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This paper aims to empirically examine the relations between
energy consumption, R&D costs and capital expenditures on
the profitability of manufacturing companies in the paper and
allied industry. The main focus in this article is on the compa-
nies, which are operating in the manufacture of pulp from wood
and the paper production industry. Multiple regression analy-
sis was used to test if the energy consumption, R&D costs and
capital expenditures significantly predict EBITDA profitability.
The results of the regression analysis indicated that all used pre-
dictors explained (R?) 35.7% of the company profitability var-
iance (R* = 0.357, F (3; 80) = 14.82, p-value < 0.01). The per-
formed regression analysis also shows that energy consumption
has a significant contribution to the profitability of the company.
The results also indicate that only energy consumption explains
12.1% of the profitability variance (R?=0.121, F (1; 101) = 13.86,
p-value = 0.01). The results of the regression analysis show that
EBITDA profitability will increase by about 3.7 - 10-7% for each
1 000 GJ energy consumed.
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INTRODUCTION

ue-added) of the manufacturing industries in
the OECD countries fell by 25%. IEA also fore-

The scientific interest in energy use and coun-
tries economic development [1] is on the agen-
da of some local [2] and international organi-
sations [3, 4]. The International Energy Agency
(IEA) states that ‘energy efficiency can bring
many significant economic and environmental
benefits’ [3]. IEA refers that since 2000 the en-
ergy intensity (energy use per unit of gross val-

casts that, if manufacturing industries invest in
energy efficiency innovation, then, till 2040, they
could produce nearly twice as much gross-value
from each unit of energy use [3].

However, some researches [5, 6] notice
that there is still a gap in the literature regard-
ing the influence of the consumed energy on
the company financial performance.
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The European Commission founded that
growing energy cost for the companies negatively
affects their export possibilities. It also states that
the growth in energy efficiency did not compen-
sate for the increase in energy prices [7]. The find-
ings regarding energy cost and export possibilities
from the EU industry correspond to the findings
from the US manufacturing sector [8].

In the Energy Efficiency Report for 2018 [3],
IEA notices that in the business investments into
industrial energy efficiency technologies compete
for the capital with other investments, and deci-
sion-makers believe that they are riskier than other
investments.

Thollander and Ottosson [9] perceive that
the growth of energy efliciency increases compa-
ny’s financial performance. Feng et al. [6] provide
the empirical evidence from China companies on
the effect of fuel intensity on a company’s profit-
ability. It was found that a 1% increase in fuel in-
tensity will rescue a net profit margin by 20%.
The recent study [10] from the Swedish pulp and
paper industry investigated if firm characteris-
tics (including the profit of the company) affect
the energy efficiency of the company. The results
of the Lewrence et al. [10] study showed a different
correlation between company characteristics and
energy use in different types of the mills. The re-
sults of this study also demonstrated that there was
no correlation between the energy efficiency and
profit of the company in the Swedish pulp and pa-
per industry.

To evaluate company’s financial results such
indicators as sales, costs by different categories,
operating profit, profit before tax, paid dividend
amount, etc. are commonly used. However, when
it comes to comparing different companies or
the company’s activity variation over time, the main
focus is shifted on the efficiency of the company,
which cannot be measured by absolute indica-
tors. To characterize the efficiency of the company,
profitability indicators are mainly used [11]. Prof-
itability can be described as a measure of the com-
pany’s ability to generate sales revenue and control
its costs [12]. Furthermore, profitability shows not
only the current situation but also a possible trend.
Usual profitability indicators are categorized [13,
12, 14, 15] into two groups — revenue margins
and assets return. Revenue margins are used to
analyse the company’s possibilities to earn profit

from the main activity. As mentioned by a couple
of researchers [13, 16], a ratio of the earnings be-
fore interest, taxes, depreciation and amortisation
(EBITDA) and the total revenue (EBITDA mar-
gin) is one of the most important revenue indica-
tors. Pech et al. state that the EBITDA margin is
the most used profitability indicator by equity an-
alysts [17]. Some conclusions about the influence
of operating expenses on the company’s profit can
be made from EBITDA. A higher EBITDA margin
indicates to analysts and managers that the finan-
cial risk of the company is lower.

Lee et al. showed [18] that reduced energy con-
sumption (improved energy efficiency) in the avi-
ation industry led to improved overall company
profitability. Stehrer supposes that other cost com-
ponents (labour costs, R&D, innovation, business
services, etc.) can be more important to the com-
petitiveness of manufacture companies than ener-
gy costs [19].

The influence of capital expenditures on com-
panies value is well discussed in the scientific
literature [20-23]. There are various opinions
regarding capital expenditure and profitability
of the company. The Kerstein and Kim research
results show that companies capital expenditure
is positively related to future returns of the com-
pany [21]. Meanwhile, the empirical results from
the research in the transport industry show that
capital expenditures have a negative effect on
the profitability of the carrier [24]. The results
from the empirical experiment of Keassey and
Moon show that the activity of decision-makers
in terms of capital expenditure is based on the de-
cision environment and awareness of individual
reflections rather than on objective parameters
(e.g. profitability, investment calculations) [23].
Capital expenditures are characterized as capi-
tal expenditures on property, plant and equip-
ment [25]. Amir et al. show that in some in-
dustries, capital expenditures or R&D costs are
relevant to companies operating incomes [26].

As mentioned by some researchers [3, 9, 10],
pulp and paper manufacturing is one of the most
energy-intensive industrial sectors, e.g. in 2016
the Sweden pulp and paper industry used ~51% of
the total consumed industrial energy [27].

This paper aims to empirically examine the re-
lations between energy consumption, R&D costs
and capital expenditures on the profitability of
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the manufacture companies in the paper and allied
industry.

In this paper, two null hypotheses were tested:

H,: A higher level of energy consumption re-
duces the profitability of the company.

H,: A higher level of energy consumption, R&D
costs and capital expenditures reduces the profita-
bility of the company.

METHODOLOGY

Model and data

The data for this research was collected from
the Thomson Reuters Datastream for financial
data and Asset4 ESG database [28]. In this paper,
companies were selected by two criteria - ac-
counting currency and declared energy consump-
tion (1) and working industry (2). It was focused
(1) on the companies, whose financial statements
were presented in US dollars and which report-
ed consumed total direct and indirect energy in
the period from 2002 to 2016. Only companies,
which were operating in paper and allied indus-
try (SIC Division D, Major Group 26), were se-
lected (2). This industry includes firms, which
are working in pulps, paper and paperboard
production and converted products sector [29].
The chosen period was dictated by data availabil-
ity. The data sample consists of 44 companies and
104 records.

The classical profit function [30] for the com-
pany i is described as the difference between
the total revenue (TR) and total cost (TC) and can
be expressed as

Il =TR -TC=3py - Swx, (1)

where ITis the profit of the company, y is the num-
ber of company’s sold services or products, x is
the needed resource for product and services
production, p is the prices of services or products,
and w is the costs of resources.

The total cost can also be expressed as follows:

TC,= FC,+ VC, = FC + f(Ep)Ew. 2)

Here FC is the fixed cost of the company, VC is
the variable cost of the company, Ew is the ener-
gy price, and Ep is the needed energy amount for
product and services production. Equation (2)

demonstrates that the variable cost depends on
the used energy amount for products produc-
tion and the price of energy. It is possible to split
the fixed cost (3) of the company to the sum of
R&D costs (RD), capital expenditures (CE) and
another cost (g):

FC,=RD, + CE, + ¢, (3)

It was assumed that companies are working in
the competitive market and market prices for sold
services and products are equal for all companies
in the market. It was also assumed that energy
price is identical for all companies in the market
(p = const; w = const). The last assumption is that
the global market size for the end product is not
changing (y = const). This implies that companies
can achieve more profit only by increasing the ef-
ficiency of used energy. By referring to Equations
(1), (2) and (3) the profit function can be written
as follows:

I1 = minEp(f(Epl.) Ew +RD, + CE +¢). (4)

In this paper to evaluate the company’s profit-
ability, the earnings before interest, taxes, de-
preciation and amortisation (EBITDA) margin
were used. The EBITDA margin (ebitda_m) was
calculated (5) by dividing the EBITDA and total
revenue (TR):

_ EBITDA,
" TR

i

ebitda m (5)
Here ebitda_m is the EBITDA margin, EBITDA
is earnings before interest, taxes, depreciation
and amortisation, TR is the total revenue, and i is
the company.

Among the other performance indicators,
the EBITDA margin is one of the critical indi-
cators, thus it provides information on the prof-
itability of the company [31] and can be used
to compare the profitability of different com-
panies working in the same industry [32, 33].
The EBITDA margin is a valuable indicator, es-
pecially by international standards, as different
accounting regulations, tax laws or depreciation
policies do not influence the calculation of
the indicator [12]. As mentioned by Kalica-
nin et al. [34], the EBITDA margin also includes
profits of previous periods. Such information
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on past companies results also suggests about
the competence to be profitable in the future and
also to achieve a positive cash flow.

The main disadvantage of EBITDA mar-
gin, as performance indicators, for compari-
son of companies profitability, is that, by form-
ing joint ventures, it is possible to eliminate
from income considerable cost blocks and raise
EBITDA [35, 36].

The available data set determines that to esti-
mate the model coefficients, the linear regression
model should be used. The regression equation
can be written as

ebitda_m, =B + B Ep,+ B,RD,+B,CE +¢&, (6)

where { is the regression coefficient and ¢, in-
cludes other costs and unobserved variables.

For comparison of the results, the simplified
regression model (7) will also be presented:

ebitda_m, = + B ,Ep, + u. (7)

Here u, includes other unobserved variables.

To estimate the unknown parameters of
the regression model, the ordinary least squares
method was used.

The significance level (p-value) for all statisti-
cal calculation was set by 0.05.

All statistical computation and model build-
ings were done using the R programming lan-
guage (Version 3.5.2).

Descriptive statistics of the variables

In the data sample, 86% of the companies are based
in the USA, and the rest come from Australia,
Chile, China, South Africa, Turkey and the UK.

In the analysed data set, the average EBITDA
margin was 0.179 (standard deviation (SD) =
0.057), the companies consumed on average
70 869 349 GJ total direct and indirect energy

Table 1. Descriptive statistics

(SD =58 910 929), for R&D companies spent on
average USD 631 184 (SD = 858 822) and aver-
age capital expenditures were USD 38 366 241
(SD = 127 826 887). The other main descriptive
statistic is shown in Table 1.

There are 16 missing values in the data set.
Those missing values were excluded from the fur-
ther data analysis. Four outliers were also exclud-
ed from the further data analysis. Due to the big
difference in the scale of energy consumption,
R&D costs and capital expenditures data Z-score
was computed with the following formula [37]:

z, = M (8)

s
Here z, is the Z-score, x, is the observation value,
x is the sample mean, and s is the sample standard
deviation.

The correlation between the EBITDA margin
and energy consumption was 0.254 (p-value =
0.02), between the EBITDA margin and R&D
costs it was 0.452 (p-value < 0.01) and between
the EBITDA margin and capital expenditures
0.461 (p-value < 0.01).

The histograms of the data, pairwise data plots
and correlation coefficients (Corr) [38] are shown
in Fig. 1.

RESULTS AND DISCUSSION

Based on the regression model expressed by
Equation (6), a multiple linear regression was
calculated to predict the EBITDA margin based
on energy consumption (Ep), capital expendi-
tures (CE) and R&D costs (RD), and also a sim-
plified regression model expressed by Equation
(7), single linear regression, was calculated to
predict the EBITDA margin based on energy
consumption (Ep). The results of the estimation
for both regression models are shown in Table 2.

Variable Obs Mean Std. Dev. Min. Max
EBITDA margin 103 0.179 0.057 0.065 0.373
Energy consumption (Ep) 103 70 869 348 58910929 272 303 688 000
Capital expenditures (CE) 103 38366 241 127 826 887 13843 863221712
R&D cost (RD) 86 631184 858 822 6 900 3138674
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Fig. 1. Generalized pairs plot of the variables studied in the model
Table 2. Results of regression coefficients estimation
Dependent variable:
EBITDA margin (ebitda_m)
(1) (2)
Energy consumption (Ep) 0.02" (0.005) 0.015™ (0.005)
Capital expenditures (CE) -0.001 (0.01)
R&D cost (RD) 0.036™(0.01)
Constant 0.179™ (0.005) 0.184™ (0.005)
Observations 103 84
R? 0.121 0.357
Adjusted R? 0.112 0.333
Residual Std. Error 0.05 (df=101) 0.042 (df = 80)
F Statistic 13.86™ (df=1;101) 14.82™ (df = 3; 80)
Notes:
1. p-value < 0.1; ** p-value < 0.05; *** p-value < 0.01.
2. Std. Error is shown in brackets.
Both regression models are significant (mod- The complex regression model (based on

el No. 1 - F (1; 103) = 13.86, p-value < 0.01; Equation (6)) indicated that three predictors ex-
model No. 2 - F (3; 80) = 14.82, p-value < 0.01).  plained 35.7% of the EBITDA margin variance,
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and the simplified regression model (based on
Equation (7)) showed that one predictor ex-
plained 12.1% of the EBITDA margin variance.

In both regression models energy consump-
tion is a significant predictor; however, the value
of the energy consumption predictor in the com-
plex regression model ( = 0.015, p-value < 0.01)
is slightly lower than that in the simplified re-
gression model (B = 0.02, p-value < 0.01).

A positive and statistically significant value
of the B coefficient for energy consumption in
the simplified regression model (1) points out
a positive relationship between the energy con-
sumption and the company’s profitability. For
this reason, the hypothesis H, was rejected.

A positive and statistically significant value
of the B coeflicient for energy consumption and
R&D costs in the complex regression model (2)
points out a positive relationship between them
and the company’s profitability. For this reason,
the hypothesis H, was rejected.

The only insignificant predictor is capital ex-
penditures (p = -0.001, p-value > 0.05).

CONCLUSIONS

The presented paper examined the relationship
between energy consumption, R&D costand cap-
ital expenditures and the profitability (EBITDA
margin) of 44 manufacture companies in the pa-
per and allied industry.

Positive and statistically significant correla-
tions between the EBITDA margin and indica-
tors of regression models was found. The correla-
tion coeflicient (r) between the EBITDA margin
and energy consumption was r = 0.254 (=0.01),
between the EBITDA margin and R&D costs
r=0.45 (p-value <0.01) and between the EBITDA
margin and capital expenditures it was r = 0.46
(p-value < 0.01).

The performed regression analysis shows that
energy consumption has a contribution to the prof-
itability of the company. The results of the regres-
sion indicated that the energy consumption ex-
plained 12.1% of the variance (F (1; 101) = 13.86,
p-value = 0.01). For this reason, the hypothesis H,
was rejected. The P coefficient for energy consump-
tion in the simplified regression model (based on
Equation (7)) shows that the EBITDA profitability

will increase by about 3.7 - 107% for each 1 000 GJ
energy consumed. The findings of this paper do
not match Lawrence conclusions.

The multiple regression analysis was used to
test if the energy consumption, R&D costs and
capital expenditures significantly predict EBITDA
profitability (the complex regression model is
based on Equation (6)). The results of the regres-
sion indicated that the three predictors explained
35.7% of the variance (F (3; 80) = 14.82, p-val-
ue < 0.01). A positive and statistically significant
value of the  coefficient for energy consumption
and R&D costs points out a positive relationship
between them and the company’s profitability.
For this reason, the hypothesis H, was rejected.
The results of the complex regression analysis also
show that capital expenditures have no significant
influence on the profitability of the company.
Such results partly correspond to the Keasey and
Moon findings.
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RYSYS TARP POPIERIAUS IR GIMININGU
PRAMONES SAKU IMONIUY PELNINGUMO,
SUNAUDOTOS ENERGIJOS, KAPITALINIU
ISLAIDY, MOKSLINIU TYRIMU IR PLETROS
KASTU

Santrauka
Straipsnio tikslas — empiri$kai jvertinti sunaudotos

energijos, kapitaliniy i$laidy, moksliniy tyrimy ir eks-

perimentinés plétros kasty bei popieriaus ir giminingy
pramoneés $aky gamybiniy jmoniy pelningumo rysj.
Pagrindinis démesys $iame straipsnyje kreipiamas j
medienos ir popieriaus gamybos pramonés jmones.
Ry$iui tarp sunaudotos energijos, kapitaliniy islaidy,
moksliniy tyrimy ir eksperimentinés plétros kasty
bei jmoniy pelningumo tirti buvo naudotas daugialy-
pés regresinés analizés metodas. Rezultatai rodo, kad
35,7 % (R?) jmonés pelningumo poky¢iy galima pa-
aiskinti modelyje naudotais kintamaisiais (R* = 0,357,
F (3; 80) = 14,82, p val < 0,01). Sios analizés rezultatai
taip pat atskleidé, kad sunaudotos energijos kiekis turi
reik§mingos jtakos jmonés pelningumui. Gauti rezul-
tatai leidzia daryti iSvada, kad EBITDA pelningumas
padidéja mazdaug 3,7 - 107 %, vertinant kiekvieng
1 000 GJ sunaudotos energijos.

Raktazodziai: sunaudota energija, kapitalinés
islaidos, moksliniy tyrimy ir plétros kastai, pelningu-

mas, popieriaus ir giminingy pramonés Saky jmonés



