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Abstract

The article aims to identify the development of the prices of steel, copper, silver and
gold used in the circular economy. The monitored period is 2009-2023. For clarity,
the monthly price development on world stock exchanges is used. The time horizon
2009-2023 is divided into three described periods. The economic crisis of 2009-2010,
the COVID-19 pandemic in 2020-2021 and the Russian invasion of Ukraine in 2022-
2023. The average price and mean for each metal in the observed period are always
used for better clarity. During this time, the price of copper, gold and silver rose, while
the price of steel tended to fall. Gold and silver rise because they are seen as a haven
for investment, so their price rises in times of uncertainty. Furthermore, there is an
increase in the demand for electronics, which increases the price of copper even
during crisis periods. Adverse effects on the economy mainly cause a drop in the price
of steel, as its consumption has mostly stayed the same in recent years. The prices of
selected metals are essential because they influence the prices of goods, and we can
also observe the current development of the world economy on them.

Keywords: Economic crisis, COVID-19 pandemic, Russia-Ukraine conflict, price
developments, metal commodities

Introduction

The development of the price of metals is significant for the circular economy because metals
are easily recycled (Horak, Machova & Krulicky, 2019). At the same time, they are essential,
especially in the production of electronics and the construction industry. We will monitor the
development of steel, copper, gold and silver prices. The prices of these commodities depend
on the prices on the stock exchange (Machova, Krulicky & Horak, 2020).
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Among the most commonly used metals is steel. This metal is a typical long-term
successful illustration of the circular economy (Horak, Pavlova, 2022). Recycling has been
a part of steel production since the beginning of its production. The price depends on
scrap and the "new" steel itself. At the same time, due to constant high demand, there are
frequent price increases (Fischer, 2021).

Another frequently used metal is copper. It is used to manufacture pipes and electronics.
Because copper is easy to process, it was used in ancient times and recycled here for the
first time (Barto$, Vochozka & Sanderova, 2022). The price of copper is essential for
producers' plans and for its forecast; for example, a three-factor stochastic model is used,
which uses the forecasts of the Bloomberg agency, as well as the COMEX and LME exchanges
(Cifuentes et al., 2020).

The most frequently mentioned metals are gold and silver. These raw materials were
previously used mainly for producing jewellery, coins and various decorative items.
Currently, however, they have found another use: electronics production. They are easy to
process, and their recycling has been common since the beginning of their processing times
(Horak, Dusek, 2022). However, compared to copper and steel, the development of their
prices is also influenced by the fact that gold and silver are considered investment metals
(Sadorsky, 2021). During various crises in the market, there is an increased demand for
these metals and a subsequent increase in the price. Therefore, in their predictions, the
manufacturer must consider difficult-to-predict price fluctuations in the market (Baur,
Beckmann & Czudaj, 2020). Apergis, Apergis (2019) used an empirical analysis that uses
the ARDL model and combined cointegration to estimate the price of silver. The goal of
combining these methods is to express the relationship between the production of solar
panels and the price of silver.

An effort to find the best method to predict the three most essential metals in the market
- gold, silver and copper - appeared in 2017 by Kristjanpoller, Hernandez (2017). ANN-
GARCH model with regressors was the best model for forecasting the price return
volatility of these significant metals. Due to the heteroskedasticity of the financial series,
the loss function HMSE (Heteroskedasticity-adjusted Mean Squared Error) is used, and
the Confidence Set model is used to test the superiority of the models.

Nowadays, when all sectors of the economy are heavily influenced by the circumstances that
have happened or are still happening, it is appropriate to determine to what extent these
circumstances affect the metal markets. Looking back not too far, we can see the economic
crisis and uncertainty related to the COVID-19 pandemic (Rydell, Sulet, 2021). We have been
dealing with the Russian-Ukrainian conflict for over a year, affecting us all, not only beyond
the borders. It is a question of how these events affect metal prices and their development. To
this day, understanding the impact of an infectious disease pandemic on stock market
volatility is of great concern to investors and policymakers (Bai et al., 2021), especially after
the recent experience each of us, which persists in certain parts of the world. Research from
2020 in Vietnam shows significant changes, especially in the financial sector and stock
markets, which showed opposite values than expected (Anh, Gan, 2020). After the outbreak
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of war in Ukraine, companies and countries had to adapt their activities to the consequences
of this conflict strongly (Matasova, Vochozka & Rowland, 2022). It shows that the European
financial system is still fragile to external shocks, which can be seen in the result of research
showing that after the outbreak of the war in Ukraine, the value of the euro was devalued in
correlation with the exchange rate to the ruble (Aliu Haskova & Bajra, 2023).

The thesis aims to identify the development of the prices of steel, copper, silver and gold
used in the circular economy. The monitored period will be 2009-2023. To achieve this
goal, the following research questions are defined:

RQ1: How did the economic crisis in 2009 affect metal prices?
RQ2: How did the COVID-19 pandemic affect the development of metal prices?
RQ3: How did the Russian invasion of Ukraine affect the price of metals?

Metal commodities are used as investments in industry and other sectors. An example can
be steel, which is mainly used in the engineering industry, for the production of car bodies,
but also in the construction industry, where it is primarily used as reinforcement for
concrete structures. The largest producers and consumers of steel are located in China.
Therefore, the development of steel prices is highly dependent on prices in this country. Ma
(2021) used the analysis of iron ore prices, carbon emission allowances, and shipping to
predict the price. Specifically, they analyzed price spillovers, dependency structure and
spillover risk between iron ore, steel scrap and carbon dioxide emission allowances. The
authors' results show that since China's policy to reduce excess capacities in steel
production, Chinese prices are mainly subject to iron ore prices. To forecast steel prices in
the Czech Republic, Zapletal, Chytilova (2016) used a method that can also be used in other
EU member countries. Here, companies are under the influence of carbon trading, which
can be an advantage on the one hand, but rather a threat on the other. The method focuses
on assessing the effectiveness of steel companies' emissions management and examines the
influence of two critical factors of this process. These are emission prices and banking
options (transfer of unused allowances to the following period). According to Saniuk,
Saniuk (2018), Industry 4.0 technology, which is attracting more and more attention
worldwide, can also be used to determine the global price of steel in the future. These new
technologies are intended to increase efficiency and performance. Also, this method
identifies the main benefits and threats resulting from introducing the Industry 4.0 concept.
Much research is emerging in the framework of reuse in steel production. Lupu et al. (2021)
comment on how the current legislation requires the search for solutions for converting
wastes stored or generated during current production flows into by-products that can be
used in industry. It also represents the possibility of increasing the capacity of small and
powdered iron wastes generated in the steel industry by converting them into by-products
in agglomerate. Similarly, Budiul & Berghian (2021) research investigated the use of iron
sludge generated in the steel industry in the context of a circular economy.

Copper is also widely used in industry to produce electronics or pipes. Also, in the case of
copper, China is the largest exporter; we assume that international copper price shocks
affect China's producer price index (PPI). When testing this method, Wen, Zhao & Hu (2019)
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used a time-varying parametric structural vector autoregression model with stochastic
volatility to analyze the impact of a copper price shock, which is divided into a supply shock,
an aggregate demand shock, and a specific copper demand shock. The results show that the
impact of international shocks on China's PPI is time-varying. Price shocks significantly
affect PPI in the short and medium term, and the aggregate demand shock is the most
pronounced. Another interesting method of determining the price of copper was used by
Ardente, Beylot & Zampor (2023) when they addressed the degree of damage to sources of
this metal. The authors used this method for conditions in the EU. He states that 90% of the
loss in value is due to poor final disposal of tailings, not to mention the environmental
impact. A system that tries to effectively and accurately predict the development of the
copper price was developed by Liu et al. (2017). They used a machine learning algorithm
based on a decision tree. This method can accurately and reliably predict copper prices in
both the short-term (days) and long-term (years), with an average absolute percentage
error of less than 4%. Furthermore, the method is assumption-free, robust, and not
susceptible to human bias. This method is quickly and effectively used to forecast the prices
of other metals and other commodities. Even Khoshalan et al. (2021) recognize that metal
price is one of the most critical and influential parameters in assessing various projects such
as industry and mining. In this regard, price changes can play a vital role in the correct
decision-making by managers on the development or limitation of mining activities.
Khoshalan etal. (2021) used gene expression programming (GEP), artificial neural network
(ANN), adaptive neuro-fuzzy inference system (ANFIS) and ANFIS-ACO (ant colony
optimization algorithm) to predict copper price. In this study, the ANN model was selected
as the best model for predicting copper prices, but overall, all the mentioned methods were
acceptable. The development of the price of copper from 1959 to 2022 was addressed by
Vochozka et al. (2021). They focused on the forecast of development in 2022 and analyzed
the impact of the COVID-19 pandemic on this commodity. Citing increasing demand after
the outbreak of the pandemic and reporting an accelerated trend, daily historical closing
prices of copper from the COMEX commodity exchange were analyzed into a time series,
which was then processed by artificial intelligence using neural networks. Vochozka et al.
(2021) propose, taking into account the limits of the work, its improvement - an effective
combination of traditional methods with advanced artificial intelligence techniques.

Other metals important for the circular economy include silver, which is used in producing
photovoltaic panels but is also considered an important investment metal (Brabenec et al,,
2020). An interesting method for determining the price of silver was proposed by
Phitthayanon, Rungreunganun (2019). This method is interesting because it examines price
developments for small jewellery manufacturing businesses in Thailand. This method relies
on historical price data since small companies cannot access relevant oil prices and other
economic data. This model can provide an RMSE (root mean square deviation) prediction of
0.00765, comparable to other methods. The advantage of this prediction is mainly in the
simplicity of the model, and a large amount of data is unnecessary. Another approach to
determining the price of silver was using a mathematical method devised by Korotkov,
Korotkova (2017). The approach aims to detect latent periodicity in the presence of deletions
or insertions in the analyzed data if the omissions or insertions' sites are unknown. The
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developed method uses dynamic programming and random matrices. It can also be used to
determine the price of silver and gold, company shares or stock market indices.

Similar to silver, gold is used not only for production but also for investment. The price of
gold is very susceptible to crises in the world. Baur (2013) also found that gold is subject to
the so-called "underground effect". This effect lies in statistics that show that in September
and November, the price of gold achieves positive and statistically significant changes every
year. Baur (2013) explains this anomaly by investors' hedging demand in anticipation of
the "Halloween effect” in the stock market, demand for gold jewellery during the wedding
season in India, and negative investor sentiment due to the shorter summer time. Bentes
Gubareva, Teplova (2022) also confirmed the existence of the autumn effect. During the
COVID-19 pandemic, this autumn effect's disappearance and subsequent reverse behaviour
were noted (November 2020). On the contrary, the unusual behaviour of gold volatility and
seasonal effects were not identified. The results also confirm the positive asymmetric
impact of gold fluctuations. Baur, Beckmann & Czudaj (2020) tried to evaluate whether the
price of gold is overvalued or undervalued. So, they analyzed gold prices concerning
commodity prices, consumer prices, stock prices, dividends and bond yields. The authors
prove that when there is an increase in market confidence, the relative price decreases,
while in the case of increasing distrust, the relative price increases. Immanuvel, Lazar
(2020) sought to determine how the arrival of information in the market affects gold prices.
They analyzed information spillovers and leverage transferred from countries that are the
largest consumers of gold. A multivariate exponential generalized autoregressive
conditional heteroskedasticity model was used here. Research has shown that price
movements are significantly influenced by information from India and the US. Immanuvel,
Lazar (2022) also conducted another follow-up research showing that although India is the
largest gold market in the world, it takes prices from other world exchanges, such as the
London Stock Exchange. The authors suggested that Indian gold bullion producers take
initiatives that would enable India to become a global gold price maker.

Methods and Data

The development of stock exchange prices will be used, from which the prices of contracts
concluded outside the stock exchange also depend. The data will be drawn from the website
tradingeconomics.com, which publishes the development of price indices. First, the time
series of data from 2009 to 2010, when the economic crisis affected the price of commodities,
will be described. Next, data from 2020 to 2021, when the COVID-19 pandemic hit the world,
will be examined. The next examined period will be 2022 to 2023 when the Russian invasion
of Ukraine began. To compare the price development in these periods, formulas will be used
to calculate the average price (formula number 1), which is given in Chinese yuan per ton for
steel, dollars per pound for copper, and dollars per ounce for silver and gold.
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Furthermore, the formula for calculating the mean (formula number 2) will be used here,
which is not distorted by extreme values compared to the average and better expresses the
mean value during the monitored period. Prices will again be quoted for steel in Chinese
yuan per ton, copper in dollars per pound, and silver and gold again in dollars per ounce.

ME(X) = X(N+1)/2 )

Therefore, the primary method used for the research will be the analysis of the time series
of the development of the prices of steel, copper, silver and gold. Price indexes from the
already described years and events that impacted the development of these indexes will be
used. These events are the economic crisis from 2009 to 2010, the COVID-19 pandemic from
2020 to 2021 and the war in Ukraine, which directly followed the pandemic from 2022 to
2023. Using Excel, tables and graphs will be created to describe the findings as results.
Monthly data will be used for each metal in the given periods. It will be interesting to see
how quickly the market reacts to information shocks and how much the price of the
monitored metals will rise or fall. Thus, the comparison method will be used to monitor the
differences and fluctuations in the time series of individual tracked metal commodities.

Results

The data comes from tradingeconomics.com, which records price developments in stock
markets. Graph 1 shows the prices in individual months so that we can easily observe the
effect of prices. Each chart shows data from 2009 to 2010 when the economic crisis affected
the markets. Next, data from 2020 to 2021, when the COVID-19 pandemic took place, and
data from 2022 to 2023, when the Russian invasion of Ukraine affected the markets.

Graph 1: Steel price development
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First, we describe the data from 2009 to 2010, which includes prices in 22 months. At the
beginning of this period, it can be seen from the development of the curve that there was
an optimistic mood in the markets between the 4th and 5th months, but this mood did not
lastlong, and steel prices returned to prices around 3600 yuan per ton. A more permanent
increase in steel prices occurred until the end of the economic crisis in 2010. Here, steel
prices reached values of 5000 yuan per ton. The average price during this period was
4088.64 yuan per ton, and the mean was $3992.5 per ton of steel.

The following data will be from 2020 to 2021; the graph shows prices for 22 months. It is
interesting here that since the steel demand has decreased due to the pandemic, at the
same time, steel mills have been closing, especially in China, which is the largest producer,
and the price of steel has stabilised at around 3,700 yuan per ton. At the beginning of 2021,
the price rose to a value of 5,500 yuan per ton, but due to the re-closure of large cities in
China, there was a drop again to a value of around 4,000 yuan per ton. Average steel prices
during this period were $4341.81 per ton, and the mean was $4192 per ton.

The following data is from 2022 to 2023; data from 13 months was used here. The data
from 2022 shows that steel prices were relatively stable. They were around 5,000 yuan
per ton. This relative stabilisation was also due to the impact of COVID-19, as the
widespread closures in China were lifted, which caused the economy's relaunch. However,
towards the end of 2022 and the beginning of 2023, the uncertainty in the markets caused
by the Russian invasion took full effect, and steel prices fell to values of 3500 yuan per
dollar. The observed prices during this period averaged 4,345 yuan per ton, and the mean
value was 4,504 yuan per ton of steel. See Graph No. 2.

Graph 2: Cooper price development
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First, we will describe the data from 2009 to 2010. During this period, we are monitoring
data for 22 months. What is interesting about these data is that although the economic
crisis affected the markets, the price of copper more than doubled during this period,
namely from a value of 1.84 dollars per pound to a value of almost 4.5 dollars per pound.
The average price during this period was $3.03 per pound, and the mean was $3.1 per
pound of copper.

The following monitored data is from 2020 to 2021; we are tracking the price
development in 24 months. During this, despite the COVID-19 pandemic, the price of this
metal rose again. This growth was mainly due to increased demand for electronics. Since
copper is one of the essential production metals in electronics, there has been an increase
in the market for this metal. The already mentioned COVID-19 closures in China also
impacted the price increase because China, like steel, is the largest copper processor in
the world. The average price during this period was $3.53 per pound, and the mean was
also $3.53 per pound of copper.

Next, we monitor the data from 2022 to 2023 (see Graph No. 3), and the graph's curve
expresses the price development in 12 months. Here, the price of copper fell from $4.75
per pound to $3.38 per pound. This decline was caused by the uncertainty in the markets
caused by the war in Ukraine. However, it was not the only factor. Furthermore, there was
a decrease in the demand for electronics, and, as I already mentioned, this also harmed
the demand for copper. The average price of copper during this period was $3.95 per
pound, and the mean was $3.78 per pound of copper.

Graph 3: Silver price development
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Again, we will first describe the data from 2009 to 2010, the time horizon of the monitored
period is 22 months. This data shows that silver is often used as an investment metal in times
of crisis. As a result of the economic crisis, there was a steady increase in the price of silver.
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And that from values around 13 dollars per ounce to 30 dollars per ounce. The average price
during this period was $17.82 per ounce, and the mean was $16.73 per ounce of silver.

Next, data from 2020 to 2021 are described, data for 24 months is used here. The price
development in this period was very turbulent. Due to market uncertainty caused by COVID-
19, the price dropped from $17.96 per ounce to $13.97 per ounce at the beginning of this
period. However, silver's safe-haven nature became apparent after that, and values rose to
$28 per ounce. Towards the end of this period, at the end of 2021, the markets gradually
calmed down, and the price of silver stabilized at around $22 per ounce. The average price
during this period was $22.81 per ounce, and the mean was $23.74 per ounce of silver.

Between 2022 and 2023, the price of silver fluctuated again, for better clarity, the data for
16 months are shown here. This swing occurred between 2022 and 2023. This dip
occurred due to the uncertainty caused by the invasion of Ukraine, and at the same time,
there was a decrease in the demand for electronics. Since silver is an essential metal in
electronics production, this factor again harmed the price of silver. However, at the
beginning of 2023, uncertainty prevailed in the markets again, and prices were renewed
up to values of $25 per ounce. The average price during this period was $22.05 per ounce,
and the mean was $22.24 per ounce of silver. Graph 4 closely follows the development of
the gold price for the given periods.

Graph 4: Gold price development
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Again, we will first start with the development of the data in the period 2009 to 2010, the
presented development shows the prices for 23 months. Here again, as with silver,
confidence in gold was shown. Again, this metal is therefore considered a safe harbour in
times of crisis. We can see the price rise here throughout this period. Prices here ranged
from $943.98 per ounce to $1,419.9 per ounce. The average price during this period was
$1118.62 per ounce, and the mean was $1112.6 per ounce of gold.
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The next period described is again from 2020 to 2021, and the curve of the graph shows
the prices in 23 months of this period. Here again, due to the market crisis and the
pandemic, the price of gold rose. The initial price in this period was $1,584 per ounce, and
at the end of this period, the price was $1,828 per ounce of gold. However, there was no
permanent price increase as in the previous monitored period. During 2021, the
uncertainty in the markets was higher, and gold prices jumped to 2000 dollars per ounce.
Prices fell to $1,828 an ounce due to the positive sentiment in the markets caused by the
end of the pandemic. The average price during this period was $1,792.37 per ounce, and
the mean was $1,782.5 per ounce.

The last monitored period is 2022 to 2023, for better clarity, the development in 16
months is shown here again. Interestingly, at the beginning of this period, the price of gold
reached almost 2000 dollars per ounce due to the Russian invasion of Ukraine. However,
as with silver, gold is an essential metal in the production of electronics, and again due to
the decline in demand for electronics, the price of gold has fallen at the end of 2022 to
$1,633 per ounce. But then uncertainty prevailed on the markets again, and the price rose
to values of $2,000 per ounce. The average price during this period was $1,831.16 per
ounce, and the mean was $1,826.4 per ounce of gold.

Discussion
RQ1: How did the economic crisis of 2009 affect metal prices?

During the economic crisis, the price of steel fell to 3,600 yuan per ton due to reduced
demand and market uncertainty. Prices could overcome these problems only with the end
of the economic crisis in 2010 when prices reached 5000 yuan per ton of steel. However,
the prices of copper, silver and gold developed differently. Interestingly, there was a
steady growth in these metals between 2009 and 2010. For gold and silver, this growth
was due to these metals being taken as safe havens in times of crisis. In this period, the
price of gold went from 950 dollars per ounce to 1400 dollars per ounce. The price of
silver climbed from $19 an ounce to over $30 an ounce. However, the price of copper has
more than doubled due to increased demand for this metal. The price here went from
$1.84 to $4.4 per pound. The same results were obtained by Fortescue (2013) in his work
that examined the evolution of the price of steel.

RQ2: How has the COVID-19 pandemic affected the development of metal prices?

In this period from 2020 to 2021, during the COVID-19 pandemic, there was growth in all
the listed metals. For steel, this was mainly due to the COVID-19 closures in China, which
is its largest producer. Prices here went from 3,400 yuan per ton to 5,800 yuan per ton.
Copper has grown due to increased demand for electronics and the COVID-19 mentioned
above lockdowns in China. Due to these factors, the price rose from $2.50 to $4.50 per
pound. The prices of silver and gold rose due to the already mentioned understanding of
these metals as a safe harbour for investments, but the increased demand for electronics
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also supported the growth of their prices. Silver went from $17 per ounce to $23 per
ounce, and gold went from $1,580 to $1,828 per ounce. Ahmed, Sarkodie (2021) also
reached the same values when they examined the development of stock market prices for
steel, copper, gold and silver during the COVID-19 pandemic.

RQ3: How did the Russian invasion of Ukraine affect the price of metals?

From 2022 to 2023, a Russian invasion of Ukraine caused uncertainty in world markets.
The price of steel and copper fell during this period. However, this drop was caused by the
already mentioned prevailing uncertainty and reduced demand for these metals. Steel
prices fell from 4,549 yuan to 4,000 yuan per ton, and copper prices fell from $4.3 per
pound to $3.8 per pound of copper. In the case of gold and silver, their prices rose again
due to the prevailing uncertainty in the markets. Gold's price rose from $1,798 per ounce
to $2,000 per ounce, and silver's price went from $22.45 per ounce to $25.47 per ounce.
Gajdzik, Wolniak & Grebski (2022) also achieved the same results when they investigated
steel price development in Poland.

Conclusion

The work aimed to identify the development of the prices of steel, copper, silver and gold
used in the circular economy. The monitored period was 2009-2023.

The goal was accomplished. The results chapter always described the price development
of steel, copper, silver and gold during the period of the economic crisis in 2009-2010,
then the period of the COVID-19 pandemic in 2020-2021 was described, and the last
monitored period was from 2022-2023 when the Russian invasion of Ukraine was
underway. Data from monthly price developments on world stock exchanges were used
in each of these periods. The monitored metal's average price and mean were always
listed for better clarity. The resulting data then showed that even though there was an
increase in uncertainty in the markets in the monitored periods, the price of copper, silver
and gold increased, but the price of steel decreased. For copper, this growth was driven
by increased demand for the metal. The rise in the price of gold and silver was mainly
because gold and silver are considered safe havens for investment. However, there was a
decrease in demand for steel, and this caused a drop in its price.

Work limits represent a time limit and, simultaneously, the effect of other influences on
prices than those already mentioned. The problem with the time limit is mainly with the
Russian invasion of Ukraine. Since there have been no peace negotiations and no end to
the conflict, we cannot describe its future effect on the prices of these metals. Other
influences on metal prices include the prices of emission allowances in Europe and
subsidies to support steel production in China. Even in view of the limits of the work, in
the following article, we would like to focus on the influence of the price of emission
allowances and subsidies on the development of metal prices.
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