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Abstract:

The paper presents the results of forecasts made for the volume of steel production in Poland based on actual
data for the period from 2006 to 2021 with forecasting until 2026. The actual data used for the forecasts included
annual steel production volumes in Poland (crude steel) in millions of tons. Basic adaptive methods were used to
forecast the volume of steel production for the next five years. When selecting the methods, the course of the
trend of the studied phenomenon was taken into account. In order to estimate the level of admissibility of the
adopted forecasting methods, as well as to select the best forecasts, the errors of apparent forecasts (ex post)
were calculated. Errors were calculated in the work: RMSE Root Mean Square Error being the square root of the
mean square error of the ex-post forecasts yt for the period 2006-2021; B as the mean value of the relative error
of expired forecasts y*t (2006-2021) — this error informs about the part of the absolute error per unit of the real
value of the variable yt. Optimization of the forecast values was based on the search for the minimum value of
one of the above-mentioned errors, treated as an optimization criterion. In addition, the value of the point fore-
cast (for 2022) obtained on the basis of the models used was compared with the steel production volume ob-
tained for 3 quarters of 2022 in Poland with the forecast for the last quarter. Forecasting results obtained on the
basis of the forecasting methods used, taking into account the permissible forecast errors, were considered as
the basis for determining steel production scenarios for Poland until 2026. To determine the scenarios, forecast
aggregation was used, and so the central forecasts were determined separately for decreasing trends and for
increasing trends, based on the average values of the forecasts obtained for the period 2022-2026. The central
forecasts were considered the baseline scenarios for steel production in Poland in 2022-2026 and the projected
production volumes above the baseline forecasts with upward trends were considered an optimistic scenario,
while the forecasted production volumes below the central scenario for downward trends were considered a
pessimistic scenario for the Polish steel industry.
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INTRODUCTION

Any manufacturing company operating in an environment
that has experienced two strong (acute) crisis situations in
the last two decades: the global economic crisis initiated
in the USA in 2008 and the global crises after the COVID-
19 pandemic in 2020. Strong changes in the business en-
vironment result in the fact that companies have to verify
their current production strategies. Enterprises analyze
their results on an ongoing basis and forecast changes in
the production volume. Taking into account the condi-
tions created by the current economic situation and the
results of the business conducted so far, in a modernly or-
ganized economy, enterprises must anticipate how to be-
have in the near future in order to maintain stability — re-
silient.

The strategy described as "resilient" has been included in
the Industry 5.0 document of the European Commission
[1]. The economic crisis, which intensified after trade and
business restrictions introduced by national governments
due to the threat of the SARS-CoV2 virus, has changed
business strategies and supply chains [2, 3]. In times of cri-
sis, companies have gained respect for the future of busi-
ness. Predicting the future of business is not easy. In order
to predict the future, it is necessary not only to obtain in-
formation from the past that is known and use it to fore-
cast the future, but also to build scenarios of changes in
the studied phenomenon (base and extreme scenarios:
pessimistic and optimistic). To build scenarios, you need
forecasts that can be made on the basis of classical (basic)
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econometric methods. Forecast (prediction)* according to
the definition of the PWN online dictionary, it means:
"predicting future implementations or statistical charac-
teristics of random phenomena" [4]. Forecast is "an an-
nouncement, the anticipated effect of something, put for-
ward on the basis of specialized research in a given field"
[5]. The forecast is the results (result) of the prediction
process (inference for the future) [6]. In the definition of
the term "forecast" there are two factors: the first is an
indication of what is to be predicted (forecasted), and the
second is what methods to use to do it.

In this work, the author compiled forecasts of the total
steel production volume in Poland until 2026 based on
historical statistical data for the period 2006-2021. This
work complements the knowledge about the Polish steel
industry and steel production volumes during the COVID-
19 pandemic [7, 8, 9, 10]. The compiled statistical data,
models and forecasts were used by the author to deter-
mine scenarios for the volume of steel production in Po-
land. Scenarios are possible events of the studied phe-
nomenon and are used in enterprise management in
change management [11, 12]. Assuming the spread and
direction of the forecast trend, the scenarios can be or-
dered into: central (basic, basic) aggregated on the basis
of the averaged values of the forecasts and non-central
(extreme): optimistic (increasing production trend) and
pessimistic (decreasing production trend). Market analy-
sis and forecasting the production volume according to
scenarios is especially important for companies in times
of crisis. The instability of the environment means that
companies have to analyze it more often and set short-
term strategies for action. In an economic crisis, the busi-
ness risk is greater than in a period of economic stability
[13].

The paper indicates that the pessimistic scenario has be-
come realistic due to the strong impact of the COVID-19
crisis on the unfavorable situation of the Polish steel in-
dustry. The production research methodology used in the
study can be used by enterprises (steel mills) to verify
business strategies until 2026.

ABOUT THE IMPACT OF COVID-19 ON THE BUSINESS

The functioning of enterprises is inextricably linked with
business cycles. Periods of growth (business) are followed
by a crisis (economic recession, business collapse, growth
slowdown, and even economic collapse) [14, 15]. On the
basis of many sources, encyclopedic and scientific defini-
tions, the crisis is a term referring to the etymology of the
word "krisis" (from Greek), i.e. to a breakdown and sol-
stice in the functioning of economies, societies, enter-
prises [15]. The industrial crisis is the result of the accu-
mulation of negative phenomena in the environment of
enterprises and their businesses. The causes of economic
crises are different: ecological, social, economic, political,
etc. [16]. The factors causing the crisis are external and
internal in relation to the examined place (space) or or-
ganization. External sources of the crisis for enterprises

1 Prediction can be used instead of forecast

may include barriers introduced in the financial and eco-
nomic policy of the government, natural disasters, envi-
ronmental disasters, epidemics, armed conflicts (wars),
terrorism, cyberattacks, escalation of the level of dissatis-
faction of societies with living conditions, technological
revolutions and the related strong inefficiency of econo-
mies with due to the lack of reaction to technological
changes and even resistance to technological progress
[17]. The category of external causes also includes sharp
drops in the demand for goods. The market is dynamic
and demand and supply react very quickly to crisis situa-
tions [18]. The sources of internal causes of the crisis
should be sought in business activity. Enterprises conduct
business activity, and the management staff makes deci-
sions taking into account the business risk [19]. Wrong
business and investment decisions as well as inefficiency
of management systems in enterprises may cause the ac-
cumulation of negative phenomena related to running a
business and, as a result, result in a crisis. crisis, until it
ends and a new reality is built. The stages of the cycle are:
accumulation, initiation, contagion, transmission, new
post-crisis reality [20].

At the beginning of 2020, the COVID-19 pandemic broke
out, which was a sudden event in the history of mankind.
The effects of the pandemic affected the whole world. In
order to limit the transmission of the virus, the govern-
ments of individual EU countries have been implementing
instruments to mitigate the effects of COVID in the econ-
omy (lock down) since March 2020. The COVID-19 pan-
demic is primarily a tragedy of many people who have lost
their health and life as well as their loved ones as a result
of the disease. The COVID-19 pandemic is also a crisis of
households that have lost their sources of income and
quality of life as a result of the restrictions introduced to
limit the spread of the pandemic and reduce the number
of new infections. The COVID-19 pandemic is primarily an
economic (economic) crisis. In 2020, the world economy
found itself in the deepest recession since World War Il —
according to World Bank data, global GDP decreased by
4.3% [21].

In a crisis situation, enterprises learn to manage almost
anew. Crisis management is based on plans, the imple-
mentation of which is to reduce the negative impact of
the crisis on the company [22]. The first form of actions
taken in crisis management is about a quick reaction of
the company to the negative effects of the crisis. Compa-
nies build a defence strategy in the form of an anti-crisis
shield. In subsequent activities, enterprises try to under-
stand the causes of the crisis and its course in order to in-
troduce actions allowing it to function in the crisis [23].
The acquired knowledge is used by managers for preven-
tive actions in the future. Preventive actions are aimed at
anticipating an internal crisis situation, which are imple-
mented, among others, by performing a threat analysis
and sensitivity assessment, determining the tasks of the
anti-crisis team/teams in the organization, conscious
leadership in the organization, systems of coordination of
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activities, computer systems for tracking changes, auton-
omous change response systems [23]. Contemporary cri-
sis management consists of the following phases: preven-
tion, preparation, response and reconstruction [24, 25].
Crisis management with an emphasis on preventive ac-
tions is not an easy task because each crisis is different
and the sources causing the crisis are difficult to predict in
the global economy. Enterprises are constantly learning
crisis management in the conditions in which they had to
deal with a specific crisis [23, 24, 25]. In COVID-19 (in
2020), many enterprises had to face difficulties in their
operations due to interruptions in the supply chain, re-
strictions on the professional activity of employees, a de-
crease in sales revenue, the need to incur additional costs
due to the stricter sanitary regime, forced digitization and
remote work [26, 27]. After 2020 (after severe restrictions
related to COVID-19), enterprises changed their business
model, introduced new products and services, changed
suppliers, gained new recipients, e.g. through personali-
zation. In global terms, the vast majority of entities have
felt and still feel the negative effects of the pandemic,
which led to significant structural and institutional
changes [28, 29, 30, 31, 32, 33]. Digitization has helped
businesses function during pandemic restrictions. Metal-
lurgical enterprises using information and computer tech-
nologies could contact suppliers and consumers (send
documents, execute orders, participate in commercial
auctions, etc.) [34].

The situation on a global scale, the effects of which are
difficult to predict, are defined by four features that make
up the acronym VUCA, derived from the military, often re-
called in management, especially in 2020, dominated by
the pandemic: Volatility, Uncertainty, Complexity , ambi-
guity (Ambiguity). The functioning of enterprises accord-
ing to VUCA means that in order to find oneself in business
one needs to develop the ability to adapt flexibly and cou-
rageously to unexpected events. Business strategy in a dy-
namic environment is based on two ways of thinking: fo-
cus on development (growth mind-set) and focus on du-
rability (fixed mind-set) [35]. Enterprises building strate-
gies according to VUCA should be able to function in
changing conditions, but be guided by the values and vi-
sion (Vision) of their organization; should react quickly to
volatility; they should develop communication skills, ob-
taining information from the environment, i.e. Under-
standing as a response to uncertainty (Uncertainty); they
should develop a clear model of the company's function-
ing thanks to the talents of employee teams and leader-
ship; readability of functions, responsibilities, process
maps (Clarity) are needed in a collision with the complex-
ity of reality (Complexity); should make decisions faster
than other players on the market; should prefer agility as
a response to the ambiguity of the environment, take ad-
vantage of opportunities whose durability is usually in-
versely proportional to the time of decision-making and,
above all, forecast production and set strategies based on
scenarios of possible events [36]. Effective crisis manage-
ment is not just a matter of management strategy. Just as
much depends on technological tools. In order to make

the right decisions, it is necessary to efficiently supply
managers with mass data. In Industry 4.0, which has been
popularized since 2011, there are a number of good ex-
amples of technological solutions (pillars of Industry 4.0)
that are an opportunity for the development of enter-
prises [37, 38, 39, 40]. Industry 4.0 technologies have fa-
cilitated communication and business implementation in
a pandemic, e.g. artificial intelligence [41, 42], mobile
technology and solution home office [43, 44, 45, 46]. The
COVID-19 crises accelerated the digitization of industry.
The impact of the post-COVID-19 crisis will be long-term.
The experience of the first year of operation in the condi-
tions of the pandemic forced changes in business. In the
short and long term, enterprises must strongly change
their current business strategies and model to, on the one
hand, implement new technologies (politicians' emphasis
on business sustainability, including hydrogen technolo-
gies, green energy, etc.), and, on the other hand, achieve
"resilient ”in a dynamic market (high raw material prices,
high energy prices, shortage of certain raw materials, in-
terrupted supply chains, etc.) [47, 48]. New values are
promoted by the European Commission in the concept of
Industry 5.0 [1], which focuses on human-centic, sustain-
able and resilient values [49]. Entering Industry 5.0, it is
worth looking at the current situation of various indus-
tries, including the steel industry, which employs over 6
million people in the world, and the annual global steel
production in 2021 has approached almost 2 billion
tonnes (1,950.5 million tonnes). In terms of steel produc-
tion, Poland is ranked 19th in the world ranking (generat-
ing less than 0.5% of global steel production) (World Steel
Association) [50].

THE SITUATION IN THE POLISH STEEL INDUSTRY IN THE
POST-COVID PERIOD

Steel production in Poland, as well as in the world, is
strongly influenced by market factors (fluctuations in sup-
ply and demand on the steel market), economic factors
(business or downturn), environmental factors (stringent
requirements to reduce greenhouse gas emissions, espe-
cially CO2) and political factors.

The situation of the steel industry in the first months of
2020 changed to the disadvantage of this sector, and this
was due to restrictions aimed at limiting the increase in
SARS-CoV-2 virus infection. The first cases of infection
were recorded in December 2019 among the inhabitants
of the 11-million Chinese city of Wuhan, the first case of
COVID-19 outside China was registered on January 13,
2020 in Thailand, the first European country where infec-
tions were recorded was France (January 24), in Poland,
the Ministry of Health confirmed the first cases of the dis-
ease on March 4, 2020. On January 30, the World Health
Organization recognized the new coronavirus as a threat
of international importance [51]. The health threat has
turned into a threat to economies and industries.

In the steel industry, COVID-19 has led to a decline in steel
production in many countries, but globally there has been
anincrease. In Poland, steel production in 2020 amounted
to 7.956 million tonnes, a decrease of 12.68% compared
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to 2019 [52]. On the other hand, in the reports of the
World Steel Association, there is still a growing trend in
steel production on a global scale. In 2019, the world pro-
duced 1,874.4 million tonnes (Mt) (up by 47 million
tonnes compared to 2018) [50]. In 2021, the world pro-
duced 1,951 million tonnes (up 74 million tonnes com-
pared to the previous year) [50]. In the same period, EU
countries (28 countries) produced 157.5 million tonnes in
2019, 139.2 million tonnes in 2020 (28 counties) and
152.6 million tonnes in 2021 (27 countries) [53]. Thus, in
EU countries, as well as in Poland, a decrease in steel pro-
duction was recorded in 2020 compared to 2019. Identical
trend directions appeared for apparent steel use 2019 to
2021 (Table 1).

COVID-19 restrictions have affected steel production. The
Polish steel industry reduced production and introduced
an economic downtime (employees do not perform work
on full readiness for work and receive lower remunera-
tion). The market situation of steel producers has deteri-
orated (lower financial results, lower production, lack of
development prospects). The declining demand for steel
led to a significant reduction in the use of production ca-
pacity (in Poland at the level of approx. 70%) [54]. The un-
favourable situation in the steel industry — a decrease in
production — led to the shutting down of the blast furnace
in the largest steelworks in Poland. Currently (as of Sep-
tember 2022), another blast furnace of the largest metal-
lurgical company in Poland is being renovated. The grow-
ing unfavourable situation for producers, employees, sup-
pliers, customers results in the economic crisis called
"COVID-19 crisis". The wrong situation is also escalating
due to the higher level of steel products imports then ex-
ports. In the apparent consumption of steel products in

Poland in last time, imports (foreign deliveries) constitute
70%. Other problems of Polish steel industry are related
to energy intensity of industry and decarbonisation policy
[55]. According to European Green Deal and Carbon Bor-
der Adjustment (CBA) changes in Polish steel industry
have to be in production towards better sustainability. In
the post-COVID period, the prices of energy, raw materi-
als and carbon emissions trading increased sharply. For
comparison, in 2018 the price of energy in the Polish steel
industry was 0.33695 PLN /kWh, and in 2021 0.487 PLN
5/kWh of steel production in Poland [56]. In Poland, the
pandemic and sanitary restrictions led in 2020 to the first
drop in Gross Domestic Product in Poland since 1991. GDP
in 2020 decreased by 2.8% (after an increase of 4.5% in
2019) [57].

In the second period, the average annual steel production
in Poland for the last 22 years (from 2000 to 2021)
amounted to 9.029 million tonnes. The lowest level of
steel production volume in Poland was achieved so far in
20009, i.e. during the previous crisis, which spread from the
United States to the whole world. The crisis that began in
2018 on the American real estate market and initially af-
fected the banking sector, spread its effects to the econo-
mies of other countries. It was the biggest economic crisis
in the last two decades, the effects of which were strongly
felt by the global steel industry [58]. In Poland, steel pro-
duction in 2009 amounted to 7.128 million tonnes and
was lower than in the crisis that began after COVID-19
lockdown restrictions by 728 thousand tonnes [59, 60]. In
2020, when there were lockdown restrictions in Poland
for many months, steelworks produced 7.856 million
tonnes of steel [61].

Table 1

Comparison of trends of steel production (crude steel) and apparent steel use from 2018 to 2021

¢ Vo crude steel production ¢ Vo apparent steel use
[million tonnes] [million tonnes]
year (y) 2018 2019 2020 2021 year 2018 2019 2020 2021
World 1,827.0 1,874.4 | 1,877.5 | 1,951.0 World 1,711.6 | 1,776.9 | 1,784.9 | 1,833.7

direction direction
of trend compared yearzero T T T of trend compared | V€3 26© 0 0 0
to 2018 o) to 2018 (o)
direction direction
of trend y/y T T T T of trend y/y T T T T
EU 167.4 157.5 139.2 152.6 [EU 157.4 148.1 131.0 152.8

. . direction
direction
of trend compared year zero 1 1 2 of trend year zero ! ! 2
t0 2018 (vo) compared (vo)

to 2018

direction direction
of trend y/y v v v T of trend y/y T v v T
Poland 10.157 8.997 7.856 8.754 |Poland 14.9 13.6 12.9 15.1

. . direction
direction
of trend compared year zero 1 1 1 of trend year zero ! ! 2
t0 2018 (vo) compared (vo)

to 2018

direction direction
of trend y/y v v v T of trend y/y T v v T

Source: based on [50, 52, 53] 2022 WorldSteel: World Steel in Figures, p. 6. [www.worldsteel.org] and p. 15; Eurofer, European Steel in
Figures 2020, p. 15 [www.eurofer.eu], Reports: Polish Steel Industry, Polish Steel Association, Katowice.
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The course of the post-pandemic crisis was influenced by
many factors, including the interruption of the supply
chain of raw materials and the distribution network of
steel products, and a sharp decline in demand for cars. Be-
fore COVID-19, the steel production pessimistic scenario
meant production of less than 9 million tonnes of steel per
year [7]. The optimistic production scenario in Poland was
when the annual steel production exceeds 10 million
tonnes of steel. In the last two decades, steel production
in Poland six times reached volumes exceeding 10 million
tonnes of steel produced annually, and in the last decade,
such high production volumes were recorded in 2017 and
2018 (Figure 1).

Steel production in Poland in million tonnes
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Fig. 1 The steel production in Poland from 2020 to 2021
Source: own eleboration based on data from Polish Steel
Association and World Steel Association.

The period from 2006 to 2021 of the steel production vol-
ume in Poland (Fig. 1) was used for the research method-
ology and forecasts for the period from 2022 to 2026. In
the analyzed period, from 2006 to 2021, average annual
steel production amounted to 8.933 million tonnes. Fore-
casts of the steel production volume, which were set for
16 years (t=16). The commencement of the analysis in
2006 resulted from the completion of the restructuring of
the Polish steel market (in its 2007 report, the European
Commission concluded that the repair of the Polish steel
industry was completed (steel plants in Poland met the vi-
ability requirements) [62]. In the analyzed period, the an-
nual steel production in Poland very often was below 9
million tonnes of steel produced annually, i.e. below the
current central (baseline) scenario, which resulted from
the long-term average annual steel production in Poland
After the global economic crisis in 2009, the return of the
steel industry to economic activity was gradual, and as for
steel —development of steel consumer markets: construc-
tion, automotive, transport, machinery, finished products
made of metals, household appliances and other indus-
tries — production increased, which in 2017 and 2018 ex-
ceeded 10 million tonnes of steel produced annually in Po-
land.

MATERIALS AND METHODS

After a thorough analysis of the time course of the total
steel production volume (Figure 1), it was found that the
fluctuations in the trend courses are cyclical (repeatable).

The aim of the research was a retrospective and prognos-
tic analysis of crude steel production in Poland as a model
solution for assessing changes in the volume of steel pro-
duction in the Polish steel industry after the COVID-19 pe-
riod. Forecasts of the steel production volume were made
for the steel industry in the country, based on basic adap-
tation models, obtaining an additional comparative area
for the assessment of trends in the studied phenomenon.
The scenarios were divided into: base (central) and ex-
treme according to the scenarios: pessimistic and optimis-
tic based on the course of the trend. The empirical (actual)
data used for the research are summarized in Table 2.
Reporting data are from the reports of the World Steel As-
sociation and the Polish Steel Association and cover the
volume of steel production in Poland on an annual basis
for the period from 2006 to 2021.

Table 2
Data used to foresting of steel production in Poland
[million tonnes]

t year crude steel
1 2006 10.008
2 2007 10.631
3 2008 9.728
4 2009 7.128
5 2010 7.993
6 2011 8.776
7 2012 8.358
8 2013 7.950
9 2014 8.558
10 2015 8.813
11 2016 9.198
12 2017 10.330
13 2018 10.157
14 2019 8.997
15 2020 7.856
16 2021 8.454

Based on these data, forecasts of steel production in Po-
land were made for the next five years, from 2022 to
2026.

The following designations were adopted in the forecast-

ing:
y* — forecast variable,
t, T—time,

n —the number of elements in the time series (length of
the time series),

yt—value of the time series (value of the forecast variable
for the moment or the time: t),

yt* —value of an expired forecast (I < t < n),

yr realisation of the variable y: in time period: T > n, e.g.
T=n+1,

yr1 — value of the variable y for a moment or a period of
time T—1 (i.e. the period n),

yr* —forecast of the variable y:in Time:n< T< 7,

yi — value of the variable y for moment of time period: i
(i=T—k, ..., T—=1),

7—the last moment or period of time for which a forecast
is made,

k —the smoothing constant, i.e. the number of last words
of the time series taken into account
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for the calculation of the mean value,

a, B, y—forecast smoothing parameters,

| = number of weights,

w — weights used in the forecasting models (w1, w2, wa).
In order to forecast the level of acceptability according to
the forecasting methods used, as well as to select the best
forecasts, the two most frequently determined apparent
(expired — ex post) forecast errors were estimated: RMSE
and y (Table 3) [63, 64, 65].

RMSE = \/#Z’;mﬂ(w—y{‘)z (1)
n
1 _ *
W= - Z lye — vi| 2)
n mt=m+1 Yt
Table 3

Description of used forecast errors in forecasting of steel
production in Poland

Type Description of errors De?scr.lptlon
of errors of indicators
forecasting error informs about
average deviations of forecasts
from actual values y: — empirical
in the forecast verification value
interval. After determining of the forecast
the forecast values y[*for each variable,
Root Mean . X *
S of the assumed time periods y, — value
quare -
Error Rmse|  t(telT), thevalue of the of forecast,
squares of the differences n —number of
is estimated (y:—y"), and then time series
all the values of these squares (numbers
of the differences are added up of element
and divided by the difference | in time series),
n-m m — number
Average value of the relative | of initial periods
error of expired (ex post) for which
forecasts. The value of this the ex post
% error indicates the proportion | forecasts were
of absolute error per unit realized
of the actual value
of the variable y

Based on the literature [66, 67, 68, 69], it can be con-
cluded that the RMSE error is more sensitive than the er-
ror v to unusual values of the forecast variable occurring
in the series, i.e. in the case of large, though rare, forecast
errors. The error value vy is less sensitive to rare but large
errors that may occur.

The measure of this error is estimated taking into account
the absolute, and not, as in the case of the RMSE error,
squared deviations from the true value. Optimization of
the point forecast value was based on the search for the
minimum value of one of the above-mentioned errors,
treated as an optimization criterion.

The use of at least two prediction errors gives a greater
opportunity to search for the best, optimal forecasts. Op-
timal parameters of the applied model were searched for
in the models. If the optimal parameters of the model did
not meet the expected assumptions (forecast errors were
too large), the forecasting model was replaced with an-
other one. The choice of the appropriate model was a sig-
nificant problem determining the quality of the forecast
in the researched area, which was the volume of steel pro-
duction in Poland.

In the adopted research methodology, each of the fore-
casts for 2022 was additionally referred to the actual level
of steel production from that period. As of the analysis
date: September 30, 2022, actual data was available for
three quarters, and the last quarter is the steel production
volume forecast provided by the Polish Steel Association.
It was finally assumed that in 2022, 8.060 million tonnes
of steel (F) would be produced in Poland. The analysis was
realized when the steel production figures for 2022 were
not published. Now (March 2023) the Polish Steel Associ-
ation published that steel production in Poland was 7.5
million tonnes, so scenarios adopted in the paper should
be verified by 0.5 million tonnes down, when compared
to 2022.

The following research hypothesis (RH) was adopted in
the work:

RH: After 2020, when Poland recorded a decrease in pro-
duction by 12.68% due to restrictions related to COVID-19,
compared to the previous year (the year preceding COVID-
19), the pessimistic scenario of the steel production vol-
ume in Poland will deepen compared to the current in-
terim production from 2000-2021 amounting to over 9
million tonnes of steel.

FORECASTING THE VOLUME OF STEEL PRODUCTION
IN POLAND

Forecasting the steel production volume started with the
simplest naive method, obtaining a point forecast (ex-
ante) for 2022, and ended with an advanced exponential-
autoregressive model (Table 4).
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Table 4
Forecasting methods used and obtained forecasts of steel production in Poland
Forecasts Forecast error
No Method/model . v v | RMSE 2022*
1 |Additive naive method model (for a time series around a const. value 2022 8.454 | 0.095 | 0.985 +8.92%
2022 8.155
. . . 2023 8.305
Simple moving average model for a series formed around ¢ 2024 3.230
2A |a constant (average) value - 0.104 | 1.161 5.58%
2025 8.267
fork=2
2026 8.248
average T=5 8.241
2022 8.436
. . . 2023 8.249
Simple moving average model for a series formed around ¢ 2024 3379
2B |a constant (average) value - 0.117 | 1.224 8.73%
2025 8.355
fork=3
2026 8.328
average T=5 8.349
2022 8.473
. . . 2023 8.347
A weighted moving average model for a series formed around a con- ¢ 2024 3337
3A |stant (average) value for k = 3 and weights: - 0.090 | 1.048 9.12%
2025 8.398
wi =0.20; w; =0.15; w3 = 0.65
2026 8.386
average T=5 8.398
2022 8.391
. . . 2023 8.374
A weighted moving average model for a series formed around a con- ¢ 2024 3331
3B |stant (average) value for k = 3 and weights: - 0.093 | 1.037 8.24%
2025 8.380
ws = 0.05; w; =0.15; w3 =0.80
2026 8.380
average T=5 8.381
2022 8.503
2023 8.369
A weighted moving average model for a series formed around a con- ¢ 2024 3399
3C |[stant (average) value for k = 3 and weights: - 0.086 | 1.024 9.44%
2025 8.417
ws =0.20; w; =0.10, w3 = 0.70
2026 8.405
average T=5 8.419
2022 8.573
Single exponential smoothing Brown’ model 2023 8.615
for the starting point: t 2024 8.630 o
4A Gt(2006) = 10.088 million tonnes 2025 | 8.635 0.086 | 0.988 10.18%
o =0.3521 for =0.086 2026 8.637
average T=5 8.618
2022 8.541
Single exponential smoothing Brown’ model 2023 8.574
for the starting point: t 2024 8.587 0
48 Gi(2006) = 10.088 million tonnes 2025 | 8.592 0.088 | 0.986 +9.85%
o =0.3822 for RMSE = 0.986 2026 8.593
average T=5 8.577
2022 8.605
2023 8.735
Exponential-autoregressive model for k=3, /=2, : 024 3.746
5A |B1=0.70, B2 =0.20, B3 =0.10, y1 = 0.60, y, = 0.40 o. = 0.3388 - 0.083 | 0.924 +10.54%
for 2025 8.755
v 2026 | 8.756
average T=5 8.720
2022 8.584
Exponential-autoregressive model for k=3, /=2, 3, =0.70, 3, = 0.20, 2023 8.713
B3=0.10, y; = 0.60, t 2024 8.724
5B 0.084 | 0.924 +10.309
v2 = 0.40, 2025 8.734 %
o =0.3564 for RMSE 2026 8.735
average T=5 8.698
2022 8.650
E ial- i =2 1=2 =0. =0.
6A x?%nggtlal_a:tggegresswe model for k=2, /=2, ; =0.60, B, = 0.40, ¢ 2023 3679 | 0.083 | 0.923 +10.98%
11=59.5 12 =0 2024 | 8.698




B. Gajdzik — Post-Pandemic Steel Production Scenarios for Poland... 179
o =0.4159 for 2025 8.702
2026 8.704
average T=5 8.687
2022 8.592
2023 8.603
Exponential-autoregressive model for k=2, /=2, 31 = 0.60, 3, = 0.40, : 2024 3618
= = - 9
6B y1_ gf:é;{zf OF.{ZJSE 2025 3622 0.087 | 0.964 +10.38%
=5 or 2026 | 8.624
average T=5 8.612
2022 8.570
Holt’s linear model with additive trend smoothing effect 2023 8.719
for the starting point S = y,-y1 t 2024 8.868
. . +10.159
/ o =0.844, 3 =0.0678 for y (forecasts for RMSE were not presented 2025 9.017 0.085 | 1.185 10.15%
because the optimal parameters were for y) 2026 9.166
average T=5 8.868
Holt’s linear model with multiplicative trend smoothing effect for the 2022 8.607
starting point 2023 8.789
S1 = y»/y1 with two smoothing parameters a, f3; o = 0.8333, t 2024 8.975
8A 0.097 | 1.207 +10.54%
B =0.0584 for y (forecasts 2025 9.165 °
for RMSE were not presented because the optimal parameters were 2026 9.358
for w average T=5 8.979
’ . . . 2022 8.219
:czlrttisnlgm:;;;nodel with multiplicative trend smoothing effect for the 2023 3.070
t 2024 7.923
8B [S1 = y»/y1 with three smoothing parameters o, 3,¢, o = 0.8347, 0.092 | 1.117 +6.32%
2025 7.778
B =0.0001, ¢ = 0.9951 for i (forecasts for RMSE
2026 7.637
were not presented)
average T=5 7.925
Holt’s li del with multiplicative trend thi ffect for th 2022 8.292
St:rtisnén:;;:wo el with multiplicative trend smoothing effect for the 2023 3134
t 2024 7.979
8B |S1=1with three smoothing parametersa, B, ¢, o = 0.2782, B = 0.094 | 1.097 +7.14%
2025 7.826
0.0001, ¢ = 0.9988 for  (forecasts for RMSE
2026 7.677
were not presented)
average T=5 7.982
Holt's auadratic model 2022 | 9.576
Holt s quadratic mode 2023 | 9.705
in additive formulation ‘ 2024 9.831
9 |[for the starting point S1 = y,-y, with three smoothing parameters a, 3, 2025 9'954 0.080 | 0.849 +19.59%
¢, 0 =0.0001, B =0.1651, @ = 0.6115 for RMSE (forecasts for y were -
. 2026 10.076
not presented because for RMSE were optimal)
average T=5 9.828
2022 8.312
2023 8.170
Brown's model double exponential smoothing t 2024 8.028
10A 0.102 | 1.156 7.36%
for the linear, o = 0.1489 for 2025 7.886 * ?
2026 7.744
average T=5 8.028
2022 8.287
, . . 2023 8.136
Brown's model double exponential smoothing ¢ 2024 7985
10B (for the linear, a = 0.3667 - 0.103 | 1.156 +7.08%
2025 7.834
for RMSE
2026 7.683
average T=5 7.985
2022 8.795
. . . . 2023 8.738
Brown's model triple exponential smoothing ¢ 2024 3.630
. _ . o
11A ;z:the quadratic, . = 0.0667 2025 3622 0.105 | 1.176 +12.45%
4 2026 | 8.564
average T=5 8.680
2022 8.810
2023 8.753
Brown's model triple exponential smoothing t 2024 8.696
11B 0.105 | 1.175 +12.60%
for the linear , o = 0.0655 for RMSE 2025 | 8.639 0
2026 8.582
average T=5 8.696
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2022 8.706

Advanced exponential- autoregressive model for k = 3, 2023 8.575

,11=2,B1=0.50, B, =0.30, t 2024 8.444
12A B = 0.20, 51 = 0.60, 2025 3312 0.060 | 0.672 +11.56%

52 =0.40, o = 0.3466 for 2026 8.183

average T=5 8.444

2022 8.650

Advanced exponential- autoregressive model for k = 3, 2023 8.502

|11=2,B1=0.50, B,=0.30, t 2024 8.353
12A B = 0.20, 51 = 0.60, 2025 3204 0.060 | 0.662 +10.98%

5, =0.40, a. = 0.4028 for RMSE 2026 8.055

average T=5 8.353

2022 8.633

Advanced exponential- autoregressive model for k = 3, 2023 8.496

,11=2, 31=0.60, B2 =0.30, t 2024 8.358
128 Bs = 0.10, 8: = 0.70, 2025 3221 0.060 | 0.662 +10.81%

6, =0.30, a. = 0.4003 for 2026 8.083

average T=5 8.358

2022 8.636

Advanced exponential- autoregressive model for k = 3, 2023 8.499

11=2,B1=0.60, B> =0.30, t 2024 8.362
128 Bs = 0.10, 51 = 0.70, 2025 8.225 0.060 | 0.662 +10.84%

82 =0.30, a. = 0.3979 for RMSE 2026 8.088

average T=5 8.362

*+/ [%] to 7.7 million tonnes of steel production in 2022 (3 Q real data, 1Q estimation)

Using the simplest method — naive (1), the point forecast
(ex-ante) for 2022 was obtained, which amounted to
8.454 million tonnes. After comparing this forecast with
the data for 2022 (8.06 million tonnes), the deviation was
8.92%. The next method used was the simple moving av-
erage method, which was used for k = 2 (Model 2A) and
k = 3 (Model 2B). Comparing the forecast errors, a better
fit of the forecasted and empirical data was obtained for
the model (2A), i.e. for k = 2 than for the Model 2B, there-
fore the forecast trend obtained is shown in Figure 2.
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Fig. 2 Simple moving average model for a series formed around
a constant (an average) value (Model 2A from Table 4):
a strongly pessimistic scenario

When forecasting the volume of steel production in Po-
land, weights were also used in the moving average
method (Model 3). When forecasting the volume of steel
production, a three-fold differentiation of weights was
used and three models were obtained, of which the small-
est forecast errors were:\y and RMSE were obtained in the
Model 3C (Table 4), but also taking into account the ad-
justment of the forecast for 2022 to the actual data, the

3B Model was considered to be better. The results of im-
proved forecasting are shown in Figure 3.
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Fig. 3 Weighted moving average model for a series forming
around a constant (an average) value (Model 3B):
a semi-pessimistic scenario

In the presented models (Figure 2 and Figure 3), the fore-
casted trend of the steel production volume in Poland un-
til 2026 will flatten, the annual forecasted steel produc-
tion in Poland for model (2A) amounted to slightly 8.241
million tonnes, and in Model 3B the annual forecast
amounted to slightly more than 8.361 million tonnes. In
Model 2A, the forecast for 2022 compared to the actual
production volume was better matched (+5.58%) than in
Model 3B (8.24%).

Subsequent well-matched forecasts (ex-post) to the ac-
tual values were obtained for the exponential smoothing
model using the Brown method (Models 4A and 4B). The
average predictions obtained from these models (for
smoothing constants o = 3.521 for the forecast error
wand a = 0.3822 for the forecast error RMSE) are: 8.618
million tonnes (for a = 3.521 for the forecast error y) and
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8.577 million tonnes (for a. = 0.3822 for the forecast error
RMSE). Comparing the projected production volume with
the previous models, it was found that the projected steel
production volume is higher in Models 4A and 4B. The
question was formulated: can the average annual steel
production of approximately 8.6 million tonnes be consid-
ered an optimistic scenario for the Polish steel industry?
Compared to previous models, definitely yes, but other
models have yet to be checked. A good fit of the forecasts
to the empirical data was also obtained for the exponen-
tial autoregressive model (Model 5A and Model 5B). Fore-
casts for 2022-2026 are optimistic compared to the mod-
els: 2A, 2B, 3A, 3B, 3C. The average annual volume of the
forecast in the exponential-autoregressive model was
8.720 million tonnes (o = 0.3388 for y and 8.698 million
tonnes (o = 0.3564 for RMSE) Model 5B is shown in Figure
4,
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Fig. 4 Exponential-autoregressive model (Model 5B):
a semi-optimistic scenario.

Optimistic forecasts were obtained for the same exponen-
tial-autoregressive model for k = 2 and weights beta
0.60 and 0.40, delta 0.80 and 0.20 (Models 6A and 6B).
The average level of the forecast was 8.687 million tonnes
(oe=0.3388 for wand 8.616 million tonnes (o = 0.3564 for
RMSE). Changing the weights in this model resulted in an
increase in forecast errors, hence the optimal ones were
adopted. The trend of forecasts in the exponential-auto-
regressive model is growing, therefore the forecasts de-
termined were considered optimistic.
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Fig. 5 Holt’s linear model with additive trend (Model 7):

a strongly optimistic scenario

The next models are Holt models, a linear model with an
additive trend and a multiplicative trend (Model 7 and
Model 8) were used. Using Holt's linear model with an ad-
ditive trend (S1 = y2 - y1) for the first time in 2025-2026,
forecasts of steel production (volume) exceeding 9 million
tonnes were obtained. The trend of the forecasts is in-
creasing until 2026, and the production volumes are opti-
mistic (Figure 5).

In the next stage, Holt's linear model with a multiplicative
trend for S1 = 0. The forecasting results were not pre-
sented in the study because the forecast errors were high.
Another model was Holt's linear model with the effect of
multiplicative trend extinction for S1 = y2/y1. The results —
forecasts — are presented in Table 4 (Model 8B). The re-
ceived forecasts were classified as a strongly positive sce-
nario, because the trend was growing, and the average
annual forecast for the five-year period was 8.979 million
tonnes (Figure 6.)

| =+—Crude steel production B Forecast ex post Forecast ex ante I

89} - - mbmmd

[
]

v
' '
R SR |
v
I

"
Hd
(=4
[
e 1
c
s n
E 10 #=-FNr--F--F--F e e m e e m - 3 --qmaa
= (i
S n RS
3 N 8|5 ;
. ] S 3
ERE e k=0
S PoE S
8 8] 1 [
T 8 SEESTES by i el el i ety ol bl el Tonkocd
& [ [T [ [ T B B
. I S A R T S R R
7 Fembec o L. demdemde e de e da e de e de e d e adand
T i Bk Sl Bl it it ekt iy ity el el il
T T S SO A T S Y S SO S
[ S S T T T U T T T U N N O A O S
(3] -
© ~ © O O - N MO T 0N O ~ 0 0O C - N M T 0 O
e g2z SR ARS8
c O O O O O O O O O O O O ©o c O O O O O
NN N NN NN NNt
Year

Fig. 6 Holt’s linear model with multiplicative trend with two
smoothing parameters (Model 8A): a strongly optimistic
scenario

Using the same model, an additional parameter (smooth-
ing constant) was introduced ¢ for parameters o and f3. It
turned out that now the trend of forecasts is strongly
downward, and the obtained forecasts were considered
as an undesirable scenario — very pessimistic (Model 8B in
Table 4). The projected steel production will decrease
(Model 8B) and in 2026 it will fall to 7.637 million tonnes
(Figure 7).
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Fig. 7 Holt's linear model with multiplicative trend with three
smoothing parameters (Model 8B): a strongly pessimistic
scenario (downtrend)
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The average annual forecast for the period 2022-2026 was
7.925 million tonnes. The publication presents the model
and predictions for the smoothing constants for the error
w (while the RMSE error was not shown as the forecasts
changed slightly and the trend continued to be strongly
downward). When the starting point S1 = 1 was used, very
low forecasts were again obtained with a downward trend
until 2026, and the annual average was 7.982 million
tonnes of steel produced annually in 2022-2026 (i.e. it was
higher by 57 tonnes than the average forecasts obtained
in Model 8B), with a fairly high RMSE error of ex-post fore-
casts (RMSE = 1.097).

The next segment of models are Holt square models in the
additive formula for various starting points. These models
gave very high forecasts for the period of 5 years. The re-
sults (forecasts) have been included in a very optimistic
scenario that could have happened had it not been for the
crisis caused by the effects of the COVID-19 pandemic and
the war in Ukraine. If there had been no crisis, Poland
would produce an average of 9.828 million tonnes per
year in the coming years (until 2026). Using Holt's quad-
ratic model in the additive formula for S1 = y2 - ys, for the
first time, the analysis performed provided a forecast of
10.076 million tonnes of steel that Polish steelworks
would produce in 2026, and forecasts are also high in pre-
vious years (Model 9 in Table 4). Figure 8 shows the trend
of forecasts determined using Holt's quadratic model in
the additive formula for S1 =y - y1.
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Fig. 8 Holt’s quadratic model in additive formulation for S; = y»-
y1 (Model 9): a very strongly optimistic scenario

The presented model of ex-post forecasts had quite low
forecast errors: wand RMSE.

The next segment of models are Brown’s smoothing mod-
els: a double exponential Brown’s smoothing model for a
linear model (Model 10), a triple exponential Brown’s
smoothing model for a square model (Model 11). In
Model 10 (10A and 10B — Table 4), the projected volumes
of steel production in Poland until 2026 are declining
(Figure 9).

Production from 8.287 million tonnes will drop to 7.683
million tonnes (Model 10B). Such a low production vol-
ume with a downward trend was classified as a strongly
pessimistic scenario. Brown's triple exponential smooth-
ing model for the quadratic model for both parameter o
for the forecast error w as well as for the RMSE, slightly
differed from the forecasts (Table 4, Models 11A and
11B). The average forecasts obtained were (Model 10A)
8.680 million tonnes of steel produced annually in Poland
and (Model 11B) 8.696 million tonnes of steel produced
annually in Poland until 2026.
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Fig. 9 Brown's double exponential smoothing model for the lin-
ear model (Model 10B): a very strongly pessimistic scenario

The last model tested was an advanced exponential auto-
regressive model (Model 12). In this model, the weights
were selected so as to obtain the smallest forecast errors,
which were among the lowest errors among all those pre-
sented in Table 4. Evaluating the received forecasts
(matching the ex post forecast trend to actual data in
2006-2021) — Model 12 — an advanced model exponential
autoregressive is statistically the best because forecast er-
rors are low. The forecasting results (Model 12B') are
shown in Figure 10.

The results from all the performed models are presented
in Table 5, grouping the forecasts for 2022-2026 into sce-
narios ranging from pessimistic through baseline to opti-
mistic.
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Year
Fig. 10 Advanced exponential-autoregressive model (Model
12B’): a pessimistic scenario
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Table 5
Summary forecasts of steel production in Polish steel industry
no. t y*: y*/y*ea no. t y*: y*/y*e1 no. t y*e y*i/y*ea
1 2022 8.454 1 4A | 2022 8.573 1 3B 2022 8.219
2A | 2022 8.155 4 2023 8.615 ) 2023 8.070 U
2023 8.305 T 2024 8.630 T 2024 7.923 U
2024 8.230 J 2025 8.635 ) 2025 7.778 U
2025 8.267 T 2026 8.637 T 2026 7.637 U
2026 8.248 J 48 | 2022 8.541 T 8C 2022 8.292 U
28 | 2022 8.436 J 2023 8.574 ) 2023 8.134 U
2023 8.249 J 2024 8.587 ) 2024 7.979 U
2024 8.379 1 2025 8.592 1 2025 7.826 VU
2025 8.355 J 2026 8.593 1 2026 7.677 v
2026 8.328 d 5A | 2022 8.605 1 10A 2022 8.312 v
3A | 2022 8.473 J 2023 8.735 ) 2023 8.170 v
2023 8.347 J 2024 8.746 ) 2024 8.028 v
2024 8.387 1 2025 8.755 1 2025 7.886 v
2025 8.398 T 2026 8.756 T 2026 7.744 v
2026 8.386 J 5B | 2022 8.584 ) 108 2022 8.287 U
3B | 2022 8.391 i) 2023 8.713 T 2023 8.136 U
2023 8.374 J 2024 8.724 ) 2024 7.985 U
2024 8.381 T 2025 8.734 T 2025 7.834 U
2025 8.380 J | 8.38021 2026 8.735 ) 2026 7.683 U
2026 8.380 J | 837997 | eA | 2022 8.650 1 11A 2022 8.795 T
3¢ | 2022 8.503 T 2023 8.679 1 2023 8.738 0
2023 8.369 J 2024 8.698 1 2024 8.680 0
2024 8.399 1 2025 8.702 1 2025 8.622 0
2025 8.417 1 2026 8.704 ) 2026 8.564 0
2026 8.405 d 6B | 2022 8.592 1 118 2022 8.810 T
2023 8.603 T 2023 8.753 v
2024 8.618 ) 2024 8.696 U
2025 8.622 ) 2025 8.639 U
2026 8.624 ) 2026 8.582 U
7 | 2022 8.570 T 124 2022 8.706
2023 8.719 ) 2023 8.575 v
2024 8.868 ) 2024 8.444 v
2025 9.017 T 2025 8.314 &
2026 9.166 1 2026 8.183 &
8A | 2022 8.607 1 12A" 2022 8.650
2023 8.789 ) 2023 8.502 &
2024 8.975 1 2024 8.353 &
2025 9.165 1 2025 8.204 &
2026 9.358 T 2026 8.055 v
9 | 2022 9.576 T 12B' 2022 8.633
2023 9.705 T 2023 8.496 v
2024 9.831 ) 2024 8.358 v
2025 9.954 ) 2025 8.221 v
2026 | 10.076 ) 2026 8.083 v
128" 2022 8.636
2023 8.499 &
2024 8.362 &
2025 8.225 )
2026 8.088 v

Models with low ex post forecast errors are colored yellow.

A two-stage scenario construction method was used. The
first stage consisted in taking into account the course of
the forecast trend in the years 2022-2026. Decreasing
trends were classified to the pessimistic scenario, and up-
ward trends to the optimistic scenario for the forecast

volume of steel production in Poland. The second stage
consisted in averaging the values of annual forecasts for
models with low errors (Table 6) according to the course

of the trend.
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Table 6
Models with low ex post forecast errors (v, RMSE) — ordered in according to y
Uptrends Dwontrends
No. Year Forecast v RMSE _y*/ y** No. Year Forecast v RMSE _y*/ y**
t=2022 t=2022
9 2022 9.576 0.0803 0.8489 +19.52% 12A° 2022 8.706 0.0595 0.672 +11.56%
2023 9.705 2023 8.575
2024 9.831 2024 8.444
2025 9.954 2025 8.314
2026 10.076 2026 8.183
6A 2022 8.650 0.0832 0.923 +10.98% | 12A” 2022 8.650 0.0597 0.662 +10.98%
2023 8.679 2023 8.502
2024 8.698 2024 8.353
2025 8.702 2025 8.204
2026 8.704 2026 8.055
5A 2022 8.605 0.0834 0.924 +10.52% 12B’ 2022 8.633 0.0601 0.662 +10.81%
2023 8.735 2023 8.496
2024 8.746 2024 8.358
2025 8.755 2025 8.221
2026 8.756 2026 8.083
5B 2022 8.584 0.084 0.924 +10.30% 12B” 2022 8.636 0.0602 0.662 +10.84%
2023 8.713 2023 8.499
2024 8.724 2024 8.362
2025 8.734 2025 8.225
2026 8.735 2026 8.088
4A 2022 8.573 0.086 0.988 +10.18%
2023 8.615
2024 8.630
2025 8.635
2026 8.637
6B 2022 8.592 0.087 0.964 +10.38%
2023 8.603
2024 8.618
2025 8.622
2026 8.624
4B 2022 8.541 0.088 0.986 +9.85%
2023 8.574
2024 8.587
2025 8.592
2026 8.593

**t=2022: in the work assumed that steel production in Poland in 2022 will be 8.060 million tonnes of steel (F). The analysis was realized
when figures for 2022 were not published. In March 2023 the Polish Steel Association published that steel production in Poland was 7.5
million tonnes, so scenarios adopted in the paper should be verified by 0.5 million tonnes down, when compared to 2022.

The next table (Table 7A and 7B) presents models with the Average forecasts from forecasts with increasing trends
smallest errors of ex-post forecasts (y and RMSE) fore- and forecasts with decreasing trends were calculated.
casts of upward trends (Table 7A) and forecasts of down-

ward trends (Table 7B).
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Table 7A

Forecasts of steel propduction in Poland according to uptrends
Model 2022 2023 2024 2025 2026

9 9.576 9.705 9.831 9.954 10.076
6A 8.650 8.679 8.698 8.702 8.704
5A 8.605 8.735 8.746 8.755 8.756
5B 8.584 8.713 8.724 8.734 8.735
4A 8.573 8.615 8.630 8.635 8.637
8B 8.592 8.603 8.618 8.622 8.624
4B 8.541 8.574 8.587 8.592 8.593
average 8.732 8.803 8.833 8.856 8.875

Table 7B
Forecasts of steel production in Poland according
to downtrends

Model 2022 2023 2024 2025 2026

12N 8.706 8.575 8.444 8.314 8.183

12A” 8.650 8.502 8.353 8.204 8.055

12B’ 8.633 8.496 8.358 8.221 8.083

12B” 8.636 8.499 8.362 8.225 8.088
average 8.656 8.518 8.379 8.241 8.102
scenario pessimistic

The results from Table 7A, are shown in Figure 11, from
Table 7B and Figure 12.
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Fig. 11 Moderate optimistic scenario for steel production
in Poland

Figure 11 presents moderately optimistic scenarios. Fig-
ure 11 does not include forecasts from Model 9, which
were strongly optimistic due to the ongoing economic cri-
sis resulting from the COVID-19 pandemic.

The strongly pessimistic scenario was based on forecasts
obtained using the exponential autoregressive model for
various weights. The resulting predictions, within this type
of model, had the best fit. In this scenario, the projected
volume of steel production will decrease from year to
year, by an average of 100 thous. tonnes. The projected
average annual steel production volume in 2023-2026 will
fall from 8.518 million tonnes to 8.102 million tonnes
(in the following years), the forecasted steel production
for Poland will amount to: 8.518 million tonnes in 2023,
8.379 million tonnes in 2024, 2025 the forecasted produc-
tion will amount to 8.241 million tonnes, and in 2026,
8.102 million tonnes of steel will be produced according
to forecasts.
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Fig. 12 Strongly pessimistic scenario for steel production
in Poland

As for the averaged steel production forecast for 2022,
which amounted to 8.656 (the volumes of the forecasted
production obtained in the Model 12A and Model 12B
were averaged), it was found that it was too high com-
pared to the estimated actual data (2022 has already
ended and the author has unconfirmed data, that the vol-
ume of steel production in Poland amounted to about 8
million tonnes). A certain limitation in recognizing the
strongly pessimistic scenario as realistic for the steel in-
dustry in Poland is the fact that the forecasts discussed
and presented in Figure 12 were obtained using one econ-
ometric model.

SCENARIOS FOR THE STEEL PRODUCTION IN POLAND

On the basis of various econometric models used to fore-
cast steel production volumes for Poland, the author con-
sidered a moderately optimistic scenario as the baseline,
however, not completely excluding the strongly pessimis-
tic scenario (Figure 12). The results (forecasts) of the mod-
erately optimistic scenario, after rejecting the forecasts
obtained for model 9 (Table 7A) are presented in Table 8.
Averaging the forecast values from Table 8 was consid-
ered as the baseline scenario.

Table 8
Forecasts steel production volumes for Poland
in the moderately optimistic scenario

Model 2022 2023 2024 2025 2026
6A 8.650 8.679 8.698 8.702 |8.704
5A 8.605 8.735 8.746 8.755 |8.756
5B 8.584 8.713 8.724 8.734 |8.735
4A 8.573 8.615 8.630 8.635 |8.637
8B 8.592 8.603 8.618 8.622 8.624
4B 8.541 8.574 8.587 8.592 8.593

average 8.591 8.653 8.667 8.673 |8.675

scenario basic

Forecasts from Model 9 were classified as a strongly opti-
mistic scenario (Table 9). However, a certain limitation
was adopted for this scenario, resulting, for example,
from the current situation in the steel sector in Poland and
the economic situation (high inflation, high energy prices,
reduced production volume in integrated steelworks due
to the shutdown of blast furnaces, shortages of raw ma-
terials, increasing environmental protection costs, etc.). In
this scenario, the forecast for 2022 is strongly
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overestimated compared to the actual steel production,
which was around 8 million tonnes for the whole of 2022.
However, it can be assumed that the high forecast of steel
production in 2022 would be realistic if not for the eco-
nomic problems after the COVID-19 pandemic and the
war in Ukraine. The post-covid crisis is characterized by
high inflation, rising prices of raw materials, energy and
fuels, shortages of raw materials, etc.

Table 9
Forecasts steel production volumes for Poland
in the strongly optimistic scenario

Model 2022 2023 2024 2025 2026

9 9.576 9.705 9.831 9.954 10.076

scenario strongly optimistic *

* during up demand on steel.

The results of the forecasts of the steel production volume
in Poland, broken down into three key scenarios, are pre-
sented in Figure 13. The baseline scenario is a moderately
optimistic scenario obtained on the basis of averaged
forecasts from the models presented in Table 8, the pes-
simistic scenario is obtained from averaged forecasts with
decreasing trends (Table 7B), and the strongly optimistic
scenario are the forecasts from Model 9 (Table 9).
Summing up the research, it was assumed that in a situa-
tion of post-pandemic economic crisis, Polish steelworks
will reduce steel production, if the demand for steel in-
creases and the war in Ukraine ends, production will in-
crease, i.e. a moderately optimistic scenario will become
realistic, in which the total annual steel production will
not exceed however, 9 million tonnes of steel. However,
if the demand for steel increased sharply, e.g. the recon-
struction of the infrastructure after the end of the war in
Ukraine, steel mills in Poland are able to produce up to 10
million tons of steel per year (despite the reduction of
production capacity in Cracow — complete exclusion of the
blast furnace from the process). All three forecast trends
obtained according to the moderately optimistic scenario,
the pessimistic scenario and the strongly optimistic sce-
nario are presented in the last figure (Figure 13).

*8.656 (year 2022)
#8.518 (year 2023)
+8.379 (year 2024)
*8.241 (year 2025)
*8.102 (year 2026)

#9.576 (year 2022)
#9.705 (year 2023)
#9.831 (year 2024)
9,954 (year 2025)
+10.076 (year 2026)

#8.591 (year 2022)
*8,653 (year 2023)
*8.667 (year 2024)
*8.673 (year 2025)
*8.675 (year 2026)

Fig. 13 Scenarios of seel production volumes for Poland
[min tonnes]

DISCUSSION

The global steel sector contributes significantly to eco-
nomic development. With the development of the Indus-
try 4.0 concept, it has been recognised as capable of trans-
forming production processes towards smart manufactur-
ing [71, 72, 73, 74]. The transformation of the steel indus-
try towards smart manufacturing began with a delay, as it

was only half a decade after the initiation of the Industry
4.0 concept [75, 76]. The first investments in steel mills
that could be considered, in line with the idea of Industry
4.0, in scientific publications appeared in scientific data-
bases in 2016. Among the first publications were those
presenting the use of autonomous technologies for prod-
uct quality control during ongoing metallurgical processes
[77, 78, 79, 80]. The full automation of metallurgical pro-
cesses was becoming a necessity, if only because of the
high risk for employees, who had to work at very high
temperatures and come into contact with other risks to
their health and life [81, 82].

Along with automation, IT technologies were entering the
steel mills. Digitalisation was a prerequisite for the intro-
duction of smart solutions in steel mills [73, 83], as well as
in other industries [84]. The digitalisation of the steel sec-
tor in Europe was made possible by EU programmes ded-
icated to the steel industry [85]. By the end of the second
decade of the current century, steel mills had already ini-
tiated changes that were bringing the steel industry closer
to smart steelmaking [86]. On this path to Industry 4.0,
however, energy cost issues arose. When investing in In-
dustry 4.0, steel mills had to invest in technologies to re-
duce energy intensity[87, 88]. Reducing energy intensity
was accompanied by innovations that reduced resource
intensity [89]. The development of Industry 4.0 in the
steel industry required sustainability [90]. The EU pre-
pared dedicated programmes for the steel industry to re-
duce CO2 emissions [85].

Strong and solid environmental laws, in place in EU coun-
tries, have forced steel mills to invest in technologies that
reduce emissions, while at the same time investing in
technologies that build smart manufacturing at different
levels of improvement [91, 92, 93, 94, 95, 96]. Had it not
been for the business constraints caused by the COVID-19
pandemic [8, 9, 10], which disrupted supply chains, steel
mills could have continued to invest in smart manufactur-
ing unhindered but, after the COVID experience, relied on
securing supply chains. Trust built up over years in the
supply chain in a pandemic has not helped companies to
ensure stability of supply [97]. The Industry 5.0 concept
relies on technological support in supply chains [98].
Knowledge transfer in chains and networks must improve
cooperation and coopetition [99], and IT systems must an-
ticipate even the most unexpected situations through in-
sightful analysis of various symptoms of changes in the
companies' environment [98].

After the pandemic, many countries around the world had
stunted economies. In 2021, the war in Ukraine caused EU
countries to have high inflation. Eurostat reported that at
the end of 2022, inflation in the EU (Eurozone) was 9.2%
and in the EU as a whole over 11% [100]. The largest con-
tributor to price increases was energy, which reduced pro-
duction in the steel sector, which is highly energy-inten-
sive [101, 102]. In Poland, almost 50 per cent of steel is
tipped in EAF technology, and the other half in BOF tech-
nology [98]. There is also very high inflation in Poland, in
December 2022 it was 16.6 per cent (year-on-year) GUS
(General Statistical Office in Poland:
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tradingeconomics.com). Employment has an impact on
volume of the steel production (problem of generation
gap) [103] and a value of human capital. The economic
calculus has forced steel mills in Poland to shut down
some of their technology, the capacity of which, it can be
assumed, will not be put into operation soon. The war in
Ukraine has been recognised as creeping, meaning that it
will extend over time and is characterised by irregularity
of actions, contrary to international law [104]. The timing
of the war reinforces the effects of the post-pandemic cri-
sis, which has developed into a global economic crisis. The
pessimistic scenario for the Polish steel sector, which the
author determined on the basis of steel production vol-
ume forecasts, is realistic in the ongoing economic crisis.
Steel mills in Poland should take into account the fore-
casts set out by the author in planning production and re-
freshing their operational strategies.

CONCLUSION

The forecasts of the steel production volume for Poland
are, like all forecasts, subject to error, but they may con-
stitute illustrative knowledge about the situation on the
Polish steel market. The forecasts presented by the au-
thor in Table 4 were made using different models, which
increases their usefulness. Steel companies and industry
organizations can use the compiled forecasts (Table 4) for
production planning (setting steel production strategies),
grouping prepared forecasts according to their own sce-
narios, which decision-makers will set on the basis of the
situation in their enterprises. The author, taking into ac-
count the post-covid crisis, is in favor of a pessimistic sce-
nario with a downward trend in production (blue line in
Figure 13) or under a low-optimistic scenario (green line
in Figure 13). Scenarios are projections of production vol-
ume, taking into account either unfavorable or favorable
situation on the steel market. Today it is difficult to pre-
dict what will happen in 5 years, because the environment
is highly dynamic and even labile. The post-COVID-19
events that slowed economic growth are called the "black
swan". The SARS-CoV-2 virus pandemic has become a
challenge for all countries. As a result of the disruption of
the supply chain and reduced demand, there was a crisis.
This crisis caused the largest drop in demand for steel
since the global financial crisis in 2008. In the context of
the current crisis, governments are changing their current
policies and introducing saving programs, e.g. in terms of
energy consumption. The results of the programs are yet
to be seen. However, if the highly optimistic scenario
(orange line in Figure 13) comes true, the Polish steel in-
dustry has technological potential (production capacity)
that will have to be used to again produce, on average,
well over 9 million tons of steel per year, and even 10 mil-
lion tonnes. Such a situation with the production of over
10 million tons of steel produced annually was in the
Polish steel industry in 2000, 2004, 2006, 2007, 2017,
2018 (World Steel). According to the earlier scenarios and
post-restructuring analyzes prepared by the author, the
Polish steel industry has the conditions and resources
(production capacity) to produce an annual average

production volume of over 9 million tonnes of steel, as a
baseline scenario. In a crisis, steel production always de-
clines. Forecasts made by the author during the COVID-19
pandemic indicated that in 2020, 7.891 million tonnes of
steel would be produced in Poland, and the actual volume
was 7.856 million tonnes, so the author's forecasts were
quite accurate. The author hopes that the forecasts pre-
sented in this publication will also be realistic scenarios.
Of course, forecasting is subject to error. but it is worth
considering several scenarios for the Polish steel industry.
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