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Dolzarbligi: sanoat korxonalarida energiya iste’molini avtomatlashtirish va raqamlashtirish nafagat energiya
samaradorligini oshirish, balki resurslarni tejash, texnologik jarayonni monitoring qilishga xizmat qiladi.
Xususan, bugungi kunda texnologiyalar va yuklamalarni boshqarishda intelektual tizimlardan foydalanish
energiya sarfini monitoring qilish, iste’molni tahlil qilish hamda uning turli bosqichlarida avtomatik ravishda
boshqarish imkonini yaratib, ishlab chiqarish jarayonlarini yanada samarali, ishonchli va optimal amalga
oshirishda muhim ahamiyat kasb etadi. Shu bilan birga, raqamlashtirish va avtomatlashtirish orqali energiya
resurslaridan to‘g‘ri foydalanish, ularni to‘g‘ri tagsimlash va barqaror rivojlanish imkonini beradi.

Magsad: ushbu tadgiqotning magqgsadi texnologik jarayonlar va yuklamalarni boshqarishda intellektual va
avtomatlashtirilgan tizimlarni ishlab chiqish va ulardan qo‘llashdan olinadigan samaralar muhokama qilingan.
Shu bilan birgalikda misni boyitish fabrikasi misolida, yuklamalarni boshqarish masalasi tahlil gilinadi va real
vaqt rejimida energiya iste’molini kuzatish hamda boshqarish uchun aqlli texnologiyalar integratsiya qilish
masalalari ko‘rib chiqgiladi.

Usullari: ma’lumotlarni yig‘ish va tahlil qilish, energiyani monitoring qilish usullari, statistik va matematik
tahlil, modellashtirish va simulyatsiya, eksperimental tadqiqotlar, tahliliy sharh va tavsiyalar ishlab chiqish.
Natijalar: Olmaliq kon-metallurgiya kombinati (OKMK) misni boyitish fabrikasida energiya iste'molining
umumiy tuzilmasi o'rganilib, ishlab chiqarish texnologik jarayonida eng ko‘p elektr energiyasi sarflanadigan
texnologik bo‘limlar aniqlangan. Tahlil natijalariga ko‘ra, mis va molibden boyitish jarayonining siljish bo‘limida
energiya iste’moli eng yuqori bo‘lib, umumiy iste'molning 87,48% ini tashkil etdi. Energiya samaradorligini
oshirish magsadida, mavjud raqamli monitoring va nazorat tizimlarini optimallashtirish, texnologik jarayonlar va
yuklamalarni boshqarish bo‘yicha takliflar ishlab chiqildi.

Kalit so‘zlari: ragamli avtomatlashtirish, energiya iste'molini boshqarish, sanoat jarayonlari, energiya
samaradorligi, energiya balansini monitoring qilish, elektr energiyasi tahlili, mis va molibden boyitish, texnologik
jarayon optimallashtirish, avtomatlashtirilgan boshqaruv tizimlari, ekologik samaradorlik.
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AKTyaJIbHOCTB: aBTOMATH3alMsid M IM(PPOBU3ALMUS DHEPTONOTPEOICHNST MPOMBIIUICHHBIMU HPEIIPHATHIMU
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MOHHUTOPUTH TEXHOJIOTUYCCKUE IIPOLICCCHI. B YaCTHOCTH, HCIOJIb30BAHHUEC HWHTCIUICKTYAJIbHBIX CHUCTEM JCIACT
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BO3MOJXKHBIM YIIPaBIEHHE TEXHOJIOTMYECKHMH PEKHMaMH M JJIEKTPHYECKUMH Harpy3KaMH Ha Pa3iIHIHBIX
NIPOM3BOJICTBEHHBIX OJTamax. JTo crocobcTByeT Oonee d(Q(hEeKTHBHOMY, HAIEKHOMY H OINTHMAJIbHOMY
BBIMIOJTHEHUIO TTPOM3BOJICTBEHHBIX MpolieccoB. Kpome Toro, mu¢ppoBu3anus ¥ aBTOMaTH3aIMs 00ECIevnBaloT
MPaBUIIBHOE HCIIOJIb30BaHKE n pacnpezeneHue 9HEPTETHYECKHX pecypcos, HOBBILICHHE
KOHKYPEHTOCTIOCOOHOCTH IPOU3BOJUMOM MPOIyKIMH Ha BHYTPEHHEM U BHEIIHEM PBIHKAX.

Henb: 1enb DaHHOTO HCCICAOBAHHUS 3aKIIOYAECTCs B pa3pabOTKe MHTEIUICKTYAIbHBIX M aBTOMATH3HPOBAHHBIX
CHCTEM YIpPaBJICHHs] TEXHOJIOTMYECKHMMH MPOIECCaMH M Harpy3KaMH, OLIEHKE B PEXKHUME PEealbHOTO BPEMEHH HMX
s¢dexTrBHOCTH Ha MpuMepe (adpHKH 10 00OTAICHUIO MEIH, a TAKXKe pa3paboTka PEeKOMEHIAIHH.

MeToabl: aHATUTHYECKUIT 0030p M aHaIM3 MMEIOIIUXCSA B JIMTEPAaType IaHHBIX, NMPUMEHEHHE COBPEMEHHBIX
METOJIOB MOHUTOPHHTA SHEPTHH, CTATUCTHYECKOTO I MAaTeMaTHIECKOTO aHaJIM3a, MOAEINPOBAHUS M CUMYJIALH, a
TaKKe SKCIIEPUMEHTAIbHBIC HCCIIeJOBaHNUSL.

PesyabraTtel: Ha MeneoboraTutenbHON (abpuke AJMAaNbIKCKOTO TOPHO-METaUIyprH4ecKoro KoMOuHaTa
(AT'MK) n3yudeHna oOmiasi CTpyKTypa SHEpronoTpeOsieHus, BHIIBICHBI TEXHOJIOTHYECKUE OTAEB ¢ HAUOONBIINM
HOTpeOJICHUEM DJIEKTPOIHEPTUM B IIPOU3BOACTBEHHOM Ipouecce. Haubousblee sHEpronoTpedieHue ObLIo
3a()IKCUPOBAaHO B OTHENEHHH (IOTALMHM MEIN M MOJMOJeHa, rie oHo coctaBmio 87,48% ot obmero obovema
ANEKTPONOTPeOIeHNs. B 11esX moBbieHus: SHepro3hHeKTHBHOCTH NPEIoKeHa ONTHMU3ALMS CYIIECTBYIOMINX
cucTeM IM(GPOBOr0O MOHHTOPHUHIAa M KOHTPOJS, a Takke pa3pabOTaHbl PEKOMEHIAUMH 110 YHPABICHUIO
TEXHOJOTHYECKUMH MPOLIECCAMU U HArpy3KaMH.

KnroueBbie cioBa: 1mdpoBH3amus, YHpaBiICHHE SHEPronoTpeOieHneM, MPOMBINUICHHBIE —IIPOIECCHI,
9Hepro3((PeKTUBHOCTb, MOHHUTOPHHI JHEPreTHYECKOro OajaHca, aHaJM3 IMOTPEOJCHHUs OJIEKTPOIHEPIUH,
oboramieHue Meau ¥ MOJUO/ICHA, ONTUMU3ALMS TEXHOIOIHYECKUX MPOLECCOB, aBTOMATH3UPOBAHHBIC CHCTEMBI
YIpaBIeHHs, 3KOJIOTHYECKast 3P PEKTUBHOCTD.
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Relevance: automating and digitizing energy consumption in industrial enterprises not only improves energy
efficiency but also aids in resource conservation and monitoring of technological processes. Specifically, using
intelligent systems in technology and load management enables real-time monitoring of energy consumption,
analyzing consumption patterns, and automatically managing consumption at various stages. This significantly
enhances the efficiency, reliability, and optimization of production processes. Additionally, digitalization and
automation facilitate the correct utilization and distribution of energy resources, supporting sustainable develop-
ment.

Aim: The goal of this study is to develop intelligent and automated systems for managing technological process-
es and loads, as well as to discuss the benefits of their application. Additionally, using the example of a copper
enrichment plant, the study examines load management and the integration of smart technologies to monitor and
control energy consumption in real-time.

Methods: data collection and analysis, energy monitoring methods, statistical and mathematical analysis, model-
ing and simulation, experimental research, analytical review, and development of recommendations.

Results: at the copper enrichment plant of the Almalyk Mining and Metallurgical Complex (AMMC), the overall
structure of energy consumption was analyzed, identifying the technological departments with the highest elec-
tricity consumption in the production process. Analysis results showed that the flotation department for copper
and molybdenum had the highest energy consumption, accounting for 87.48% of total consumption. To improve
energy efficiency, suggestions were made to optimize existing digital monitoring and control systems, as well as
recommendations for managing technological processes and loads.

Key words: digital automation, energy consumption management, industrial processes, energy efficiency, energy
balance monitoring, electricity consumption analysis, copper and molybdenum beneficiation, process optimiza-
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tion, automated control systems, ecological efficiency.

1. Introduction

The global industrial sector has been experiencing significant advancements in automation and
digitalization, driven by the need for enhanced efficiency, cost savings, and sustainable energy man-
agement. Industrial enterprises, particularly those with energy-intensive processes, are under increas-
ing pressure to optimize their energy consumption. As industries continue to expand, so does their
demand for energy, which has resulted in higher operational costs and an increased environmental
impact. These challenges emphasize the need for advanced systems that can monitor, control, and
optimize energy usage at various stages of production. In Uzbekistan, the Almalyk Mining and Metal-
lurgical Complex (AMMC) plays a pivotal role in the production of copper, molybdenum, and other
valuable metals. The energy-intensive processes involved in mineral beneficiation, especially in the
copper and molybdenum production stages, require efficient energy management strategies to ensure
both economic feasibility and environmental sustainability [1,2]. Addressing these needs, the integra-
tion of digital and automated systems for energy management can support the AMMC in achieving
greater operational efficiency and minimizing resource waste.

This research paper aims to explore the application of digital automation and intelligent systems in
managing energy loads and technological processes within the AMMC. By analyzing existing energy
consumption patterns and identifying optimization opportunities, this study seeks to develop actiona-
ble insights for improving energy efficiency [3,4]. Through real-time monitoring and automated con-
trol, the research aims to contribute to a sustainable industrial model that supports resource conserva-
tion and cost-effective operations. The findings of this study have implications for energy-intensive
industries globally, highlighting pathways to leverage digitalization and automation for a more sus-
tainable future in industrial energy management.

2. Methods and materials

This study employs a combination of quantitative and qualitative research methods to analyze,
monitor, and optimize energy consumption in the Almalyk Mining and Metallurgical Complex
(AMMC). The methods applied in this research include data collection and analysis, energy monitor-
ing, statistical and mathematical analysis, modeling and simulation, experimental testing, and the de-
velopment of practical recommendations. To understand current energy consumption patterns, data
was collected from AMMC’s existing records, focusing on energy usage in the copper and molyb-
denum beneficiation processes. Key metrics such as electricity, natural gas, and steam consumption
were compiled and analyzed to identify high-consumption areas and evaluate energy use efficiency
across different production stages [5,6,7].

Advanced energy monitoring systems were employed to track real-time energy consumption in
critical production areas. Automated sensors and monitoring devices were installed in high-
consumption sections to continuously measure energy usage and detect inefficiencies. This provided a
comprehensive dataset on energy patterns, enabling precise monitoring and control. The collected data
was further analyzed using statistical and mathematical models to identify patterns and correlations in
energy consumption. By applying methods such as regression analysis and trend forecasting, key vari-
ables affecting energy efficiency were identified, highlighting specific process stages with the highest
energy demand and areas where improvements were most needed [8].

Digital modeling and simulation were used to create a virtual representation of AMMC’s energy
systems, allowing for the testing of various energy optimization scenarios without disrupting actual
production. Simulation software was used to model the effects of energy-saving measures on produc-
tion efficiency, enabling the team to predict potential outcomes and select the most effective strate-
gies. Based on modeling results, selected energy optimization techniques were experimentally imple-
mented in high-consumption areas to measure their impact on energy usage [9]. Following data analy-
sis and experimental testing, an analytical review was conducted to develop recommendations, includ-
ing intelligent control systems for energy distribution, optimized load management, and strategies for
continuous monitoring.

3. Results and Disscussion

In selecting the research object, we analyzed the production facilities of the Almalyk Mining and
Metallurgical Complex (AMMC), specifically focusing on their production technology and the status
of automated energy consumption accounting systems installed within these facilities. AMMC is a
large industrial enterprise in Uzbekistan specializing in the production of non-ferrous and ferrous met-

183

Version 3 2024 PROBLEMS OF ENERGY AND SOURCES SAVING https://energy.i-edu.uz/index.php/journal/index




Version 3 2024 PROBLEMS OF ENERGY AND SOURCES SAVING

als. Established in 1957, AMMC is one of the world’s largest enterprises for processing copper, zinc,
lead, and other metals. Today, the plant holds a leading position in the global market for copper and
zinc production, exporting its products to Europe, Asia, Africa, and Latin America. The majority of
the plant’s output consists of copper products. In the first half of 2023 alone, the plant exported
30,012 tons of copper, 17,549 tons of zinc, and 446 tons of molybdenum, amounting to a total export
value of $361.954 million (Figure 1) [10].

The technological process at AMMC involves the consumption of electricity, natural gas, thermal
energy (in the form of steam), and water. Table 2.1 presents the distribution of energy consumption by
resource type in 2022, with the majority of energy consumed in the production of copper and molyb-
denum products.

Table 1. Energy Consumption by Type at AMMC in 2022

Ne Energy Types %
1 Electricity 44

2 Natural Gas 28

3 Thermal Energy 17

4 Other 11

In the production stages of copper and mo-
lybdenum products, the copper beneficiation
stage represents the highest energy-consuming
segment. Therefore, the research focuses on
AMMC's second copper beneficiation plant 37%
(referred to as CBF-2). Within the plant's ener- 62%
gy consumption balance, electricity usage is
significantly higher than that of other energy
resources, thus making it the primary focus of
this study. CBF-2 is one of Uzbekistan’s larg-
est facilities for producing copper and molyb-
denum concentrates. Its primary activity cen-
ters around the processing of copper-
molybdenum ores extracted from the "Kal-
makyr" and "Sary-Cheku" mines, as well as
the production of a collective copper- Fig.l. Share of AMMC’s Annual Exports by
molybdenum concentrate [10]. CBF-2 has im-  Product Type
plemented several energy management initia-
tives, including measures to reduce the consumption of freshwater by utilizing recycled water from
waste processing.

The electricity supply to CBF-2 is provided by the “TPS” joint-stock company, which includes
both the “Yangi-Angren” and “Syrdarya” power stations. External electrical supply to the plant is
sourced from two system substations, "Almalyk" and "Kora-Qiya-Soy," with voltage levels of
220/110 kV. Through specific feeder connections (7, 10, 16, and 18) from the "Kora-Qiya-Soy" sub-
station, the plant receives electricity at 6 kV via cable lines. The supply is further distributed across
fourteen 6-kV substations, three distribution substations, and four transformer substations (Figure 2).
For production needs, hot water is provided by the Almalyk district heating system, while steam for
technological processes is sourced from Almalyk’s Industrial Energy Facility. The technological pro-
cess in CBF-2 involves the beneficiation of raw materials (slag) supplied from the Kalmakyr and
Sary-Cheku mines and AMMC’s other production plants. This involves flotation-based beneficiation
to produce copper and molybdenum concentrates.

Historically, copper and molybdenum concentrate production employed both gravitational and flo-
tation methods. However, since January 2004, all gravitational equipment and apparatus chains have
been removed from the plant’s process scheme, making flotation technology the sole method for ore
processing [11]. This shift towards a fully flotation-based system was undertaken to increase process
efficiency and align with modern industry standards, which prioritize flotation as a more efficient and
controlled method of mineral beneficiation. In summary, CBF-2's technological and operational setup
for producing copper and molybdenum concentrates has evolved to incorporate more sustainable and
efficient methods. The reliance on automated monitoring and control systems, along with optimized
resource use (such as recycled water), underlines AMMC’s commitment to energy efficiency and re-
source management. The study of CBF-2’s energy consumption, particularly focusing on its high elec-
tricity demand, aims to provide valuable insights into further optimizing energy use, reducing costs,
and enhancing sustainability in mineral processing operations.

1%

Copper products Zine products B Molybdenum products
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Fig. 2. Single-line electrical supply diagram of CBF-2

Copper Beneficiation Technological Process at CBF-2. Initially, copper-molybdenum ore with a
thickness of 1200 mm is received and crushed in three crushing units. Only at the third stage of crush-
ing is slag added to the process. In the subsequent stage, the crushed ore is further refined in the crush-
ing and flotation section, where twelve processing units grind the ore down to a particle size of 0.038-
0.020 mm. The beneficiation process is then completed using flotation across six flotation units,
where the material undergoes further enrichment through the flotation method.

I AcocHii TeXHOJIOTHK :KapaéH yayH  86.46%
1 | Makxanam: 9.50%
1.1 | Ad-1 5.76%
1.2\ vaHu 0.83%
1.3 | IOK-2 2.91%
2 | CuiaKiaam: 87.48%
2.1 | OMnd 66.88%
22 |\VIHU 8.57%
2.3 | IOK-2 24.55%
3 | Pearent 0y1amMu 0.15%
4 ©CIN 1.96%
5 | Moanbaen apaThin 0.91%
11 Epuamtm TeXHOJIOTHK ;KapaéH yuyH 13.54%
1 | MexaHnka 0.20%
2 | TexHHK YHKHHIARIAD 85.51%
3 | DHepromex 2.31%
4 | bomKka 3XTHERIAP YIVH 3.66%
4.1 | Epurmm 25.00%
4.2 | BenTnisanua 33.33%
4.3 | bomkamap 41.67%
5§ | TamyBun KypmaMaaap 8.10%
5.1 | A0-1 8.60%
5.2 | TOK-2 26.18%
5.3 | Hrd 49.13%
54 |OCX 16.09%
6 EpuaM'{u XYKATHK HCTebMOJLIAPH 0.22%
6.1 | Omxona 44.44%
6.2 | bom 6uxo 55.56%

&

Acocuit sHepus

UCTEBMOTH

iE'.p,u,anu IHepus
HMCTeBMOJIHU

Fig. 3. Electricity Consumption Balance of the Main Technological Structures of CBF-2 (note: the
result is gotten from interface of the software. Acocuii TexHONMOrHK *)apaéH yuyH — For main techno-
logical process, Acocuii sHeprus uctebMonu — Main energy consumption, EpgamMunm TexHOMOTHK
xapaén yayn — For auxiliary technological process, Epnavun sneprus ucresmonu , Auxiliary energy
consumption, Jlerenna — Legend, Mubnenym — Molybdenum, Crnaneunu apanamriupum — Slime mix-
ing, Epnamun kaiita wmmam — Auxiliary processing, Pynanu kaiita mimam — Crude ore processing,
Cummknam — Grinding. Abbreviations represent workshop names)
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The technological structure and electricity balance of CBF-2 have been designed to ensure effi-
cient monitoring and distribution of electricity across its operations. In CBF-2, electricity consump-
tion is monitored across 11 technological structures, with the distribution of electricity shown in Fig-
ure 3. This copper beneficiation plant has an annual processing capacity of 38 million tons of ore, with
an average yearly electricity consumption of approximately 950 MWh. According to the electricity
balance presented in Figure 3, the largest portion of electricity consumption is dedicated to the main
technological process, particularly in the grinding section [12,13,14]. This section accounts for
87.48% of the total electricity usage, equivalent to 718 MWh, highlighting its energy-intensive nature.
The high demand for electricity in the grinding process is due to the need for substantial mechanical
power to achieve the desired particle sizes in ore processing, which is crucial for efficient downstream
flotation and concentration of copper and molybdenum. This detailed energy monitoring and alloca-
tion framework within CBF-2 underscores the importance of targeted energy management strategies,
especially in high-consumption areas like grinding. By understanding specific electricity demands
within each process stage, the plant can explore opportunities to optimize energy usage, reduce costs,
and minimize its environmental footprint. This focus on energy efficiency aligns with broader indus-
try trends toward sustainable resource management and the integration of smart energy solutions with-
in high-demand industrial settings.

4. Conclusion

This study highlights the critical role of digitalization and automation in optimizing energy man-
agement within energy-intensive industrial processes. Focusing on the copper beneficiation operations
at the Almalyk Mining and Metallurgical Complex (AMMC), we analyzed energy consumption pat-
terns, identified key areas with the highest energy demands, and proposed strategies to improve ener-
gy efficiency. The findings indicate that a substantial portion of electricity consumption is concentrat-
ed in the grinding stage, accounting for over 87% of the total electricity usage for the main technolog-
ical processes. This presents a significant opportunity for targeted energy optimization efforts. By
implementing intelligent systems for real-time monitoring and control, AMMC can enhance the preci-
sion and efficiency of its energy distribution. The study's insights emphasize that adopting automated,
digital energy management systems can lead to considerable operational cost savings, reduced envi-
ronmental impact, and sustainable resource use. The successful application of these strategies in
AMMC demonstrates their potential applicability across similar industrial settings. In conclusion, the
integration of smart energy management solutions in industrial operations not only promotes econom-
ic efficiency but also supports environmental sustainability. Future work could explore the application
of advanced predictive analytics and machine learning algorithms to further enhance energy optimiza-
tion in real time. This study reinforces the value of intelligent systems as essential tools for achieving
sustainable industrial development in energy-intensive sectors.
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