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This essay focuses on the analysis of data on industrial electricity consumption, including
the trends in electricity consumption and the impact on the environment ( the common topics
like climate change, gas emissions and so on). As well as providing some useful suggestions
about the future development of electrical industry in Brazil and Korea, after all, the issues
related to environment, especially the ecological problems have aroused heated discussion

all over the world. The utility of renewable energy is definately a wisable option.

In general, I focus on two actual cases: “heavy-machinery data from the Brazilian industrial
sector” and “Steel Industry Energy Consumption in Korea”. For the former one, I analyzed
the evolution of the power consumption of several large machines in food factory of Brazil,
then according to the status of this country, I reckon the application of solar energy is poten-
tial; and as for the latter, I analyzed the trends in the power consumption of the steel industry
and the forecasts for the future. Unlike Brazil, The use of renewable energy in Korea is not as

expansive as that in Brazil. But the construction of wind power stations is a suitable choice.
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1 Introduction

Since the second industrial revolution (taking place around the end of the 19th century to the
beginning of the 20th century, one of the main focuses of this industrial revolution was the
fact that electricity began to replace steam as the main source of energy and power.), elec-
tricity as a new type of energy on the stage of industry, is one of the major achievements in
the history of mankind, electricity is generated by the original primary energy (wind, water,
solar, etc.). After that, it was transferred via distribution connections and substations. Sub-
sequently, it is supplied to industry and the population for consumption. The way electricity

is generated worldwide is shown in the figure below.
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Figure 1: World electricity generation by source (From: Ember Electricity Data Explorer,
ember-climate.org)

From it we can see that the utility of coal was relatively steady before 2014, accounting for
just around 40% of the total source. However, its utilisation has been slowly declining in
recent years. (Coal combustion releases large amounts of harmful substances such as sulfur
oxides, nitrogen oxides and fine particulate matter, while the carbon dioxide released aggra-
vates the greenhouse effect.) Next in the figure is the use of gas, which takes up around
23%. It i1s worth noting that the use of natural gas to generate electricity produces fewer
greenhouse gases than coal, and its use is an important way to alleviate energy shortages and
reduce the proportion of coal-fired electricity. Regarding the new energy, the use of them is

pretty low,just about 5%, but the trend of it has been rising during recent years.



About the consumption of electricity, according to IEA, the consumption of electricity is

as follows:
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Figure 2: Electricity consumption by sector [5]

We can clearly see that the industry is the most important sector. From the above graph we
can see that during the period 1990-2000, the growth rate of industrial electricity consump-
tion was relatively moderate, increasing by only 3,000,000 TJ. In the next 10 years (2000-
2010), the figure for industrial electricity consumption grew to 26,000,000 TJ. Finally, we
can clearly observe that in the decade of the 20th century the number of industrial electricity

consumption increased dramatically, reaching 35,000,000 TJ in 2020.

Firstly, as for the causes of this trend, I think that with the increasing level of industrial-
ization in developing countries, the demand for electricity will inevitably rise due to the
increase in global industrial activity. Some heavy industrial sectors such as iron and steel,
chemicals, pulp and paper, and petrochemicals are large users of industrial electricity. How-
ever, the electricity is the most basis acquirement for all industries. Basically, if there is
any problem with the availability and consumption of electricity, then the development of all
high end technologies will suffer a lot. Production stoppages will result from the inability of
numerous factories and production lines to function. This has an impact on businesses’ pro-
ductivity and profitability, it also has the potential to cause supply chain disruptions, which
would harm customers and other industries that depend on these firms’ output. Secondly,
taking the technology into account, in some advanced industrial areas often involves ad-
vanced power-consuming equipments, such as large-scale CNC machine tools for precision

machining of materials, which can reach hundreds of kilowatt-hours per hour; electric arc



furnaces for steel manufacturing and processing, which can reach 400-600 kilowatt-hours
for a single steel-making process; and semiconductor fabrication equipment for the manu-
facture of integrated circuits and chips, which can even consume hundreds of kilowatt-hours
of electricity per hour. Furthermore, in terms of supply and demand, on the one hand, as
the world’s population continues to grow, so does the demand for commodities, thus boost-
ing industrial production. On the other hand, population growth, which directly brings the
housing problem, leads to accelerated urbanization and the need for society to provide more
infrastructure, such as residential areas, roads and bridges. The construction of these in-
frastructures requires large quantities of industrial products such as cement, steel and other
building materials and resources, the production of which consumes enormous amounts of
electricity. Last but not at least, considering the impact on the environment, more and more
countries are promoting the spread of electric vehicles, and the alignment of electric mobility
with the sustainability targets that have prompted by governments and businesses to invest in
renewable energy sources, such as wind, solar and hydroelectric power. While the develop-
ment and utilization of these energy sources reduces dependence on fossil fuels (including
the coils, natural gas and so on), they still require consuming large amounts of electricity

during manufacturing and installation.

Based on the above, it is important to analyze the industrial electricity consumption. In this
essay, my aim is to focus on the two sets of data I have found and analyze the trends of
these two industrial electricity consumption (The first one is about the electricity consump-
tion data of a Brazilian food company’s equipments. The second one is about the electricity
consumption of a steel company in Korea.). I will also analyze the impact of each on the en-
vironment in terms of carbon footprint, climate change, and other aspects of environmental
issues. At the same time, solutions and recommendations are proposed to address existing
environmental problems. In addition, the utility of new energy is meaningful, the advantage
of which is not only eco-friendly but also lower and lower costs (with the development of
technology). Take photovoltaic power generation as an example. To begin with, compared
to traditional limited energy generation, solar energy is constantly available and humans do
not need to think too much about the cost of energy extraction. Also, the cost of photovoltaic
power generation equipment and its maintenance is relatively low, which has better economy.
Then, the emission of this way is almost near to zero, so in this essay, I will also analyze the

data related to the solar energy generation.



2 Case 1: Industrial Machines Dataset For Electrical Load Dis

aggregation

2.1 Basic information about the data

In this case, I would like to analyze the data from the Brazilian industrial sector. According
to the official statement, the data were gathered at a poultry feed plant. Statistics on heavy
machinery used in Brazil’s industrial sector can be found in this dataset. The poultry feed
plant is located in the state of Minas Gerais, Brazil. Its procedure is much the same as
making poultry ration pellets out of corn or soybeans with additional nutrients added. The
factory operates at maximum capacity throughout the year, resulting in consistent and orderly
utilization patterns. The plant’s hours are from 10 p.m. to 5 p.m. of the following day,
from Monday to Friday (and sometimes on Saturdays if production is below the monthly
objective). The factory closes from 5:00 PM to 10:00 PM due to rising electricity prices.
The time range for this dataset is from 2017-12-11 18:43:52 UTC until 2018-04-01 21:33:17
UTC.[1] With regard to the electricity consumption, I pay attention to the parameters of
the machines: double pole contactor, exhaust fan, and pelletizer, including the active power
and reactive power. I just chose the date 2017-10-30——2017-10-31 as the target period
to observe the trend hourly during the whole day. At first, the database is huge and can
be pinpointed down to the active power per second. To make it easier to analyze, I took
the power data in hours, calculated the average of the hourly power to represent the power

consumed in each hour, and used excel to draw the bar chart.

2.2 Double pole contactor analysis

The double pole contactor is a type of electric switching device used to control the flow of
electricity in a circuit. It is a contactor with two sets of contacts for each pole, for a total of

four contacts. Each pole is made up of a pair of contacts that open or close at the same time.

The operating principle of the contactor is that when the contactor coil is energized, the
magnetic field can be generated by the coil current; the resulting magnetic field causes the
static iron core to generate electromagnetic suction, which attracts the moving iron core and
drives the AC contactor ; also, the contactor in the power system plays the role of “switch”.

The power loss of a bipolar contactor during a working day is shown below.
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Figure 3: Power of Double pole contactor for each hour

The main power consumption type of double pole contactor is reactive power, which is gen-
erally near 2800 volts and maintains uniformity. In contrast, the active power of such a

component is small, sometimes even lower than 500 W.

For the data on reactive power, the reason for the higher value of reactive power is that,
in addition to the inductance of its own coils, there are some non-linear devices, such as
capacitors, diodes, transistors, etc., that can cause nonlinear electrical properties, which may
introduce harmonics and cause reactive power to be generated. Furthermore, the electric arc
can be produced when the switch is opened and closed. Reactive power loss may be associ-

ated with this arc at the switching instant.

In contrast, active power is generated purely by the flow of current through a resistor. Re-
sistance is found not only in the coil of an electromagnet but also in the contacts of a switch

(perhaps a small piece of metal).

2.3 Exhaust fan analysis

Every plant requires exhaust fans as standard equipment, and these large exhaust fans are
typically large and powerful enough to effectively remove pollutants, hot air, and moisture
while also creating a comfortable environment. According to the data I have found, which
describes the date 2017-10-30——2017-11-15 as the target period to observe the trend daily
during this period. The database is huge, so based on the raw data, I calculated the average

active and reactive power of the device per day.
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In this graph, we can see that the active power loss of the fan basically floats in the range of
1000-2500 W and the value of reactive power varies in the range of 500-1000 W (except on
Sundays when the unit was not working, 5.11.2017 and 11.12.2017).

In terms of actual data, this exhaust fan is one of the more energy-consuming devices, and
unlike ordinary household fans (with an active power loss of roughly 15-150 W), this power
level is mostly used in factory environments, such as the food-processing plant in this case,
rather than in ordinary homes. In the poultry feed plant, it is used to remove fumes, heat,
moisture or other gases, to keep the air circulating in the room and to maintain the tempera-

ture, to support a specific industrial process or to maintain indoor air quality as well.

2.4 Pelletizer analysis

The central load in the feed yard is the pelletizer, which grinds large raw materials into small,

granular dry goods that are packaged on an assembly line for easy transportation.

From a functional point of view, the pelletizer, as an electromechanical device, mainly con-
sumes active power to drive the motor to perform work on the mechanism. Data on the

hourly power of the plant’s pelletizer is shown below:
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Figure 5: Average power of pelletizer for each hour

It is pretty obvious that the pelletizer’s power loss far exceeds that of the two previously
mentioned machines. Regarding the trend, even though active power consumption has its
ups and downs throughout the day, it exceeds 70,000 W for the majority of the day. In ad-
dition to this, we can also see that the power consumption is lower at the beginning and end
of the working day. According to my understanding, when switching off the device, a safety
check is required; in addition, in view of the “device warm-up,” a certain warm-up time is
required when switching on the device, which helps to achieve the appropriate operating
temperature. However, during such a period, the active power of pelletizer is low; after all,
all the functions are not working at all. Then moving onto the reactive power, which can
be ignored usually. We can see the uniform consistency of reactive power. Like the active
power, the reactive power consumption of the pelletizer is much higher than that of the “ex-
haust fan” and the “double pole contactor.”. The latter is only a control device. As for the

former, even though it can be considered as an appliance, it is only a type of auxiliary device.
Power Factor

0.8

0.8
07
06
05
04
03
02
01

@ @ 0‘5 QQ c§5 S & P

SRS

$ & PSS PSS g

LA N N S N
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Regarding the power factor, if we analyse the variation with time, we can find that the power
factor can constantly near 0.8, it means most of the power is used in the mechanical output.
Looking at the structure of the Pelletizer, it consists of two main parts: the electric motor
and the control system. In terms of PFC (Power Factor Correction), the plant’s regulation

mechanism is very precise.

About suggestions, in addition to the familiar strategies (timely security checks, timely mon-
itoring of data), I believe that the use of PLC technology can be strengthened, automated
through the technology of programming, with a high degree of real-time to ensure that in
case of emergencies can be responded to in a timely manner. At the same time, this is only
a limited analysis for this one feed manufacturing plant, but the good thing is that by ana-
lyzing the data from this plant, I learned the roles played by the different machines and their

corresponding power consumption.
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3 Case 2: Steel Industry Energy Consumption

3.1 Brief introduction of Steel Industry in Korea

The most commonly used metals in human history are iron and steel, which are valued
for their great strength, excellent mechanical qualities, plentiful supply, affordability, and
suitability for mass manufacturing. These metals are employed extensively in all spheres
of social production and daily life and are essential strategic basic industrial goods. The
manufacture of iron and steel, without them, other industrial products would not exist. The
substantial production of steel marked the beginning of the industrial process in nearly all
industrialized nations. South Korea is a major steel manufacturing country, and according
to 2020 statistics, Korea’s crude steel production reached 67.1 million tons, ranking sixth in
the world. Thus, it is meaningful to explore the electricity consumption in this industry in

Korea.

3.2 Data analysis

I discovered information on a Korean company that manufactures a wide range of coils, steel
plates, and iron sheets. According to the website data collector’s description, the energy
consumption data of the industry is calculated and shown for daily, monthly, and annual
statistics on the website of Korea Electric Power Corporation (pccs.kepco.go.kr). I modeled

this using the raw data I was given (for the full year 2018), and the results are as follows:

Average Usage_kWh
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Figure 7: Average electricity consumption

Depending on the day of the week, I averaged the data, and we can see that the electricity



13

consumption on each weekday fluctuates around 3000-3400 KWh, but on Saturday it is only
around 724.4 KWh, and on Sunday it is even as low as 1528.23 KWh, which I think has to
do with the type of loads (the loads of this steel manufacturer are categorized as maximum,
medium and light), I visualized the data based on how often the load type was used, as shown

below:

Proportion of type of load

18072

9696

2000 7271

6000
4000
2000

0

Light_Load Maximum-load Medium-Load

D

s Light Load = Maximum-load = Medium-Load

Load type

Number of uses for different load types Figure 8

From both charts, we can clearly see that the “light load” accounted for half of the year’s
total load number. There is no specific information on the various loads in the raw data, but
as I understand it, loads such as motorized forklifts, conveyor belts, drum motors, etc. fall
under “Light Load”. The power consumption of each piece of equipment is only about 0.5
KWh per minute.

Cranes, electric drilling machines, electric grinding machines, electric mixers, etc. belong to
“Medium Load”. In the actual production process, these equipments can consume about 1
KWh of electricity per minute on average.

Last but not at least, the “Maximum load” is the most important part for us to consider,
not only for the huge electricity consumption, but also the high maintenance cost. From my
exploration, I understand the large-scale conveying system: such as high-production con-
veyor belts and grab conveyor equipment, whose power consumption per minute can reach
1-3 KWh. Hot and cold rolling lines can consume up to 5 kWh per minute at high loads.
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Figure 9: Electricity consumption of the 2018

In addition, based on the total amount of electricity consumed by the three types during the
year, I made the above statistic (in the raw data the survey was about electricity consump-
tion at fifteen-minute intervals, and I roughly multiplied the data for that minute by 15 to
get the total amount of electricity consumed during that fifteen-minute period). The total
electricity consumption is just 525585 KWh, this demonstrates how small the steel company
is. (For medium to large steel companies, annual electricity consumption can reach millions
of kilowatt-hours or even gigawatt-hours (GWh).) Combined with Figure 9, we can learn
that light load use takes up half of the full year, and similarly, its power consumption takes
up 1/2 of the full year, although the power consumption of this type of equipment is low, the
use of this type of load is, after all, absolutely dominant. As for medium loads, the annual
electricity consumption is only half that of light loads and about 40,000 KWh more than
large loads. In total, these three loads use about the same percentage of electricity as the

number of times they are used.

3.3 Future projections of industrial electricity use

By analyzing the above analysis of Korea’s iron and steel industry, according to the IEA
statistics[5], we can look at the development trend of Korea in industrial electricity con-

sumption.
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Figure 10: Industrial electricity consumption trend of Korea [5]

Just like the industrial electricity consumption trend of the world, that of the Korea has been
increasing constantly. At the same time, industrial electricity consumption far more than
any other sector; however, from 2015 to 2020, Korea’s industrial electricity consumption
increased by only 28 TJ (1TJ = 2.78 * 105KWh) in these five years, in sharp contrast to the
past trend of “increasing about 120,000 TJ every five years.”

With regard to the trend, from what I have learned, as Korea’s economic policy shifted from
import substitution of consumer goods to the development of heavy chemical industries in
the late 1960s, the steel industry became one of the country’s six strategic industries. During
1990s, despite there was the impact of the Asian economic crisis, the Korean government has
made appropriate adjustments to the industrial structure and helped develop industry. Until
now, industry has remained the center of gravity in Korea. Therefore, with the development

of industry, industrial electricity consumption has continued to rise.

3.4 Brief introduction of solar energy

For humans, the sun’s energy is almost limitless. The use of solar energy by directly convert-
ing solar light energy into electrical energy without the need for a thermal process is known
as solar photovoltaic power generation. The majority of solar photovoltaic power generation
relies on photovoltaic cells and is based on the direct conversion of light energy irradiated
onto photovoltaic cells into electrical energy output. When it comes to volume, solar pho-
tovoltaic power generation’s main advantage is its lightweight, simple structure. About the
usage, it’s safe, dependable, and emits no noise or pollution. It can be combined with a bat-
tery system to create a stand-alone power source or it can be connected to the grid. However,
the technical requirements of this industry are relatively high. The photovoltaic manufactur-
ing industry mainly consists of four segments: crystalline silicon purification, silicon ingot
slicing, photovoltaic cells and photovoltaic modules. Crystalline silicon purification from in-

dustrial silicon powder to extract solar-grade crystalline silicon, and then the silicon crystal
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cutting and processing, etching and cleaning, printing electrodes made of photovoltaic cells,
and then the cell package made of the final photovoltaic module. Based on this reality, the

development of photovoltaic power generation in many developing countries is struggling.

Boost
PV array Converter Inverter Filter Load

Voltage& ] Switching signals
current = |

Voltage

Controller

Figure 11: General inverter system for photovoltaic energy conversion[9]

A solar panel, a power converter, a system controller, and a filter make up the universal
inverter system for photovoltaic energy conversion seen in the image. The solar energy con-
version system requires integration of all its parts in order for it to operate correctly. Ensuring
that the power converter and controller deliver a steady voltage to the load is the aim of en-
ergy conversion.[9] Technically speaking, there are numerous difficulties with PV inverter
power supply, including variability, intermittency, and the nature of PV output, voltage reg-
ulation, harmonics, and efficiency. Numerous strategies have been studied to use improved
inverter control systems to lessen the impact of PV disadvantages. The two most crucial
elements needed for inverter control system product development and advanced research are
quality and adaptability.

3.4.1 Solar Energy Northeast Brazil

Regarding electricity consumption data in the PV industry, I investigated the total electricity
consumption of PV inverters in a photovoltaic power plant of Northeast Brazil for the seven
days from October 1 to October 7, 2022, which includes 5 solar systems and came up with

the following visualizations:
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Figure 12: Electricity consumption of all inverters [10]

The sampling interval of the data is 5 minutes, and the sampling time is from 5:00 am to
5:00 pm every day during the seven days. Observing the trend of daily electricity consump-
tion, we can find that the pattern of change is roughly “sinusoidal positive half-cycle”, in
fact, the time when the electricity consumption reaches the peak corresponds to 12 o’clock
in the noon, and the time when the electricity consumption reaches the peak corresponds
to 12 o’clock in the afternoon (at that time of day, the sun’s rays are at their peak). In the
photovoltaic power generation industry, the main role of an inverter is to convert the direct
current (DC) generated by solar panels into alternating current (AC). Looking at the specific
data in the graph above, we can see that the total power consumption of the inverter is only
1,000 W at around 6 o’clock each day, and as the time changes, the power consumption of
the inverter peaks at around 12 o’clock (7,000 W). After this, its total power consumption
drops again as the time changes, reaching a low point (close to OW) at 5 pm (sunset).Overall,
despite the gaps in data recording, there is an overall regularity in the variation of this PV

inverter’s power usage from one day to the next.

Then I just select the data from 1st October, to observe the relationship between temper-

ature and electricity consumption, then I get the following graph:
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The relationship between temperature and power
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Figure 13: The relationship between temperature and power generation on 1st October,2022
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We can see that an inverter will utilize less electricity when the temperature is too high or too
low. This is due to the fact that on the one hand the efficiency of the electronic components
inside the inverter reduces when the temperature is too high. In contrast, the inverter may
protect itself by reducing its workload or temporarily shutting down, which results in a de-
crease in power consumption, in order to prevent damage from overheating. In this scenario,
the resistance of the electronic components increases with temperature, increasing the loss of
energy and lowering overall efficiency. At the same time, from the equipment itself, the high
temperature will lead to its own heat dissipation effect is reduced, affecting the operating ef-
ficiency and lead to a decline in power consumption. At low temperatures, the start-up of the
inverter may become more difficult because the low temperature may affect the performance
of the electronic components (especially capacitors and inductors), resulting in a longer time
for the device to reach its normal operating state, which in turn affects the normal operation
of the inverter. From the point of view of the data obtained, although there are some data
gaps, we can see that the power consumption of the inverter equipment is greatest when the
temperature is between 70 and 90 degrees Celsius, when the performance is better. And I
conducted the following investigation regarding the inverter’s power consumption in propor-

tion to the surrounding temperature:

If the inverters in high ambient temperature, temperature will reduce component perfor-
mance and life, for the inductor, high temperature inductance is easy to saturation, saturation
inductance will be reduced to a small amount, the peak operating current will become very
large, the power components will be damaged by overcurrent; for electrolytic capacitors, am-
bient temperature rises 10 °C, the rate of chemical reaction will be increased by 2-10 times,
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1.e., capacitance operating temperature rises 10 °C, capacitance life is reduced by half, and
capacitance life is often used to calculate the service life of the whole machine. Finally, for
the power module, with the rise in ambient temperature, the power module working chip
junction temperature also continues to rise, so that the module to withstand high thermal
stress, greatly shortening the service life, once the temperature exceeds the limit value of the

junction temperature will lead to thermal breakdown of the module.
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Figure 14: Schematic-diagram-of-H5-SMA-Inverter-43-56 [11]

In addition, the impact of low temperature on the inverter is smaller than that of high temper-
ature, and the components with greater impact are electrolytic capacitors and control chips.
First of all, the ESR (Equivalent Series Resistance) of electrolytic capacitors will increase by
more than 10 times when working at low temperatures. Rated temperature -20 °C or -40 °C
device’s ESR will increase more, such as -40 °C device’s ESR will increase more than 100
times. The lower the temperature, resulting in the slower the electrolyte ion migration, which
would lead the lower the electrolyte conductivity, then the lower the capacitance reduction,
the machine may not be able to start normally; for the control chip, the low temperature on
the semiconductor conductivity, the limit voltage and current and switching characteristics
have a great impact. A chip often contains thousands of transistors and other components,
each small deviation may cause a huge impact on the external characteristics of the cumu-
lative. If the temperature is too low, it often results in the chip not being able to open its
internal semiconductor switches at the rated operating voltage, then leading to the failure to

operate properly.
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3.4.2 Applying photovoltaic power to the steel industry in case 2

First of all, numerically we assume that the peak value of the power generation is 7000
W. According to the formula for the RMS value of the power generation:% ~ 4950.5W,
as mentioned before, the power generation capacity of the above-mentioned PV power in-
verter (referring to the power output during the conversion process of the inverter) is 12
hours per working day, and roughly calculated, the daily power generation capacity can be
obtained as 12%¥4.9505=59.406 KWh, for the whole year, the total electricity generation is
59.406%365=21683.19 KWh. The steel generation company’s power consumption fluctuates

between 33-35KWh per weekday and is lower on weekends.
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4  Discussion about the environmental impact

4.1 Relationship between the electrical industry and the environment in Ko-

rea

Firstly, in terms of the current situation of electricity consumption for steel in Korea, over
the past few decades, the percentage of energy-intensive businesses has increased, and the
Korean power sector has made it a priority to provide these companies with affordable power
supplies. The reliance on traditional energy sources, such as nuclear and coal-fired power
plants, has progressively expanded in order to achieve this agenda while maintaining low
power supply costs. As a result, supply of renewable energy remains challenging and has
not yet achieved grid parity. A vicious loop has resulted from nuclear and coal-fired energy
filling the consequent supply shortfall. As stated in the 2015 Seventh Long-Term Electricity
Supply and Demand Basic Plan, by 2029, 79.7% of electricity will come from nuclear and
coal-fired power plants.[8]

The amount of energy required to create one tonne of carbon steel in a traditional blast
furnace-converter furnace (BF-BOF) process normally ranges between 400 and 800 kilowatt
hours (kWh). Steel consumption has increased since the second industrial revolution. But
when the electric arc furnace (EAF) method is applied, this number rises dramatically and
can reach 450-650 kWh. The environmental impact depends on the type of power gener-
ation, e.g., fossil fuels (the most common type of power generation), hydroelectric power,
nuclear power, and so on. In the case of fossil fuels, coal is the main source of energy in
this sector. Although this type of power generation is relatively low-cost, it produces large
amounts of greenhouse gases and other pollutants, and the production of one kilowatt-hour
(kWh) of electricity requires the consumption of approximately 0.3 to 0.4 kilograms of coal,
the combustion of which is one of the main sources of carbon dioxide (CO2) emissions. On
average, burning 1 kg of coal produces approximately 2.5 kg of CO2. Therefore, the pro-
duction of 1 kWh of electricity may produce about 0.75 to 1 kg of CO2. So, in the steel
industry, significant emission reductions must be achieved by phasing out coal combustion

and increasing the use of renewable electricity and hydrogen[7].

All industries must drastically reduce their carbon emissions if the rise in world tempera-
ture is to be kept to 1.5°C, and the steel sector must rapidly decarbonize. Approximately
2 billion tons of steel are produced annually worldwide, accounting for 7% of greenhouse
gas emissions. By 2050, the world’s steel consumption is expected to rise to almost 2.5 bil-
lion tons annually, primarily due to expansion in emerging economies. The steel industry

must quickly cut its emissions in order to fulfill the 2050 “net-zero emissions target” estab-
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lished by the Paris Agreement, which corresponds with the rise in steel demand.[7] To solve
this problem, a new technology in the field of power generation —- electrolytic deposition
(EWIN) has the potential to eliminate up to 98 per cent of CO2 emissions. Theoretically this
technology can produce iron with a purity of 98% at relatively low temperatures. 5.23 MWh

of electricity is used to produce one ton, but the technology is still in the research phase.[7]

As for power generation, in order to reduce the environmental impacts, Korea also pay more
attention to the nuclear. There are several advantages to nuclear power generation: First of
all, nuclear energy has a high energy density compared to other energy sources, meaning
that more energy can be produced with less nuclear energy; secondly, when it comes to gas
emissions, nuclear power plants virtually emit no carbon dioxide or other greenhouse gases
during operation, nor do they produce any sulfur compounds or nitrogen oxides, which is

good for air quality.
Per capita electricity generation from nuclear, 1965 to 2022
Measured in kilowatt-hours' per person.
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3,000 kWh
2,500 kWh
2,000 kWh
1,500 kWh
1,000 kWh

500 kWh

0 kWh ‘ ‘
1965 1980 1990 2000 2010 2022

Data source: Ember - Yearly Electricity Data (2023) and other sources OurWorldInData.org/energy, | CC BY

1. Watt-hour: A watt-hour is the energy delivered by one watt of power for one hour. Since one watt is equivalent to one Joule per second, a watt-hour is
equivalent to 3600 Joules of energy. Metric prefixes are used for multiples of the unit, usually: - kilowatt-hours (kWh), or a thousand watt-hours. -
Megawatt-hours (MWh), or a million watt-hours. - Gigawatt-hours (GWh), or a billion watt-hours. - Terawatt-hours (TWh), or a trillion watt-hours.

Figure 15: Electricity generations from nuclear in South Korea [13]

From the website “Our World in Data”, I have found the trend about electricity generations
from nuclear in South Korea. From it above, we can see that the nuclear power industry was
essentially “zero” before 1980. However, after that year, it began to grow quickly, surpassing
the 1,500 kWh per person mark in 1995 and reaching 2,500 kwh per person around 2002.

Although this number fluctuated over the following ten or so years, it has grown rapidly
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again in 2018 and up to the present.

In terms of future trends, I think that nuclear power generation will continue to grow, while
conventional power generation will decrease. This is because, according to wnn (world
nuclear news), South Korea plans to increase the share of nuclear and renewable power gen-
eration to more than 30 percent by 2036, while coal power generation will fall to less than
15 %.

4.2 Relationship between the electrical industry and the environment in

Brazil

However, for Brazil’s electricity consumption, the various ratios are shown in the figure:

Electricity consumption from fossil fuels, nuclear and renewables, Brazil, 2022

B Fossil fuels [l Nuclear [l Renewables

Brazil

0% 20% 40% 60% 80% 100%

Data source: Ember - Yearly Electricity Data (2023); Ember - European Electricity Review (2022); Energy Institute - Statistical Review
of World Energy (2023)
OurWorldInData.org/energy | CC BY

Figure 16: Electricity consumption from fossil fuels, nuclear and renewables, Brazil, 2022
[14]

From the chart, we can clearly see that Brazil consumes a staggering 87% of its electricity
from renewable energy sources, only 11% from fossil fuels and a negligible amount from
nuclear. And among these renewable energy, in Brazil, the specific renewable energy sources

used to generate electricity are shown in the following chart:
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Renewable electricity generation, Brazil
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Data source: Energy Institute - Statistical Review of World Energy (2023) OurWorldInData.org/renewable-energy, | CC BY
Note: 'Other renewables' refers to renewable sources including geothermal, biomass, waste, wave and tidal. Traditional biomass is not
included.

Figure 17: Renewable electricity generation, Brazil [15]

As shown in the graph of renewable energy generation in Brazil from 1965 to 2022, we
can see that Hydropower accounts for the majority of renewable energy generation and is
growing year by year: from 25 TWh in 1965 to 450 TWh in 2022. Wind and solar power
generation have only been growing gradually since 2010, with the former reaching 50 TWh
in 2022 from about 5 TWh in 2010, and the latter reaching about 20 TWh in 2022. The
reason for this phenomenon is that Brazil, as the main country through which the Amazon
River flows, has a natural advantage for the development of hydroelectricity, and according
to statistics, there are 428 hydroelectric power plants planned for the Amazon River Basin,
with large hydroelectric power plants including the Belo Monte Dam, the Tocantins River
Basin, the Colider Dam, and so on. Despite Brazil’s relatively late start in solar power tech-
nology, the country’s tropical location has given it plenty of solar radiation, which has led to

rapid growth in this field in recent years.

From the point of view of the impact on the environment, unlike fossil fuel power gener-
ation, hydroelectricity does not produce any direct emissions of pollution and has virtually
no impact on climate change. However, the construction of hydroelectric power plants re-
quires the cutting down of forests. In Brazil, for example, the construction of hydroelectric
power plants in the Amazon River Basin consumes large areas of the Amazon forest and
alters the natural flow of the river, causing significant disruption to the ecosystem. With the
following data, we can visualize the level of consumption of different energy sources in the

electricity sector in South Korea and Brazil.
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Electricity consumption from fossil fuels, nuclear and renewables, 2022
M Fossil fuels [l Nuclear [l Renewables
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Data source: Ember - Yearly Electricity Data (2023); Ember - European Electricity Review (2022); Energy Institute - Statistical Review
of World Energy (2023)
OurWorldInData.org/energy, | CC BY

Figure 18: Electricity consumption from fossil fuels, nuclear and renewables, 2022 [14]

We can see that fossil fuels still dominate the world at 61 percent, followed closely by re-
newable energy use (30 percent) and nuclear energy use at only 9.2 percent. In South Korea,
the trend of fossil fuel use is in line with the world trend, but the use of renewable energy is

only 8.7%, which is behind the world average. In Brazil, however, the share of these three

energy sources in electricity consumption is quite different renewable energy reaches 87

%.

Electricity generation from renewables
Measured in terawatt-hours'. Renewable sources include hydropower, solar, wind, geothermal, bioenergy, wave
and tidal.

South and Central America (El)
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200 TWh

0TWh T T T T T N
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Data source: Ember - Yearly Electricity Data (2023); Ember - European Electricity Review (2022); Energy Institute - Statistical Review
of World Energy (2023)
OurWorldinData.org/energy, | CC BY

1. Watt-hour: A watt-hour is the energy delivered by one watt of power for one hour. Since one watt is equivalent to one Joule per second, a
watt-hour is equivalent to 3600 Joules of energy. Metric prefixes are used for multiples of the unit, usually: - kilowatt-hours (kWh), or a thousand
watt-hours. - Megawatt-hours (MWh), or a million watt-hours. - Gigawatt-hours (GWh), or a billion watt-hours. - Terawatt-hours (TWh), or a trillion
watt-hours.

Figure 19: Electricity generation from renewables in Brazil [14]

When we consider the specific data about Brazil,we can know that in terms of trends, Brazil’s
share of renewable energy generation is on the rise, reaching 600 TWh in 2022, accounting

for 60% of South and Central America’s electricity generation.
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Carbon intensity of electricity, 2000 to 2022
Carbon intensity is measured in grams of carbon dioxide-equivalents' emitted per kilowatt-hour? of electricity
generated.
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Data source: Ember - Yearly Electricity Data (2023); Ember - European Electricity Review (2022); Energy Institute - Statistical Review
of World Energy (2023)

OurWorldinData.org/energy, | CC BY

1. Carbon dioxide equivalents (CO.eq): Carbon dioxide is the most important greenhouse gas, but not the only one. To capture all greenhouse

gas emissions, researchers express them in “carbon dioxide equivalents” (CO,eq). This takes all greenhouse gases into account, not just CO,. To
express all greenhouse gases in carbon dioxide equivalents (CO;eq), each one is weighted by its global warming potential (GWP) value. GWP
measures the amount of warming a gas creates compared to CO;. CO; is given a GWP value of one. If a gas had a GWP of 10 then one kilogram of
that gas would generate ten times the warming effect as one kilogram of CO. Carbon dioxide equivalents are calculated for each gas by multiplying
the mass of emissions of a specific greenhouse gas by its GWP factor. This warming can be stated over different timescales. To calculate CO,eq
over 100 years, we'd multiply each gas by its GWP over a 100-year timescale (GWP100). Total greenhouse gas emissions - measured in COzeq -
are then calculated by summing each gas’ CO.eq value

2. Watt-hour: A watt-hour is the energy delivered by one watt of power for one hour. Since one watt is equivalent to one Joule per second, a
watt-hour is equivalent to 3600 Joules of energy. Metric prefixes are used for multiples of the unit, usually: - kilowatt-hours (kWh), or a thousand
watt-hours. - Megawatt-hours (MWh), or a million watt-hours. - Gigawatt-hours (GWh), or a billion watt-hours. - Terawatt-hours (TWh), or a trillion
watt-hours.

Figure 20: Carbon density of Electricity in Brazil [14]

About the actual data and trend related to the electrical industry and the environment in
Brazil, we can observe that in terms of carbon emissions, the trend from 2014 until 2022 is
a gradual decline, especially from 2021 to 2022, when it drops by 60 gCO2. As previously
mentioned, this is due to the popularity of hydroelectric power plants and the development
of solar power, and it is expected that carbon intensity will continue to decline over the next
few decades as solar and wind power generation matures.
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5 Conclusion

5.1 Brazil and Global scenarios

In recent years, the international community has been paying more and more attention to
the use of energy. In order to protect the ecological environment and cope with a series of
environmental problems such as climate change, countries around the world are gradually
moving towards sustainability in the field of electricity. As mentioned before, Brazil has a
great potential in the field of photovoltaic power generation.In Brazil, the obvious natural ad-
vantage is the tropical sunlight, which is high in duration and intensity. The local government
also emphasizes the importance of solar energy, with an installed capacity of photovoltaic

power as shown in the graph below.

Installed solar energy capacity

Cumulative installed solar capacity, measured in gigawatts (GW).
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Data source: International Renewable Energy Agency (2023) OurWorldInData.org/renewable-energy, | CC BY

Figure 21: Installed solar energy capacity in Brazil [3]

With more than 3,000 hours of sunshine per year, its installed photovoltaic capacity is the
highest in Latin America and the fourth highest in the world. According to the latest data
from Brazil’s energy regulator, the cumulative installed capacity of solar PV in Brazil has
reached 30 GW, far exceeding the Brazilian Energy Research Agency’s (EPE) forecast of
20.4 GW by 2029.

Looking at the trends in the graph above, we can clearly see that in Brazil, the installed
capacity of PV is “Exponential growth”, with each year’s value being almost 1.86 times that
of the previous year, and if this rate continues, we can expect the trend to be as shown in the

graph below until the year 2032:
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Predicted solar PV capacity(GW)
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Figure 22: Prediction of PV capacity in Brazil

However, this is simply an estimate based on data (ignoring technology, cost, etc.), and de-
spite the fact that Brazil does have potential in the field of PV, we should be well aware of

the challenges faced in this area.

To begin with, in terms of natural conditions, solar power is subject to weather and day/night
cycles, and is significantly intermittent. Such intermittency will cause the voltage output
is not stable, for high-voltage equipment inverter, high-voltage power fluctuations will af-
fect the operation of the equipment, therefore, the optimization scheme puts forward high
requirements. In addition, from the standpoint of PV grid integration, grid upgrades to in-
crease carrying capacity and dispatch flexibility might be necessary to access large-scale PV

power generation.

Secondly, Economically speaking, PERC cells (Passivated Emitter and Rear Cell) are the
leading industrial photovoltaic technology, and over the coming ten years, their market share
will keep increasing. PERC cell-based commercial PV modules have 20% efficiency levels.
Future studies will be centered on further narrowing the gap between module efficiency and
research cell efficiency while maintaining low production costs. Even though crystalline sil-
icon solar cells and modules are now manufactured at much lower costs than they were ten
years ago, more cost reductions are desperately needed to enable large-scale grid-connected
power generation from terawatt-scale renewable energy sources. Thus, decreased material
consumption, higher production yields, and cheaper manufacturing tooling costs have been
the main reasons behind PV cost reductions. Further improvements are needed to make man-

ufacturing processes more cost-effective while lowering energy inputs, processing times, and
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the usage of inexpensive materials in the transition to terawatt-scale production. [2]

Regarding the outlook on PV technology, from what I know from my undergraduate studies,
power electronics play an extremely important role in this area, including inverters, microin-
verters, power optimizers, power storage, and other technologies to optimize the quality of
power, improve the flexibility and reliability of PV power generation, and improve the level

of intelligence.

To summarize, whether the exponential growth model shown above can be realized or not
is still subject to a huge test, which mainly depends on the development of technology and
the degree of economic support. At the same time, unlike conventional energy generation,
the supply of solar energy is highly constrained by environmental factors. In addition, an
important limitation is that at night the photovoltaic power will not be supplied due to the
lack of sunshine. My view on this is that for the industrial sector (e.g. food factories, steel
companies as [ mentioned before) the PV model can be used to solve the problem of pow-
ering the equipment (due to the fact that it doesn’t work at night); on the other hand, for
powering the home this approach is not desirable (e.g. during the daytime people have to go

to work, and the home doesn’t have a high demand for power during the day).
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Figure 23: Solar PV power generation in the Net Zero Scenario, 2015-2030 [6]

If we look at the whole world, the above is an estimate of PV power generation, accord-
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ing to the IEA, by 2030, the total amount of global PV power generation could reach 8,255
TWh (equivalent to 29,718,000 TJ), and according to the electricity consumption data of the
“Industry” in Figure 2, we roughly expect this figure to reach 45,000,000 TJ in 2030. We
could meanwhile assume that in 2030, if all this PV power is used in the industrial sector,

that would solve about 2/3 of the industrial electricity supply.

5.2 Korea and Global scenarios

Through the research and study of the electricity consumption of the steel company in Korea
mentioned before, we also know that Korea has a great demand for electric energy in the in-
dustrial field. Like Brazil, the South Korean government is focusing on the development of
photovoltaic power generation, but given Korea’s high population density, the establishment
of a large number of power plants on land will inevitably lead to a series of land use issues.

So, I reckon the country’s potential for wind power is even greater.

South Korea’s geographic location in the southern part of the Korean Peninsula gives the
country abundant and stable wind resources along the coast.But in fact, according to Fig-
ure 18, the utilization of renewable energy for power generation in Korea is only 8.7%. In
addition to this, Korea relies heavily on imports of fossil fuels due to its limited fossil fuel
resources, which adds to the country’s economic burden.

Per capita electricity generation from wind

Measured in kilowatt-hours® per person.

World
250 kWh

200 kWh
150 kWh
100 kWh
South Korea

50 kWh

0 kWh

1965 1970 1980 1990 2000 2010 2022

Data source: Ember - Yearly Electricity Data (2023) and other sources OurWorldInData.org/energy, | CC BY

1. Watt-hour: A watt-hour is the energy delivered by one watt of power for one hour. Since one watt is equivalent to one Joule per second, a
watt-hour is equivalent to 3600 Joules of energy. Metric prefixes are used for multiples of the unit, usually: - kilowatt-hours (kWh), or a thousand
watt-hours. - Megawatt-hours (MWh), or a million watt-hours. - Gigawatt-hours (GWh), or a billion watt-hours. - Terawatt-hours (TWh), or a trillion
watt-hours.

Figure 24: Electricity generation from wind power per person [4]

From the graph, we can see that Korea started relatively late in the wind power industry
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(with significant growth starting in 2004). According to the IEA, South Korea’s industrial
electricity consumption will reach 992,312 TJ by 2021, far exceeding Brazil’s 787,475 TJ,
and there is a huge difference between the two countries in terms of land area and natural
resources. Therefore, I believe that wind power is the best choice for Korea based on the

current situation.

In technical terms, the process of transforming wind energy into electrical energy is the
foundation of wind power installation theory. The design of the wind turbine and the trans-
formation of the wind’s kinetic energy into mechanical energy and then electrical energy are

two important parts and processes in this process.

Installed wind energy capacity
Cumulative installed wind energy capacity including both onshore and offshore wind sources, measured in
gigawatts (GW).
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Figure 25: Wind energy capacity [12]

With regard to technical optimization, on the one hand, wind turbines are a top priority. The
ability to capture wind energy has been improved by improving the materials used for their
blades and fuselages; on the other hand, in recent years, various wind power systems have
been developed, such as SCIG-based wind power systems, DFIG-based wind power systems,
etc. Technological advances in this field have also been an important factor in the continued

growth of installed capacity worldwide, as shown in the figure above.
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