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Abstract. Currently, the use of non-traditional raw materials in alcohol production
is one of the important issues. Ethanol is a biotechnology product used as an additive
to fuel (gasoline) for internal combustion engines and in the production of alcoholic
beverages. About 7% of ethanol is produced by chemical synthesis, and 93% by yeast
fermentation, of which 60% is produced from sucrose and the rest from grain. Ethanol
production is carried out by adsorption from alcohol fractions contaminated with ethyl
alcohol impurities during mash rectification. The ethanol production process is quite
energy-intensive, with a continuous-discrete technological process, starting with the
acceptance of raw materials and ending with the shipment of the final product. The
most pressing tasks are ensuring optimal technological processes, quality control, and
monitoring. Modern production processes place completely different demands on the
quality of manufactured products, and competitiveness determines a company's survival
and its stable position in the market. The aim of this study was to investigate the chemical
composition of ethanol obtained from Jerusalem artichoke tubers. The chemical
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composition of ethanol obtained from Jerusalem artichoke tubers was identified using
an Agilent 7890A/5975C gas chromatograph. After the first distillation, the ethanol
content is 34.890%, and impurities account for 65.11%. After adsorption with activated
carbon, the ethanol content is 74.040%, and impurities account for 25.96%. Upon
further processing of this alcohol with calcium oxide, the ethanol content is 99.406%,
and impurities account for 0.594%. In this research work, the chemical composition of
ethanol obtained from Jerusalem artichoke (Helianthus tuberosus) is examined using
chromatographic analysis, highlighting the relevance of utilizing alternative plant-based
raw materials in ethanol production. The study describes adsorption methods used to
remove impurities formed during the distillation of fermented mash. The high energy
consumption of industrial ethanol production and the importance of improving the
quality of the final product are also noted. Several technological stages of purifying
ethanol derived from Jerusalem artichoke are analyzed, and the contribution of each
method to enhancing the purity of the ethanol is evaluated.

Keywords: Ethanol, Helianthus tuberosus, adsorption, impurities, distillation, gas-
liquid chromatography
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Annoranus. Kazipri TaHza cnoupT eHAIpICiHAE ASCTYpIi eMec MIMKi3aTTapibl
naiianany MaHbpI3bl MacenenepAid Oipi Oonmbin Tadbuiazbl. JTAHON - IIUTEH KaHy
KO3FaNTKBIIITAPbl YIIIH OThIHFAa (OCH3WHIE) KOHE CHHUPTTI CYCBIHAAp OHAIpiciHe
KOCBIMIIIA pETiHJE NalJalaHbUIaTBIH OMOTEXHOJOTUSl OHiIMi. DTaHOJNJBIH LIaMaMeH
7% -BIH XUMHUSIIBIK CHHTE3 apKbUIbl, all 93% -bIH alIbITKBI PePMEHTALUSACH apKbLIbI
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anazapl, oHbIH 60% -bI caxapo3ajaH, KaJFaHbl aCTBIKTaH albIHAIbl. DTAHON OHAIPY
Oparopektudukanusuiay Ke3iHie ITHI CHUPTIHIH Ulecne KOoCHalaapbiMEH JIaCTaHFaH
CIHPTTIK KOCBUIBICTAPBI afcopOLusl 9iciMeH Ta3ajay apKbUIbl KY3€re achIpbLIaibl.
OraHONABI OHJIpY MPOIEC] MIMKI3aTThl TaHAAylaH OacTam TYNKUIIKTI ©HIMJII THEeN
JKOHENTYTre JCWIHI Y3IIKCI3-AUCKPETTI TEXHOJOTHSIIBIK IPOILECIEH KeTKUIIKTI
SHEPTUsl CHIMBIMIBUIBIFBIHA He. TEeXHONOTHSUIBIK MpPOLECTiH OHTaiIbl OapbIChIH
KaMTaMachl3 €Ty, camaHbl Oakpliay >KOHE ONapAbl Kajarajay HEFypibIM ©3€KTi
MiHaeTTep Oonbin TaObUTagbl. Kaszipri 3amaHfbl ©HAIPICTIK MpOLECcC LIbIFapbUIAThIH
OHIMHIH CallachlHa OFaphl TallanTap KOSJbI, ajl 0dceKkere KaOUIeTTUTK JeHreHiMeH
KOCIMOPBIHHBIH JaMybl, OHBIH PBIHOKTAFbl OPHBIKTBHI JKaFJaibIMEH alKbIHIAJIadbl.
By 3eprrey KYMBICBIHBIH MaKCaThl — TOMMUHAMOYP JKEMiCIHEeH aJIbIHFaH STaHOJAbIH
XMMUSUIBIK KYpaMbIH Tangay. TonuHaMOyp skeMiCiHeH alblHFaH 3TaHOJIbIH XUMHUSUIBIK
Kypambl  Agilent  7890A/5975C  XpomaTo-Macc-CHEKTPOMETPIHAE  aHBIKTAJIbI.
Anramkel aiigaynaH keiin staHon kypambl 34.890%, an xocmanap 65.11% kypanbl.
AKTHBTEHIpIITeH KOMIPMEH aJcopOLMsUIaHFaHHaH KeHiH 3TaHoI KypaMmsl - 74.040%,
an kocnanap-25.96% xypansl. Byn ciupTTi onaH opi KaabLuii OKCUAIMEH OHACY Ke3iHae
aTanon - 99.406%, an xkocnanap - 0.594% exeHairi aHbIKTaNABL. 3epTTEY KYMBICHIHIA
tonnHamOypaan (Helianthus tuberosus) anmblHFaH 3TaHONIBIH XUMHSIBIK Kypambl
XpoMarorpausuIbIK Talnay apKbUIbl KapacThIPBUIBIN, CIHUPT OHAIpiciHae Oamamalisl
OCIMIK HIMKI3aThIH KOJJAHYIbIH ©3CKTUIIr alKpiHAanaasl. GepMeHTTENreH CyClaHbl
aiimay Kke3iHAe maiina OonaTelH Kocmamapibl aJcOpPOLMSIIBIK SAICTEPMEH Ta3apTy
XKonaapsl cunarranaabl. Confani-aKk @HepKACINTIK TaHOJI OHAIPYAiH YHEPTUsl NIBIFbIHBI
YKOFapbl EKeHI KOHE OHIM CallachlH JKeTULAIPYAiH MaHbI3AbUIBIFEI aTall OTiIeaAl. 3epTTey
OapbIChIHIA TOMMHAMOYP/IaH aJIbIHFaH STaHOJAbI Ta3apTyAblH OipHEeLIe TEeXHOIOT HsIIBIK
Ke3CHJIEP1 3epPTTeil, 9pOip 9/1iCTiH STAHOJIBIH Ta3aJIbIFbIH JKaKCAPTyFa KOCATHIH YJIeCl
OaranaHraH.

Tyiiin ce3nep: Dranon, Helianthus tuberosus, amcopOums, Kocmnanap, aiaay, ras-
CYHBIK Xpomatorpadus
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AHHoOTanus. B HacTosiee Bpemsi HCIONB30BAaHHE HETPAIUIIMOHHOTO CHIPbS B
MPOU3BOACTBE CHIHPTa SABJISICTCA OOHHUM H3 BaXXHBIX BOHpOCOB.aTaHOJ’I — HOPOAYKT
OMOTEXHOJIOTHH, KOTOPBI HCIONIb3yeTcsl Kak jJo0aBka K TomiuBy (OSH3HMHY)
JUIsL ;[BnraTeneﬁ BHYTPCHHETO CropaHuvs, W IPOU3BOACTBAa CIHMPTHBIX HAIIUTKOB.
Oxkono 7% »TaHONA MOITYYAIOT MyTEM XHUMHYECKOTO cuHTe3a, a 93% — ¢ moMombio
JIpOXKeBOH pepMeHTanuu, u3 HuX 60% MPOU3BOIUTCS U3 CaXxapos3bl, OCTAIBLHOE — U3
3epHa. [IpOHM3BOICTBO ATaHOMA OCYIIECTBISIIOT METOAOM aJCOPOIMH W3 CHHPTOBBIX
MOrOHOB, 3arpsA3HCHHBIX COIIYTCTBYIOIIMMU IIPUMECAMU OTUJIIOBOIO CIIMPTa IIpHU
Oparopektudukanun Opaxku. [lpomecc TpPOU3BOJICTBA ATaHONA JIOCTATOYHO
OHEPTrOE€MOK C HCEIPCPBIBHO-AUCKPETHBIM TCXHOJIOM'MYCCKUM IIPOUECCOM, HauMWHasdg C
MIPUEMKH CBIPbS M 3aKaHYMBas OTIPY3KOH KOHEUHOTo NpoaykTa. Hanbonee HacynHbpMu
3aa4aMu sIBJsieTCsl o0ecredeHre ONTHMAaIbHOTO XOJa TEXHOJIOTHYECKOro Ipolecca,
KOHTPOJIb KauecTBa U MX OoTciexuBaHne. COBpEMEHHBII MPOU3BOJICTBEHHBIHN MPOIECC
MIPEIBSIBIAET COBEPIICHHO MHBIE TPEOOBAHUS K KaU€CTBY BBIITYCKaeMOU MPOIYKINH, a
YPOBHEM KOHKYPEHTOCTIOCOOHOCTH OTPENEIISIOTCSI BEDKUBAEMOCTD TPEAIPUSTHSI, €0
yCTOWYHMBOE TMOJIOKEHHE Ha phIHKE. Llenbio 1aHHOrO uccienoBaHus Obula M3ydeHHE
XMMHUYECKOTO COCTaBa ATaHOJA MMOTYYCHHOTO U3 KIIyOHel TonnHaMOypa. X UMHYECKHH
COCTaB ATaHOJA MOJYYEHHOTO U3 KIyOHeH TonmHamOypa ObLT MACHTU(GHUIUPOBAH Ha
ra3oxuakocTHOM xpomatorpade Agilent 7890A/5975C. Tlocne neperoHku OpakKy
cocraB dta”oina - 34.890%, npumecu - 65.11%. ITocne ancopOuyu aKTHBUPOBAHHBIM
yIiIeM cojiepkanue staHona - 74.040%, npumecu - 25.96%. [1pu nanbHeliiei 00padoTke
ATOTO CIIHPTA OKCUAOM KallbIUS copepKanue stanoina -99.406%, npumecu-0.594%. B
HCCIIeIOBATENHCKOM paboTe XMMIUECKUI COCTAB ATAHOJIA, TOIYYSHHOTO U3 TONTMHAMOYpa
(Helianthus tuberosus), paccMaTpuBaeTCsl ¢ MCIOJIB30BAHUEM XPOMATOrpaduIecKoro
aHaJIn3a, NIpHU 3TOM IMOAYCPKHUBACTCA AKTYaJIbHOCTH MNMPUMCEHCHUSA AJIBTCPHATUBHOI'O
PACTUTECIILHOT'O CBIPbA B IHPOMU3BOJACTBE 3TAaHOJIA. OnuceIBaroTCA METOABI YAAJICHUA
npuMecei, 00pa3ylomuxcsi Ipu Neperonke (EepMEHTUPOBAHHOTO CYCJIa, C TIOMOIIBIO
agcopobumu. Takke OTMEUAlOTCS BBICOKHE JHEPros3arparbl  HPOMBIIICHHOTO
MPpOU3BOACTBA 3TaHOJIA U BAXKHOCTH ITOBBIIICHUA KAaUC€CTBA KOHCUHOI'O IPOAYKTA. B
XOJIe UCCIIeIOBaHMS U3YUYCHBI HECKOJIBKO TEXHOJIOTMYECKHX JTAIlOB OYMCTKU JTAHOIIA,
TOJTYy4YE€HHOTI'O U3 TOHI/IHaM6ypa, u OI_[eHéH BKJIaJ] Ka)KA0T0 ME€TOAA B YITYUYHICHNE CTCTICHU
€ro 4YucCTOThI.

KuaroueBnie ciioBa: Dranoin, Helianthus tuberosus, ajicopOiius, mpumecH, eperoHka,
ra30KUAKOCTHAS XpoMarorpadus
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Introduction. The paper discusses the technological aspects of ethanol production
from non-traditional crops, namely sweet sorghum. A technological scheme for obtaining
alcohol and fuel pellets from sweet sorghum is presented. Particular attention is paid to
assessing the efficiency of alcohol production from sweet sorghum. The advantage of
the sugar content in the stem juice of sweet sorghum compared to other raw materials
is described. Presumably, the use of technology for producing alcohol from sweet
sorghum allows for resource savings (Kashapov et al., 2016). This study aimed to
isolate, and characterizing cellulase-producing fungi from decaying tree trunks, as well
as determining the effect of incubation time, moisture content, and initial pH of the
medium on cellulase production using untreated corn cobs and sugarcane in solid-state
fermentation to saccharify ethanol production. Studies on saccharification optimization
showed that an enzyme concentration of 7% (w/w), a substrate concentration of 12%
(w/w), and a hydrolysis time of 72 hours were optimal for maximum reducing sugar
yield. Total reducing sugar yielded the maximum bioethanol yield within 72 hours
when Saccharomyces cerevisiae was used as the fermenting agent (Masinde et al.,
2024). The production of cellulosic ethanol from non-detoxified furfural residues
obtained under various operating conditions from sugarcane bagasse was investigated.
Simultaneous saccharification and fermentation (SSF) and pretreated industrial strains
of Saccharomyces cerevisiae were used for fermentation. The highest furfural yield of
69% (11.44 g/100 g dry bagasse) was achieved at 170 °C and 0.5 wt% H,SO, (170-
200 °C and 0-1 wt% H,SO,), with corresponding ethanol yields of 77-95% (9.57-11.58
g/100 g dry bagasse). The mass of ethanol obtained reflected a conversion of about
50% of the cellulose in the raw biomass due to cellulose decomposition during furfural
production. No production conditions were found under which furfural and ethanol
yields were maximized, indicating an inevitable trade-off between the two by-products
(Ntimbani et al., 2022). This study examines the challenges faced by ethanol plants in
Thailand and offers preliminary guidelines for addressing them in the public sector and
for ethanol plant operators. This study collected data on identified problems through
surveys conducted at 11 of Thailand's 26 ethanol production plants. The study used
questionnaires to survey seven aspects of ethanol production, namely: raw materials,
production processes, transportation, pricing, government support, engineering, and
environmental considerations. Consequently, the data revealed a noticeable correlation
between the extraction period and the problems that arose. It was found that all types of
ethanol plants experienced the most significant difficulties with obtaining raw materials
and pricing, which were the main problems. The production of raw materials such as
molasses and cassava varies depending on the season, leading to unstable annual yields.
Another moderate problem for ethanol production plants is the government's policy of
promoting the use of ethanol fuel (Chatthanon et al., 2025).

Fuel ethanol is the largest liquid biofuel in terms of volume, produced mainly from
sugar and starch-based raw materials. The United States and Brazil are the world's largest
producers of fuel ethanol. The objective of this study is to increase ethanol production
using SuperPro Designer software. Recently, the process of modeling using computerized
software has focused considerable attention on increasing ethanol production. In this
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study, operational control and modeling were developed to increase ethanol production
(modeling and operational control). Through perfect control of temperature, pressure,
nutrient supply, and molasses using software. The use of software to predict results is a
new method. Modeling of a fermentation plant to increase ethanol production, followed
by comparison of feedback with actual data from the plant. The simulation model of
the process begins with the construction of a temperature-dependent kinetic model
using batch fermentation cultures. Then, the continuous ethanol fermentation process
was modeled using a kinetic model that matched the experimental measurements.
The simulation was based on a process flow chart. Obtaining ethanol after 5 hours
of fermentation resulted in an increase in ethanol from 6% to 7%. The fermentation
time was reduced to 5 hours. This compares to (9-18) hours in traditional fermentation
methods (Widatalla et al., 2025). This study investigates the composition, hydrolysis,
fermentation, kinetic studies, and optimization using response surface methodology
(RSM) of ten different lignocellulosic materials in ethanol production using enzymatic
hydrolysis of isolated Trichoderma reesei and Aspergillus niger and fermentation of
Zymomonas mobilis and Saccharomyces cerevisiae. Immediate and final analysis
shows that sugarcane and rice husks are ideal raw materials due to their high volatile
content, low moisture and ash content, offering more fermentable carbohydrates. The
highest glucose concentrations were achieved from sugarcane bagasse (0.5689 g L)
using T. reesei and from rice husks (0.5803 g L) using A. niger. Pretreatment increased
glucose yield, with rice husk ash (RHAn) yielding 9.3 g ethanol L over 60 hours and
sugar bagasse (SBTr) yielding 8.1 g L' over 48 hours, while reducing particle size to
75 um increased glucose yield due to increased surface area. Kinetic models, including
Monod and Michaelis-Menten models, were used to describe ethanol production, with
RHAn demonstrating the highest growth parameters. This study reports on optimized
ethanol production, which achieved maximum yields under controlled conditions,
further confirming the feasibility of large-scale bioethanol production (Ibrahim et al.,
2025). Second-generation ethanol production uses lignocellulosic waste as feedstock,
which is abundant and typically considered waste, solving the problem of “competing
with humans for food” caused by first-generation fuel ethanol and demonstrating great
importance for national energy security and social sustainability. Lignocellulosic waste
used in second-generation ethanol production requires pretreatment using biological,
physical, or chemical methods to break down its stubborn structure and increase its
enzymatic digestibility. The polysaccharide components of pretreated lignocellulose
are then broken down by enzymes into fermentable monosaccharides, which can be
converted into ethanol by fermentative microorganisms. Currently, many pretreatment
methods have been developed, as well as strategies for enzymatic hydrolysis and
fermentation for the conversion of biomass. However, the key to developing the
cellulosic ethanol industry still lies in figuring out how to effectively break down the
lignocellulosic structure at low cost and with low energy consumption. This chapter
reviews and evaluates various lignocellulose pretreatment methods developed in recent
years, including their advantages and disadvantages, pretreatment mechanisms, and
provides a summary of the current state of cellulose ethanol technologies. In addition,
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this chapter also discusses the processes of enzymatic hydrolysis and fermentation for
ethanol production, as well as a detailed analysis of many factors affecting process
performance. Furthermore, the bottleneck of lignocellulosic ethanol production and
future prospects are discussed (Yuan et al., 2025). This study evaluates the enzymatic
hydrolysis of pretreated corn cobs (PCC) using a mixture of commercial enzymes
(Cellulase and Viscozyme L enzyme mixture) followed by simultaneous saccharification
and fermentation (SSF) with Mucor indicus DSM 2185 for ethanol production. A
combination of 2% (w/w) of a mixture of cellulase enzymes and 5.18% (w/v) of Viscose
L, corresponding to an enzyme loading of 48.9 FPU/g PCC, allowed almost complete
hydrolysis of 40 g L—1 PCC within 648 hours, achieving 92.66% total conversion
of carbohydrates to fermentable sugars. In SSF experiments conducted in Erlenmeyer
flasks, optimal ethanol production in matrix nutrient medium (MNM) reached 14.95 g
LA(—1), with a conversion rate of 0.373 g g*(—1) at 30 °C over a 48-hour period. Scaling
up the bioprocess in a 1.5 L bioreactor with a stirrer at 30 °C resulted in an ethanol
concentration of 16.46 g L"(—1), a total carbohydrate conversion of 86.27%, and a
substrate-to-ethanol conversion rate of 0.44 g g"(—1) over 22 hours. Minor secondary
metabolites were also detected, including 0.88 g L — 1 xylitol and 0.26 g L — 1 glycerol.
Overall, the results demonstrate the potential of M. indicus in combination with
commercial enzyme mixtures as a scalable strategy for industrial ethanol production
(Mardetko et al., 2025).

In recent years, annual energy consumption from petroleum sources has increased in
many cases, leading not only to the continued depletion of limited fossil fuel reserves,
but also raising concerns about a safer, better, and greener environment. In addition,
high fossil fuel prices have led to an energy crisis in both developing and developed
countries that depend on oil. In response to these challenges, it is necessary to find
alternative sources of energy production. This study aimed to compare ethanol
production from three different tuber crops (Manihot Esculenta, [pomoea Batata, and
Dioscorea SPP). Cassava, sweet potato, and yam peels were collected from the market
in the local government area of Jalingo, Taraba State. The collected samples were taken
to a convenient location where they were sorted. Cassava, sweet potato, and yam peels
were sorted separately so that mainly peels were available for drying. Drying was
carried out in the open air and lasted for a week. The well-dried samples were then
ground using a hammer mill, mortar, and pestle, which reduced the cassava, sweet
potato, and yam peel to very small particle sizes and weighed. Distilled water was added
to 10 g of powdered wort, mixed, and filtered. Yeast and malt were added to the filtered
wort and left for three (3) days to ferment. After fermentation, the fermented mash was
distilled to collect a colorless liquid as distillate. This distillate was neutral to litmus test,
soluble in water, and indicated the presence of alcohol by ester, sodium metal, iodoform,
and Lucas tests. The results of comparing the three samples showed that cassava peel
produced the highest concentration of ethanol (6.25), followed by thread peel (6.13),
while the lowest ethanol yield was obtained from sweet potato peel (5.01) at a temperature
of 78.40C and a pH of 7.2 after 72 hours of fermentation. This work has shown that
cassava, sweet potato, and yam peelings, which are considered worthless waste, are
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suitable raw materials and can be effectively used for ethanol production (Zakari et al.,
2025). Production efficiency and production costs are factors that influence the economic
success of sugar and ethanol plants. Ethanol is a highly sought-after product, and during
the off-season for sugar cane production, its residual production is insufficient to supply
the market. This creates a need for imports and negatively affects Brazil's trade balance.
In this context, ethanol produced from corn is a potential alternative for securing market
supply, generating income, and diluting plant operating costs by extending its operating
period throughout the year. However, access to raw materials and implementation costs
may affect the economic viability of this activity. The objective of this study was to
assess the feasibility of corn ethanol profitability in the context of a sugarcane-only
plant that needs to be adapted to flexible conditions, located in the state of Sdo Paulo.
The indicator used was the increase in the sales margin for this fuel and its by-products,
taking into account the difference between the costs of raw materials in the two regions.
The results show that the market margin for corn ethanol is negative in the state of Sado
Paulo due to its distance from Brazil's main corn supplies. However, when we considered
the potential revenue from related products, the loss scenario turned into profitability.
Thus, it is concluded that the profitability of corn ethanol production in this scenario
depends on the commercialization of its by-products in consumer markets such as pig
farming and biodiesel plants (Ferreira et al., 2023). The enormous potential for pineapple
production can lead to the generation of significant amounts of waste, approximately
75% (by weight) of the pineapple, which contributes to global environmental problems.
For this reason, there is an urgent need for bioprocessing methods to convert pineapple
plantation waste into high value-added bioproducts, including bromelain, various
sugars, xylooligosaccharide, xylitol, and ethanol. The aim of this study was to investigate
the efficiency of converting pineapple plantation waste into bromelain, xylitol, and
ethanol. In this study, the activity of the bromelain enzyme was tested in each part of the
pineapple plant waste. The configuration of hydrolysis and fermentation processes used
to produce ethanol and xylitol from the remaining pineapple plant waste from bromelain
extraction was also investigated. Bromelain is a proteolytic enzyme found in pineapple
plants and can be extracted from every part of pineapple plant waste. Enzymatic activity
under several conditions, such as raw extract, pure extract, and dried extract, was studied
to determine the best conditions for the subsequent production process of this enzyme
in the future. The purification of bromelain involved the use of a precipitation method
followed by dialysis, while the drying process used a lyophilization method. It has been
shown that the specific activity of bromelain enzyme is highest in pineapple stems,
which is observed in unpurified extract (1.45 £ 0.06 CDU/mg), purified extract (10.38 =
0.06 CDU/mg), and dried extract (12.05 £ 0.43 CDU/mg). Using pineapple stems to
extract bromelain can result in lignocellulosic waste, which consists of 39.47% starch,
19.96% hemicellulose, 36.44% cellulose, and 6.05% lignin. The high starch, cellulose,
and hemicellulose content can be used as raw material for ethanol and xylitol
fermentation. In this study, ethanol and xylose fermentation was carried out using two
methods: separate hydrolysis and fermentation (SHF) and semi-simultaneous
saccharification and fermentation (semi-SSF). As a result of fermentation using the
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semi-SSF method, ethanol with a higher titer and yield (22.12 + 0.05 g/L and 0.44 +
0.00 g/g, respectively) was obtained. However, it was found that xylitol formation was
insignificant, regardless of whether it was obtained using SHF or semi-SSF. The
purification of bromelain involved the use of a precipitation method followed by
dialysis, while the drying process used a lyophilization method (Mardawati, et al.,
2023). Improving energy efficiency in renewable energy production can contribute to
sustainable economic growth with lower fossil fuel consumption, lower greenhouse gas
emissions, and greater energy security. The most common biofuel for motor vehicles
today is ethanol. Brazil is a major producer of ethanol and uses sucrose from sugar cane,
which is currently the most efficient feedstock for bioethanol production. Improving
ethanol production at existing plants through thermal integration can lead to significant
energy efficiency gains. This article presents diagrams in which the data required for
thermal integration is organized in a new way. For the first time, the entire thermal
cascade is analyzed through the individual components of ethanol and sugar production,
including the boiler, steam turbine, heat exchangers, and technological operations. In
standalone plants, the ethanol and electricity produced correspond to approximately
35% and 8% of the input energy, respectively; in combined ethanol-sugar plants, the
ethanol, sugar, and electricity produced correspond to approximately 16%, 22%, and
9% of the input energy, respectively. The remaining energy (53-57%) leaves the plant in
the form of residues or is released into the environment as heat. The possibilities for
improving the plant's energy efficiency by modifying technological operations, heat
exchangers, the turbine system, and the boiler have been identified and discussed.
Analysis of the plant-wide thermal cascade allows us to understand the relationship
between the combustion energy in the boiler, the exergy of gaseous combustion products
and high-pressure steam, electricity generation via the turbine, and heat consumption in
heat exchangers and process operations. This holistic perspective helps improve energy
performance in ethanol and sugar production. Energy transfer diagram (ETD) of the
plant-wide heat cascade through ethanol production (Bonhivers et al., 2021).
Materials and methods.There are two ways to produce alcohol: biochemical and
chemical or synthetic ones. The biochemical method is fermentation with sugar, the
synthetic method is the interaction of ethylene with water in the presence of a catalyst.
We used a biochemical method to produce ethyl alcohol. The technology for producing
ethyl alcohol includes the following stages: 1) boiling the grain with water 2) cooling
of the boiled mass and saccharification of starch with enzymes 3) the fermentation
of sugars by yeast in biosport 4) distilling alcohol and its rectification (Yarovenko, et
al. 2022). The raw materials are washed and crushed. Besides 1:2, 1:3, 1:4 water is
poured, then (TC BY 100104781.010-2005 produced in Belarus, dried alcoholic yeast
wort Saccharomyces cerevistal) is filled with pre-prepared yeast, mixed and put on for
2-4 weeks at the room temperature. After two or four weeks, they filtered it out. After
weighing the amount of wort, distilled it. The resulting wort was poured into a heat-
resistant flask, and an electric stove was used to heat it. The temperature of the first
distilled alcohol is 89°C. Because the concentration of the first distilled alcohol is low.
To increase the concentration, alcohol was redistilled. The distilled alcohol contains
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impurities. To determine their quantity and purify them from the alcohol-containing
impurities, it is necessary to adsorb and distill them with activated carbon and calcium
oxide (Yarovenko et. al., 2022; Yermakov et al., 2013, Azimbayeva et al., 2013,
Kamysbayeva et al., 2022). The composition of ethyl alcohol, obtained by fermentation
of dahlia wort, was determined on Agilent 7890A/5975C gas-liquid chromatography.

Results and discussions.
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Figure 1- Chromatogram of ethanol obtained from topinambur tubers (Helianthus tuberosus)

The composition of ethanol obtained from topinambur tubers (Helianthus tuberosus)
(%): inorganic gases—~0.135, organofluorine compounds—~0.135, ethanol—34.890,
alcohols—=8.050, phenolic compounds—0.066, carboxylic acids-56.268, nitrogenous
organic compounds-0.182, esters-0.023, aldehydes-0.106, saturated hydrocarbons-0.045,
silicon organic compounds-0.056, heterocyclic compounds-0.212.
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Figure 2- Chromatogram of ethanol obtained from topinambur tubers (Helianthus tuberosus) (after
adsorption with activated carbon)

22



Volume 4, Number 465 (2025)

The chemical composition of ethanol obtained from topinambur tubers (after
adsorption with activated carbon) (%): inorganic gases-0.276, organofluorine compounds
-0.375, ethanol -74.040, alcohols -4.023, esters -0.916, heterocyclic compounds-0.575,
monosaccharides - 0.033, carboxylic acids-19.240, organosilicon compounds - 0.404,
aldehydes - 0.053, organonitrogen compounds - 0.040.
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Figure 3- Chromatogram of ethanol from topinambur tubers (Helianthus tuberosus) (CaO adsorption)

Chemical composition of ethanol from topinambur tubers (after adsorption with
calcium oxide) (%): inorganic gases—0.070, aldehydes—0.620, ethanol—92.050,
alcohols—6.925, esters—0.072, carboxylic acids-0.080, organofluorine
compounds-0.105, organosilicon compounds-0.094, phenolic compounds-0.066,
organonitrogen compounds-0.082.
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Figure 4- Chromatogram of ethanol from topinambur tubers (Helianthus tuberosus) (CaO adsorption)

23



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

Chemical composition of ethyl alcohol from topinambur tubers (after 4-fold
adsorption with calcium oxide) (%): ethanol-99.406, alcohols-0.216, nitrogen-containing
organic compounds-0.216, heterocyclic compounds-0.040, aldehydes-0.070.

Conclusion. The chemical composition of raw alcohol obtained from topinambur
tubers was identified using an Agilent 7890A/5975C gas-liquid chromatograph. After
distillation, the mash contains 34.890% ethanol and 65.11% impurities. After adsorption
with activated carbon, the raw alcohol content is 74.040%, and impurities account for
25.96%. Upon further processing of this alcohol with calcium oxide, the raw alcohol
content is 99.406%, and impurities account for 0.594%.

Thus, based on the above, the technology for producing ethanol from topinambur
tubers is effective. This is because this raw material is characterized by a significant
content of easily fermentable substances with a high alcohol yield.
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