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PROBLEMS OF RESOURCE INTENSITY
OF UKRAINIAN METAL PRODUCTS

The authors of the article study the concept of resource intensity of Ukrainian steel produc-
tion and point out its constituent parts: materials consumption, energy consumption, capital and
labour intensity which account for certain financial costs in the formation of production costs of fin-
ished rolled metal. The dynamics of the given economic categories for the last 5 years is calculated
to illustrate the qualitative development of metallurgical industry: consumption of material
resources, energy-output ratio of finished steel production, capital and labour intensity ratios. The
authors generalized the impact factors of the evaluated economic categories under the conditions of
the country's current industrial development. It was also determined that each economic category
has its own list of impact factors.
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6nAUGY HA PiGeHb PO3PAXOBAHUX EKOHOMIMHUX KAmez2opili 6 YyMO08ax CYHACHO20 PO3GUMIKY
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6AACHUIL nepeaiK YUHHUKIG 6NAUBY.
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Introduction. Under the conditions of the post crisis economic reality, Ukrainian
economy requires positive development of construction, machine building, pipe pro-
duction and the related industries. The formation of metal production costs is asso-
ciated with the use of expensive materials, fuel and energy resources, new equipment
and large-scale capital investments within the continuous efforts to increase compa-
nies' capacity. This problem refers to the determination of the current state of the
resource intensity of metal products and their components for the purpose of further
development of methods and suggestions for resource saving at metal plants, namely,
at the background of increased materials consumption in the metal industry.

Latest research and publications analysis. Theoretical and practical research on
the problem of efficient use and rational management of companies' material and
energy resources and human capacity is reflected in the works of Ukrainian and for-
eign scientists, such as: S. Mochernyi et al. (2002), W. Owen and A. Sobey (1985),
K. Jones (1988), B. Rayzberg, L. Lozovskyi and E. Starodubtseva (1999), S. Chirkov
(2010), E. Malyarenko and A. Teslenko (2010), O. Bogdanov (2011), M. Kopalek
and T. Raghuveer (2013) and others.

The object of this research is the notion of resource intensity and its components
at Ukrainian metal industry companies.

Key research findings. After the world economic crisis, Ukrainian metal industry
is gradually reaching new production and sales objectives; owners of metal plants and
their associations constantly face the main problem of their industry, great resource
intensity of finished metal products.

The notion of industrial products resource-intensiveness is rather complex and
includes such categories as materials consumption, energy-output ratio, capital
intensiveness and labour intensity. The authors of the work represent the formation of
resource-intensiveness of a company in Figure 1.

Resource-intensiveness
) ) )
Materials consumption ] [ Capital intensity ] [ Labour intensity

Energy-output ratio ]

Figure 1. Resource intensity of an industrial company,
developed by the authors

Materials consumption is one of the principal indicators of production economic
efficiency. Material consumption characterises the specific consumption of material
resources (basic and auxiliary materials, fuel, energy, depreciation of fixed assets) per
product unit. Materials consumption is measured as physical units, monetary value or
percentage comprising the share of the cost of materials in the total production costs
or as production cost (Rayzberg, Lozovskyi and Starodubtseva, 1999). The materials
consumption indicator is applied to analyse the industrial companies' production and
economic activities, namely, production costs, to conduct the comparative analysis of
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specific costs in various industry sectors and to plan material and technical resources
and form prices for brand new products.

The total materials consumption ratio consists of the sum of the specific materi-
als consumption ratio for the products manufactured by a company divided by the
number of items and depends upon changes in the volume of materials costs
(Chirkov, 2010).

1% of materials cost reduction results in a greater economic effect than the
reduction of other costs. The results of the analysis of material resources use may be
applied as the basis for decision-making in the process of production activity man-
agement of a company, which includes the development of tactical and strategic poli-
cies in the area of resource saving aimed at increasing materials use efficiency, pro-
duction cost reduction, income and profitability increase (Chirkov, 2010).

The materials consumption reduction has great economic value: it determines
the reduction of labour costs materialised in saved material resources and the prod-
ucts output increase under the same production conditions (The Great Soviet
Encyclopedia, 1978).

The major methods for materials consumption reduction are as follows: the use
of the most saving materials (grades, sizes and trademarks), their preliminary pro-
cessing (for example, enrichment of extractable resources), the production waste
reduction (precision casting and stamping methods), the introduction of optimal
safety design.

It should be noted that the analysis methods for certain types of materials in dif-
ferent economy sectors are determined by the specific character of production organ-
isation and technology, the types of materials used and the available information
sources (Chirkov, 2010).

The materials consumption reduction in the metal industry has always been one
of the key issues, both for technology specialists and economists. Contemporary iron
and steel plants use very consuming technologies that date back to the Soviet Union
and require constant scientists' involvement at practically all stages of finished rolled
products manufacture.

The today's Ukrainian metal making is a rather material consuming production
process requiring the use of expensive iron ore and other materials (Figure 2) in the
process of cast iron production by Ukrainian iron and steel plants (Metallurgprom,
2010—-2012).

The analysis of the indicators (Figure 2) demonstrates that iron and steel plants
are actively reducing their materials consumption required to manufacture end prod-
ucts. For instance, in 2012 the average consumption of iron ore raw materials to pro-
duce cast iron amounted to 1,717.0 kg/t, which is down by 0.9% year on year
(Metallurgprom, 2011—2012). Given that the agglomerate and blast furnace process is
the most material consuming one within metal making and makes up about 75% of the
end products cost, the above measures to reduce the specific cost of iron ore raw mate-
rials will enable reducing the finished rolled metal production costs significantly.

It should be noted that during the latest 3 decades, American scientists has been
conducting active research of high materials consumption of American industry. For
example, W. Owen and A. Sobey (1985) emphasise in their works that American
industry should save such strategically important materials as chrome, cobalt, man-
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ganese, platinum-group metals — the materials that are actively used in metal making
and chemical production.

American scientist K. Jones (1988) raises the problem of both high materials
consumption in the USA and, first of all, of the country's dependence upon imports
of many mineral resources, which is of great importance to state security and econo-
my of such a big country.

The next indicator is the energy-output ratio, being part of materials consump-
tion and representing a component of fuel and energy costs in the process of indus-
trial production.

The energy-output ratio means the consumption of energy and (or) fuel for the
basic and auxiliary technological processes, works, services, on the basis of the
defined technological system. The numerical expression of the energy-output ration
of the system is the following indicator: the correlation between the energy consumed
by the system and the indicator characterising the result of system functioning
(Wikipedia, 2013).

It should be noted that the total energy-output ratio at the entire technological
chain determines energy consumption per product unit at the entire technological
cycle. In this case, there is a possibility to follow certain components of the total ener-
gy-output ration to compare the results obtained in the process of applying different
methods for extraction and production of raw materials, transportation, end products
manufacture at a company, levels of using recycled material and energy resources
(Malyarenko, Teslenko, 2010).

The work illustrates the energy-output ratio for metal making in Ukraine
(Figures 3, 4); the diagrams are developed by the authors in accordance with the
information taken from (Metallurgprom, 2012).
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Figure 3. Actual natural gas consumption by Ukrainian iron and steel plants
in 2007-2012, based on the data by Metallurgprom (2010-2012)

The actual natural gas consumption by Ukrainian iron and steel plants in gener-
al (Figure 3) during the above period was maximal in 2007 (7,338 mIn m®), and min-

imal in 2012 (3,885.7 mln m®) (Metallurgprom, 2012), which is determined by the
natural gas price increase and the necessity of replacing it by cheaper energy resources
or the introduction of innovation technological solutions in the process of metal pro-
duction at the entire production chain.

European countries face the problem of expensive natural gas used in practical-
ly all industrial sectors, too. For instance, according to the data of the International
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Energy Agency (IEA) M. Kopalek and T. Raghuveer (2013), in 2011 European indus-
trial companies used coal by 8% more than natural gas to produce European gross
domestic product (GDP); in 2012, this figure grew by 2%.

The actual electric power consumption by Ukrainian metal industry shows the
similar dynamics (Figure 4): the maximal figure was in 2007 (17,932.4 mln KW/h),
and the minimal figure was in 2009 (14,502.2 min KW/h) (Metallurgprom, 2012),
which can be attributed to production decline during the crisis of both Ukrainian and
the world economies.
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Figure 4. Actual electric power consumption by Ukrainian iron and steel plants
in 2007-2012, based on the data by Metallurgprom (2010-2012)
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The authors of the article agree with the opinion A. Bogdanov (2011) that
Russian economy (as well as Ukrainian one) is distinguished by its extremely high
energy intensity. At the same time, the problem of introducing energy saving tech-
nologies in Russia is not in the lack of scientific knowledge and technologies, but in
the replacement of market relations by very inefficient energy regulators.

Capital intensity means the cost of fixed production assets (fixed assets) per prod-
uct unit. This indicator is measured by dividing the average annual balance value of
fixed production assets into the cost of the products manufactured by means of these
assets during the year. The balance value of fixed production assets should be taken as
the annual average or as of the end of the respective year. The capital intensity indi-
cator is used in the economic analysis of the fixed assets use efficiency, the determi-
nation of the reserves to increase production efficiency. The increase in labour effi-
ciency and equipment use efficiency compared with the increase in their cost deter-
mines the tendency towards capital intensity reduction and capital productivity
increase.

Capital intensiveness depends upon production specific character and product's
peculiarities, as well as the prices for production means. It shows the greatest level in
the mining industry, heat and electric power production and machine building; the
lowest level is in the light and food industries. The capital intensity reduction is one
of the factors leading to production efficiency increase. This reduction is achieved by
the raise of labour productivity, the choice of the most saving variants of production
facilities increase, mainly, due to reconstruction and technical re-equipment of the
existing plants, the cheapening of construction and installation works, the reduction
of technological equipment costs per unit, the increase in the overage machine shift
and the reduction of machine idle time (Mochernyi et al., 2002).
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It should be noted that there are the following factors to increase capital inten-
sity: the outrunning growth of prices for production facilities compared to the
increase rate of labour productivity, the decrease in capital productivity, organisa-
tional and technological designs and the absence of a unified state technical policy.

The authors calculated the capital intensity indicator (Figure 5) both for certain
iron and steel plants and for the sector in general during 2008—2012 (Metallurgprom,
2010—-2012).

The capital intensity indicator that the authors calculated for the entire industry
(Figure 5) demonstrates the following dynamics: capital intensity grew in 2009 (by
97%), which can be attributed to the significant decrease in the metal production vol-
ume during the crisis, due to the fact that products were export-oriented (the demand
decline at foreign markets and export prices fall) (Metallurgprom, 2010—2012). In
2010—2011, certain stabilization of the world ferrous metal market resulted in the
decrease in the capital intensiveness indicator due to the increase in production vol-
umes.

The reasons for the increase in capital intensity in 2012 are as follows (Figure 5):
the new surge in the metal price decline at the world markets, revaluation of fixed
assets by certain Ukrainian iron and steel plants and the launch of new facilities —
7 out of 17 largest facilities in the sector increased their capital investments in renew-
ing their fixed assets compared with 2011 for the total amount of 1,553.8 min UAH
(Metallurgprom, 2011).

According to the data provided by Metallurgprom (2010—2012), the leaders in
terms of investment disbursement in 2012 are PISC "ArcelorMittal Kryvyi Rih"
(1,510.1 mln UAH) and PJSC "lllyich Iron and Steel Works" (1,080.6 min UAH).
Totally, the specific investment per 1 t of steel produced in 2012 amounted to 24.5
USD compared with 22.5 USD in 2011. It should be noted that the specific invest-
ment per 1 t of steel produced in 2011 in Russia amounted to 80 USD
(Metallurgprom, 2011).

Labour intensity is the indicator to characterise the working hours spent to pro-
duce any consumption value or to conduct a certain technological process. Labour
intensity is the reverse indicator of labour productivity. It determines the efficiency of
using the major productive force of the society, the workforce. There is a number of
factors which can affect the rate of labour intensity: production technology develop-
ment (capital-labour ratio and energy-labour ratio, quality of labour subjects, pro-
duction technology), qualification of employees, labour organisation and conditions,
complexity of products manufactured.

The labour intensity indicator is applied to determine the rate of working time
costs at all production stages to manufacture a certain product. It includes the work-
ing time costs for all production employees directly involved in product manufacture
and labour costs as represented in raw materials, fuel, equipment and other produc-
tion facilities involved. The precise quantitative characteristics of aggregated expen-
ditures to produce material benefits or render specific services is obtained by using the
total labour intensity indicator. It should be noted that the average total labour inten-
sity in the sector means socially necessary labour time standards, i.e. the important
quantitative and qualitative indicator of social conditions to produce specific materi-
al benefits or services (Economic Reference Dictionary, 2013).

AKTYAJIbHI TTPOBJIEMWN EKOHOMIKW Ne6(156), 2014



107

EKOHOMIKA TA YINPABJIIHHS1 HALJIOHAJIbHUM rocriogAPCTBOM

(2102-0102) woidBin|e1s|\ Aq erep ay; uo pseseq

‘2102—800¢ ul sjue|d |99)s pue uoui ueluienn jo Aysuajul jeude ‘G a.nbil

8¢ 9¢0 €70 190 70 ]V e —
<SYHO A\ [991S

870 120 170 Al 620 pue vod] pargay eigyzaodez» OS[d —a——
<«SHIOAN [993S

70 670 70 1740 12°0 pue voa] porday Afssoidau> OS[d o

% 290} €90 760 660 “qry WAL BRIV > OS[  ——e—ro

790 z€0 8C0 €90 620 <SOA\ [PNS PUB U0 YAV > IS[d ——p——

660 €0 LT0 60 %0 SO [991§ pue uQi] YALL> IS d —e—o

660 670 170 920 810 <ued [E2EM[€)UW HSIUOA> DS ety s

mwﬂ,o ﬂmd v%o w@,o @N,O Amq_._ca _mﬁm —ﬂ:w uary ?.ﬁ.)CN(Jv Uf—& -

NN.O mﬁ,o mﬂo .Nﬁo Nwd A&vTD\K/ T_me —H—N uaory Q>U_RN=O>WVV Uw—,&|0|

ACTUAL PROBLEMS OF ECONOMICS #6(156), 2014



EKOHOMIKA TA YINPABJIIHHS1 HALJIOHAJIbHUM rocriogAPCTBOM

108

(2102-0102) woudbun|elvN Aq B1EP 2y} U0 PasE] ‘L LOZ—800¢Z Ul sue|d [931s pue uoJl uejuienin e Ajsuajul unoqe 9 ainbil

160 627 [AR 6S7 [T —rS—
<«SYIO M
€0 ev'l 91'C 9 [991S pue uoI] payersou| [esyzirodez> HSfd —a——r0o
«S3I0 M\
860 977 CLT VLT [993S pue uol] pajerSau] Ayssordaug» DS[d le)
617 967 LL'T 67 <y KA N I0[0 1> OS[ (- - @- —
mhno ﬂm..é mm,ﬁ hﬂﬁ AAm&v_CB ﬁmmum —u:a uoJy &mk»wr_uzvv Um—,&|ﬁ|
vl €87 L' 8Y'T <SYIOA\ [0S PU U0 [IIA[[> DS[d—H—
12°c €T ¢'e 96C querd porsmpwow yspuoq> S[d —¥ —
70 190 60°T 960 «SYIOA\ [99)S pue uoa[ I1SA0zy> DS[d— - M- —
160 810 1] 680 <«SYIO A\ [991S PUB UOI[ dAITD[RUIA> DS[d———
10T 0102 6002 800¢ 0
- G0
1
B
g
-G 2
~
=)
e =
@)
>
L m.,N s
- €
-G'¢
¥

AKTYAJIbHI TTPOBJIEMWN EKOHOMIKW Ne6(156), 2014



EKOHOMIKA TA YNPABJIIHHSI HAL{IOHAJIbHUM roCrog4APCTBOM 109

The authors calculated the labour intensity indicator (Figure 6) both for certain
iron and steel plants and for the sector in general for 2008—2011 (according to the
data obtained at Metallurgprom, 2010—2012).

Given the fact that personnel and labour costs are the categories characterised by
lower degree of turnover compared with other production factors, the calculated
labour intensity indicator (Figure 6) demonstrated the following dynamics: in 2009
labour intensity increased (by 33.3% year on year), which is attributed to the decrease
in net sales income at all the plants, due to the decrease in production and sales vol-
umes during the crisis, and in 2010—2011 the labour intensity indicator decreased
(from 1.29 persons/min UAH down to 0.91 persons/mln UAH, or by 29.85%), due
to the increase in the production volume and the increase in the load on the iron and
steel plants — for instance, the 2011 manufacture of rolled products per 1 employee
involved in major activities in the industry sector is by 3.36% greater than in 2010
(Metallurgprom, 2010—-2011).

Conclusions. The research of the notion "resource intensity" has enabled deter-
mining the components of this economic term, such as materials consumption, ener-
gy-output ratio, capital and labour intensity, which attribute to their own resource
costs to manufacture finished metal products.

It has been found out that the first 3 technological processes are the most resource
consuming: agglomerate production, cast iron production and steel smelting, which at
the same time are the most material consuming processes requiring expensive fuel
resources and numerous qualified personnel to maintain fixed production assets.

Our analysis has demonstrated that the actual consumption of agglomerate, pel-
lets and iron ore in the industry is gradually reducing, which is related to the produc-
tion decrease during the post-crisis years of the development of Ukrainian and the
world economies and the introduction of innovation measures to save resources.

It has been determined that the increased metal production energy-output ratio
is associated with the use of expensive, but technologically necessary fuel and energy
resources: imported natural gas and blast-furnace coke, while energy consumption
remains at the high level.

It has been found out that the 2009 increase in the capital intensity indicator cal-
culated by the authors is attributed to the significant production volume reduction
during the crisis, and the reasons for the increase in capital intensiveness in 2012 are
as follows: the new surge in the metal price decline at the world market, revaluation
of fixed assets by iron and steel plants and the launch of new facilities. It should be
noted that the leaders in terms of investment disbursement in 2012 are PJSC
"ArcelorMittal Kryvyi Rih" and PJSC "Illyich Iron and Steel Works".

It has been determined that the metal products labour intensity calculated by the
authors for the recent years demonstrates a stepwise tendency towards the decrease,
due to the production volume growth and the increased load on the iron and steel
plants' capacity combined with rather stable number of production personnel.

Consequently, it should be noted that as of today, metal production in Ukraine is
indeed resource consuming and requires constant search for the solutions aimed at
resource saving, not only by changing technologies, but also by developing and intro-
ducing economic mechanisms to optimise companies and their associations' financial
assets.
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