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Abstract

The following paper reviews and suggests changes and innovations needed to introduce
an Energy Management System (referred to as EMS) for sugar production. EMS is a
frame of IT tools and processes that are aimed to analyze, monitor, control and optimize
the usage of energy in a factory, office or a facility. The study assesses current energy
practices in sugar production, proposing solutions that enhance efficiency and reduce
energy waste. Through detailed analysis and real-world examples, this paper
demonstrates how adopting an EMS can lead to significant energy savings and
contribute to sustainable sugar production.
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Introduction

The main ideas behind EMS is to use hardware, software and operational strategies to
analyze energy usage, control energy resources and use the gathered data to spot
opportunities to decrease energy consumption and increase efficiency[1]. Introducing
an EMS can bring benefits in economic, social and legislative scale. Firstly, analytical
tools of EMS can assist in energy efficiency. The tools are necessary to decrease the
energy waste and spot areas where energy consumption can be lowered, as a result
directly influencing the cost of final goods. EMS provides data insights on peak
demand and assists to manage schedules of production to minimize cost. Operational
cost can be lowered as a result of suggestions based on data analysis tools, this in
particular is in favor of energy intensive industries. On the other hand, one of the main
topics to consider is Sustainability goals. Sugar production creates emissions and
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consumes large amounts of energy, thus sustainability should be a priority for such
productions. EMS is necessary to help to reduce the carbon footprint by using energy
sources more efficiently. Last, but not least EMS can be a requirement from the
government, in order to comply with regulations productions will need to establish
EMS. As a result, introducing an EMS is a necessity for all production.

While introducing EMS for a sugar-producing company | will refer to my professional
experience of working in sugar production in “Angren Shakar” company. I had a
chance to work in a sugar factory in Uzbekistan, particularly in implementing
technological advancements in machinery. During my work in the factory, | was able
to closely observe and participate in machine installation to increase the effectiveness
of the sugar packaging process. I worked with a specialist from a “Statec Binder” [2]
company based in Austria. This collaboration provided valuable insight into the
technological and logistic innovations in the field.

Methodology

This study uses a two-pronged methodology: a comprehensive literature review and
the development of an adapted implementation strategy for an EMS in sugar
production. The literature review focuses on existing research in energy management
systems, sugar production process, and technological innovations in the field. Main
production stages, such as extraction, purification, and crystallization, are examined to
spot high energy consumption processes.

Based on this review, the implementation strategy was developed by analyzing the
most energy-consuming steps in sugar production and evaluating the potential benefits
of adopting EMS tools. The study, as well, focuses on the technological equipment
used in sugar production and evaluates the potential benefits after adopting EMS tools.

It is essential to review the entire sugar production process, starting with the cultivation
of sugar beets and cane. There are two products that are cultivated to extract sugar,
these are beets and cane [3]. Main proportion of sugar, approximately 85%, is produced
from sugar cane. Sugar cane is produced in tropical countries (Figure 1), making Brazil
the biggest exporter of sugar in the world.

Once harvested, the cane undergoes washing and cleaning to prepare the raw material
for production. The next step is purification, adding lime and carbon dioxide [4] to
clean the sugar syrup from particles that could still exist. The next step is evaporation,
as the solution still has more water than sugar. The process is done in vacuum
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conditions. After this step is done, the sugar concentration in the extract is about 70%.
This means that there is a watery mass with sugar crystals.

To get dry pure sugar the centrifuges are used. As centrifuges rotate all the
mois(molasses) is extracted from sugar crystals, leaving nearly pure sugar as we are
used to seeing every day. The last step is cooling and packing sugar into special bags.

Figure 1- Map of Sugarcane and Sugar Beets growing regions
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The case of CMS Window Systems serves as a strong example of successfully
implementing an Energy Management System (EMS) in production[5]. CMS Window
Systems is a leading manufacturer and installer of aluminum, PVVCu, and timber hybrid
windows, doors, and curtain walling. The EMS implementation followed several key
steps, starting with the design of mechanisms for waste management. This not only
reduced resource usage but also lowered the overall production costs. Additionally, the
system improved the efficiency of equipment, minimizing material waste, energy
consumption, and manpower requirements. Furthermore, the company optimized
logistics and transportation, which significantly reduced fuel consumption. As a result
of implementing the EMS, CMS Window Systems saved 9.2 tonnes of CO2 emissions
in 2015.

After reviewing the entire production process, it becomes clear that data collection is
crucial for optimizing resource usage and improving energy efficiency. To achieve this,
sensors must be installed at key stages where resources like electricity, gas, steam, and
water are consumed. For example, fuel consumption meters and heat production
sensors should be installed on the boilers that are used to heat the syrup, allowing for
the tracking of both fuel usage and thermal energy output. Similarly, electricity meters
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should be placed on centrifuges, which consume significant energy during the
separation of sugar crystals from molasses, to monitor their performance and identify
inefficiencies. Additionally, evaporation units require both electricity and steam meters
to measure energy consumption and thermal efficiency during the concentration
process. Crystallization machines, another energy-intensive stage, will benefit from
electricity meters to ensure optimal energy usage. The data gathered from these meters
can then be used for real-time monitoring and analysis, providing insights into resource
consumption and enabling targeted improvements. Moreover, this system will support
predictive maintenance by generating alerts based on actual equipment performance,
reducing downtime and enhancing overall efficiency. Alongside hardware installation,
It is necessary to consider software updates to EMS.

The first step of introducing an IT landscape would be the introduction of an industrial
network. An industrial network is necessary to connect production mechanisms and
energy monitoring equipment. The network will be used to control and gather data
throughout all the equipment in the production. The main advantages of the industrial
network include connectivity and operability of all systems to support the adaptation
of innovative systems and assist the expansion of program change, allowing secure
flow of data through the system and allowing to presentation of an operable database,
decreasing the amount of time to transport and analyze the data and allows to make
timely changes and solutions, allow to diversify type of data such as images and video
material from the sites [6]. A single command unit of control will increase the
effectiveness of the production. To complete these changes it is needed for a production
to establish its wireless or industrial ethernet connection to have a complex and secure
system. Ethernet connection will unite sensors, meters, and SCADA systems. The main
reason behind choosing industrial ethernet is that this technology allows us to have a
more secure and reliable connection. As a result, usage of this network will increase
production scale, decrease the time of system changes, and improve the overall
profitability of the production. One of the advantages of the Ethernet is that it allows
communication with machines over huge distances in a matter of milliseconds, as a
result increasing automation of the process without any human assistance needed.
Ethernet allows to increase in the durability of machines as this system can be used to
make diagnoses of the equipment. Usage of such a system will allow the operator to
get up-to-date data about the equipment in seconds. It is believed that Ethernet is the
best fit for industries with their harsh conditions.

After the software landscape is structured and implemented, lastly it is necessary to
establish data servers. In order to effectively manage and store the data from meters,
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equipment and sensors a centralized database supported by a private server is essential.
This setup should be designed with readiness to future change, including additional
sensors or expanded EMS functionalities as production increases. The centralized
database will gather performance data of each machine, providing a comprehensive
and real-time view of the entire production process. The access to this data can improve
the quality of work and efficiency of management, maintenance, and finance.
Supporting each decision of departments with crucial data analytics. Moreover, by
integrating this system with Enterprise Resource Planning will improve the
coordination between business operators and production.

To ensure data security, private servers should be combined with encryption protocols
and secure ethernet connectivity to prevent unauthorized access. In addition, regular
data backups and redundancy measures are necessary to avoid data loss during system
downtime. The centralized system will also facilitate automated data processing,
generating reports that are customizable for different stakeholders. By enabling real-
time monitoring and providing automated alerts when performance thresholds are
exceeded, the system will allow for proactive decision-making and swift responses to
inefficiencies. The only step that will finalize the implementation of EMS would be
data visualization and data presentation.

The final aspect to consider is data presentation, which is crucial for management and
stakeholders. A key recommendation is to implement real-time dashboards displaying
energy generation and consumption data. These dashboards provide immediate
insights, enabling quick decision-making. Various IT tools and programming libraries,
such as the Pandas library in Python, can be used to facilitate data visualization.
Additionally, monthly reports with detailed breakdowns per production unit should be
generated, allowing for a comparative analysis that makes performance changes
measurable. Key Performance Indicators (KPIs) could focus on energy consumption
per ton of sugar produced, providing a clear metric for evaluating efficiency
Improvements. These data presentation methods are considered the most transparent
and effective within corporate environments [7].

Conclusion

Implementing an EMS in the sugar production process will bring significant
improvements in resource efficiency, operational effectiveness, and overall
sustainability. By installing sensors and meters at key stages of production such as on
boilers, centrifuges, evaporation units, and crystallization machines, real-time data on
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energy consumption and resource usage can be gathered. This data, when managed
through a centralized database and integrated with IT solutions like SCADA and ERP
systems, will not only enhance production efficiency but also provide actionable
insights for reducing energy consumption, lowering costs, and minimizing waste.

In addition, the EMS will offer crusial tools for management by delivering real-time
dashboards, detailed reports, and key performance indicators (KPIs) that allow for
measurable improvements. The ability to monitor resource use and equipment
performance will facilitate predictive maintenance, reducing downtime and ensuring
consistent productivity.

Overall, the introduction of an EMS in sugar production is a forward-thinking step that
positions the company for long-term competitiveness, enhanced operational efficiency,
and reduced environmental impact. It paves the way for future adaptability and
integration of new technologies as production processes improve and change.
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PE3IOME

BHEJAPEHUE CUCTEMbI DHEPI'ETUYECKOI'O MEHE/IZKMEHTA HA
CAXAPHOM ITPOU3BOACTBE: CTPATEI'MSI BHEAPEHUSA

b. MaxmynoB
KazaxcTaHCKO-HEMEUKU YHUBEPCUTET
Anmatel, Kazaxcran

B nannoit pabote paccMaTpuBaeTcsi BHEAPEHUE CUCTEMBI SHEPTETUUYECKOTO
MeHemxkmenTa (COM) B mpoiiecc Mpou3BOJICTBA caxapa, B YaCTHOCTH B
MIPOM3BOJICTBO caxapa U3 caXxapHOro TPOCTHUKA. B paboTe onmuchIBaloTCs BayKHEHIIINE
ATanbl IPOU3BOACTBA caxapa U MOJUYEPKUBAETCS HEOOXOUMOCTh COOpa JaHHBIX [
ONTHMU3ALIMU UCIIOJIb30BAaHUS PECYPCOB U MOBBIIIEHUS 3HEPro3dpexTuBHOCTU. B
paboTe MoAUYEpKUBAETCS POJIb JATYUKOB U CYETYMKOB B MOHUTOPUHIE OCHOBHBIX
HOTpeOIIAEMBIX PECYPCOB — AIEKTPOIHEPTHUH, T'a3a, 1apa U BOAbI Ha Pa3IMYHbIX
sTanax NpOU3BOACTBA, BKJIIOUAsl HarpeB, pa3/iejicHUE, BHIIApUBAHNUE U
KPUCTAJUIU3ALHIO.

Kpowme toro, B paboTe 00CykaatoTcsi HEOOXOAUMbIE MHBECTULIMU B allllapaTHOE U
porpaMMHOE 0OecTieueHe, BKITI0Yas IEHTPATU30BaHHbIe 0a3bl JaHHBIX U MEPHI
KrOepOe30nacHOCTH, sl 00ecreyeHus Ha/IeKHOTO YIPABJICHHs TaHHbIMU. B padote
nponaranaupyorcs 3¢ HeKTUBHBIC METOBI TPEICTABICHUS TaHHBIX, TAKHE KaK
MH(GOPMAIMOHHBIE TIAHEIN B PEKUME PEATHHOTO BPEMEHH U €KEMECSIUHBIE OTUETHI,
1T 00JIerYeHus MPUHATHS 000CHOBAHHBIX PEIICHUI PYKOBOJICTBOM U
3aMHTEPECOBAHHBIMH CTOPOHAMH.

Ha mpumepe komnannu CMS Window Systems B cTaThe MOKa3aHbI OLy THMbIC
npeumyiecTa BHenpenuss COM, Takue Kak COKpaiieHue moTpeOIeHus: peCypcoB U
noBbIeHrue 3 (HEKTUBHOCTH padOTHI, YTO B UTOTE MPUBEIIO K 3HAYUTEIHHOMY
cokpatiennto BbiopocoB COx.

B nenom, nannas pabota ciyXKUT BCEOOBEMITIONIUM PYKOBOJICTBOM JIJIS
3aMHTEPECOBAHHBIX CTOPOH B CaXapHOW MPOMBIIIJIEHHOCTH, IEMOHCTPUPYS, KaK
COM moxeT crnoco0CTBOBATh YCTOMYMBOCTH U KOHKYPEHTOCIIOCOOHOCTH B MUPE,
KOTOPBIM CTAHOBUTCS BCE 00JIee IHEPTro3aBUCHUMBIM.

TYWUIHJIEME

KAHT OHJIIPICTHJIE SHEPTUSI MEHEKMEHTI )KYWECIH EHTI3Y:
ICKE ACBIPY CTPATEI'UACHI

b. MaxmyioB
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Kazak-Hemic yHuBepcureTi
Anmatsl, Kazakcran

Byn s)kyMbIC KaHT ©HIIpy MPOIIECIHE, aTal alTKaH a KAHT KaMBICBIHAH KaHT
eHJIIpyie dHeprusiHbl 6ackapy xyhecin (b)) enrizyni kapacteipansl. by kyxat
KaHT OHIpiCiHIeT1 MaHBI3IbI KaJlaMaap bl CUTIATTAl bl dKOHE PECypPCTapIbI
naiananyabl OHTaWJIaHIBIPY JKOHE SHEPTUs TUIMIUTITIH apTThIPY YILIIH JIepeKTep i
KUHAY KOKETTUTITH KepceTe . JKyMbIcTa JaTYMKTEp MEH €CeNTETIITEeP IIH HEeT13r1
KIpiCTEP/Il - AJEKTP KyaThlH, Ta3/lbl, 0y MEH CYJIbl — OHJIIPICTIH OpTYpJI
KE3eH/IepIH/Ie, COHBIH 1IIIHE KbI3ABIPY, 00y, OyJIaHy KOHE KpPUCTaIIaHy bl
OakplIayaarbl PeJil epeKIle KOPCETIITeH.

Conpaii-ak, Makaiaaa CeHIM/I1 JepeKTep/Il Oackapy/ibl KaMTaMachl3 €Ty YIIiH
OpTaJbIKTaHABIPBUIFAH IEPEKKOpIIap MEH KMOEpKAYINCI3AIK MapajapblH KOca
aNFaH/a, almnapaTThIK KoHE OaFaapiiaMaliblKk KaMTaMachl3 €TYTe KaKeTTi
WHBECTHIHSUIAP TANKbUIAHAGI. JKYMBIC HAKTHI YaKBITTaFbl OAKbUIAy TaKTaJIAPhl KOHE
all CallbIHFbI €CEeNTep CUAKTHI AEPEKTEP Il YChIHYABIH TUIM/II 9JIICTEPIH ajFa
KBUDKBITAJIbI, OYJ1 OACIIBIIBIK TTEH MY/UIE TapanTapablH HET13SITeH MICIIM
KaOBLIAaybIH KEHUIIETE/I.

CMS Window Systems MbICaJIbIH Maiiianana oTeipbii, Makanaga CO2
IIBIFAPBIHABLIAPBIHBIH AUTAPJIBIKTAl TOMEHCYIHE OKEJIETIH peCypCTapbl TYTHIHY IbI
a3aiTy JKOHE OIepalMsUIBIK THIMILIIKTI apTThIpy CUAKTHI DBJK eHri3y1iH HaKThI
apTHIKIIBUIBIKTAPBl KOPCETIITECH.

Tyracraii anrania, OyJ1 )KYMBIC KaHT ©HEPKACIOIHAET1 MYAIelIl TapanTap YIIiH TOJbIK
HYCKayJbIK OOJIbIN TaObLIaabl, 01 3Heprusira Toyenai anemae DbXK TypakTbUIbIK eH
Oocekere KaOIETTIIIKKE Kajlail yjiec Koca ajlaThIHBIH KOPCETe/Il.

Tyiiin ce31ep: sHEprUusHbI OacKapy Kyiecl, KaHT OHIIpICl, )KaHAPThUIATBIH YHEPT U,
tHiMALIK, DBX



