaging the manage-
ment cadre – including the production department ca-
dre. The goals of a company are generally of economic, 
material, system nature and are the main criteria 
of selection of type and direction of activities. For ex-
ample: execution of a sales plan, increase in profits, 
development of new products, implementation of a new 
technology. 

Strategic decisions taken within the production function 
are developed into tactical and operating decisions 
(what technologies are appropriate for the assumed 
scale of production, reliability of equipment, ensuring 
quality, logistics, and production financing). 

One of operating decisions is a plan of readiness 
and reliability maintenance of the production assets. 
Execution of plans often requires investment – pur-
chase of new means of work, liquidation of worn ones. 
A company’s ability to compete on a free market re-
quires an intensification of the production business 
through utilization of all sources of increasing efficien-
cy of its work. A substantial source is effective produc-
tion assets management. 
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Figure 1. Evolution of production as a consequence of changing market demands  
(source: G. Spur [52]) 
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Introduction of new technologies and methods of pro-
duction results in dilution of quantitative criteria 
of production scale division, sizes of production batch-
es and the number of various products in the production 
system. Also production assets efficiency limited to an 
economic criterion is often in the statistical dimension 
in the production business. Traditional production sys-
tems with excessive production capabilities, show 
a tendency to decrease the machine utilization time 
ratio. Experience from exploitation of advanced pro-
duction systems shows that as a result of dynamic allo-
cation of tasks the load on particular machines increas-
es, however, it is not a factor that decides about 
the economic efficiency of the system. The decisive 
factor becomes the disposable time of the system, not 
exploitation costs.  

Innovative production cannot be based on advanced 
technology alone, but also requires a production struc-
ture creation, which will be able to adopt to changing 
conditions and manufacture a wide range of products 
using the same available means. 

 
2.2 Definitions, functions and efficiency  
 of production assets 
 
Production assets are key asset resources, which are 
divided [54, p. 67] into: intangible assets, material 
fixed assets, long-term receivables, long-term invest-
ment and long-term interim settlements (see Fig. 2). 

Fixed assets [54, art. 3, section 1, point 12-13] are de-
fined as assets not classified into trading ones, being 

„controlled by the entity resources of credible value, 
being a result of past occurrences, which will result 
in future inflow of economic benefit into the compa-
ny”. Controlling of assets means that the given entity is 
able to receive future economic benefit resulting from 
the use of available items of assets. 

Fixed assets are working mean aimed at production 
goals [4, p. 12] in a longer period of time, maintaining 
their natural physical form, not being a part of products 
manufactured by their use. Fixed assets are work means 
of set value and time of use. 

In the science of machine and technical means exploita-
tion there are following definitions: single technical 
object, a group of technical objects, exploitation object, 
exploitation system, technical system, exploitation 
of technical systems. 

In the engineering of production ([10], [11], and [15]) 
a system, a technical system, manufacturing, produc-
tion, manufacturing system, production system, tech-
nical means of production. I. Durlik [11, p. 33-34] di-
vides technical production means, as one of basic ele-
ments of the input vectors into production system: 

 the premises of manufacturing plant and the produc-
tion area, 

 technological equipment, 

 buildings, 

 piping, electrical installation, IT network. 

Characteristics of fixed assets according to varying 
criteria of division defines and sets the structure 
of means collection, their destination and way of use. 

 On the basis of the function (destination) criterion per-
formed by fixed assets numerous researchers ([4], 
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Figure 2. Division of fixed assets with indication of production assets 
(source: author’s own work on the basis of the accounting law [54]) 



78 Ryszard Rafalski 

 

[16]), and the industrial practice defines two basic 
groups:  

 production fixed assets, 

 non-production fixed assets. 

The difference between the production and non-
production fixed assets is such that in the production 
process the value production fixed assets is transferred 
in amortization on manufactured products.  

The criterion of production necessity and relevance are 
characteristics of working means [16, p. 23], and with-
out participation of means of this type, it is impossible 
to deliver the production process relevant to the given 
company. 

Production assets  

Production assets are a part of fixed assets not classi-
fied as non-production fixed assets, meeting the criteri-
on of production necessity and relevance and used 
for realization goals of the company and the function-
ing of production systems. 

In the multidirectional effect of fixed assets on the 
quality of the production process there are following 
functions to be distinguished: technical, technological, 
economic, social, and asset ones. 

Technical function 

Technical function is delivered through relations 
of material objects, structures describing the location 
of elements in relation to one another, and reason-effect 
mechanisms resulting in processing energy and infor-
mation. A change in the level of physical values is 
described as the physical and chemical state, which the 
basis for a formal description of technical state of facil-
ities.  

Reliability and durability are considered main criteria 
of assessment of useful value of the currently produced 
manufacturing equipment. The period of exploitation 
may be considered a measure of durability. An effi-
ciency of facilities comprising the fixed assets, de-
creases over time of exploitation. Reliability is defined 
as a quality of a facility set as its capability (the level 
of trust) for proper functioning within a set time and set 
circumstances. 

The development of technical function not only in the 
product or engineering innovation, but also the market 
one, positively affects the increase in production ma-
chinery and equipment efficiency. 

 

Technological function 

Technological function – shapes the manufacturing 
processes and the type of applied technology, affects 
the continuity and type of processes over time. Techno-
logical facilities fulfill not only basic functions, but 
also auxiliary ones. 

Technological function is normally interpreted as 
a function related to the manufacturing process. 
The function is directly related to the accuracy 
and efficiency of a process and technological complexi-
ty of the structure. A decrease in the work consumption 
is possible in a technological process. Automation is 
a concept of technological system [9, p. 34]. New tech-
nologies and flexible manufacturing processes ensure 
substantial improvement in reliability and stability 
of production process. An evaluation of the technologi-
cal position of a company enables determination 
of a „technology gap” – which limits development 
of a company. Currently technology is a new factor 
of company competitiveness. 

Economic function 

Purchase of items of fixed assets requires investment 
expenditure and then expenses in the form of labor 
costs, and facility maintenance in the manufacturing 
process. Depreciation of fixed assets is an economic 
category, that may serve the purpose restoration 
of facilities, in order to counter the process of their 
further wear. Depreciation serves a function of transfer-
ring the worn fixed assets value onto the production 
costs. The criteria of technology attractiveness 
and competitiveness, as well as fixed assets, are con-
sidered economic criteria. The economic function – 
often as an obligatory requirement, affects undertaking 
activities aimed at improvement of production capabili-
ties utilization. Production costs depend on the size 
and variety of manufacturing. The choice of reconstruc-
tion form is affected not only by technical factors, 
but also the economical ones.  

Development of new technologies increase capital re-
quirement. A company functions in a set economic 
system, and the economic function is an integrator 
of its internal and external functions. 

Social function 

Manufacturing business creates work places. Capital 
consumption of workstations affects the amount 
and type of work. Development of key technology 
eases human effort at work and increases employment 
of skilled staff with new qualifications.  
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Figure 3.  Areas of assessment of production assets efficiency 
(source: author’s own work) 

 

Technological advancement deepens the process 
of societies qualifications all over the world. Together 
with the development increases productivity measured 
as value of sales pre one employee. 

Employees require of a company that their work makes 
sense and was something serious [9, p. 289], and the 
way of their work organization indicated an employer’s 
interest in good work. A new accent of a social func-
tion is the social and cultural aspect of human resources 
in the organization of work.  

Moreover, the social function covers the tasks of im-
proved working conditions and should indicate infor-
mation about negative results of work in a given place 
of work. 

Restructuring activities [17, p. 110] in the Polish econ-
omy affected: changes in the employment structure, 
improved discipline of work, promotion of employees’ 
creativity, limitation of the social function.  

Asset function 

Asset function – in the process of company value man-
agement there emerges a role for the assets function 
and its influence on productivity. A subject of analysis 
may be a company as a whole, or its separated part, 
or items of assets. An instrument of asset function are 
methods of valuation of assets and company revenue 
[40, p. 26-32],  

Key elements of the valuation, that affect the assess-
ment of the company, are: 

 market value of shares, 

 net assets value, 

 growth in profit per share ratio, 

 operating and financial risk. 

A new role of assets in the economy affected the shap-
ing of a new ownership structure.  

The asset function is information about the real eco-
nomic value of a given entity and argumentation upon 
decisions regarding purchase or sale of items of fixed 
assets. The listed functions of production assets 
in business activities indicated areas in which possibil-
ity of increased efficiency of the assets may be found. 

Production assets efficiency 

The notion of production assets efficiency is not unam-
biguous, which results from the very nature of efficien-
cy, the method of its expressing and measuring (see 
Fig. 3). 

M. Bielski [2, p. 104] explains that companies, in the 
decision-making process, are guided by adopted goals 
and possibly low expenditure on their achievement, 
should asses efficiency as the level of achievement 
of set goals, and then the level of utilization of pos-
sessed resources. 

It may be stressed that the unambiguous notion of effi-
ciency does not limit us to only determining general 
company efficiency – as a synthetic measurement, 
but also leaves room for the choice of selection of rati-
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os and efficiency measures in implementation of ven-
tures relating to particular functions or resources (in-
cluding production assets).  

Therefore, numerous particular efficiency notions, such 
as: economic efficiency – the result of business activi-
ties calculated as reached result to the input, organiza-
tional efficiency, adaptive efficiency], and innovative 
efficiency. 

Operating efficiency [49, p. 63] related onto fixed as-
sets is a quality determining their ability of being 
the efficiency mode, enabling delivery of set produc-
tion tasks. The qualities of fixed assets, in such a form 
of defining operating efficiency, are: reliability, readi-
ness, and lifetime. 
There are substantial efficiency increase possibilities 
on the border between technology and production, 
the use and maintenance of machinery, and product 
design and technology. 

Fixed assets efficiency is a multidimensional notion, 
therefore, the economic, technical, organizational 
and management literature comprises term such as: 
efficiency, efficacy, usefulness, reliability, productivity, 
economy. A synthetic fixed assets efficiency measure 
[16, p. 193], sets an economic variable, expressing 
a relation of a given goal function level of a company F 
to expenditure (resources) of fixed assets N, necessary 
for execution of the function: 

E୫ ൌ
୊

୒
 (1) 

Such formulated fixed assets efficiency measure is 
a mirror of production means efficiency measure ex-
pressed by the goal realization level and the size 
of effort borne in relation to the effort or resources 
of the factors. 

Another form of the above presented Em formula is as 
follows [16, p. 193]: 

E୫ ൌ
୞

୏ౣ
  (2) 

where:  
Z – the level of financial result (profit) of the com-
pany,  
Km  – costs of exploitation of fixed assets. 

The presented relation between the exploitation costs 
may lead to a stimulation of fixed assets efficiency 
increase in a company. 

R. Borowiecki [4, p. 93] suggest two phase study 
of fixed assets management efficiency. The first phase 
assumes assessment of fixed assets productivity 
in relation to work efficiency and its technical equip-

ment as a starting point for assessment of the company 
management in the scope of fixed assets utilization. 

The second phase – there are detailed studies covering 
the following: ratios and coefficients of the size 
of fixed assets; the ratios of technical advancement 
in the area of fixed assets; ratios and coefficients 
of utilization of machines and equipment space. 

 
2.3 The goals and scope of production  
 assets efficiency 
 
The main goal, which is increased assets efficiency, 
was set a company level – a business entity running 
production or service business on its own, in order 
to gain benefits. A production entity, as an open system 
comprises numerous sub-systems: development, manu-
facturing, supply, maintenance, information, and man-
agement. Material production factors of a system com-
prise material grounds for growth in utilization of pro-
duction capabilities of an entity. 

Partial goals are reached in a given period of time 
and space using certain resources. A program of assets 
efficiency improvement may comprise numerous par-
tial goals such as: optimal deployment of workstations, 
improvement in raw material flow in the manufacturing 
process, shortening in technological times as a result 
of introduction of a new technology, increase in pro-
ductivity of manufacturing workstations. 

Goals related to usage of production assets may stress 
the varying needs of processes and their importance 
in a company. For example: the main goal of produc-
tion assets, in respect to the process continuity criteri-
on, is to maintain efficient manufacturing guaranteeing 
productivity, quality and safety.  

An energy efficiency improvement program in a com-
pany comprises goals of decreased energy costs 
of production halls and energy-saving equipment. 
An increase in production assets efficiency may be 
executed through: 

 new and modern technological solutions, 

 increased efficiency of workstations, 

 utilization of production capability, 

 efficient acquisition of orders, 

 staff training on the exploitation of manufacturing 
equipment. 

Production assets efficiency may be discussed from 
various point of view, therefore there might be varying 
assessment criteria, such as: 
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 economy, setting a relation between the value 
of gained effects and a the level of efforts borne 
in a given period of time during the use of the as-
sets, 

 efficiency, an ability to reach states with positive 
evaluation from the achievement of external goal 
point of view.  

 efficacy, a quality of assets enabling a possibility 
of remaining in the state of ability of full execution 
of production goals, 

 readiness, a quality of assets expressing a capabili-
ties necessary in a given period of time for delivery 
of the use process in line with technological re-
quirements, 

 effectiveness, setting out the intensity of execution 
of production tasks, 

 capital consumption of manufacturing workstations, 
which increases with technology development. 

The scope of production assets efficiency is limited 
by two elements: the first one – the level of efficiency, 
the second one – the criteria of efficiency. In a refer-
ence standard there are three levels of increased effi-
ciency: 

1) the enterprise level (a production system), 
2) the production cell level, 
3) the manufacturing workstation level, 

and three criteria of assessment (evaluation) of effi-
ciency:  
1) economic criterion, 
2) technological criterion, 
3) operating criterion. 

As a result of such division there are nine areas of in-
crease and assessment of production assets efficiency 
in a company. Each level is subject to evaluation 
of the following types of efficiency: economic, techno-
logical, and operating one. 

 
3  Conditions for change and their impact  
 on the management of productive assets  

3.1  Analysis and assessment of fixed assets  
 efficiency 
 
The business of each company, including its fixed as-
sets and processes, requires periodical analysis and 
assessment. An analysis should allow, on one hand, 
determination whether the to date destination and utili-
zation of production assets brings expected results 

(an ex post analysis), and, on the other hand, enable 
determination of directions and methods of increasing 
efficiency in the manufacturing process (an ex ante 
analysis). An analysis applying to the company assets 
management is generally know as assets analysis. 

An ex post analysis of fixed assets efficiency was 
a subject of intense studies and literature until 
the 1990s. Economic changes introducing free market 
require a new approach to searching for direction 
and methods of increasing production assets efficiency. 

From the subject point of view the following analysis 
and evaluation techniques are worth mentioning: 

 productivity – a synthetic measure of fixed assets 
efficiency, 

 utilization of fixed assets,  

 influence of fixed assets on production and financial 
results. 

A universal formula – fixed assets management is 
based on the rational management principle. The core 
of the principle is ensuring such management so that 
with „a given level of effort receive highest possible 
level of goal achievement, or upon a give goal 
achievement level utilize the lowest possible level 
of effort” [1, p. 13]. The first part O. Lange [14, 
pp. 217-218] is known as the highest effect principle, 
or highest efficiency principle, the second one – 
the lowest effort principle, or the cost-efficiency prin-
ciple. 

A consequence of the principle is a scope of fixed as-
sets efficiency in question, covering activities aimed 
at intensification of fixed assets management strategy 
(restructuring, utilization, restoration, modernization, 
development) ([43, p. 11], [20] and [57]). 

„Fixed assets management is the whole of planned, 
organizationally ordered and continual activities aimed 
at securing its resources, their readiness for production, 
and appropriate application in the manufacturing pro-
cess, and reproduction that is adequate to the develop-
ment tasks of the company, in line with its production 
needs” [43, p. 13]. 

The relation between the scope pursuit goal and the 
sum of efforts is a measure of management efficiency. 
In an analysis of fixed assets, the following general 
ratios are derived from two basic economic values 
of a company: production (P), employment (Z), fixed 
assets (M):  

 fixed assets productivity ratio (P : M), 

 technical equipment of work ratio (M : Z), 
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 efficiency ratio (P : Z), 

 production work consumption ratio (M : P) 

୔

୑
ൌ ୔

୞
∶ ୑
୞

 (3) 

R. Borowiecki [4, pp. 52-56] presents cases of co-
relation from the formula (3) and influence of produc-
tion, employment, and fixed assets on changes 
in productivity. 

The following set of partial ratios is also used in fixed 
assets analysis: 
a) ratios of fixed assets ownership (value, structure, 

wear level, depreciation); 
b) ratios of fixed assets modernity (e.g. numerical 

control, automated measurements, etc.); 

c) ratios of fixed assets utilization (time, efficiency, 
area occupied, modernity). 

Changes in partial ratios, due to the requirements 
of statistical analysis, and economic studies in the as-
pect of planned business, had varying accents in their 
content and evaluation. A result of the change is a de-
crease in the level of interest of the middle management 
level in the practice of decision taking, in particular 
regarding production. Numerous of those ratios were 
transferred to the production continuity functions. 

After 1990 a new meaning emerged for the financial 
analysis, comprising vertical analysis of assets, includ-
ing fixed assets and current assets. 

An assessment of fixed assets efficiency may be made 
on the basis a comparative analysis based on specimen 
set of inequalities of ratios [2, p. 40]. 

A specimen set of inequalities of basic quantity ratios is 
as follows: 

IR  IM  IP  IZ (4) 

where:  
I – dynamics index,  
R – employment level,  
M  – state of items of assets,  
P  – sales revenues,  
Z  – profit of the company. 

Technological progress of fixed assets should have 
higher dynamics in relation to employment. The pro-
cess contributes to an increase in efficiency, resulting 
in higher production dynamics. The profit dynamics 
grow faster than the production dynamics. A specimen 

set of inequalities is difficult to establish in the condi-
tions of variable external environment of companies. 
 In methods of analysis of economic efficiency of fixed 
assets in a company the following methods are present-
ed [16, pp. 204-220]: 

 econometrical methods of fixed assets efficiency 
assessment, 

 benchmarking analysis of fixed assets efficiency 
analysis. 

The topic of technical systems exploitation efficiency 
is developed in studies of exploitation science devel-
opment [74, pp. 95-121]. Z. Cygan stresses the cogni-
tive meaning of technical and economical ratios 
of exploitation [5]. 

The purpose of analysis and assessment of production 
assets efficiency is achievement of effective manage-
ment of assets and assessment of the influence of assets 
on economic and financial results of an enterprise.  

 
3.2  Production assets as elements of value   
 of a company 
 
A condition for efficient company management is the 
motion of value creation not only in the long-term cash 
flow, but also in the profit per share area. The growth 
in value depends on goals set at the strategic level, 
regarding the area of business. From this point of view 
investment decisions become important. Fixed assets 
are of investment nature. In the value management 
process there is a problem of assets valuation and their 
influence on productivity. 

The size of assets may be discusses only when there 
exist conditions of their useful value. The value 
of assets determines the value of financial assets which 
would have to be allocated at restoration of assets 
in a given time, necessary for further functioning of the 
company. The following are qualities of value of assets 
[22, p. 47]: 

 the value of assets is a current value as at the time 
of assessment, 

 the value of assets is a value of continuation 
of business running and not the value of its liquida-
tion, 

 the value of assets is a total of amounts set for the 
restoration of particular items of assets. 
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Figure 4. Changes in the value of fixed assets 
(source: author’s own work) 

 
A relation between the assets and revenue value 
of a company has various forms of relation expresses 
in the formulas [22, pp. 63, 65 and 67]: 

W ൌ W୑ ൅ a ቀ
୞

୰
െW୑ቁ (5) 

W ൌ
1
2
ሺW୑ ൅Wୈሻ 

or (6) 

W ൌ
1
3
ሺW୑ ൅ 2Wୈሻ 

where:  
W  – company value;  
WM – assets value,  
Z  – standardized annual profit,  
r  – capitalization rate,  
a  – weigh factor,  
WD  – revenue value. 

The following assets methods serve the purpose 
of assets valuation: 

 balance sheet method of net assets valuation, 
or adjusted net assets method. 

 restoration method, 

 liquidation method. 

Fig. 4 presents a change in the value of fixed assets. 

Calculation of a company value using the method 
of adjusted book value of net assets is performed ac-
cording to a general formula [36, p. 228],: 

W୔ ൌ ሺA ൅ K୅ሻ െ ൫P୓ ൅ K୔ో൯ (7) 

where:  

WP – company value,  
A – balance sheet value of assets,  
KA – adjustment of balance sheet value of assets,  
P0 – external liabilities,  

KPo  – adjustment of balance sheet value of external 
 liabilities. 

The company value using the restoration method is 
calculated using the following formula: 

W୔ ൌ ሺA ൅ ∆Nሻ ∗ ሺ1 െ Z୊ሻ (8) 

where:  
WP  – company value,  

 N  – difference in expenditure borne on new material 
 potential,  
ZF  – physical wear of items of material assets. 

The value of production assets totally or partially (to-
gether with the revenue value) directly affects the com-
pany value. In assessment of company value in the 
revenue method a discounted cash flow method is used. 
According to experts it is the basic method used 
in analyses of trade in companies. Increased production 
assets efficiency increases the revenue value of a com-
pany. 

 
3.3  Studies over fixed assets efficiency  

management in the company management  
 
There are three periods in the evolution of fixed assets 
efficiency management in Polish companies: 

a) Fixed assets management efficiency  
 (years 1970 – 1989) 

A monographic elaboration on the topic is a publication 
of  R. Borowiecki [4], where the following issues were 
presented: the role of fixed assets in the manufacturing 
business of an enterprise, a relation between fixed as-
sets productivity and basic economic relations, the rules 
of selection and application of measures for assessment 
of fixed assets management efficiency. The author 
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explains and applies productivity as a synthetic meas-
ure of fixed assets management efficiency in a compa-
ny. 

In a publication of  W. Janasz, E. Urbańczyk and 
T. Waśniewski [16], were presented three areas of stud-
ies in fixed assets management: wear and tear and eco-
nomic calculus of fixed assets restoration, the influence 
of the economic and financial system on the restoration 
of fixed assets, methods of analysis of economic effi-
ciency of fixed assets and an analysis of efficiency 
of utilization of fixed assets and its influence on pro-
duction and financial results.  

A work edited by J. Rokita [39], is dedicated to meth-
ods of fixed assets management assessment in a com-
pany. The scope of the method is of universal nature. 

The movement toward productivity in the world is 
an impulse for research and a new look at the idea 
of productivity, ratios of productivity, factors affecting 
an increase in productivity, and productivity improve-
ment programs ([37], [41]). It is a complex approach 
to productivity assessment in a company.  

A development of the science of exploitation contains 
the issue of efficiency of technical systems exploita-
tion, including works of Z. Cygan [5, pp.119-134],   
J. Lewandowski [24]. Exploitation is an interdiscipli-
nary science consisting of tribology, elements of relia-
bility and restoration theory, the study of reliability, 
technical diagnostics and efficiency of exploitation 
of technical systems. The studies on exploitation indi-
cated that unjustified intensity of utilization of fixed 
assets without rational maintenance services – in the 
1970s led to deterioration of production assets. 
The useful potential is a measure of a machine capabil-
ity for use, however the servicing potential is a measure 
of machine’s needs for service. 

b) Restructuring of fixed assets (years 1990 – 2000) 

Main problems of efficiency of company management 
in the years 1990 – 2000 were focused on restructuring. 
Restructuring of fixed assets is considered an area 
of qualitative changes (a change in technology and 
work organizations) and is aimed at increased efficien-
cy of production capital of an enterprise. P. Glikman 
[12, pp. 33-44] stresses that an increase in efficiency, 
studied in variants: non-investment and investment, 
requires rejuvenation of fixed assets and am estimation 
of changes in employment in an economy. Z. Czyżew-
ska  [6, pp. 55-72], stresses that the structural aspects 
of labor resources and fixed assets management are 

a trial of capabilities of deciding a problem of repro-
duction scale of assets and the type of investment, 
and a speed of changes in introducing new manufactur-
ing techniques. 

Restructuring the scope of business of companies, 
means returning to the core competence, i.e. an area 
of specialization of the company [48, p. 45]. The first 
task in the restructuring process was getting rid of un-
used, obsolete fixed assets. Changes in technology 
were a stimulus for action in the scope of machines 
and manufacturing equipment replacement. An effect 
of these activities is a new configuration of business 
areas with long-term business strategy.  

Ownership transformation and privatization required 
credible methods of valuation. Restructuring of fixed 
assets contributed to an increase in production assets 
efficiency. 

 c) Fixed assets management (from 2000 to now) 

A rebuilding of Polish companies and adjustment to the 
changing environment and growing quality, efficiency, 
and timing requirements, requires an improvement 
in the material assets management, and in particular 
production fixed assets. The management of fixed as-
sets comprises an integral part of company manage-
ment. 

New technologies are new means of work and their 
application brings desired technical and economical, 
but also social results. Attractiveness of technology 
contributes to a decrease in production costs 
and an increase in quality. It is a factor of increased 
sales of product on internal and external markets, and at 
the same time affect better utilization of production 
assets. New technologies are the starting point for ef-
fective creation of a manufacturing system without 
constant human intervention. 

Radical and evolutionary changes in years 1990-1999 
led to Polish companies introducing into practice new 
concepts of management sourced in the Lean Manage-
ment process [3]. The pursuit of increased efficiency 
and shorter times of processes requires a complex Total 
Productive Manufacturing, a complex Total Productive 
Maintenance ([27], [8], [25] and [51]), Facility Man-
agement [53]. 

A new measure of production assets efficiency is OEE 
(Overall Equipment Effectiveness). Availability 
of complex workstations and production cells affects 
better utilization of production process capability.  
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4 New concept of evaluation of assets  
the production business of enterprise 

4.1  The goals of assets efficiency study  
in the production business 

 
Development of production systems results from mar-
ket requirements, but also from manufacturing technol-
ogies, methods and techniques of production manage-
ment available for application in a company. 

Technology is often listed as a factor of international 
competition of companies. A common element 
for companies achieving large and small successes is 
a fact that they achieve efficiency (widely defined) 
through implementation of innovation. Innovation 
should be perceived more as cumulated improvements 
and ideas rather than a significant technological break-
through [46, p. 154]. Innovation mechanism known 
to one part of a company may be used in another part, 
which requires improvement (reformation). For exam-
ple; management – production – maintenance of ma-
chine running. 

New concept of efficiency results from adoption 
of a research assumption that development of produc-
tion systems, including technology and production, 
shaped by market needs, is a condition of production 
assets efficiency. 

One of the factors of production development is dura-
bility and restoration of work means. Restoration 
of means of work means adjustment of potential pro-
duction capabilities to changing environment. An aver-
age period of technical facilities exploitation is much 
shorter than their potential physical lifetime. First 
symptoms of loss in assets efficiency may be as fol-
lows: high costs, a fall in sales activities, a wide scope 
of business, obsolete technologies and fixed assets, low 
efficiency of organization at the level of company. 
Activities undertaken to improve efficiency are: 
a change in the investment policy, disposal of unused 
assets, search of new sales market, new definition 
of core business, acquisition of new technologies 
and machines. 

The main goal of a new study concept is to increase 
production assets efficiency in a company. Partial goals 
– enrichment and improvement of assets: 

 selection and accessibility of means for achievement 
of goals, 

 efficiency in realization of production tasks, 

 an increase in efficiency of workstations, 

 an increase in fixed assets productivity, 

 a decrease in own costs of production. 

Increased assets efficiency is characterized by a system 
analysis qualities, and its frequency and scope is de-
termined by projects, ventures, activities contained 
within company management programs. A system 
analysis of a problem contains following stages: 

 examination of considered goals, or multidirectional 
ventures, 

 an analysis of possible methods of achievement 
of the goals, considering designs of new solutions, 

 assessment of positive and negative results of each 
variant of conduct with a risk map, 

 comparison of variants according to various criteria 
and assessment enabling selection. 

Due to an ambiguous meaning of efficiency, the meth-
od of its expression and measurement – in the new 
concept of increasing assets efficiency there are defined 
basic business areas affecting the production assets 
efficiency. Each element of assets efficiency is charac-
terized by measurable qualities and the value of quali-
ties changes over time. The area of efficiency is deter-
mined by the reference level of efficiency and the 
needs for efficiency assessment according to various 
criteria. 

 
4.2  Areas of increasing production assets  

efficiency 
 
The state of efficiency is reflected onto defined areas 
of efficiency: 

 = {E0, E1, … Ek} (9) 

where: k = 1, 2, 3,... – the number of defined areas 
of efficiency. 
Among defined areas of efficiency there areas: pro-
posed (target), existing (effective), critical (unwanted): 

^  o  k =  ^  o  k =  (10) 

An increase in production assets efficiency may be 
executed by changes reflected onto a certain designated 
area(s) in a set time, or countering the appearance 
of any unwanted state of efficiency from lack of chang-
es. 

The source of increased assets efficiency are: produc-
tion stations, production units, a company as an orga-
nized production system.  
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 Efficiency criteria 

 Economic 
(economic efficiency) 

Technological 
(technological efficiency) 

Operating 
(operating efficiency) 

Efficiency level 

   

Company P -Eek P – Etech P - Op 

Production cell K - Eek K – Etech K - Op 

Production station S - Eek S – Etech S - Op 

Figure 5. Areas of increased production assets efficiency 
(source: author’s own work) 

 
The following criteria were chosen for efficiency as-
sessment: operating, technological, and economic. 

Em = {Eop, Etech, Eek, Rj} (11) 

where:  
Em  – production assets efficiency,  
Eop  – operating efficiency, 
Etech – technical efficiency, 
Eek  – economic efficiency, 
Rj  – relations for j = 1, 2, 3. 

The areas of increased production assets efficiency are 
presented in Fig. 5. 

Delivery of the main goal, due to the scale of problem, 
assumes determination of three levels of efficiency: 10 
– company, 20 - production units, 30 – production sta-
tion and three various criteria of assessment: operating, 
technological, and economic. 

Each designated level of efficiency is a place for im-
provement of facilities and processes affecting in-
creased efficiency. Rationality in the scope of methods 
and means of improvement is closely linked with 
the main goal. 

The basic factors shaping production assets efficiency, 
upon assuming satisfaction of production needs are: 

 production system development strategy, 

 technique, i.e. the quantity and quality of technical 
means, 

 technology of the manufacturing system, 

 composition and structure of the manufacturing 
system, 

 organization and management of the manufacturing 
process, 

 conditions and interaction of the company with its 
environment. 

Production assets efficiency is defined as a capability 
of technical facilities, comprising the production sys-
tem, to fulfill set needs of a company in line with its 
destination and requirements. Requirements are usually 
divided into: structural, functional and development. 

P. Sienkiewicz [49, p. 54] introduces a definition 
of efficiency of action systems – as a system feature, 
which expresses rational capabilities of systems 
for fulfilling certain needs (achievement of set goals 
of action, function with destination and requirements). 
Due to a time perspective the author distinguishes po-
tential efficiency, upon assessment of whose only 
the needs and potential are considered.  

Potential efficiency assessment ratio: 

Fsሺtሻ ൌ
୛ୱሺ୲ሻ

୚ୱሺ୲ሻ
  (12) 

where:  
Ws(t) – needs, 
Vs(t) – potential. 

Assessment of potential system efficiency is an evalua-
tion of the level of possibility of meeting a certain 
need, whose satisfaction is the goal of an entity. During 
an ex post assessment there is a notion of executed 
efficiency, which is a system feature characterizing 
the level of system’s capability utilization in the pro-
cess of delivery of certain goals and in set conditions. 
A division of areas of production assets efficiency is 
illustrated in Fig. 6.  

Increasing efficiency is a process of constant improve-
ment. Acceleration of routine processes often brings 
good results where it is a result of a project such as 
installation of more efficient machines and equipment. 
There are also opposite situations, where acceleration 
of operations results in delays and stoppages, and at the 
same time in lack of utilization of modern resources. 
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4.3 Basic methods of assessment  
 of production assets efficiency   

4.3.1  Division of assessment methods  
 of production assets efficiency 

 
The number of factors affecting assets efficiency, such 
as: fluctuations of orders from the market, technologi-
cal advancement, new methods and techniques of pro-
duction control, organization and engineering of ex-
ploitation and economic factors are the reason 
for search of new methods of assessment of production 
assets efficiency. The searched measures of assessment 
should be an efficient completion of a universal calcu-
lation of efficiency assessment. 
The universal methods of efficiency assessment com-
prise: 

 investment efficiency calculation, 

 methods of efficiency assessment (including 
productivity), 

 a group of ratios form financial statements. 

A new concept assumes separation of three groups 
of assessment of assets efficiency:  

 operating efficiency, 

 technological efficiency, 

 economic efficiency. 

 

4.3.2  Operating efficiency of a production station 
(technical facility) 

 
Operating efficiency of a production station is a feature 
expressing the ability of a technical facility to be in the 
state of efficiency of its elements and structures ena-
bling delivery of set production tasks. The features 
of operating efficiency comprise: reliability, availabil-
ity, lifetime. The scope of operating efficiency 
of a production station takes a form: 

Eop = ( Nz  Wd  Wk) (13) 

where: 
Nz  – reliability, 
Wd  – efficiency, 
Wk  – utilization. 

a)  Reliability of a production station 

Reliability of any technical object is often described as 
quality over time (the characteristics of reliability as a 
feature of a facility – machine, equipment, set). 

The following probability serves as the ratio of assess-
ment of reliability [49]: 

R(t) = Pr {T  t} = Pr {[x(t)], =1},   t  0 (14) 

 
 
 

Production assets efficiency 
(EMP) 

Technological efficiency  
of production assets 

(ETMP)

Economic efficiency  
of production assets  

(EEMP) 

Operating efficiency  
of production assets 

(EOMP) 

Economic efficiency 
of production station 

(EESP) 

Technological efficiency 
of production station 

(ETSP) 

Operating efficiency 
of production station 

(EOSP) 

Economic efficiency 
of production cell 

(EEKP) 

Technological efficiency 
of production cell  

(ETKP) 

Operating efficiency 
of production cell 

(EOKP) 

Economic efficiency 
of company 

(EEP) 

Technological efficiency 
of company 

(ETP) 

Operating efficiency 
of company 

(EOP) 

Figure 6. Division of area of production assets efficiency 
(source: author’s own work) 
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where:  
T – is the moment of process X(t) entering into the 

set of inefficiency states;  

 – the function of states: 

S0 = { x X : (x) =1 } – the state of inefficiency, 

S1 = { x X : (x) =0 } – the state of efficiency. 

Durability – an ability of the facility to conserve its 
characteristics and parameters in applied exploitation 
conditions. For reparable objects durability is defined 
as the total time of facility work until resignation from 
its repair. 

An indicator of durability of expected time of exploita-
tion (e.g. calculated according to depreciation rate, set 
economic time of exploitation). The exploitation period 
is presented by function [41, p. 119]: 

f: P ∗ S ∗ N ∗ U → T  (15) 

where:  
P(p1, p2, ..., pn)  – the set of technical and exploitation 
parameters of a machine (technical facility),  

S(s1, s2, ..., sn)  – a set of parameters and size of the 
exploitation system,  

N(n1, n2,..., nk )  – a set of size of expenditure and run-
ning costs of a machine,  

U(u1, u2, ..., un )  – a set of parameters of technical ad-
vancement in construction and manufacturing technol-
ogy. 

In the T set there are following phases of exploitation: 
a period of liquidation, a period of exploitation result-
ing from lowest costs of machine operation, a period 
of exploitation dependent on the time of replacement 
of the current machine with a modern one. A signal 
for an analysis of operating efficiency of a facility is 
the period of exploitation at the time when the book 
value of a facility is zero. 

Operating readiness: 

Go (t,) = G(t)* G(t, )  (16) 

where:  
G(t) – initial readiness (ability to work), an ability 
of facility enabling its use without breaching the quality 
of executed functions, 

G(t, ) – task readiness, a quality of facility from 
the point of view of achievement of an allocated to the 
facility task. It means that the facility being in the state 
of work at the moment (t) will still be in that state 

at the time , in order to execute the allocated task.

Ensuring required operating readiness at possibly low-
est costs may be put down in the form: 

G୭ሺt, τሻ ൌ G୭୵ሺt, τሻ				at				k୭୲ → min (17) 

or achievement of maximum operating readiness at set 
border costs of facility maintenance may be written in 
the form: 

k୭୲ ൌ k୭୲
୥ 			at			G୭୵ሺt, τሻ → max  (18) 

where:  
kot   – facility management costs,  
k g

 ot
  – border costs of facility management. 

The first step in assessment of operating efficiency 
of a workstation is assessment of reliability of a tech-
nical facility in a complex approach, because reliability 
affect effective time. 

b)  Efficiency of a production station  

Efficiency is an economic and operating measure 
of efficiency, considering the level of production re-
flected on the level of resources used for their produc-
tion. Efficiency may be reflected on numerous levels 
of efficiency (company, department, workstation). 
R.W. Griffin [13, p. 621] distinguishes several forms of 
efficiency: overall efficiency (multi-factor) – overall 
productivity is defined in a formula: 

productivity ൌ
production
expenditure

 

where:  

expenditure – resources such as: labor, capital, materi-
als, and energy used for manufacturing all products 
and services; and partial efficiency considering one 
category of resources, often defined of as labor effi-
ciency, calculated from the relation: 

labor	efficiency ൌ
production

bnp
 

where:  
bnp – direct labor expenditure (e.g. time of work). 

Machine efficiency, determines the number of products 
manufactured by a machine in a given unit of time 
(usually one hour, or one shift). 

Planned efficiency of a machine is achieved maximum 
production in ideal conditions in a given period of time 
(e.g. hour, shift, week) [56, p. 279]:  

planned efficiency = production per hour  
 * number of available hours 

The planned efficiency is affected by the manufactur-
ing task dependent on the variety and mass production. 
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Table 1. Division of states of use  
(source: [41, p. 128] 

Type  
of process 

States of usage  

S1 S2 S3 S4 

Single state Usage 

Two state movement Stoppage 

Two state* work idleness 
 

 

Effective efficiency of mass producing machine is 
maximum production achieved in the effective working 
time of the machine. 

effective 
efficiency = 

production 
per hour *

number  
of available 

hours 
* 

operating 
readiness 

Effective efficiency, apart from production task, de-
pends on the preparatory – completion time and tech-
nical time (maintenance, repairs, technical breaks). 
An increase in efficiency is possible, most of all, 
through employment of machines with high concentra-
tion of tasks in the manufacturing technology. 

In designing rhythmical production effective efficiency 
is replaced with a notion of workstation production 
capability, set as a product of hourly production capa-
bility mg and time T: 

Mp = mg * T (19) 

where: 

m୥ ൌ
ଵ

୲ౠ
	, tj – time unit of a technological operation, 

Hourly production capability increases when we per-
form a series of technological operations in an auto-
mated cycle. 

c)  Utilization of a production station 

Utilization – the use of a workstation for a given pro-
duction goal with a benefit for a given task. Division 
of states of use of production station is presented 
in Table 1. 

The following may be differentiated in the set of usage 
states: 
S1  – state of effective work, 
S2  – state of idle work, 
S3   – state of stoppage work related to preparation 
 of the effective work, 
S4  – idleness state. 

U = {S1 , S2 , S3 , S4} (20) 

Measures of assessment of usage state: 

 time of station’s usage state  
Tu (t) = T1 (t) + T2 (t) + T3 (t) + T4(t)  

 time of station’s (technical facility’s) movement  
Tr (t) = T1 (t) + T2 (t) 

 time of station’s work 
Tp (t) = T1 (t) + T2 (t) + T3 (t) 

 time of station’s stoppage 
Tpr (t) = T3 (t) + T4(t)  

 time of station’s idleness 
Tb (t) = T4(t)  

The station’s usage coefficient: 

Wୱ ൌ
୘୮ሺ୲ሻ

୘୳ሺ୲ሻ
	 (21)  

The station’s load coefficient: 

η ൌ
୘୰ሺ୲ሻ

୲
ൌ

୞୥

୑୥
  (22) 

where:  
Zg  – hourly task, 
Mg  – production capabilities. 

The coefficient of workstation usage expressed 
in a different form [56, p. 279]: 

Wୱ
ᇱ ൌ

real_production
planned_efficiency

 

The station’s load coefficient expressed in a different 
form: 

η ൌ
real_production
real	efficiency

 

Calculation of efficiency and utilization of workstations 
is aimed at selection of the efficiency and usage levels 
for planned production tasks. Excess or shortage means 
too high investment in equipment, and shortage may 
lead to loss of potential sale of products or services. 
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4.3.3 Operating efficiency of a production cell 
 
Operating efficiency related to production cells is 
a feature, which expresses capability of production cell 
for rational utilization of resources upon execution 
production tasks. The following are qualities of produc-
tion units: efficiency, production capabilities, utiliza-
tion of production capabilities. 

The area of operating efficiency of production cell has 
a form: 

EOKP = (WKP  ZPP  WZP) (23) 

where: 
WKP  – efficiency of production cell, 

 ZPP   – production capabilities, 
WZP  – utilization of production capabilities. 

A production cell [11, p. 108] is defined as a relevant 
element of the production structure with separated par-
ticular factors of production, able to perform allocated 
production tasks. 

The basic measure of organizational production units is 
the production capabilities. 

The factors determining production capability are: 

 the factors of production (means of work, subject 
of work, workforce), 

 the scope of production and its structure, 

 production organization and management, 

 the disturbance to the balance between the supply 
and the demand and the market of suppliers and re-
cipients, 

 the investment policy. 

In business activities of production companies the effi-
ciency production units is interpreted as the efficiency 
of production capabilities. It results from the fact that 
means of work have a relatively stable and objective 
character and are considered basic factors of production 
capabilities.  

a)  Efficiency of production stations  
 in a production cell 

Efficiency of groups of uniform production stations 
(technological nest) id the total of efficiency of particu-
lar stations: 

W୒ୗ୔ ൌ ∑ W୧
୬
୧ୀଵ  (24) 

where:  
WNSP – efficiency of groups of uniform production 
stations, 
Wi – efficiency ith production station , for i = 1...n. 

Assuming that the efficiency of a station is the produc-
tion capability of the station (mg i ): 

W୒ୗ୔ ൌ ∑ m୥୧
୬
୧ୀଵ  (25) 

The efficiency of groups of production stations, whose 
work and efficiency are interdependent by the flow 
of parts and components also depends on the structure 
of relations between stations in terms of reliability. 
There are three basis structures of relations: row struc-
ture, parallel structure, mixed structure. 

Efficiency of group of production stations in a row and 
mixed structure depends on the stations with the lowest 
(leading) efficiency, the efficiency of a group of ma-
chines in parallel structure is decided by the sum 
of efficiencies of machines comprising its parts. Immo-
bilization of one of the machines in the row structure 
decreases the efficiency of the group to zero. A stop-
page of one of the machines in a parallel structure de-
creases the efficiency of a group of machines propor-
tionally to their efficiency. 

b)  Production capabilities 

Production capabilities determine the maximum num-
ber of products that may be produced within a set peri-
od of time. Production capability sets the real possibil-
ity of maximum utilization of machines and equipment 
and the production space, assuming rational utilization 
of other factors of production and manufacturing meth-
ods. 

The measure of production capabilities [28, p. 378] is 
the ability to perform work in a set period of time, 
measured by work units. It is often expressed in the 
category of efficiency, i.e. the quantity of product pro-
duced in units of time. 

The ratio method of calculation production capabilities 
is brought down to the relation between capability on 
the efficiency of workstations and the quantity of time 
set in a given period. 

Z୮ ൌ ∑ W୥୧ ∗ Fୣ୧
୩
୧ୀଵ  (26) 

where:  

Wgi – efficiency of group of production stations  
i (i = 1,2,...k), 

Fei – effective pool of work time of a group of stations 
i (i = 1...k). 

Efficiency of production capabilities is expressed di-
rectly by: 

 productivity, the level of production derived from 
the unit of resource, 
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 the level of utilization, the level of available produc-
tion capabilities, which is really utilized. 

For production nests at the stage of planning, hourly 
tasks are planned: 

Z୥ ൌ
୔౨౟
୊౛

  (27) 

where:  
Pr i – a program of production of products i, 

Fj  – a planned pool of time of production stations 
in a cell j, 

Zg  – hourly task of product output i. 

Production capabilities of a production nest: 

Zp = Zg * Fe (28) 

For a production line production capability is deter-
mined from the formula: 

Z୮ ൌ
୊౛
த

 (29)  

where:  
Fe – effective pool of time of workstations in a line, 

 – production tact. 

Production capabilities of the area is determined from 
a formula: 

Zps = Fe * S * Wps (30) 

where:  

Zps  – production capabilities of the area, 

Fe  – effective pool of work time, 

S  – area of the production cells [m²], 

Wps  – productivity coefficient 1 m² (pieces/ m²). 

Control over the production capability is related 
to planning of needs in the scope of the quantity 
and the quality of production workstations. 

Apart from a ratio based method of establishment 
of production capabilities one may use others [32, 
p. 44], such as: analytical method, normative method, 
or use methods of linear programming. Substantial 
extension of production capabilities requires appropri-
ate investment in possible application of efficient 
means of work and processes, application of automa-
tion and shortening of introduction times (mass 
and flexible production). 

c)  Utilization of production capabilities 

Utilization of production capabilities is an activity 
aimed at uninterrupted functioning of the production 
system. In fact, the activity is aimed at maintenance 
of production capabilities above such a level of utiliza-

tion which enables functioning of the system at a varia-
ble level of production orders. The level of utilization 
often results from a set profitability level for the pro-
duction system. 

The function of utilization result takes a form:  

WZP : WE x XR  R (31) 

where: 
WE  – input (a set of production factors), 
R  – output (a set of products –reaction to production 
orders), 
XR  – a set of regulations of production orders. 

The following types of processes might be distin-
guished in the utilization process: 

 determined, 

 variable (slowly changing tendencies with seasonal 
variations), 

 utilization dependent on highly variable conditions 
of business (mainly external). 

Observation of the intensity of orders enables adequate 
planning of changes in the portfolio of orders for a 
determined and variable processes of utilization 
of production capabilities.  

Utilization in a short time (month, quarter), upon as-
suming a determined process, is expressed by a rela-
tion: 

WZP = µW  tW (32) 

where: 
µW – intensity of utilization of production capabilities, 
 tW – the time of utilization of capability resulting from 

the load on workstations of production cell. 

In recent years a lot of Polish companies have intro-
duced TPM (Total Productive Maintenance) – a philos-
ophy of increased productivity, based on maximization 
of the OEE-Overall Equipment Effectiveness). 

The OEE ratio describes three areas of machine appli-
cation in a production process defined in a formula 
([27, p. 20], [51, p. 65]): 

OEE ൌ availability	of	machines	 ∗ eficiency ∗ quality 

Risk and uncertainty affect the level of reserve produc-
tion capabilities, which is a difference between planned 
production and the level of manufactured production 
in a company: 

R୞୔ሺtሻ ൌ ሾZ୔୔ሺtሻ െ P୛ሺtሻሿ,∗ W୞୔ሺtሻ  (33) 

where:  

RZP (t) – production reserve in period t ( t = 1, 2, … k), 
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ZPP(t)  – planned production capabilities in period t  

(t = 1, 2, … k ), 

PW(t)   the level of manufacture production in period 

t ( t = 1, 2 .......k ), 
WZP(t) – the level of effective utilization of production 

capabilities in period t ( t = 1, 2, … k ). 

The basic goal of examination of production capabili-
ties reserves [32, p. 52] is a possibility of increased 
production without increasing production potential. 
In business activities reserves are divided into two 
groups: 

 intensive reserves, resulting from a need for in-
creased efficiency of machines and equipment, 

 extensive reserves relating to a possibility of in-
creasing the time of work of means of work and 
loan on the production area. 

Production capabilities and their utilization is a reflec-
tion of quality, precision, and ensuring long-term effi-
ciency with continuation of innovation, utilization 
of technological position on the market and mainte-
nance of production in highly profitable countries. 

 
4.3.4  Operating efficiency of a company 
 
Efficiency was set as the main operating criterion at the 
level of company, i.e. the ability to reach the set goal 
of final activity. 

One may assume that effectiveness, or efficiency is 
defined as the level of compliance between results 
and goals of activities. 

R.W. Griffin [13, pp.127-128], distinguishes following 
models of organization efficiency: 

 system – resource approach (concentration on re-
sources, which an organization may secure for itself 
in business), 

 target approach (selection of targets and their sub-
sequent achievement), 

 approach from the side of internal processes (prod-
uct supply chain), 

 strategic electorate approach (concentration on 
groups interested in the success of the organization, 
e.g. producer – suppliers, entity – banks). 

Achievement of efficiency of production assets in an 
operating cycle requires efficient production manage-
ment. 

 

 

a) Efficiency of goal realization 

Efficiency is referred to the level of execution of tasks 
adopted for the production system. Efficiency is a func-
tion of both production capabilities and the particulari-
ties of the task itself in the form of orders for particular 
products and services. Orders appearing in a company 
may be determined, random, or unknown (product not 
produced in the company). 

Depending on the method of determination of the final 
goal there are staged and non-staged goals. In the case 
of production business results of business are more or 
less close to the main goal. If the main goal is achieve-
ment of a sales plan then the scope of assessment 
of execution level covers criteria such as: punctuality, 
quality, costs. From the client’s point of view the first 
two criteria are important (assuming that the agreed 
price is not staged).  

Example – Gradation of results of sales plan achieve-
ment in the aspect of timeliness and quality: 

0 – delays in achievement (punishable), 
1 – delays in achievement (agreed), 
2 – lack of delays in achievement.  

Timeliness T = (0, 1, 2), for:  
0 – means lowest level, 
1 – means middle level, 
2 – the highest level. 

Similarly for quality: 
0 – reports on product damage of high importance 

in the period of warranty (product unfit for use), 
1 – reports on product damage of low importance 

in the period of warranty (product fit for use), 
2 – no reports on product damage in the period 

of warranty. 

The level of efficiency of achievement of the plan 
of sales in the aspect of timeliness and quality is pre-
sented in Table 2. 

Table 3 shows that highest priority in efficiency 
of achievement of the sales plan is timeliness (no de-
lays in achievement) and quality (no reports of damag-
es in the period of warranty). In numerous cases 
of achievement of the sales plan quality is of higher 
importance than timeliness. It means that item 4 
in Table 3 is positive (grade – partially efficient*). 

One may ask a question whether undertaking delivery 
should fulfill requirements of minimum efficiency 
in a form of efficiency point? 
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 Table 2. Efficiency level of achievement of the plan  

(source: author’s own work) 

No. Timeliness Quality 
Goal achievement 

level 
Delivery efficiency level 

1 2 2 9 Efficient 

2 2 1 8 Partially efficient 

3 2 0 7 Inefficient 

4 1 2 6 Partially efficient * 

5 1 1 5 Partially efficient 

6 1 0 4 Inefficient 

7 0 2 3 Partially efficient 

8 0 1 2 Inefficient 

9 0 0 1 Inefficient 
 
 

Table 3. Levels of goal achievement  
(source: author’s own work) 

No. Timeliness Quality Goal achievement level 

1 2 2 4 

2 2 1 3 

3 1 2 2 

4 1 1 1 
 
 
On the basis of data from Table 4.3.4b one may as-
sume: 

 efficiency point = min{timeliness=1; quality =1}, 

 number of stages in the goal = 4. 

Excluding from columns (2) and (3) value weights = 0, 
the result is a reduced Table 2. 

From Table 3: 

 minimum efficiency - goal achievement level: c = 1, 

 efficiency point - goal achievement level: cmin = 2, 

 full efficiency - goal achievement level: c = 4. 

b)  Efficiency of cooperation of production cells 
in an operating cycle 

Efficiency of cooperation  

KP ൌ ሺeffective	time: real	timeሻ ∗ 100%  (34) 

The management of production cells must be adjusted 
to the characteristics of the production process. Spatial 
structures of production cells, meeting the criteria 
of rational deployment, will show following advantages 
[40, p. 180]: 

 shortening of total production cycle and decrease 
in its costs (reduction of obsolete relocations, re-
loading, and manipulations), 

 maintenance of the quality level of products 
and more efficient production methods. 

Studies in numerous companies with mass type of pro-
duction [48], indicated efficiency of cooperation 
of production cells at the level of 75 – 80% (Fig. 7). 
The flow of the process in cells of subject structure 
takes shorter time than in units of technological struc-
ture.  

c)  Efficiency of production assets facility  
maintenance  

In traditional approach the measure of efficiency is the 
effective time of machine and equipment work availa-
ble in the management of production capability. 
In a temporary approach, efficiency of facility mainte-
nance is assessed on the basis of utilization of micro 
organizational breaks in the production process 
for maintenance and repair of machines and equipment 
assuming periodical maintenance breaks. 
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Figure 7. Division of efficiency of a workstation 
(source: author’s own work) 

 
Other ratios are: 

Achiewement	Ratio	UR ൌ 
ሺpossibility	of	achievement: 
tasks	to	be	performedሻ ∗ 100%	 

The ratio is a consequence of applying the economy 
rule in measure in the management of production as-
sets. 

 
4.3.5  Technological efficiency of a production  

station 
 
Technology is the source of progress and increase 
in efficiency, affects the time of manufacturing – 
an important category in the process management. 
Time is an important factor of companies’ competitive-
ness and may be utilized by: shortening of processes 
(timesaving), changes of existing processes to new ones 
(flexibility of time). 

a)  Technological efficiency of a production station 

Technological efficiency – maximum achievable num-
ber of products at the output of process in ideal techno-
logical conditions (target efficiency of a production 
station) 

According to SANDVIK company [60], proper appli-
cation of tools (made of new tool materials) is able 
to improve efficiency by at least 20% due to higher 
speed of cutting and headway. Another benefit is high-
er quality of machined details (parts), a limited amount 
of waste and lower machining costs. 

Increase in efficiency due to smoothing plates (an in-
novative product) is possible as a result of a small 
change to the corner of the plate, the speed of headway 
may be doubled while maintaining the finishing of the 
surface. 

b)  Production flexibility 

Flexibility is associated with the ability for fast changes 
in processes enforced by the market. Mass production 

in, so called, „rigid” technical and technological sys-
tems does not meet the expectations of the market, 
which expects large selection of products produced 
in small batches and more varies expectations of cli-
ents.  

According to J. Honczarenko [15, p. 224] technological 
flexibility of a lathe, in relation with the flexibility 
of the control system and flexibility of supporting 
equipment, comprises production flexibility of manu-
facturing systems. Production flexibility is a quality 
of a workstation expressing its ability to relatively easy 
and fast re-tooling and change of controls onto new 
products manufactured in small and varied series. 
An extended scope of manufacturing capabilities leads 
to machining products into ready-made items. 

Production flexibility may be expresses as a quantity – 
by the number of various products, details, or produc-
tion tasks, and qualitatively – sometimes transferring 
from the delivery of one task onto the other. There may 
be real and potential production flexibility. Benefits 
of a higher production flexibility are characterized 
by shorter times and an increase in real efficiency 
of workstations. 

c)  Automation of the processes 

Automation contributes to the intensification of the 
manufacturing processes and leads to significant im-
provement in the technological level in all the elements 
of the process. The basis for improvement in efficiency 
resulting from automation is implementation of modern 
CNC production stations and technological processes. 
The development of automation on traditional techno-
logical processes would not result in improved effi-
ciency. Automation plays an important role in better 
control of the time period [34, p. 59]. Shorter periods 
of time between orders from client to delivery 
of a ready product conditions efficient production. 
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Shortening of single process times, by concentration 
of tasks in a workstation leads to 5, or 6 fold increase 
in the station’s efficiency. 

Technological efficiency, production flexibility and 
automation of processes do not involve adjustment 
to changes only, but also utilization of their capabilities 
in order to utilize the modern market, which is difficult 
to recognize. 

 
4.3.6  Technological efficiency of production cell 

a)  Efficiency of influence of technology  
on efficiency of production cell 

Development of technology results in a possibility 
of decreased work consumption, and, as a result, 
in lower costs, and increased productivity of production 
stations of cell. The ratio takes a form: 

S୓୘୛ ൌ
∑ ∆୲ౠభା∆୲ౠమା	…	∆୲ౠ౤
౤
౟సభ

୘
	  (35) 

where:  
SOTW – efficiency of influence of technology on effi-
ciency, 

tj1, tj2, … tjn . – decrease in work consumption 
in stations 1,2...n, 
T – period of time (month, quarter, year). 

A change in technology may comprise: the type 
of material, state of surface machining, shape, tools, 
equipment and process parameters. A decrease may 
affect not only the main time, but also the auxiliary 
time. In a longer period of time, lack of lower work 
consumption is a proof of low efficiency of influence 
of technology on efficiency. 

b)  Efficiency of settings and control of processes 

The time of settings may be a productive time. Manual 
toll and object fitting on the stations and their control 
are time-consuming, non-repetitive activity, prone 
to errors of the operator. Technologically advanced 
machines are the source of income only when they 
work. An increase in productivity and accuracy re-
quires reduction in stoppage times. It is possible as 
a result of application of measurement probes. 

Application of measure probes eliminates the need 
for use of auxiliary equipment (costly special holders, 
measurement gauges). The measurement of the first 
piece in a production series, performed by manual me-
ters, depends on the skills of the operator, however, 
the machined item’s transfer onto the measuring ma-

chine may take a lot of time. Probes are able to control 
parts in the lathe in a shorter time. 

Software of probes automatically compensates for de-
viations in the length and diameter of tools, the location 
of the part, and dimensional errors. 

୲౫౟ା୲ౡ౟
୲౫౥ା୲ౡ౥

൏ 1 (36) 

where:  

tui, tki – setting and control time using modern measure 
tools, 

tuo, tko – setting and control time using traditional 
measure tools. 

Systems of measurement probes enables elimination 
of costly stoppage time, particularly in CNC lathes 
and machining centers. Due to measurement systems 
of probes the setting and control time may be shortened 
by over 90% and increase the machining efficiency. 

c)  Utilization of technical diagnostics equipment 

Technical diagnosis deals with assessment of the state 
of machines and equipment through direct examination 
of their qualities and indirect assessment of utility pro-
cesses performed by them.  

The purpose of utilization of technical diagnosis devic-
es is reduction in stoppage time of production ma-
chines. The reasons for decreased technical state 
of machines are: post control faults, defective parts, 
loss of productive time, decreased efficiency, lower 
quality. 

An important effect of utilization of technical diagnos-
tics is the creation of basis of preventive maintenance 
and repairs. 

The areas of utilization of diagnostic tools: 

 verification of technical state of machines, 

 classification and comparison of machines, 

 testing and monitoring of the state of machines, 

 forecasting necessary maintenance, 

 checking new machines during sign-off examina-
tions. 

Facility management of machines with different wear 
structure requires utilization of technical diagnosis 
tools. Fast diagnostic assessment of the technical state 
of machines and equipment is the source of reduced 
stoppage time and maintenance costs, enables creation 
of planning preventive maintenance services. 

 

 

  
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4.3.7  Technological efficiency of a company 

a)  Efficiency of alternative technology development 

Technology is a process of joining various types 
of resources in order to manufacture products which 
satisfy market needs. Basic resources comprise: 

 technical resources (machines and production 
equipment),  

 technological resources (technological knowledge, 
programs, projects of operating processes, posses-
sion of know-how),  

 personnel resources (awareness of existence of al-
ternative technology and readiness for their imple-
mentation, qualifications and competence of per-
sonnel). 

Factors determining technological and personnel re-
sources are cumulated. In division of manufacturing 
processes there are following criteria: type of process, 
technology and technological means applied during 
the manufacturing and organization of the process.  

I. Durlik [11, p.148] claims that technology is not 
a constant category and is subject to constant develop-
ment; it applies to used materials, tools and equipment, 
utilization of devices, methods of transport, methods 
of measurement and testing of products and method 
of maintenance.  

In conditions of alternative technology it is advisable 
to assume that technical resources are adjusted 
to planned tasks, which determine needs resulting from 
influence of such factors as: efficiency, quality 
and time. 

The basic criteria of alternative technology selection 
are usually: work consumption, material consumption, 
energy consumption, capital consumption. 

Attractiveness of alternative technology results from 
the fact of elimination of simple works in favor 
of works requiring educated, skilled employees. 
The potential of alternative technology is reflected 
in a possibility of increased productivity, increased 
quality of products and processes, and also in decrease 
in costs. 

Technological efficiency at the level of company com-
prises not only technical resources but the whole 
of technology.  P. Drucker [9, p. 34], stresses that every 
technology is a system of concept and its technical 
aspects are rather the effect not the reason. 

The technological effects of new solution are:  

 an increase in the efficiency of a process due 
to a possibility of utilization of production machines 
with high concentration of operations, 

 ensuring stable quality of products in the manufac-
turing phase, 

 an increase in the efficient time pool of machine 
and equipment work, 

 a shorter cycle of delivery of production orders, 

 a possibility of utilization of production flexibility. 

An example of technological efficiency is the concept 
of flexible manufacturing of EROWA company [59], 
for rational and future-oriented organization of unit and 
small batches production.  

Influence of the level of automation upon utilization 
of lathes is presented in Fig. 8. There are numerous 
alternative technology solutions, including resignation 
from operations with low added value toward producer 
with higher technological level, or limitation 
to assembly with parts and components purchase 
from companies considered credible in terms of meet-
ing technological and economical criteria.  

b)  Technological efficiency of processes  
 development 

Utilization of Advanced Manufacturing Techniques 
(AMT) requires efficient design of processes. Transfer 
from conventional production machines to numerically 
controlled meets limitations of software of technologi-
cal processes. In this elaboration’s author’s opinion 
the efficiency of designing in Polish companies accord-
ing to AMT criterion is at the level of about 50%. 

c)  Efficiency of knowledge and technological  
 experience 

Modern technology, except technology directly related 
to utilization of production assets, also covers 
knowledge, know –how, and experience cumulated 
in the process of human work. This technology part is 
described as immaterial technology [29, p. 383]. 
Knowledge and experience become an important ad-
vantage in international cooperation of companies.  

In Polish companies immaterial technology is under-
valued which results in falling productivity of numer-
ous applied technologies. In numerous organized joint 
– venture companies technology is the value contribut-
ed to the share capital of the company. 
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Figure 8.  Annual utilization of lathes for various levels of automation 
(source: [15, p. 25], [59]) 

 
4.3.8 Economic efficiency of production assets  

at the company level 

a)  Overall and partial productivity  

Assessment and improvement of productivity in the 
economic aspect productive utilization of all resources 
used in manufacture of products for the market requires 
supervision. P. Drucker [9, p. 57] assesses traditional 
ratios reflecting productivity as unclear and imprecise. 
According to the author, the most important factors 
for productivity are: time, composition of the produc-
tion profile, composition of the production process 
and the organizational structure of the company. 

Productivity – is a proportion of the production volume 
and sold in a given period to the quantity of used 
or utilized resources. This measure is to be interpreted 
as efficiency of utilization of resources of the produc-
tion system. The productivity measures are divided into 
two groups [37, p. 31]: 

 overal (general) productivity – the proportion of the 
total production to the total amount of used or uti-
lized resources for their manufacture,  

 partial productivity – the proportion of the total 
production to the amount of particular kinds of re-
sources to the total amount of used or utilized re-
sources for their manufacture. 

 

b)  Profitability of assets (ROA) 

ROA ൌ
୬ୣ୲_୮୰୭୤୧୲

୲୭୲ୟ୪_ୟୱୱୣ୲ୱ
∗ 100%	 (37) 

c)  Ratios of investment in alternative technologies 
 (technical and technological resources) 

I୅୘ ൌ
୒ఽ౐
୔౏ౌ

∗ 100  (38) 

where:  

NAT – expenditure on investment in alternative tech-
nologies, 

PAT – revenues from sales of products. 

Economic efficiency of assets at the company level, 
presents efficiency measured by productivity, profita-
bility of assets and intensity of investment in alternative 
technologies. 
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4.3.9 Economic efficiency of assets of production 
cells 

a) Efficiency of investment projects in alternative 
 technology  

Planning and delivery of investment products is related 
to a decision about purchase or manufacture of new 
assets, mainly of technical and technological resources. 
Methods of assessment of investment projects belong 
to the group of universal methods. Economic assess-
ment involves an analysis and assessment whether the 
project multiplies invested capital and whether the rate 
of multiplication is high enough in the investment cal-
culation period. 

Universal methods include the following efficiency 
criteria ([7], [33] and [42]): 

 the period of return of expenditure, 

 book rate of return of expenditure, 

 net revaluation value criterion, 

 other (profitability ratio, IRR). 

Developed methods of investment efficiency assess-
ment are based on discount techniques. An example is 
the criterion of Net Present Value (NPV).  

The concept of Internal Return Rate (IRR) involves 
determination of annual rate of multiplication of capital 
invested in a given project. It is a clear measure for an 
investor. 

b) Labor costs of workstations in a production cell 

The formula of cost calculation for one workstation 
([55, pp. 73-81], [40, pp. 39-47]) lists in detail particu-
lar elements of fixed and variable costs. 

Kୗ୔ ൌ k୸ ൅
୏౏
୊౛౜

 (39) 

where:  
kz  – variable costs of a workstation, 
Ks – fixed costs of a workstation, 
Fef – pool of time of a workstation. 

The costs of a workstation decrease with higher charge 
with production tasks. 

c) Economic efficiency of maintenance of production 
 stations in cell 

General formula takes the form: 

E୙ୖ ൌ
ୟୡ୲୳ୟ୪	ୣ୶୮ୣ୬ୢ୧୲୳୰ୣ

୮୪ୟ୬୬ୣୢ	ୣ୶୮ୣ୬ୢ୧୲୳୰ୣ
൑ E୙ୖ୫ୟ୶ (40) 

Actual and planned expenditure considers costs borne 
on maintenance, preventive and repair activities in a set 
scope. 

4.3.10  Economic efficiency of a production station 

a) Current value of a production station 

 Net value  

Net value (book value) = gross value – depreciation 
value 

 Replacement value 

Determined upon technical identification of facility 
or documentation and current prices of catalogue ob-
jects. The general formula takes the form: 

replacement	value ൌ Wbቀ1 െ
୞ూ
ଵ଴଴
ቁ (41) 

where:  
Wb – gross value according to catalogue prices 
of a facility compared with the valued facility, 
ZF – physical wear of facility (%). 

 Market value 

Value of technical object achievable on the industry 
market. The general formula takes the form: 

market	value ൌ Wbቀ1 െ
୞ూ
ଵ଴଴
ቁ ቀ1 െ

୞ు
ଵ଴଴
ቁ (42) 

where:   

ZF – physical wear of facility (%). 

ZE – economic depreciation of facility (%). 

The comparison of the values gives a view over the 
fall/increase in the useful value and its influence on 
quality and timeliness of production. 

b) Economic efficiency of increased efficiency  
 of a production station 

An increase in efficiency of a station results from 
a need for achievement of production tasks. Factors 
affecting efficiency are: technical facility, tools, devic-
es, measuring equipment, parameters of a work pro-
cess, facility operator. The reference point is the stabil-
ity of particular operations. Each operation with tech-
nical and organizational flaws of resources that execute 
it is potentially unstable, threatening a drop in efficien-
cy and decreased quality of production.  

The following formula of machine and equipment effi-
ciency ratio OEE, may be used for establishment 
of economic efficiency of increased efficiency ([27, 
p. 20], [51, p. 56]): 

OEE ൌ availability ∗ efficiency ∗ quality  (43) 
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The schedule of the painting and anti-corrosion 
process of car bodies 
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The main process comprises main following, subse-
quent operations (activities): 
1. transport with possibility of temporary waiting  
2. preparation of bodies for chemical processing and 

chemical processing of bodies  
 a) spray washing, 

b) submerge washing, 
c) activation, 
d) phosphatizing, 
e) passivation, 
f) submerge and spray washing,  

3. transport of bodies to cataphoretic unit 
4. cataphoretic submerge painting  

a) spray washing I and II 
b) submerge rinsing in demineralized water 
c) spray washing with demineralized water 

5. transport of bodies to cataphoretic drier 
6. drying and cooling of cataphoretic coat  
7. transport of bodies from cataphoretic cooler with  

waiting capability (storing of bodies) 
8. storage after cataphorezis 
9. cataphoretic processing cabin 
10. transport of bodies to the sealing cabin 
11. joint sealing cabin  
12. mastic spray cabin (PVC)  
13. mastic coat drying and cooling (PVC)  
14. transport and preparation of bodies for priming  

paint spay 
15. electrostatic priming coat spray cabin  
16. priming coat drying  
17. transport of bodies from priming drier 
18. priming coat cooling  
19. transport of bodies from priming cooler 
20. priming processing cabin  
21. transport to the base cabin  
22. electrostatic spray of base coat cabin  

and intrazone base drying  
23. colorless paint spray cabin  
24. colorless paint coat drying  
25. transport of bodies from paint drier to inspection  

cabin with possibility of storage of bodies 
26. inspection cabin  

a) inspection, 
b) polishing and minor repairs, 
c) polishing of bodies 

27. transport of bodies from inspection cabin  
to assembly  
 

Auxiliary process  
28. transport of bodies to touch up cabin 
29. touch up body preparation cabin  
30. manual base spray cabin  
31. intrazone base drying  
32. manual clear lacquer spray cabin  
33. clear lacquer coat drying and cooling  
34. transport of bodies to inspection cabin  
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Figure 9. Scheme of painting and anti-corrosion car body process 
(source: [58]) 
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Figure 10. Schedule of the process of painting and anti rust of bodies  
(source: [58]) 

 

Figure 11. Distribution of workload on body painting and anti-corrosion line stations  
(source: [58]) 

 

c) Economic efficiency of alternative production 
 station 

The search of alternative solutions results from a need 
of decreased production costs. Such solutions com-
prise: 

 stations outside the company, 

 purchase of a new machine (a machining center 
instead of a CNC lathe) with modern production 
equipment, 

 radical change in the technology of manufacturing. 

The economic calculus in this type of ventures is one 
of traditional methods of assessment of economic effi-
ciency. 
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Figure 12. Schedule of the painting and anti-corrosion protection process with parallel running  
of coat drying operation  

(source: [58]) 

Figure 13.  Distribution of load on workstations of the body painting and anti-corrosion protection line  
with parallel stations of coating drying  

(source: [58]) 
 

 
4.4 The project of production process  

improvement 
 
The project of process improvement is designed 
to optimize the technological process in the view 
of meeting current technological, technical, environ-
ment protection, safety, and in particular, economic 
requirements. 

The scheme of execution of the painting and anti-
corrosion protection process of car bodies is presented 
in Fig. 9 and Fig. 10. 

The technological process is delivered on a production 
line in a continuous manner. The technological speed is 
adjusted for every station. 

An important goal is an increase in the efficiency pro-
cess. The schedule of painting and protection process is 
presented in Fig. 10 and Fig. 11. 

The cycle of the process is 446 minutes. The distribu-
tion of load on stations is uneven (Fig. 11). Stations no. 
6, 16, 24 are the critical knots in the process. In order 
to shorten the painting cycle it is proposed to run paral-
lel stations of drying: coating, primer, and sealer, 
and application of sealers. 
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A new schedule is presented in Fig. 11 and Fig. 12. 
The time of production line filling is about 370 
minutes. In car production conditions it is a significant 
shortening of time. 

Distribution of load on painting and anti-corrosion 
protection workstations with parallel stations is pre-
sented in Fig. 12 and Fig. 13. One must remember that 
without drying a proper lacquering surface will be cre-
ated. 

In order to balance the continuity of the process 
and compensate for differences in speed of conveyers, 
one must use the intra-operation storages. 

In order to further improve the body painting process 
one must look for new technological materials which 
may affect the drying time, and as a result, increased 
efficiency. 

 
5 Summary 
 
Production assets management in a company is a tradi-
tional function, which in the period of transformation 
lost its parallel role toward the marketing and finance 
function. Higher machine efficiency contributes 
to improvement of work efficiency. Production assets 
efficiency is limited to the economic criterion, often 
seen in business only in the statistical dimension. 

Experience of exploitation of advanced productions 
systems indicates that the factor decisive of efficiency 
is available time, not exploitation costs. 

A new concept of studies on efficiency results from 
adoption of an assumption, that development of pro-
duction systems, including technology production, 
conditions production assets efficiency. 

The main goal of the new concept is increased produc-
tion assets efficiency in a company. 

Achievement of the main goal, due to the scale of prob-
lem, assumes separation of three levels of efficiency: 
10 – the company, 20 – the production cell, 30 – 
the production station, and its three different assess-
ment criteria: economic, technological, operating. 

At the level of production station operating efficiency 
has the following elements: reliability, efficiency, utili-
zation of the production station. 

A measure of operating efficiency of production cells 
are the ratios: efficiency of production stations, produc-
tion capabilities, utilization of production capabilities. 

The basic measure is the production capabilities. 

Efficiency was selected as the main operating criterion 
at the company level, i.e. the ability to reach a set goal 
of the final activities. 

Technological efficiency at the level of the production 
station is expressed by the ratio of technological effi-
ciency, at the level of production cell the efficiency 
of technology influence on efficiency of production 
cell. At the company level, the alternative technology 
development ratio was taken. 

Economic efficiency is determined by the factors: at the 
workstation level – economic efficiency of alternative 
production station; at the level of production cells – 
economic efficiency of designing alternative technolo-
gy; at the company level – total and partial productivi-
ty. 

The evolution of structural changes in Poland positive-
ly affected the efficiency of companies and the privati-
zation process also covered production assets. Invest-
ment and modernization expenditure spent on produc-
tion assets, contributed to implementation of modern 
technology and increased efficiency and the quality 
of the production process. 

A new concept of study on production assets efficiency 
in a company results from development of technology 
and production systems. Gradual implementation 
of new technologies and modern processes of manufac-
turing products requires in companies requires increas-
ing production assets efficiency. 

The evolution of studies on the fixed assets manage-
ment efficiency there are three periods: 

 fixed assets management efficiency (years 1970 -
1989), 

 restructuring of the non-current assets (years 1990 -
2000), 

 fixed assets management (from 2000 and now). 

The process of utilization of fixed assets is limited 
by technological efficiency and stoppages caused 
by various reasons. 

A significant role of financial statements in Poland 
after 1990 and new importance of non-current assets 
as a part of company value, contributed to an analysis 
and assessment of new ratios of efficiency. 

In a new concept of studies on production assets effi-
ciency there are: 

 operating efficiency, 

 technological efficiency, 

 economic efficiency  
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defined at the level of a production station, production 
cells, or a company.  

The main goal of the new concept is to increase 
the production assets efficiency. Increasing the produc-
tion assets efficiency is burdened with the technical 
and market risks. The rate of exchange of production 
machines depends on the lifetime of the technology. 
Efficiency measurement is an instrument of supervi-
sion, but a tool supporting management in the compa-
ny. 
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