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1. Chorukova E., Hubenov V, Gocheva Y., Simeonov |. Two-Phase Anaerobic Digestion of
Corn Steep Liquor in Pilot Scale Biogas Plant with Automatic Control System with
Simultaneous Hydrogen and Methane Production. Applied Sciences, 2022, 12(12), 6274.
(ISSN: 2076-3417, https://doi.org/10.3390/app12126274) (Q2)

Abstract:

Experimental studies of two-phase anaerobic digestion of corn steep liquor in semi-
continuous automatic and semi-automatic modes of operation of a cascade of two anaerobic
bioreactors with monitoring and control systems were performed. Corn steep liquor — a waste
product from the process of treating corn grain for starch extraction — was used as a substrate
in the process of anaerobic digestion with simultaneous hydrogen and methane production. The
daily yields of biohydrogen in bioreactor 1 of the cascade (with a working volume of 8 dm?)
are variable. In good operation, they are in the range of 0.7 to 1.0 L of biogas from a 1 dm?
working volume of the bioreactor, and the optimal pH is in the range of 5.0-5.5. The
concentration of hydrogen in the biogas from the hydrogen bioreactor 1 is in the range of 14—
34.7%. The daily yields of biomethane in bioreactor 2 of the cascade (with a working volume
of 80 dm?®) vary in the range 0.4 to 0.85 L of biogas from a 1 dm?® working volume of the
bioreactor, and the concentration of methane in the biogas from bioreactor 2 is high and remains
practically constant (in the range 65-69%). At a dilution rate of 0.4 day* and an organic
loading rate of 20 gL for bioreactor 1, respectively, and a dilution rate of 0.05 day* for
bioreactor 2, the best results were obtained. The computer control system is presented. Some
energetical considerations were discussed.

Pe3rome:

[IpoBenenu ca ekcrieprMEHTAIHH U3CIIeIBaHUS Ha BY(a3HO aHAepOOHO pa3rpaxkjaHe Ha
[[apEBUYEH EKCTPAKT B MOJYHETPEKHCHATH aBTOMATHYHU M IMOJYyaBTOMAaTUYHU PEXKUMH Ha
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pabora Ha Kackaja OT JBa aHAaepoOHM OMOpEeaKTopa ChC CHUCTEMH 32 MOHHTOPUHT H
ynpasieHue. L[apeBUUHUAT €KCTPAaKT — OTHaJAb4YeH MPOIYKT OT Ipolieca Ha oOpaboTka Ha
[IAPEBUYHO 3BPHO 32 EKCTPAKLMs HA HHILIECTE — C€ M3IO0J3Ba KAaTo CyOCTpar B Impoleca Ha
aHaepoOHO pasrpakJaHe C €IHOBPEMEHHO MPOM3BOJACTBO HAa BOAOPOJ M MeTaH. /lHeBHUTE
n06MBM Ha 6HMOBOIOpPOA B OWopeakTop | Ha Kackamara (¢ paboren obem 8 dm®) ca
npomennus. IIpu 106pa pabora Te ca B auanaszona ot 0,7 1o 1,0 L 6uoras ot 1 dm® paGoren
obem Ha Oumopeaktopa, a ontuManHoto pH e B nmamaszona 5,0-5,5. KoHmenrpamusara Ha
BOJIOpOJ B Onorasza ot BojiopojicH ouopeaktop 1 e B nuamazona 14-34,7%. /lneBaute 1006mBH
Ha GuoMeTaH B GHopeakTop 2 Ha Kackaziara (c paboren obem 80 dm?) Bapupar B nmanazona
0,4 10 0,85 L 6uoras ot 1 dm® paboren o6em Ha GHopeakTopa, KaTo KOHI[CHTPAIUATA HA METaH
B Omorasza oT OMOpeakTop 2 € BUCOKa M OCTaBa MPAKTUYECKH MOCTOSIHHA (B JMama3oHa 65—
69%). I1pu crenen Ha paszpexaane ot 0,4 day™ u crenen Ha opranuyHO HaToBapBaHe oT 20 gL
3a GuopeakTop 1, CHOTBETHO, U cTeneH Ha paspexaane ot 0,05 day? 3a 6uopeaxrop 2, 6s1xa
MoJIydeHu Hail-moOpu pesyntaTu. [IpencraBeHa € KOMMIOThpPHATA CHCTEMa 3a YIpaBIICHUE.
OOchIeHY ca HAKOU SHEPTUITHN ChOOpaKCHHUS.

2. Stoyancheva, G., Kabaivanova, L., Hubenov, V., Chorukova, E. Metagenomic Analysis
of Bacterial, Archaeal and Fungal Diversity in Two-Stage Anaerobic Biodegradation for
Production of Hydrogen and Methane from Corn Steep Liquor. Microorganisms, 2023,
11(5), 1263. (ISSN: 2076-2607, https://doi.org/10.3390/microorganisms11051263) (Q2)

Abstract:

The main purpose of this study was to identify the microbial communities (bacterial,
archaeal and fungal) in a two-stage system of anaerobic bioreactors for the production of
hydrogen and methane from the waste substrate — corn steep liquor. Wastes from the food
industry are valuable resources with potential in biotechnological production because of their
high organic matter contents. In addition, the production of hydrogen and methane, volatile
fatty acids, reducing sugars and cellulose content was monitored. Two-stage anaerobic
biodegradation processes were performed by microbial populations in the first hydrogen
generating bioreactor (working volume of 3 dm®) and in the second methane-generating reactor
(working volume of 15 dm?®). Cumulative hydrogen yield reached 2000 cm® or 670 cm®/L a
day, while the methane production reached a maximum quantity of 3300 cm? or 220 cm®/L a
day. Microbial consortia in anaerobic digestion systems play an essential role for process
optimization and biofuel production enhancement. The obtained results showed the possibility
of conducting two separate processes — the hydrogenic (hydrolysis and acidogenesis) and
methanogenic (acetogenesis and methanogenesis) — as two stages of anaerobic digestion to
favor energy production under controlled conditions with corn steep liquor. The diversity of
microorganisms as main participants in the processes in the bioreactors of the two-stage system
was followed using metagenome sequencing and bioinformatics analysis. The obtained
metagenomics data showed that the most abundant phylum in both bacterial communities was
Firmicutes — 58.61% and 36.49% in bioreactors 1 and 2, respectively. Phylum Actinobacteria
were found in significant quantities (22.91%) in the microbial community in Bioreactor 1,
whereas in Bioreactor 2, they were 2.1%. Bacteroidetes are present in both bioreactors. Phylum
Euryarchaeota made up 0.4% of the contents in the first bioreactor and 11.4% in the second.
As the dominant genera among methanogenic archaea are Methanothrix (8.03%) and
Methanosarcina (3.39%), the main fungal representatives were Saccharomyces cerevisiae.
New knowledge of anaerobic digestion mediated by novel microbial consortia could be widely
used to convert different wastes to green energy.

Pe3rome:
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OcHoBHaTa el Ha TOBa H3CieABaHE Oemie Aa ce HIACHTU(UIUPAT MHUKPOOHUTE
choOmIecTBa (OaKTEpHAIHK, apXeaJlHd W I'bOMYHHM) B JIBYCTBIIAJHA CUCTEMAa OT aHAepOOHH
OMOpeaKkTOpH 3a MPOM3BOJCTBO HA BOJOPOJ U METaH OT OTMAAbYHUA CyOCTpaT — HapeBUYCH
ekcTpakT. OTmagblUTe OT XPAHUTEITHO-BKYCOBAaTa MPOMUIIJICHOCT ca LIEHEH pecypc C
MOTEHIMA 32 OWOTEXHOJOTWYHO TMPOM3BOJCTBO MOPaId BHCOKOTO CH CBhABP)KAHHE Ha
oprannyHu BeniectBa. OcBeH ToBa ce HaOIIOAaBa MPOM3BOACTBOTO HA BOAOPOJ U METaH,
JICTIIMBY MAaCTHU KUCEITUHH, PeIyLUpal 3aXapy U ChAbPKaHUE Ha 1enyno3a. JBycThHamHu
mpolecu Ha aHaepoOHO OmopasrpakaaHe ce U3BbPUIBAT OT MUKPOOHHU MOIYyJIAlUU B IPBUS
6MOpEaKTOp 3a reHepupaHe Ha BOAopos (padoTen obeM ot 3 dm®) u BLB BTOpHsS peakTop 3a
reHepupaHe Ha MeraH (paGoreH obeM or 15 dm®). KymymaTuBHMAT 106MB Ha BOIOPOX
pocturaa 2000 cm® umu 670 cm®/L Ha jeH, I0KAaTO IPOM3BOACTBOTO HA METaH JOCTUIHA
MaKCHMAaJIHO KommdecTBo oT 3300 cm® i 220 cm®/L Ha neH. MUKpoOHHTE KOHCOPIIMYMH B
CHCTEMHUTE 3a aHaepoOHO XPAaHOCMMJIAHE WIPAsAT CHIIECTBEHA POJIS 3a ONTHUMHU3UpPAaHE Ha
MpoLIeCUTe U TMOAOOpsiIBAaHE Ha MPOU3BOJACTBOTO Ha OuoropuBa. I[lomyuenute pesynraTu
MoKa3axa Bb3MOXKHOCT 32 IMPOBEXK/IaHE Ha JBa OTJIEIHU IPOIIeca — XHUAPOTeHEH (XUIPOIHn3a U
aIMI0reHes3a) 1 METaHOT'eHEH (alleToreHe3a U MeTaHOTeHe3a) — KaTo JBa eTana Ha aHaepoOHO
pasrpaxkJane, 3a Ja ce OJIarOnpusATCTBAa MPOWU3BOACTBOTO HA €HEPrUsl MPU KOHTPOIHPAHU
YCIIOBUS C IAPEBUYEH HAKUCHAT pa3TBOp. PazHO0Opa3ueTo 0T MUKPOOPTaHU3MH KaTO OCHOBHU
YYaCTHHIIM B MPOLECHTE B OMOPEaKTOpHUTE Ha ABYCTHIIAIHATA CHCTEMa € MPOCIEIECHO upe3
METareHOMHO CekBeHupaHe u OuonHdopmaruueH aHanui. [lonydyeHnTe MeTareHOMHU JTaHHU
MOKa3BaT, Ye Hall-pa3npoCTPAHEHUST THII U B IBeTe OakTepuasiHu chobmiectBa € Firmicutes —
cboTBeTHO 58,61% u 36,49% B 6uopeakTopu 1 u 2. Phylum Actinobacteria 6s1xa OTKpUTH B
3HauuTEeNHU KoauuectBa (22,91%) B muxpoOHara obmHoct B buopeaktop 1, nokato B
buopeaktop 2 te 6sxa 2,1%. bakrepounute npuchbcTBaT M B ABaTa OuopeakTopa. Phylum
Euryarchaeota cbcraBnsiBa 0,4% oT chabpxkaHuero B mbpBusi ouopeaktop u 11,4% BBB
BTOpus. THH KaTo JAOMHHMpAIIUTE POAOBE Cpell MeTaHOoreHHHTe apxeu ca Methanothrix
(8.03%) u Methanosarcina (3.39%), ocHOBHUTE I'bOMYHHU TIpEACTaBUTENH ca Saccharomyces
cerevisiae. HoBuTe nmo3Hanus 3a aHaepoOHOTO pasrpakiaHe, MEAUUPAHO OT HOBU MUKPOOHU
KOHCOPIIMYMH, MOTaT Jla ObJaT MIMPOKO M3IOJI3BAHU 3a MPEBPBINAHE HAa PA3TMYHH OTIAIbIIN
B 3€JICHa CHEepTIHUsl.

3. Pan, N., Wang, H., Tian, Y., Chorukova, E., Simeonov, I. Christov, N. Comparison
Study of Dynamic Models for One-stage and Two-stage Anaerobic Digestion Processes,
IFAC-PapersOnLine, 2022, 55(7), 667-672. (E-ISSN: 2405-8963, Print ISSN: 2405-8971,
https://doi.org/10.1016/j.ifacol.2022.07.520) (Q3)

Abstract:

Compared to traditional one-stage anaerobic digestion processes (OSAD) with biomethane
production, this paper focuses on the study of biogas yield of the two-stage anaerobic digestion
processes (TSAD), which are able to produce simultaneously biohydrogen and biomethane
from lignocellusic materials. The one-stage and two-stage systems for anaerobic digestion are
obtained based on our previous papers. Additionally, the static characteristics and extremum
points of both systems are also investigated. The tracking of maximum points is realized by
fuzzy-PID controller. Simulation results suggest that in comparison to OSAD, the increase in
biogas production of TSAD can reach to 75.18% by control action, which means TSAD is a
better choice considering biogas production.

Pe3rome:
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B cpaBHeHue ¢ TpagUIMOHHHWTE €IHOETAIIHM IPOLECH Ha aHAaepoOHO pasTrpakiaaHe
(OSAD) ¢ npousBoACTBO Ha OMOMeTaH, Ta3u cTaTus ce (POKyCcHUpa BbPXY M3CIEIBAHETO Ha
no0uBa Ha OMora3s npu JABYCTHIIATHUTE TpoIieck Ha anaepoOHo pasrpaxaane (TSAD), kouto
ca B CbCTOSIHME J1a IPOU3BEX AT €THOBPEMEHHO OMOBOJOPO/] M OMOMETAH OT JIMTHOLIETYJI03HU
MaTtepuanu. EAHOCTBNANHUTE W JBYCTBIAIHUTE CHUCTEMH 3a aHaepoOHO pasrpakiaHe ca
IIOJy4YeHH Bb3 OCHOBA Ha HAIIUTE NpeAulIHu cTatuu. OCBEH TOBa ce U3Cie/IBaT CTaTUYHUTE
XapaKTepUCTHKH M EKCTPEeMaJHUTEe TOYKM Ha JBere cuctemu. IIpocneasBanero Ha
MakCUMaJlHUTe TOYKM ce ochiiectBiBa 0T fuzzy-PID kontposep. Pesyaratute ot
cUMyJalusTa npeanoarar, 4ye B cpaBHeHue ¢ OSAD, yBennueHueTo Ha pou3BOACTBOTO HA
ouoraz or TSAD moxe na gocturne mo 75,18% upe3 ympaBisBaiio BB3ACHCTBHE, KOETO
o3HauaBa, 4ye TSAD e no-106wp n300p, Karo ce uMa MpeaBUI MPOU3BOACTBOTO HA OHOTa3.

4. Kabaivanova, L., Ivanova, J., Chorukova, E., Hubenov, V., Nacheva, L., Simeonov, I.
Algal Biomass Accumulation in Waste Digestate after Anaerobic Digestion of Wheat

Straw. Fermentation, 2022, 8, 715. (ISSN: 2311-5637,
https://doi.org/10.3390/fermentation8120715) (Q2)
Abstract:

Cultivation of microalgae in waste digestate is a promising cost-effective and
environmentally friendly strategy for algal biomass accumulation and valuable product
production. Two different digestates obtained as by-products of the anaerobic fermentation at
35°C and 55°C of wheat straw as a renewable source for biogas production in laboratory-scale
bioreactors were tested as cultivation media for microalgae after pretreatment with active
carbon for clarification. The strains of microalgae involved were the red marine microalga
Porphyridium cruentum, which reached 4.7 mg/mL dry matter when grown in thermophilic
digestate and green freshwater microalga-Scenedesmus acutus, whose growth was the highest
— 7.3 mg/mL in the mesophilic digestate. During cultivation, algae reduced the available
nutrient components in the liquid digestate at the expense of increasing their biomass. This
biomass can find further applications in cosmetics, pharmacy, and feed. The nitrogen and
phosphorus uptake from both digestates during algae cultivation was monitored and modeled.
The results led to the idea of nonlinear dynamic approximations with an exponential character.
The purpose was to develop relatively simple nonlinear dynamic models based on available
experimental data, as knowing the mechanisms of the considered processes can permit creating
protocols for industrial-scale algal production toward obtaining economically valuable
products from microalgae grown in organic waste digestate.

Pe3rome:

KyntuupaneTro Ha MUKPOBOJOPACIIH B OTHAABUYCH OCTATHK € oOelaBaiia peHTabuiHa u
€KOJIOTMYHA CTpaTerus 3a HaTpyIlBaHe Ha Ouomaca OT BOJOPACIM M MIPOU3BOJICTBO HA IIEHHU
MpoayKTH. J[Ba pa3nuuHu AUrecTara, MOTYyYeHH KaTo CTPAaHWYHU MPOAYKTH OT aHaepoOHaTa
dbepmentanus npu 35°C u 55°C Ha mImeHWYHa cjamMa KaTo BH30OHOBSEM H3TOYHHUK 3a
MIPOM3BOJICTBO Ha Ouoraz B J1abopaTopHU OMOpeakToOpu, Osixa TECTBaHM KaTo cpela 3a
KYJITUBHpAaHE Ha MHUKPOBOJOpACIIU CJej MpeABapuTeaHa oOpaboTka ¢ aKTUBEH BBIVIEH 3a
n30HucTpsiHe. BKiIroueHUTE maMoBe MUKPOBOIOPACIIU Ca YEPBEHOTO MOPCKO MUKPOBOOPACIO
Porphyridium cruentum, xoeto moctura 4,7 mg/mL cyxo BemecTBo mpH OTIJEXKIaHE B
TEPMO(UIIEH OCTAThK U 3€JICHOTO CIaIKOBOJIHO MUKpOBoIopaciio Scenedesmus acutus, YUHTO
pacTtexx e Haii-Bucok — 7,3 mg/mL B me3o¢uminHus ocrarbk. Ilo Bpeme Ha KyJITUBHPAHETO
BOJIOPACTUTE HaMaJSIBaT HAJIMYHUTE XPAHUTEIHU KOMIIOHEHTH B TEUHHUS OCTaThK 32 CMETKa
Ha yBelMYyaBaHE Ha TsaxHaTta Ouomaca. Ta3zu OuomMaca Moke Ja Hamepu JOMBIHUTEITHU
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MIPUJIOKECHUS B KO3METHKaTa, (hapMmanusta u Qypaxkure. YCBOSBaHETO Ha a30T U pocdop OT
JBaTa OCTaTbka 10 BpEeME Ha KYyJITHBUpPAHETO Ha Bojopaciu Oemie HaONIOIaBaHO U
Mozenupano. Pesynrature noBegoxa 10 uaesTa 3a HEMMHEWHU JUHAMUYHHA allPOKCUMAIUU C
eKcroHeHIManeH xapakrep. Llenta Gemre na ce pa3paboTsAT CpaBHUTEITHO MPOCTU HETMHEHHU
OUHAMHYHUA MOJETH, Oa3upaHu Ha HAIMYHUTE CKCICPUMEHTAIHU JaHHHW, TBH Karo
MO3HABAHETO HA MEXAHU3MUTE Ha PA3TIICKIaHUTE [IPOLIECH MOXKE J1a IO3BOJIM Ch3/IaBaHETO Ha
MPOTOKOJIM 3a TPOM3BOJCTBO HA BOJOPACIM B NPOMHUIUIEH Mamad 3a IoJiydyaBaHe Ha
WKOHOMHMYECKH LIEHHU MPOAYKTH OT MUKPOBOJOPACIH, OTIJIEAAHU B OCTaThK OT OPraHUYHU
OTHaabIIN.

5. Chorukova, E., Kabaivanova, L., Hubenov, V., Simeonov, I., Roeva, O. Mathematical
Model of a Thermophilic Anaerobic Digestion for Methane Production of Wheat Straw.
Processes, 2022, 10, 742. (ISSN: 2227-9717, https://doi.org/10.3390/pr10040742) (Q2)

Abstract:

This paper presents a newly created mathematical model of thermophilic anaerobic
digestion of wheat straw carried out in a 2 dm? bioreactor for methane production. Two batch
processes, with 30 mL/dm?3 and 35 mL/dm? organic load, are carried out — one set for parameter
identification and one set for model verification. The identification of model parameter values
is based on dynamical experiments. It is fulfilled using two different techniques: deterministic
sequential quadratic programming algorithm and metaheuristic genetic algorithm. Verification
of the developed mathematical models is conducted based on the different data sets of the
process. Both models predict the set of the experimental data for all considered process
variables well. Genetic algorithm visually fits the data with a higher degree of accuracy, as
confirmed by the numerical results for the objective function value.

Pesiome:

Ta3u cratus npeacTaBst HOBOCH3/1a1€H MaTeMaTHYECKU MOIET Ha TepMO(UITHO aHaepoOHO
pasrpaxkiaHe Ha MIIEHMYHA clama, u3BbpmeHo B 2 dm® GuopeakTop 3a MPOM3BOACTBO HA
metan. ITpoBenenu ca jasa mepuoandnyu mporeca ¢ 30 mL/dm® u 35 mL/dm® opramuumno
HaTOBapBaHE — €IMH Mpolleca 3a WACHTH(HKAIMS Ha TapaMeTpuTe M €IUH Ipoleca 3a
Bepudukanus Ha Mozena. nenTuduurpanero Ha CTOMHOCTUTE Ha apaMeTpUTe Ha MoJerna
ce OCHOBaBa HAa JMHAMUYHH EKCIEPUMEHTH. V3IbIHSABA ce C MOMOIITA Ha JIBE Pa3iIMYHU
TEXHUKHU: JETEPMUHUCTUYEH AITOPUTHM 3a MOCJIEA0BATEHO KBAaPaTUUYHO MPOrpaMHUpaHe U
METAaeBPUCTUYCH IeHETHYEH AITOPUTHM. Bepudukanusra Ha pa3pab0oTEeHUTE MaTeMAaTHIECKA
MOJIEJIN C€ M3BBPIIBA Ha 0a3aTa Ha pa3NuyeH HaOOp OT AaHHU 3a mporeca. M nBata Monena
MPOTHO3UpAT J00pe Habopa OT EKCIePUMEHTATHW JaHHH 3a BCHYKH Pa3riIekIaHU
MIPOMEHJIMBY Ha Ipoleca. ' eHeTUYHHUAT aIfOPUTHM BU3YaJIHO ONMCBA JIAHHUTE C MO-BUCOKA
CTETeH Ha TOYHOCT, KOETO C€ MOTBBPXKAaBa OT YHCICHHUTE PE3YyNITaTH 3a CTOMHOCTTA Ha
neseBaTa QyHKIHSL.

6. Simeonov l., Denchev, D., Kabaivanova, L., Kroumova, E., Chorukova, E., Hubenov, V.,
Mihailova. S. Different Types of Pretreatment of Lignocellulosic Wastes for Methane
Production, Bulgarian Chemical Communications, 2017, 49(2) 430-435. (ISSN: 0861-
9808) (Q4)

Abstract:

Biotechnological processes for anaerobic digestion of lignocellulosic substrates were
performed in a laboratory bioreactor. Bioreactors used were operating at 35°C to follow the
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process of methane production. Cattle manure and wheat straw were involved in a ratio of
65:35 as a substrate, as well as only wheat straw as a sole substrate. We report on performing
two pretreatment techniques to the substrates — chemical with ammonium hydroxide (NH4sOH)
and polyethylene glycol (PEG) and biological — employing white-rot basidiomycetes
(Trametes hirsuta) before starting the process of anaerobic digestion. The biological method of
pretreatment gave the highest cumulative biogas yield for the substrate wheat straw and cattle
manure. Chemical pretreatment lead to higher specific biogas yield when only wheat straw was
used as a substrate. Both methods were easy to perform and lead to increased biomethane yield
in comparison to that obtained with the participation of untreated substrates.

Pe3rome:

BroTexHoMOrnyHMTE MpOIECcH 3a aHAepOOHO pasrpakJaHe Ha JIUTHOIETYI03HU CyOCTpaTH
0sixa M3BBPIICHU B J1abopatopeH Owopeaktop. M3mon3Banute OnopeakTopu padorexa IpH
35°C, 3a ma cienBar mpolieca Ha IPOU3BOJCTBO Ha MeTaH. Karo cybcrpar ca u3nona3BaHu
TOBEX/IM TOP U MIICHUYHA CllaMa B ChOTHOIICHUE 65:35, KaKTO ¥ caMo MIIIEHUYHA cllaMa KaTo
ennHCTBEeH cyoOcTpat. Tyk nokimazgBame 3a M3BBPIIBAHE HA JBE TEXHUKHU 3a MPEIBApUTEIIHA
o0OpaboTka Ha cyOcTpatuTe — XUMHU4Ha ¢ amoHueB xuapokcua (NH4OH) u monumerunen
rikon (PEG) u 6nosnornuna — n3nossBaia 6azuaguomuiiety ¢ 0s1o raueHe (Trametes hirsuta)
npeay 3aloyBaHe HA Mpoleca Ha aHaepoOHO pa3rpakiaHe. BHONOTHYHUAT METOj Ha
npeaBapuTesiHa 00paboTKa JaBa Hal-BUCOK KyMYJaTHBEH JOOMB Ha Ouora3 3a cyOcrpara
MIICHUYHA C1aMa U roBexiu Top. [IpeaBapurennara xumudecka 00paboTKa BOJIH JI0 TO-BUCOK
cnieruIeH qoOUB Ha OMOTa3, KOraTo Karo CyoCTpaT ce M3I0JI3Ba caMo MIeHnYHa ciama. U
JIBaTa METOJIa Ca JICCHU 3 U3ITBJIHEHUE U BOJIAT JI0 TIOBUIIICH I00MB Ha OMOMETaH B CPAaBHCHHE
C TO3H, MOJIyYeH C y4acTUETO Ha HETPETUPaHH CyOCTpaTH.

7. Choruxkova E., Mamatarkova V., Simenonov I., Nikolov L. Influence of two basic
technological paramaters on the behavior of a new bioprocess system with anaerobic
biofilm for biogas production. Biotechnol and Biotechnol Eq., 2011, 25(4), 138-144.
(ISSN: 1310-2818, https://doi.org/10.5504/BBEQ.2011.0134) (Q3)

Abstract:

A new type of packed bed biofilm reactor was developed and research was started as a part
of the new bioprocess system for anaerobic biofilm (BPSa). The present paper is dedicated to
the investigations of the behavior of the new BPSap with this reactor as its major part. The new
device passed a long period of incessant functioning under tough operational conditions. This
was a good proof of the suitability of the new bioreactor as a laboratory tool for anaerobic
biofilm investigations. It ensured stable experimental conditions for investigations of the
influence on the intensity of mixing and the temperature on the BPSap productivity of biogas.
Study of the mixing intensity on the bioreactor productivity showed an indifferent behavior to
this factor in a rather large interval of changes of its values. As to the temperature, the reaction
was similar to that of the chemical process systems following the Arrhenius rule in some part
of the interval of its changes.

Pesrome:

bemre pa3paboTeH HOB THUIl peakTop 3a OMOPHIM C YIUIBTHEH CIIOM M 3amoyHaxa
W3CJIE/IBAHUS KaTO 4acT OT HOBaTa OMOMpoIlecHa cucTeMa 3a aHaepoOeH ouoduam (BPSa).
Hacrosimmara cratus e mocBeTeHa Ha M3CJEeIBAHETO HA MOBeACHUETO Ha HOBUs BPSay ¢ To3H
pEeaKTop KaTo HEroBa OCHOBHA YacT. HOBOTO ycTpOMCTBO mpeMuHa Tpe3 IBJIBI MEPHO Ha
HemnpeKkbcHaTa padoTa MpH TEKKHU eKCII0AaTallMOHHH yciIoBUs. ToBa € 100po 10Ka3aTeNCTBO
3a MPUTOJHOCTTAa HAa HOBHUS OMOpPEaKTOp KaTo J1abopaTopeH HHCTPYMEHT 3a aHaepOoOHHU
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n3cienBanus Ha ouodunm. OcurypsiBa CTaOMIIHN €KCIIEPUMEHTAITHH YCIOBUS 3a M3CJICABAHE
Ha BJIMSHHUETO BBPXY MHTEH3MBHOCTTA HAa CMECBaHE M TeMIeparypaTa BbpXY
npousBoauTenHocTTa Ha BPSap Ha Ouoras. M3cneaBaneTo Ha MHTEH3UTETa HA CMECBAHE BHPXY
IIPOM3BOIUTEIIHOCTTA Ha OMoOpeakTopa Noka3a Oe3pas3M4yHO IMOBEIEeHHE Ha TO3U (akTop B
JIOCTa TOJISIM HHTEpBaJl OT NPOMEHM HA HEroBure crorWHocth. IIlo ce oTHacs 1o
TeMmIreparypara, peakuusaTa Oemle nogoOHa Ha Ta3d HAa XMMUYECKUTE IPOLIECHU CHCTEMH,
CJIEJBAIIM [TPAaBUIIOTO Ha APEHUYC B 4acT OT MHTEpBaja Ha HEHHUTE IIPOMEHH.

8. Simenonov I., Chorukova, E., Mamatarkova, V., Nikolov, L. Biogas production from
organic wastes in suspeded cell cultures and in biofilms, Biotechnol. & Biotechnol. Eq.,
2010, 24, 558-566. (ISSN: 1310-2818, https://doi.org/10.1080/13102818.2010.10817897)

(Q3)
Abstract:

The results of a comparative study of two biogas production bioprocess systems are
presented. The systems submitted to comparison are based on the suspended cells cultures and
the biofilm formed on solid inert support. A comprehensive research concept is formulated and
discussed. It includes the main considerations regarding the choice of substrate, bioagent as
mixed microbial society, type of bioreactors, regimes of functioning, analytical determinations
and method of comparison. The main requirements for efficient experimental activity in
comparative investigations are formulated. Their satisfaction can grant correctness of the
experimental design and data acquisition. On this basis the key parameter of comparison of the
two systems is defined as the specific productivity of the bioprocess systems. Under these
conditions series of preliminary experiments are carried out for testing the readiness of
experimental set ups for long time stable functioning and monitoring devices capabilities to
maintain the bioprocess parameters at the determined intervals. These tests grant continuous
incessant experimentation with the investigated bioprocess systems.

The results obtained show that biofilm bioprocess systems possess up to two and half time
higher specific productivity in comparison with the bioprocess systems with the suspended
cells. Some visions about the future developments of comparative research on the influence of
additional parameters like the mixer rotation steed, organic loads, and higher values of dilution
rates are outlined.

Pe3rome:

[IpencraBenu ca pe3ynraTUTE OT CPAaBHUTEITHO M3CIICABAHE HA JIBE OMOIIPOIIECHA CHCTEMHU
3a MpOU3BOJACTBO Ha Omoras. CucremuTe, MPEACTaBEHU 3a CpaBHEHHE, CE€ OCHOBaBaT Ha
CyCIIEHJMPaHU KJIEThYHH KYITYpH U Onoduim, oOpazyBaH BbpXY TBbP/a HHEPTHA MOIOKKA.
dopmynupa ce u ce 00CHK/1a ISITOCTHA U3CJIeI0BATENICKa KOHIIETIUS. sl BKIIOYBAa OCHOBHUTE
CchOOpakeHUs OTHOCHO M300pa Ha cyOCTpar, OMOareHT KaTo CMECEHO MUKPOOHO OOIIECTBO,
TUN OMOPEaKTOpH, PEXUMH Ha (QPYHKIHOHUpPAHE, AHATUTUYHU ONPEICISIHUS U METOH 3a
cpaBHeHue. DOpMyNIHpaHH ca OCHOBHUTE HW3MCKBaHMs 32 €()EKTHMBHA EKCIIEPUMEHTAJIHA
JNEHHOCT B CPaBHUTEIHUTE W3CIEABAaHUSA. TSAXHOTO VIOBJIETBSIBAHE cC€ TapaHTHpa OT
MPABIWJIHOCTTA Ha JIM3aifHa Ha EKCIIEpUMEHTa W ChOMpaHeTo Ha JaHHW. Ha Ta3sum ocHoBa
OTIpeICTICHUSIT OCHOBEH MapaMeThp 3a CpaBHEHHWE Ha JIBETE CHCTEMHU € CrernuduuHaTa
MIPOU3BOIUTEITHOCT Ha OMONIPOIIECHUTE CHCTeMH. [Ipu Te3n yCIIOBUS ce MPOBEKIAT CEPUU OT
MpEeIBAPUTEIIHA EKCIIEPUMEHTH 3a MPOBEpKa Ha TOTOBHOCTTa Ha EKCIIEPUMEHTATHUTE
YCTAaHOBKHM 32 MPOABDKUTEIHO YCTOWYMBO (YHKIMOHMpPAHE U BB3MOXKHOCTUTE Ha
yCcTpoiicTBaTa 3a MOHHUTOPHMHT Ja TOJAbpKAaT TMapaMeTpuTe Ha Owuorpoleca Impe3
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OIIpeIeJIEHUTE MHTEPBAIU. Te€3U TECTOBE OCUTypsBaT HENPEKBCHATO €KCIIEPUMEHTHPAHE C
u3cieBaHUTE OMOMPOLIECHH CUCTEMHU.

[Tonmy4yenure pe3ynTatu mokas3BaT, 4e OMOMPOIIECHUTE CUCTEMHU C OMO(MUIM IpPUTEKABAT
70 JBa IBTH M TOJOBHHA II0-BHCOKA CIENU(UYHA MPOU3BOJUTEIHOCT B CPaBHEHHE C
OMOTPOLIECHUTE CUCTEMH ChC CYCIICHIUpPaHH KiIeTkH. OuepTaHu ca HAKOW BU3UH 32 OBAEIIO
pa3BUTHE HA CPABHUTEIHH U3CIICIBAHNS BbPXY BIMSIHUETO HA TOIIBIHUTEIHH ITApaMETPH KaTO
CKOpPOCT Ha BBPTEHE Ha JIBUTATENS, OPraHMYHU HATOBApBAaHUS U IO-BHCOKM CTOMHOCTH Ha
CKOPOCTHUTE Ha pa3peKaaHe.

9. Chorukova E., Marinov P., Umlenski I. Survey on Theory and Applications of
InterCriteria Analysis Approach. Studies in Computational Intelligence, Springer Nature,
2021, 934, 453-469. (ISSN 1860-949X, E-ISSN 1860-9503, https://doi.org/10.1007/978-
3-030-72284-5_20) (Q4)

Abstract:

Short notes on the concept of InterCriteria Analysis (ICrA), a new method for estimating
similarity with regards to estimations of criteria and objectives, are described. The main results
of the theory development since ICrA’s inception are considered. Several software
implementations of ICrA are presented. Various applications of the approach to a wide variety
of problems are discussed.

Pe3rome:

Omucanu ca KpaTK1u 6€J'I€)KKI/I OTHOCHO KOHILCIIIMATA 34 HWHTCPKPUTCPHUAIICH aHaJIu3
(ICrA), HOB MeTOA 3a OIIEHKa Ha CXOJICTBOTO IO OTHOIIIEHHE HA OLICHKUTE Ha KPUTEPUUTE U
nenute. Pasriexnar ce OCHOBHUTE pe3yATaTd OT Pa3BUTHUETO HAa TEOPHSTA OT Ch3/IaBAaHETO Ha
ICrA. IlpencraBenu ca Hskonko copryepHu peanuzanuu Ha ICrA. OOGcbaeHu ca pa3iuuHu
MPUJIOKEHHUS Ha MOAXO0/a KbM TOJSIMO pazHOoOOpa3ue OT MpoOJIeMH.

10. Roeva O, Roeva G, Chorukova E. Crow Search Algorithm for Modelling an Anaerobic
Digestion Process: Algorithm Parameter Influence. Mathematics, 2024, 12(15), 2317. (E-
ISSN 2227-7390, https://doi.org/10.3390/math12152317) (Q1)

Abstract:

Corn steep liquor is a waste product from the process of treating corn grain for starch
extraction. It is used as a substrate in anaerobic digestion with simultaneous hydrogen and
methane production in a cascade of two anaerobic bioreactors. For process research and
optimisation, adequate mathematical models are required. So, the authors aim to present a high-
quality model of the corn steep liquor process for the sequential production of H> and CHa.
This paper proposes a technique for identifying the best mathematical model of the process
using the metaheuristics crow search algorithm (CSA). The CSA was applied for the first time
to mathematical modelling of the considered two-stage anaerobic digestion process, using real
experimental data. Based on the analysis of the numerical data from the model parameter
identification procedures, the influence of the main CSA parameters — the flight length, fl, and
the awareness probability, AP — was investigated. Applying classical statistical tests and an
innovative approach, InterCriteria Analysis, recommendations about the optimal CSA
parameter tuning were proposed. The best CSA algorithm performance was achieved for the
AP =0.05, fl =3.0, followed by AP =0.10, fl =2.5, and AP = 0.15, fl =3.0. The optimal tuning
of the CSA parameters resulted in a 29% improvement in solution accuracy. As a result, a
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mathematical model of the considered two-stage anaerobic digestion process with a high
degree of accuracy was developed.

Pe3rome:

[HapeBUUHHUAT €KCTPAKT € OTHaJAb4YeH MPOJIYKT OT Ipolreca Ha 00paboTka Ha APEBUYHO
3BPHO 32 CKCTpaKIKs Ha HuIecTe. M3mon3Ba ce karo cyOcTpar mpu aHaepoOHO pa3rpakaaHe
C €IHOBPEMEHHO MPOM3BOACTBO Ha BOJOPOJ M METaH B Kackaja OT JBa aHaepoOHU
OomopeakTopa. 3a W3CIeABaHE M ONTHMHU3HMpPAHE Ha MPOILECH Ca HEOOXOTUMHU aJCKBATHU
MaTemMaThuuecku mojenu. M Taka, aBTOpuTe MMAaT 3a el J1a MPEJCTaBsIT BHCOKOKAYECTBEH
MOJIeTT Ha TIpolieca Ha mpepaboTKa Ha IAPEBUYCH EKCTPAKT 3a MOCIICIOBATEIIHO MPOU3BOICTBO
Ha H; m CHs. Ta3u crarms mnpejiara TeXHHMKa 3a HACHTH(QHUIMpAHE HAa HaW-700pus
MaTeMaTUYeCKH MOJIE] Ha Mpolleca, U3MOJI3BAKN METACBPUCTUUHUS aJITOPUTHM 32 ThPCEHE
Ha BpaHa (CSA). CSA Oemie NpuiaoKeH 3a IbPBU BT 32 MaTeMaTHYECKO MOJEIHUpaHe Ha
pasriexaanus JByeTaleH MpOoIeC Ha aHaepoOHO pa3rpakiaaHe, KaTo Ce M3MOJI3BAT peajHu
eKCIIepUMEHTaIHU JaHHU. Bb3 OCHOBa Ha aHanu3a Ha MU(PPOBUTE JAaHHU OT MPOIEIYPUTE 3a
UICHTH(UKAIMS Ha TapaMeTpUTe Ha MOJeNa € HW3CICABAHO BIUSHUETO HA OCHOBHHUTE
napametpu Ha CSA — nwppkuHaTa Ha mojeta, fl, U BepoATHOCTTa 3a OocBeqOMeHOCT, AP.
[Tpunaraiiku KJIaCHYECKH CTAaTUCTHYECKH TECTOBE M WHOBaTHMBeH mnoaxon, InterCriteria
Analysis, Oerire nmpemIoKeH NPENOPbKU 32 ONTUMATHA HACTpoiika Ha mapamerpute Ha CSA.
Haii-no6poto npencrassue Ha anroputhma Ha CSA Geme nocturaaro 3a AP = 0,05, {1 = 3,0,
nocnenano ot AP = 0,10, f = 2,5 u AP = 0,15, fl = 3,0. OnTumanHaTa HacTpoilika Ha
napametrpute Ha CSA noBezne 10 29% mnogoOpenne B TOYHOCTTA Ha pelieHuero. B pesynrar
Ha ToBa Oelle pa3pabOTeH MaTeMaTUYECKH MOJEN Ha pas3riieXkJaHus JIByeTareH Mpoliec Ha
aHaepOOHO pas3rpakJaHe ¢ BUCOKA CTCTICH Ha TOYHOCT.

My6aukanuu no I'pyna ot nokaszareau I' na 3PACPB

11. Chorukova, E., Kabaivanova, L. Static Characteristics of the Anaerobic Digestion of
Organic Wastes with Production of Hydrogen and Methane, Including Substrate Inhibition
Influence, Int J Bioautomation, 2024, 28(4), 197-204. (E-ISSN: 1314-2321, Print ISSN:
1314-1902, doi: 10.7546/ijba.2024.28.4.001035) (Q4)

Abstract:

In this paper, static characteristics of a simple mathematical model of a two-stage anaerobic
digestion (AD) process for sequential production of hydrogen (H2) and methane (CH4) are
derived. The influence of substrate inhibition in the first and second bioreactors is considered.
Different process variables are described in the considered mathematical model. The
concentration of the influent organic matter is assumed to be the main external disturbance
reflected in the model. The obtained input-output static characteristics for the energy carriers
(H2 and CHg) could be used to control and optimize the subjected process.

Pesiome:

B Ta3u cratus ca u3BeNEHU CTATUYHHU XapAKTEPUCTHKU HA MPOCT MATEMATUUYECKH MOJIEI
Ha JIByeTaIleH Mpoliec Ha aHaepoOHo pasrpaxaane (AD) 3a mocienoBaTeTHO MPOU3BOICTBO HA
Bogopona (Hz2) u meran (CHs). Pasrienano e BiusHHETO Ha CyOCTPaTHOTO MHXUOMpaHE B
IEPBUS ¥ BTOPUS OnopeakTop. B pasriexaaHus MaTeMaTHYeCKH MOJIEN Ca OTMCAHH Pa3TuIHI
MPOMEHJIMBU Ha mpoueca. [Ipuema ce, ye KOHIEHTpalMsATa HA BIMBAIlATa C€ OpraHUYHA
MaTrepusi € OCHOBHOTO BHHIITHO CMYIIIEHHE, OTPa3eHO B Mojiena. [lomydeHnTe BXOAHO-U3X0THI
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CTaTUYHU XapakTepucTuku 3a eHeproHocurenute (Hz m CH4) Morar na ce msmonsBar 3a
yIIpaBJICHUE U ONTHMU3UPAHE Ha PA3TIIeKIaHUs TIPOLIEC.

12. Simeonov, I., Chorukova, E., Kabaivanova, L. Two-Stage Anaerobic Digestion for Green
Energy Production: A Review, Processes, 2025, 13, 294. (E-ISSN 2227-9717,
https://doi.org/10.3390/pr13020294) (Q2)

Abstract:

Anaerobic digestion (AD) is a biotechnological process in which the microorganisms
degrade complex organic matter to simpler components under anaerobic conditions to produce
biogas and fertilizer. This process has many environmental benefits, such as green energy
production, organic waste treatment, environmental protection, and greenhouse gas emissions
reduction. It has long been known that the two main species (acidogenic bacteria and
methanogenic archaea) in the community of microorganisms in AD differ in many aspects, and
the optimal conditions for their growth and development are different. Therefore, if AD is
performed in a single bioreactor (single-phase process), the optimal conditions are selected
taking into account the slow-growing methanogens at the expense of fast-growing acidogens,
affecting the efficiency of the whole process. This has led to the development of two-stage AD
(TSAD) in recent years, where the processes are divided into a cascade of two separate
bioreactors (BRs). It is known that such division of the processes into two consecutive BRs
leads to significantly higher energy yields for the two-phase system (H2 + CH4) compared to
the traditional single-stage CH4 production process. This review presents the state of the art,
advantages and disadvantages, and some perspectives (based on more than 210 references from
2002 to 2024 and our own studies), including all aspects of TSAD — different parameters’
influences, types of bioreactors, microbiology, mathematical modeling, automatic control, and
energetical considerations on TSAD processes.

Pe3rome:

AnaepobHOoTO pasrpaxaane (AD) e OuWOTEeXHOJIOrMYEH TMpolec, NpU KOHTO
MHUKPOOPTIaHU3MHTE Pa3rpakJaT CJI0KHA OpraHU4YHA MaTepus 10 NMO-IIPOCTH KOMIIOHEHTH IIPU
aHaepoOHU yCJIOBHS, 3a Ja mpousBeAar O6uora3z u Top. To3u mponec WMa MHOrO MOJI3H 3a
OKOJIHATa cpejia, KaTo MPOU3BOACTBO Ha 3€JIeHa eHeprusi, 00paboTKa Ha OpraHUYHH OTHAIbIIH,
Olla3BaHE Ha OKOJHATa Cpeja U HaMaliIBaHEe HAa EMUCUUTE Ha MapHUKOBU razose. OTaaBHa €
U3BECTHO, Y€ JiBaTa OCHOBHU BHUJAA (allUJOTCHHU OaKTepUM M METAaHOI'€HHU apxeu) B
oOnIHOCTTa Ha MHKpoopranusmMute npu AD ce pa3nnuaBar B MHOTO acleKTH, KakTO U
ONITHMAJIHUTE YCJIOBHSI 32 TEXHUS PACTEX U pa3BUTHE ca pa3nnyHu. CienoaTenHo, ako AD ce
U3BBPIIBA B €IUH OMOpeakTop (eqHoda3eH NpoIiec), ONTUMATHUTE YCIOBUS ce U30UpaT, Kato
ce B3eMaT IpeBu OaBHO pacTALIMTE METAHOTEHM 3a CMETKa Ha OBP30 PaCTSAIIM KUCEITUHH,
BIUSACIIA BBPXY €(EKTUBHOCTTA Ha IeNus TMporec. ToBa J0BeAE 10 pPa3BUTHUETO Ha
nsycreneHHa AD (TSAD) npe3 nocienHuTe roauHH, KbJIETO MPOIECUTE ca pa3JeieHu Ha
Kackaja ot aBa otaennu ouopeakropa (BR). M3BecTHO e, 4e TakoBa pa3jieissHe Ha MPOIEeCUTe
Ha JBa mnocienoBaTenHd BR Boau 110 3HAUMTENHO MMO-BHCOKM EHEPrHHHU JO0OMBH 3a
nBydasnata cucrema (H2 + CH4) B cpaBHeHue ¢ TpaaullMOHHUS €THOETAINleH Mpolec Ha
npou3BoicTBO Ha CHa. To3u 0030p mpesacTaBs ChCTOSHUETO Ha TEXHHUKATa, IPEIUMCTBATA U
HEJOCTaThIIMTE U HIKOM MepcreKTHBH (Ha 0a3ara Ha moede oT 210 mpemnparku ot 2002 no
2024 r. u HamMTEe COOCTBEHH NPOYYBAHHWS), BKIIOUHUTEIHO BCHYKM acrieKTd Ha TSAD —
BIIUSIHUE Ha Pa3jIMyYHU MapaMeTpH, BUIOBE OMOPEAKTOPH, MUKPOOUOJIOTHUS, MaTEMaTHUECKO
MoOJIeJIUpaHe, aBTOMATUYHO YIIPABICHUE U €HEePruitHu choOpaxkeHus 3a npouecure Ha TSAD.
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13. Chorukova, E., Roeva, O. Mathematical modeling and static characteristics of the
anaerobic digestion of organic wastes with production of hydrogen and methane, Studies
in Computational Intelligence, 2024, 1158, 30-51. (E-ISSN 1860-9503, Print ISSN: 1860-
949X, https://doi.org/10.1007/978-3-031-57320-0_3) (Q4)

Abstract:

In this paper, static characteristics of five different mathematical models of a two-stage
anaerobic digestion (AD) process for the sequential production of H, and CHy are derived.
Different process variables are described in the considered mathematical models. Each
subsequent model describes in more detail the two-step AD process under consideration.

The concentration of the influent organic matter is assumed to be the main external
disturbance reflected in the models. Changing it leads to a shift of the corresponding static
characteristics without changing their essence, but of course the value of the maximum also
changes. The obtained specific values of dilution rate in the first bioreactor (D1) and dilution
rate in the second bioreactor (D) are highly dependent on the parameter values in the 5 models
considered. On the other hand, the model parameters are dependent on the specific substrate in
the AD process. Thus, the values of D1 and D are highly dependent on the substrate used.

Pesrome:

B ta3u craTtus ca u3BeICHH CTATHYHUTE XapaKTEPUCTHKH HA MET PA3JIUYHU MAaTEMaTHUECKU
MOfIeJla Ha JIByeTaleH Mpolec Ha aHaepoOHO pasrpaxnane (AD) 3a mocrienoBarenHo
npousBoicTBO HAa Hz 1 CHy. B pasrnesxnanute MaTeMaTH4eCKU MOJICIH Ca ONTUCAHH Pa3InuHU
MPOMEHJIMBU Ha TMpoleca. Bceku cieaBam MOJeN OMUCBAa MO-TOAPOOHO pasriieKIaHHs
nByetarieH AD mporiec.

[Ipuema ce, ye KOHILIEHTpalMsATa Ha BIMBAIlaTa C€ OpraHWYHA MaTepus € OCHOBHOTO
BBHIIHO CMYILIEHHE, OTpa3eHO B Mozenute. lIpomsHata My BoAM 10 HM3MECTBaHE Ha
CbOTBETHUTE CTaTUYHU XapaKTEPUCTUKH, O€3 J1a ce MPOMEHS CHIIHOCTTa UM, HO pa3dupa ce
IIPOMEHs U CTOWHOCTTa Ha MakcuMyMa. [lomyueHure cnenupuyHu CTOMHOCTH Ha CKOPOCTTA
Ha paspexaaHe B IbpBuUd Ouopeaktop (Di1) m ckopocTra Ha paspexjaHe BbB BTOPHS
6uopeakrtop (D2) ca cMITHO 3aBUCHMMHM OT CTOMHOCTUTE Ha MapaMeTpUTe B 5-Te pasriekIaHu
Mozena. OT apyra cTpaHa, mapaMeTpuTe Ha MOJesia 3aBUCAT OT KOHKpETHUs cyocrtpat B AD
npoueca. [lo To3m HaumH croiiHOocTMTE Ha D1 M D2 ca cuinHO 3aBUCHMMM OT M3IOJI3BAaHUS
cyOcTpar.

14. Chorukova, E., Roeva, O., Atanassov, K. Generalized Net Model of Ant Lion Optimizer,
Lecture Notes in Networks and Systems, 374 LNNS, 2022, 154-162. (E-ISSN: 2367-3389,
Print ISSN: 2367-3370, https://doi.org/10.1007/978-3-030-96638-6_17) (Q4)

Abstract:

In the presented paper, the functioning and the results of the work of a metaheuristic
algorithm, known as Ant Lion Optimizer (ALO) is described using the apparatus of generalized
nets (GNs). The developed GN-model mimic the optimization processes based on the behavior
of antlions and their prey in nature. To model such interactions, ants are required to move over
the search space, and antlions are allowed to hunt them and become fitter using traps. The
proposed GN-model executes the ALO algorithm conducting abovementioned basic steps and
thus performing an optimal search. ALO GN-model considered here is another contribution to
the open, namely “to present each of the artificial intelligence areas by GNs”.

Pesiome:

1125


https://doi.org/10.1007/978-3-031-57320-0_3
https://doi.org/10.1007/978-3-030-96638-6_17

B npencraBenara cratusi € onucaHo (QYHKIIMOHHPAHETO M pe3ylTaTHTe OT paboTara Ha
METaeBpUCTUUYEH AITOpPUTHM, HM3BecTeH kKaro Ant Lion Optimizer (ALO) ¢ momomira Ha
anaparta Ha o0o6Omenure mpexu (GN). Pazpaborenusr GN-moien uMuTHpa TPOLECUTE HA
onTUMHU3aLMsL, Oa3upaHU Ha MOBECHUETO HA MPAaBKUTE U TSXHATA IUISTYKa B MpUpojaTa. 3a 1a
ce MOJenupaT TaKuBa B3aUMOJICHCTBHUS, OT MpPaBKUTE C€ HM3UCKBA Jla C€ IBIXKAT HaJ
MIPOCTPAHCTBOTO 32 ThPCEHE, a HAa MPABKUTE € M03BOJICHO J]a T JIOBYBAT U J1a CTaBart 1o-A00pu,
n3non3Baiiku kamaHu. llpemnoxenust GN-mozen wusnbaHsBa anropurbMa ALO, karo
U3BBPIIBA TOPECIIOMEHATUTE OCHOBHU CTBIKM W IO TO3M HAUYMH M3BBPIIBA ONTHUMAIHO
ThpceHe. ALO GN-MoaenbT, pa3riexkaan TyK, € Apyr IPUHOC KbM CTpEMexa ,,J1a MPeJACTaBU
BCsIKa OT 00JIACTHTE Ha U3KYCTBEHUsI HHTEJICKT upe3 GN,

15. Chorukova E., I. Simeonov. Mathematical modeling of the anaerobic digestion in two-
stage system with production of hydrogen and methane including three intermediate
products, International Journal of Hydrogen Energy, 2020, 45(20), 11550-11558. (E-ISSN:
1879-3487, Print ISSN: 0360-3199 https://doi.org/10.1016/j.ijhydene.2019.01.228) (Q1,
orjiaBsiBa paHFJ'II/ICTaTa)

Abstract:

Anaerobic digestion is a multi-step biotechnological process, in which Hz is not detected
as itis consumed immediately e.g. by hydrogenotrophic methanogens to produce CH4 and CO..
Recently a two-stage AD concept consisting of hydrogenic process followed by methanogenic
process was suggested. However, only few models of this process are known. In this study a
mathematical model of a continuous process of AD with production of hydrogen and methane
in a cascade of two bioreactors, including some intermediate products in the first bioreactor
was developed and investigated.

Pesiome:

AHaepoOHOTO pasrpaxkJlaHe € MHOTOeTareH OMOTEXHOIOTHYEH Tpoliec, mpu Koito Ho He
ce OTKpHBa, Thi KaTO Ceé KOHCYMHUpa BeJHara, Harp. 4pe3 XUJporeHoTpoHU METAaHOTEHH 3a
nonydaBane Ha CHs 1 CO2. Hackopo 6erie nmpeqioxena apyeranHa AD KOHIENIHs, ChCTOsIIA
ce OT BOJOPOCH IpOIEC, MOCIeBaH OT MEeTaHOTeHeH mporec. V3BecTHH ca obade camo
HSKOJKO MOJela Ha TO3M mporec. B ToBa wuscnenaBane e pa3paboTeH M H3CIEBaH
MaTeMaTHYECKH MOJIEI Ha HeMpeKbCHAT Ipoliec Ha AD ¢ mpou3BOACTBO Ha BOJIOPOT U METaH
B KackaJa OT JiBa OHMOpeakTopa, BKIIIOUUTEIHO HSIKOM MEXKIWHHU MPOAYKTH B IMBPBUS
OuopeakTop.

16. Roeva, O., Chorukova, E. Metaheuristic Algorithms to Optimal Parameters Estimation of
a Model of Two-Stage Anaerobic Digestion of Corn Steep Liquor. Applied Sciences, 2023,
13(1), 199. (E-ISSN 2076-3417, https://doi.org/10.3390/app13010199) (Q2)

Abstract:

Anaerobic Digestion (AD) of wastewater for hydrogen production is a promising
technology resulting in the generation of value-added products and the reduction of the organic
load of wastewater. The Two-Stage Anaerobic Digestion (TSAD) has several advantages over
the conventional single-stage process due to the ability to control the acidification phase in the
first bioreactor, preventing the overloading and/or the inhibition of the methanogenic
population in the second bioreactor. To carry out any process research and process
optimization, adequate mathematical models are required. To the best of our knowledge, no
mathematical models of TSAD have been published in the literature so far. Therefore, the
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authors’ motivation is to present a high-quality model of the TSAD corn steeping process for
the sequential production of H, and CHa considered in this paper. Four metaheuristics, namely
Genetic Algorithm (GA), Firefly Algorithm (FA), Cuckoo Search Algorithm (CS), and Coyote
Optimization Algorithm (COA), have been adapted and implemented for the first time for
parameter identification of a new nonlinear mathematical model of TSAD of corn steep liquor
proposed here. The superiority of some of the algorithms has been confirmed by a comparison
of the observed numerical results, graphical results, and statistical analysis. The simulation
results show that the four metaheuristics have achieved similar results in modelling the process
dynamics in the first bioreactor. In the case of modelling the second bioreactor, a better
description of the process dynamics trend has been obtained by FA, although GA has acquired
the lowest value of the objective function.

Pe3rome:

AnaepoOHOTO pasrpaxaane (AD) Ha oTmaabyHU BOJW 32 MPOU3BOJCTBO HAa BOAOPO] €
o0elaBaiia TEXHOJIOIHs, BOJEIIA 10 I'eHepUpaHe Ha IMPOAYKTH C J00aBeHa CTOMHOCT U
HaMaJIsIBaHE Ha OPraHUYHOTO HATOBAPBAHE HA OTIAIbUHUTE BOAM. J|BYCTHIIaATHOTO aHAEPOOHO
pasrpaxxaane (TSAD) nma HAKOJIKO peIMMCTBA Ipe/l KOHBEHIIMOHAIHUS €HOETAIIEH MIPOoLieC
nopajau crnocoOHOCTTa Ja ce KOHTpoiupa (a3ara Ha MOJKUCISBaHE B IIBPBUS OHOPEAKTOD,
IIPEeJOTBpATsABAaKY PETOBAPBAHETO W/WJIM MHXMOUPAHETO Ha METAaHOTCHHATA IOITYJIalUsl BbB
BTOpHUsSl OnopeakTop. 3a M3BBpIIBAHE Ha KAKBOTO M Ja € H3CJIeIBaHE Ha MPOLECH U
ONTUMM3AIMS Ha MPOLECH ca HEOOXOAMMH aJIeKBaTHU MaTeMaTU4ecKu Mojend. JJoKoJIKoTo
HU € U3BECTHO, J0CETa B INTepaTypara He ca MyOJIMKyBaHH MaTeMaTudecku Mozenu Ha TSAD.
CrnenoBarenHO MOTHMBALMATAa Ha aBTOPUTE € Ja MNPEJCTAaBIT BHCOKOKAYECTBEH MOJEN Ha
mpoleca Ha JBYCTBIIAJHO pa3rpa)<IaHe Ha OTHAAbK OT LApEBMIA 3a IOCJIEJOBATEIHOTO
npou3BoacTBO Ha Hz u CHy, paszriexnanu B Ta3u craTust. YeTUpu METaeBPUCTUKU, @ UMEHHO
reietnyeH anroputrsM (GA), anroputseM Ha Firefly (FA), anroputsm 3a ThpceHe Ha KyKyBULIA
(CS) n anroputsM 3a ontuMu3zaius Ha Coyote (COA), 6s1xa aganTUpaHu U BHEAPEHH 3a IbPBU
BT 32 UACHTU(DULIMPAHE HA TapaMETPH Ha HOB HEJIMHEEH MateMaThniecku Mosien Ha TSAD Ha
LAPEBUYEH OTNALBK, NPEUIOKEH TyK. lIpeBb3XOACTBOTO HAa HAKOM OT aNrOPUTMUTE €
MOTBBPJICHO Ype3 CPAaBHEHNE HAa HAOII0JaBaHUTE YUCIICHHU PE3YJTaTH, IpapuuHu pe3ynTaTtu U
CTaTHUCTUYECKU aHanu3. Pe3ynarature oT cuMyJlalusaTa I0Ka3BaT, Y€ YETUPUTE METAEBPUCTUKH
ca MOCTUTHAJIM MOJOOHU pe3yiTaT IpU MOJIeNMpaHe Ha AMHAMUKATA Ha Mpolieca B MbpPBUs
O6uopeaktop. B ciyuail Ha MozmenupaHe Ha BTOpUS OMOpEaKTOp, MO-A00pPO ONHUCAaHHWE Ha
TEeHJICHIIUATA Ha JAUHAMUKAaTa Ha mporieca € noxydeHo ot FA, Benpeku ue GA e mpugoOuia
Haill-HuCKaTa CTOMHOCT Ha LieneBaTa (pyHKIus.

17. Chorukova, E., Simeonov, I., Kabaivanova, L. Volumes Ratio Optimisation in a Cascade
Anaerobic Digestion System Producing Hydrogen And Methane. Ecological Chemistry
and Engineering S, 2021, 28(2), 183-200. (E-ISSN: 2084-4549, ISSN: 1898-6196, DOI:
10.2478/eces-2021-0014) (Q3)

Abstract:

As focus of humans has turned to renewable energy, the role of anaerobic digestion has
started to become economically viable. Reducing the volume of agro-wastes for the generation
of gaseous and liquid fractions with energy carriers and valuable products is an enormous
challenge. A two-stage anaerobic digestion process consisting of hydrogenic stage followed by
methanogenic stage was studied in a laboratory scale. Five simple nonlinear models of this
continuous cascade process were studied in order to determine the optimal ratio of working
volumes of bioreactors, in view of maximising energy production. This ratio was reported for
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all adopted models. The optimal ratio (maximal energy production criterion) depends of the
adopted mathematical model. Static characteristics of both bioreactors were obtained using
Symbolyc toolbox of Matlab. Numerical experiments concerning dynamics of the main
variables of both bioreactors for these models using Simulink of Matlab are performed for
different step changes of the dilution rate of the first bioreactor, together with the influence of
the substrate (acetate) inhibition for one of the models. The value of the constant of inhibition
plays an important role on the admissible interval of the dilution rate. The developed idea could
serve for optimally designed experiments of anaerobic digestion for production of hydrogen
and methane from lignocelluloses wastes (wheat straw) in two phase process.

Pe3rome:

Toit karo QOKYCHT Ha XOpaTra Ce HAaco4Yd KbM BH30OHOBSEMAaTa CHEPTHUs, POJSITA Ha
aHaepOOHOTO pas3rpaXJaHe 3alovyHa Ja CTaBa MKOHOMHUYECKH 3HaunMo. HamansBaHero Ha
obeMa Ha arpooTHambIIUTe 3a TEHEpPHpaHe Ha ra3000pa3HU HW TeYyHU (Qpakmuu C
C€HEPrOHOCUTEIN U IICHHU MPOJYKTH € OTPOMHO MPEIU3BUKATEICTBO. J[ByeTareH mpomec Ha
aHaepoOHO pa3rpaxkaaHe, ChCTOSAI] CE OT BOJIOPOJICH €Tall, OCIeABaH OT METAaHOTECHEH eTarl,
Oermie u3cieBad B labopaTtopeH mainad. M3cieaBanu ca met mpocTH HEMHEHHM Mojelia Ha
TO3M HEMPEKHhCHAT KACKaJICH IPOIIEC, 3a JIa Ce OMPEeeNId ONTHMAIHOTO CHhOTHOIICHHUE Ha
paboTHUTe 00eMH HAa OHMOPEAaKTOPUTE, C OIJIeJ, MAaKCHMU3HMPAHE Ha IMPOU3BOJICTBOTO Ha
eHeprusi. ToBa ChOTHOIIEHHE O€IIe OTYETCHO 3a BCHYKH NpHeTH Mojeinu. ONTHMaIHOTO
CBHOTHOIIICHUE (KPUTEPUIl 32 MAKCUMAITHO MPOU3BOJCTBO HA CHEPrHsl) 3aBUCH OT BB3IIPHETHUS
MaTemMaTrdecku Mojesl. CTaTUIHUTE XapaKTePUCTUKH HA IBaTa OMOpeakTopa Osxa MoaydyeHu
¢ momoiura Ha Symbolyc toolbox na Matlab. [IpoBenenu ca uncienn eKCnepuMeHTH OTHOCHO
JTMHAMHKAaTa Ha OCHOBHUTE IMPOMCHJIMBY Ha J[BaTa OMOpEaKkTopa 3a Te3U MOICIH, H3T0JI3BAIU
Simulink Ha Matlab, 3a pa3nuyHu CTHIIKOBH IPOMEHH HA CKOPOCTTA HA pa3pekIaHe Ha IbPBUS
OMOpEaKTOp, 3aeHO C BIUSHUETO HA CYOCTpAaTHOTO (AleTaTHO) WHXHOWpaHE 3a €IUH OT
MozenuTe. CTOHHOCTTAa Ha KOHCTAHTaTa Ha MHXMOWpaHe Wrpae BaKHA OIS 3a JOMYCTHUMHUS
WHTEpBAJl HAa CKOpPOCTTa Ha paspexaane. Pa3paboreHara wuies MOXe Ja TOCITYXKH 3a
ONTUMAJTHO TPOEKTUPAHU EKCIEPUMEHTH Ha aHaepoOHO pasrpakJaHe 3a MPOU3BOJCTBO Ha
BOJIOPOJ M METAH OT JIMTHOIETYJI03HU OTHaAbIM (MIIIIEHUYHA clilaMa) B BY(da3eH mpoliec.

18. Diop, S., Chorukova, E., Simeonov, I. Modeling and Specific Growth Rates Estimation
of a Two-Stage Anaerobic Digestion Process for Hydrogen and Methane Production.
IFAC-PapersOnLine, 2017, 50(1), 12641-12646. (E-ISSN: 2405-8963, Print ISSN: 2405-
8971, https://doi.org/10.1016/j.ifacol.2017.08.2232) (Q4)

Abstract:

Production of hydrogen from anaerobic digestion of waste, also known as dark fermentative
hydrogen production, is one the numerous alternatives to obtain this precious source of energy.
In most usual experimental setups anaerobic digestion is known to produce small quantities of
H>. In a comprehensive study Pakarinen, Kaparaju and Rintala have compared two-stage H>
and CHas production and one-stage CH4 production. Simeonov, Denchev and Chorukova
recently announced a simple model of such a two-stage anaerobic digestion process for the
production of hydrogen and methane. In the present communication we propose such a
complete model along with estimation schemes of the specific growth rates of the involved
bacteria that avoids the tedious work of empirical modeling and identification of these specific
growth rates. At this stage only simulations are provided to illustrate the performance of these
proposed estimation schemes.

Pesiome:
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[Ipoun3BoaCTBOTO HA BOAOPOJA OT aHACPOOHO pasrpaxJaaHe Ha OTHAJbILIM, U3BECTHO OIIIE
KaTo MPOU3BOACTBO Ha BOJOPOA upe3 ThbMHA (epMeHTalus, € €AHa OT MHOrOOpOHHUTE
QITEpHATUBM 3a MOJIy4aBaHE Ha TO3M LIEHEH M3TOYHHMK Ha eHeprus. M3BecTtHo e, ue mpu
MOBEYETO OOMYalHU EKCIIEPHUMEHTAIHU HACTPOMKH aHaepOOHOTO pa3rpak/laHe MPOU3BEXKIa
Manku kommdectBa Ho. B 1msumoctHo mpoyuBane Pakarinen, Kaparaju u Rintala ca cpaBHumm
JIBycTeneHHOTO mpou3BojcTBO Ha Hz m CHs u eaHocThnamHoTo mpousBojcTBO Ha CHa.
Cumeonos, [lenueB u YopykoBa HacCKOpo 00siBHXa MPOCT MOJIET HAa TAKBB JIBYETAIICH MPOIIEC
Ha aHaepoOHO pasjiaraHe 3a MPOU3BOJCTBO Ha BOJOPOJ U METaH. B HacTOsIMIOTO choOILIeHUE
HUE TIpeajaraMe TaKbB ITBJICH MOJEN 3aeHO ChC CXEMH 3a OICHKA Ha CHeHH()UIHUTE
CKOPOCTH Ha pacTeX Ha ydacTBalluTe OaKTepHH, KOHTO u30srBa paboTaTta Mo eMIUPUYHO
MOJICNIMpaHe U UACHTU(UIpaHe HA Te3H celu(puIHn CKOpocTH Ha pactex. Ha To3u eran ce
MIPEIOCTaBAT CaMO CUMYJIAINH, 3a Jla Ce WIII0CTpHpa padoTara Ha TE3U MPEJIOKEHN CXEMU 32
OIICHKA.

19. Chorukova, E., Simeonov, I. A simple mathematical model of the anaerobic digestion of
wasted fruits and vegetables in mesophilic conditions. International Journal Bioautomation,
2015, 19, S69-S80. (E-ISSN: 1314-2321, Print ISSN: 1314-1902) (Q4)

Abstract:

Anaerobic digestion is an effective biotechnological process for treatment of different
agricultural, municipal and industrial wastes. Use of mathematical models is a powerful tool
for investigations and optimisation of the anaerobic digestion. In this paper a simple
mathematical model of the anaerobic digestion of wasted fruits and vegetables was developed
and verified experimentally and by computer simulations using Simulink. A three-step mass-
balance model was considered including the gas phase. The parameter identification was based
on a set of 150 days of dynamical experiments in a laboratory bioreactor. Two step
identification procedure to estimate 4 model parameters is presented. The results of 15 days of
experiment in a pilot-scale bioreactor were then used to validate the model.

Pe3rome:

AHaepoOHOTO pasrpaxaane € e(peKTHBEH OMOTEXHOJOTHYEH IPOIeC 3a TPETHpaHE Ha
pa3IUYHU CEJICKOCTOMAHCKM, OWTOBM M NPOMMIUIEHH OTHagblu. M3mosns3BaHero Ha
MaTeMaTHYeCKd MOJIENIM € MOIIEH HWHCTPYMEHT 3a H3ClelBaHe M ONTHMH3HpaHEe Ha
aHaepoOHOTO pasrpaxjaHe. B Ta3u cratus e pa3pabOTeH M NPOBEpEH EKCHEPUMEHTATHO U
Yype3 KOMIIOTBPHU CUMyJIallMK ¢ momMoira Ha Simulink mpoct MaTemaTuuecku MoJEN Ha
aHaepoOHOTO pas3rpaXkJaHe Ha OTHAJHU IUIOJOBE W 3eleHYylH. PasrienaH e TpUCTeNneHeH
MOJIe]l Ha MacoBus OanaHc, BKJIIOYBaIl razoBata (asza. Mnentudunupanero Ha nmapameTpure
ce OCHOBaBa Ha HAOop OT 150-1HEBHU TMHAMUYHH €KCIIEPUMEHTH B 1a00paTOpeH OHOPEaKTop.
[IpencraBena e nByeramHa MpoIeaypa 3a WACHTU(UKAIMS 3a OIleHKa Ha 4 mapaMeTbpa Ha
Mmojena. Cnen ToBa pe3yinTaTuTe OT 15-IHEBEH eKCHepUMEHT B IMHJIOTEH OHOopeakTop Osxa
M3IIOJI3BAaHU 32 BAMIMPAHE HA MOJIENa.

20. Simeonov, 1., Chorukova, E., Lakov, V. Modelling and Extremum Seeking Control of
Two-stage Biotechnological Process. IFAC-PapersOnLine, 2018, 51(30), 677-682. (E-
ISSN: 2405-8963, Print ISSN: 2405-8971, https://doi.org/10.1016/].ifacol.2018.11.227)
(Q3)

Abstract:
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Mathematical models of a cascade of two continuously stirred anaerobic bioreactors for
simultaneous hydrogen and methane production are presented and a stable extremum seeking
control algorithm is applied to the system. The dilution rate of the first bioreactor is chosen as
control action and the hydrogen and methane flow rates of both bioreactors, working in
continuous mode, are the measured outputs to be maximized. The concentration of the inlet
organics is accepted for disturbance. The control loop is represented by the extremum seeking
controller, which finds the optimum control action and reacts to the disturbance. Simulation
studies show the feasibility of this scheme.

Pe3rome:

[IpencraBenu ca MareMaTH4YecKd MOJIEJIM Ha Kackaja OT JiBa aHaepoOHU OuopeakTopa ¢
HENPEeKbCHATO pa30bpKBaHE 32 €THOBPEMEHHO IMPOM3BOJICTBO Ha BOAOPOI M METaH M KbM
cucTeMara € IMPUJIOKEH YCTOMYMB ajJrOpuThbM 3a ThpceHe Ha ekcTpemyM. CreneHra Ha
paspexJaHe Ha IbPBUS OMOpeakTop € u30paHa KaTo YIpaBJisBalllO0 Bb3JEHCTBUE U 1EOUTUTE
Ha BOJIOPOJI U METaH Ha JBaTa OMopeakTopa, paboTeld B HEMPEKbCHAT PEKUM, Ca U3MEPEHUTE
U3X0/11, KOUTO TpsiOBa Aa ObaaT MakcumMu3upanu. KoHlieHTpanysTa Ha BXOASIUTE OPraHUYHU
BEILIECTBA CE IIpUEMA 3a CMYLIEHUE. YIIpaBisiBallaTa Bepura € npeJacTaBeHa OT peryjaropa 3a
THPCEHE Ha EKCTPEMYM, KOMTO HaMUpa ONTUMAJIHOTO YIPAaBIsABAILIO Bb3/EUCTBUE U pearupa
Ha cMylieHneTo. CUMyIallMOHHUTE IPOYYBaHUs [T0KA3BaT OCHIIECTBUMOCTTA HA Ta3U CXEMA.

21. Simeonov |., Hubenov V., Chorukova E. Renewable energy from two-stage anaerobic
digestion of organic wastes. 17th Conference on Electrical Machines, Drives and Power
Systems  (ELMA), 2021, 238-243. (E-ISBN:978-1-6654-3582-6, DOI:
10.1109/ELMA52514.2021.9503067)

Abstract:

Experimental studies of two-phase anaerobic digestion of corn steep liquor (a waste product
from processing corn grain for starch extraction) were performed. For the first time, an
automatic mode of operation was implemented in continuous processes with simultaneous
production of hydrogen and methane using the developed computer system for monitoring and
control of pilot bioreactors. The best results for daily biogas yield were obtained at an organic
load of 20 g/L for hydrogen producing bioreactor, as the daily yield of biohydrogen is 0.74
dm®/L at a hydrogen concentration in biogas of 32.6% (0.24 dm®/L pure biohydrogen) and the
daily biomethane yield in the methane producing bioreactor is 0.587 dm3/L at a methane
concentration in biogas of 69% (0.4 dm®/L pure biomethane). The obtained energy is more than
40% compared to the traditional single-stage methane production process. A disadvantage is
the need for additional purification from hydrogen sulfide of both gases before obtaining
electricity and/or heat.

Pesrome:

bsxa mpoBeseHN eKcliepuMEHTATHU U3CiIeIBaHus Ha JBY(}a3HO aHaepoOHO pas3rpa)iaHe
Ha I[apeBHYEH EKCTPakT (OTmaabueH MPOIYKT OT 0OpaboTKaTa Ha I[APEBUYHO 3BPHO 32
eKCTpaKLUsl Ha HUILECTE). 3a MbPBH I'BT € BHEIPEH aBTOMAaTHUYEH pEXUM Ha paboTa B
HETPEKbCHATH MPOIECH C THOBPEMEHHO IPOU3BOCTBO Ha BOJOPOJ M METAH C IMIOMOIITA Ha
pa3paboTeHaTa KOMIIOTbpHA CHCT€Ma 33 MOHUTOPUHI U yIpaBlI€HHWE HA MWIOTHU
ouopeaktopu. Haif-mobpure pe3ynTaTu 3a IHEBEH J0OMB Ha OWoras ca MOJY4YeHH TPH
opranu4Ho HatoBapBaHe oT 20 g/ Ha OuopeakTop 3a MPOU3BOACTBO HA BOAOPOA, Thi KaTo
JHEBHUAT 10OMB Ha 6uoBoopox e 0,74 dm®/L npu koHIeHTpamus Ha BOJOPO/ B 6HOTasa oT
32,6% (0,24 dm3/L yuct 61oBOIOPON), @ AHEBHUAT 100MB Ha OMOMeTaH B OMOpeakTopa 3a
npom3BoicTBO Ha MetaH e 0,587 dm®/L npn xoHUenTpamus Ha MeTaH B 6uoras ot 69% (0,4
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dm®/L wuucr Guomeran). Ilonyuenara eneprus e nax 40% B cpaBHEHHE C TPAAULIMOHHHUS
eIHOeTAlleH NpOLEeC Ha IMPOM3BOJACTBO Ha MeTaH. HemoctaTpk € HEOOXOAMMOCTTa OT
JIOIBIHUTENIHO IPEYUCTBAHE OT CEPOBOJOPOJ M Ha JBaTa rasa IpeAud MOIydyaBaHE Ha
eNIEKTPOCHEPI U 1/UIH TOILUINHA.

22. Simeonov, |, Chorukova, E., Neural networks modelling of two biotechnological
processes, 2004 2nd International IEEE Conference "Intelligent Systems™ - Proceedings,
2004, 1, 331-336. (ISBN:0-7803-8278-1, DOI: 10.1109/1S.2004.1344756)

Abstract:

Neural models of a batch (with DO-uncontrolled and controlled culture) and a fed-batch
(with the control action being the flow rate of feed-glucose) fermentation processes for the
production of the enzyme superoxide dismutase SOD) and of a continuous process of anaerobic
digestion of organic wastes (stimulated by the addition of glucose) have been developed on the
basis of experimental and generated data (from a deterministic models). The specialized
software package NNSYSID20 for MATLAB 5.3 has been used for training and testing the
neural models. ANNSs with different structures were tested. The criteria for the choice of the
structures were: (a) models validity for experimental data unknown to the network and (b)
statistical characteristics. Especially the influence of the number of experimental data in the
process of developing of ANN models has been investigated.

The models obtained may be useful for simulation and automatic control of these
fermentation processes.

Pe3rome:

HeBponHu Mozenu Ha neprouyeH potiec (¢ yrpaBieHue 1 0e3 yrpaBlieHHe Ha pa3TBOPEH
KHUCJIOPOA) U Ha MOJIYNIEPHOAMYEH Tpoliec (C yrpaBisBallo JeiicTBUE, KOETO € CKOpPOCTTa Ha
MIOTOKA Ha MOJaBaHMs IJIFOKO3€H pa3TBOpP) Ha (pepMEHTAIIMOHHHU MPOLIECH 33 IPOU3BOJICTBO HA
eH3uma cynepokcua qucmyrtaza CO/l) n Ha HenmpeKbCHAT MpoLleC Ha aHAepOOHO pa3rpaXkaaHe
Ha OpPraHMYHU OTMAIBIM (CTUMYJIHUPAHO OT J00ABSHETO HA TJIOKO3a) ca pa3paboTeHH Ha
0a3ara Ha EKCHEpUMEHTAJIHM M TEHepUpaHu MaHHU (OT JETEPMHHUCTHYHU MOJEIN).
Crneunamusupanuar codryepen naker NNSYSID20 3a MATLAB 5.3 e usnon3BaH 3a
o0y4yeHHe U TecTBaHE Ha HEBPOHHUTE MOJAEIH. TeCTBaHU ca M3KYCTBEHU HEBPOHHU MPEKHU
(MHM) ¢ paznuunu ctpykTtypu. Kpurepuute 3a u300p Ha CTpyKTypuTe ca: (a) BaIMIHOCT Ha
MOJICJIUTE C EKCIEepUMEHTAJIHHM [aHHM, HEMO3HaTH Ha MpexkaTta, U (0) CTaTHUCTUYECKU
xapakTepucTuku. CrHenuasHo € M3CJIEIBAHO BIUSHUETO Ha Opos Ha EKCIepUMEHTAIHUTE
JIaHHU B Tpolieca Ha pazpaboTBane Ha Mojienu Ha MHM.

[TonyuenuTte Moienu Morart 1a ObaT MOJIE3HU 32 CUMYJIALHS U aBTOMAaTUYHO YIIPABJICHUE
Ha Te3u (epPMEHTAIMOHHHU MIPOLIECH.

23. Kabaivanova, L., Najdenski, H., Hubenov, V., Chorukova, E., Simeonov, I., Ivanova, J.
Biotechnological exploitation of lignocellulosic wastes for biomethane production and
algae cultivation in the digestate. International Journal of Pharma Medicine and Biological
Sciences, 2020, 9(4), 152-157. (ISSN: 2278-5221)

Abstract:

The use of renewable energy sources and applying appropriate conditions for realization of
anaerobic digestion of agricultural waste is carried out for obtaining higher yields of
biomethane as an energy carrier. The influence of substrate type, quantity and pretreatment,
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together with temperature regime on biomethane production was estimated. Both substrates
generated higher biogas yields at the higher temperature regime and after pretreatment. The
organic loading of 35 g/L was found to be most appropriate. The obtained liquid phase of
anaerobic digestate was utilized as medium to maintain and enhance green microalgal growth.
The ability of microalgae to photosynthetically fix carbon dioxide producing various
biologically active substances, their short growth cycle and easy accumulation of biomass was
involved. Due to their ability to colonize different environments these microorganisms
represent promising sources for new products and applications. Good growth and development
was observed for the microalga Scenedesmus acutus in digestate after adsorption with active
carbon, using the macro and micronutrients present. This approach may lead to reducing costs
and environmental impacts. Accumulated algal biomass (5 g/L) was afterwards introduced
back in the reactor, realizing twice increased quantity of biogas on the second day of the
anaerobic digestion process, generating biomethane.

Pe3rome:

H3non3BaHeTo Ha Bb30OHOBSIEMU eHepI‘I/If/'IHI/I HU3TOYHUIU W NPUIaraHeTo Ha MOAXOASIIN
YCJIOBHS 3a peallM3MpaHe Ha aHAepOOHO pasrpaKJIaHe Ha CEIICKOCTOIMAHCKH OTIAIbIH CEe
M3BBPIIBA C II€T TMOJy4YaBaHE HA TO-BUCOKM JOOWBHM Ha OMOMETaH KaTO €HEPrOHOCHTEIN.
OreHeHO € BIMSHUETO Ha BUJIa Ha cyOcTpaTa, KOJMYECTBOTO U NpeaBapuTeHaTa o0padoTka,
3aeHO C TEMIIEPATypHHs PEKUM, BbPXY IMPOM3BOACTBOTO Ha OuomeraH. U nBaTta cyOcrpara
TeHEepHUpaT IMO-BHCOKM JOOMBM Ha OMOTra3 INpH TO-BUCOK TEMIIEPATypeH PEXHUM U CJCI
npenBapuTeliHa 00paboTka. YCTaHOBEHO €, Y€ OpraHMYHOTO HaToBapBaHe oT 35 g/l e Haii-
nonxoxasmo. [lonyueHara Teyna ¢a3za Ha aHaepOOHUS TUTECTAT € U3IOJI3BaHa KaTo cpelia 3a
MOJUTbPIKaHE M CTUMYJIMpAHE Ha pacTeka Ha 3eJIeHM MHKpoBojopaciu. Bisera e mpeasun
CIIOCOOHOCTTa Ha MHUKPOBOJAOpACIUTE Ja (OTOCHHTE3MpAT BBIVICPOJICH JIHOKCHUI,
HpOH?;BG)K[[&fIKH pasiimuHu OMOJIOTMYHO aKTUBHU BCIICCTBA, TCXHUAT KPAThK HUKDBJ HA PACTCIK
U JIECHOTO HaTpymnBaHe Ha Oumomaca. [lopaau cmocoGHOCTTa CH J1a KOJOHU3UPAT Pa3IndHU
cpe€au, TE3M MUKPOOPraHu3MH NpCACTaBIABAT O6€HIaBaHII/I HN3TOYHUIHN 3a HOBU INPOAYKTU U
npunoxenus. HaGmoaBan e 100bp pacTex U pa3BUTHE HA MUKPOBOIOpAciioTo Scenedesmus
acutus B JUTECTaT Clie] aJACOpOIHs C aKTUBEH BBIJICH, M3MOI3BANKN HATMYHATE MAKpo- U
MHUKpoesneMeHTH. To3u MoaxoJq Moke Jla JoBele [0 HaMmajsBaHe Ha pa3XoAuTe U
BB3/ICHCTBHETO BBPXY OKOJHaTa cpena. Harpymanata BopopacioBa Oumomaca (5 g/L)
BITOCJIE/ICTBUE € BbpPHATa 00pPaTHO B peakTopa, pealu3upaiiku JBOWHO yBETUUEHO KOJTUYECTBO
Ouora3 Ha BTOpHS JIeH OT IIpolieca Ha aHaepOOHO pa3rpaxk/iaHe, reHepupailku OMoMeTaH.

24. Simeonov, l., Kabaivanova, L., Chorukova, E. Two-stage anaerobic digestion of organic
wastes: A review. Proceedings Book 18th IWA World Conference on Anaerobic Digestion,
2024, 963-970. (e-ISBN: 978-975-561-673-5)

Abstract:

It has long been known that the two main species (acidogenic and methanogenic) in the
community of microorganisms in anaerobic digestion (AD) differ in many aspects and the
optimal conditions for their growth and development are different. Therefore, in AD in a single
bioreactor, the optimal conditions are selected taking into account the slow-growing
methanogens at the expense of fast-growing acidogens, which affects the efficiency of the
whole process. This has led in recent years to the development of two-stage AD (TSAD), in
which processes are divided into a cascade of two separate bioreactors (BRs). It is known that
this division of the processes into two consecutive BRs leads to significantly higher energy
yields for the two-phase system (H. + CHa), compared to the traditional single-stage CHa
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production process. The present paper aims to review the literature in the field of TSAD of
organic wastes. This survey presents the state of the art (on the base of 193 references, from
2002 to 2024 and our own studies), including all aspects of TSAD.

Pe3rome:

OTtnaBHa € U3BECTHO, Ye JIBaTa OCHOBHH BUA (AlIMJJOTCHHU U METAHOT€HHH) B OOIIHOCTTA
Ha MUKPOOPIraHU3MUTE MpH aHaepoOHO pasrpaxkaaHe (AP) ce pasinyaBar 1o MHOTO acCleKTH
U ONTHMAJIHUTE YCIOBHS 3a TEXHUS PACTEX U pa3BUTHE ca paznuuHu. CinenoBaTtenHo, npu AP
B €JMHHUYEH OHOPEaKTOp, ONTHUMAIHHUTE YCIOBHUA ce H30MpaT, KaTo ce B3eMaT MpPeABHI
0aBHOPACTSIIUTE METAHOTCHU 32 CMETKa Ha OBP30pacTAIIMTE allI0TeHH, KOETO Ce 0Tpa3siBa
Ha e(eKTUBHOCTTA Ha LeMs npouec. ToBa 1oBeae Mpe3 NOCIEeJHUTE TOJUHH 10 Pa3BUTHETO
Ha neycteneHHo AP (JICAP), mpu koeTo nporecuTe ca pas/ieJieHd B KacKaJia OT JiBa OTJCITHU
ouopeaktopa (bP). M3BecTHO €, ue ToBa paszeisiHe Ha POLIECUTE B JBa rociaeaoBareanu bP
BOJIM 70 3HAYMTEIHO TO-BHCOKM €HEpruiHU 100uBHM 3a ABydasHata cuctema (Hz + CHa) B
CpPaBHEHHE C TPAJULMOHHMS €IHOCTBIAIEH npolec 3a npoussoacTso Ha CH4. Hactosdmara
CTaTHsI MMa 3a 11eJ1 1a HallpaBHU Ipersie]l Ha auTepaTypara B oonactra Ha JJCAP Ha oprannyHu
otnaabiy. To3u 0030p npeAcTaBs ChbCTOSIHUETO Ha Helata (Ha 6a3ara Ha 193 u3TouHuKa, OT
2002 no 2024 r. n HamM coOCTBEHU M3CJEIBAHUS), BKIOYBAI Bcuuku acniektu Ha JJCAP.

25. Pan, N., Wang, H., Tian, Y., Chorukova, E., Simeonov, I., Christov, N. Theoretical
comparative studies of the biogaz yields from one-stage and two-stage anaerobic digestion
processes. Ecological Engineering and Environment Protection, 2022, 2, 45-55. (e-ISSN:
2367-8429)

Abstract:

This paper deals with the theoretical comparison of biogas and energy yields of one-stage
anaerobic digestion processes (OSAD) with biomethane production and two-stage anaerobic
digestion processes (TSAD) producing biohydrogen and biomethane. The comparative study
of the biogas yield from OSAD and TSAD systems is performed on the base on mathematical
models obtained in our previous papers. The possible maximal yields of biohydrogen and
biomethane are calculated by the static characteristics and extremum points of both systems.
Simulation results suggest that in comparison to OSAD, the increase in biogas (biohydrogen
and biomethane) production of TSAD can reach to 75.18%. The energy produced from two-
stage anaerobic digestion processes is 1.32 to 1.486 times greater than those from one-stage
anaerobic digestion processes (depending of the inlet organics concentrations), which means
TSAD is a better choice considering biogas and energy production.

Pesrome:

Hacrosmata cratusi pasriexia TEOPETUYHOTO CpaBHEHHE Ha JOOWBHTE Ha Ouoras u
€HEeprusi OT eIHOCTHIIATHY TIpoliecu Ha aHaepoOHo pasrpaxkaane (ECAP) ¢ mpousBoacTBo Ha
OWoMeTaH W JBYCTBHIIAHU TpollecH Ha aHaepoOHo pasrpaxaane ([{CAP), nmpousBexmamm
ouoBoiopoa U 6mometan. CpaBHUTEITHOTO M3CIIC/IBAHE HA TIOOWBA HAa OMOTA3 OT CHUCTEMHTE
ECAP u JICAP ce u3BbpmiBa Ha 0azara Ha MaTeMaTHYECKH MOJIEIH, MOTYyYEHH B HAIIU
MPEAXOIHN CTAaTUU. BB3MOXKHHTE MaKCHUMalHU TOOWBH Ha OWOBOAOpPON M OMOMETaH ce
W3UYUCISIBAT Ype3 CTATHYHUTE XapAaKTEPUCTUKH M €KCTPEMAaTHUTE TOYKH Ha JBETE CHCTEMHU.
Pesynrature oT cuMmynanmsaTa nokasBaT, 4ye B cpaBHeHue ¢ ECAP, yBemnuenuero Ha
MIPOU3BOJICTBOTO Ha Omora3 (6uoBomopon u 6uomeran) npu J{CAP moxe na mocTurhe ao
75,18%. Eneprusra, npon3Be/ieHa OT IBYCTHIIAIHUTE MPOIIECH HA aHAEPOOHO pasrpakiaHe, €
or 1,32 no 1,486 mbTu mo-royisiMa OT Ta3M, MPOU3BEIECHA OT €IHOCTHIIAJIHUTE MPOLIECH Ha
aHaepoOHO pasrpaxaaHe (B 3aBUCUMOCT OT KOHIEHTPAalMUTE Ha BXOJALIlaTa OpraHuyHa
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matepusi), koerto o3Ha4yaBa, ue JICAP e mo-mo0bp u300p, KaTto ce B3eMarT NpeaBHI
IIPOM3BOCTBOTO Ha OMOTA3 M EHEPTusl.

26. Simeonov 1., Kabaivanova L., Chorukova E. Two-stage anaerobic digestion of organic
wastes: a review. Ecological Engineering and Environment Protection, 2021, 3, 38-56.
(ISSN: 1311-8668)

Abstract:

Anaerobic digestion is a biotechnological process, in which microorganisms degrade the
complex organic matter to simpler components under anaerobic conditions to produce biogas
and fertilizer. This process has many environmental benefits, such as green energy production,
organic waste treatment, environmental protection and greenhouse gas emissions reduction.

It has long been known that the two main communities of microorganisms (acidogenic and
methanogenic) taking part in the anaerobic digestion differ in many aspects e.g. their optimal
conditions for cell growth and development. Therefore, the anaerobic digestion in a single
bioreactor (BR) (single-phase process) required selected optimal conditions, taking into
account the slow-growing methanogens at the expense of fast-growing acidogens, which
affects the efficiency of the whole process. This has led in recent years to development of two-
stage anaerobic digestion, in which the processes are divided into a cascade of two separate
BRs. It is known that this separation of the processes into two consecutive BRs leads to
significantly higher energy vyields for the two-phase system (H2 + CHa), compared to the
traditional single-stage CH4 production process.

The present paper aims to review the literature in the field of two-stage anaerobic digestion
of organic wastes.

Pe3rome:

OTtmaBHA € M3BECTHO, Y€ JIBETE OCHOBHHU OOIIHOCTH OT MHUKPOOPTaHW3MU (AIIUIOTCHHHA U
METaHOTEHHH), y4acTBAIllld B aHAEPOOHOTO pasrpakaHe, ce pa3NuvaBar Mo MHOTO aCMeKTH,
HalpuMep ONTHUMAITHUTE YCJIOBHUS 3a PACTeX W pa3BUTHE Ha KileTkuTe uM. CIeIoBaTeIHO,
aHaepoOHOTO pasrpaxaane B eauHudeH OuopeakTop (BP) (emnodasen mpoliec) m3MCKBa
MOJ0OpaHU ONTUMAIHH YCJIOBHS, KaTO C€ B3e€MaT IMPEIBH]l 0AaBHOPACTAIIUTE METAHOTCHH 32
CMETKa Ha Obp30pacTALINTE alMI0TeHH, KOETO Ce OTpa3sBa Ha €(PEKTUBHOCTTA Ha LEIHS
nporiec.

ToBa nmoBene mpe3 MOCIETHUTE TOAMHU 1O Pa3sBUTHETO Ha JBYCTENIEHHO aHAaepOOHO
pasrpaxkJiane, Mpy KOETO MPOILIECUTE ca pa3/IeJICHN B Kackaaa oT ABa otaesinu bP. M3BecTHO e,
4e TOBa pas3zeiIsiHE Ha IIPOLECUTE B JIBa NocienoBareaHu bP Boau 10 3HaYMTENHO O-BUCOKU
eHepruiiHu 1oO0uBHM 3a ABydaszHata cucrema (Hz + CHi) B cpaBHeHme ¢ TpaaWIMOHHUS
€IHOCTBIIAJIEH MpoIieC 3a pou3BoacTBO Ha CHa.

HacrosmaTta cratus uMa 3a 11eJ Ja HalpaBu Iperjej Ha jJuTepaTypara B o0iacTra Ha
JBYCTBHIIAITHOTO aHAEPOOHO pa3rpaxkaaHe Ha OPraHUYHH OTTAIBIIH.

27. YopykoBa, E., Xyo6enos, B., Kabauranona, K., I'oueBa, ., Cumeonos, U. /IBydazna
aHaepoOHa Owojerpajamusi Ha IAPEBHYEH EKCTPakT. EKOJOTMYHO WHXEHEPCTBO W
omnasBaHe Ha okoJjHara cpena, 2020, 4, 75-84. (ISSN:1311-8668)

Abstract:

20]25



Experimental studies of two-phase anaerobic digestion of corn steep liquor in continuous
automatic and semi-automatic modes of the cascade system with simultaneous operation of
both monitoring and control systems were performed. Corn steep liquor - a waste product from
the process of treatment corn grain for starch extraction - was used as a substrate in the process
of anaerobic biodegradation with hydrogen and methane production. The daily yields of
biohydrogen in bioreactor 1 of the cascade (with working volume of 10 dm?) are variable and
in good operation are in the range of 0.7 to 1.0 | of biogas from 1 dm?® working volume of the
bioreactor, and the optimal pH range is in the range of 5.0 - 5.5. The concentration of hydrogen
in the biogas from the hydrogen bioreactor 1 when a good process is accomplished is in the
range of 14 - 34.7%. The daily yields of biomethane in bioreactor 2 of the cascade (with
working volume of 80 dm3) vary in the range from 0.4 to 0.85 | of biogas from 1 dm3 working
volume of the bioreactor, and the concentration of methane in the biogas from bioreactor 2 is
high and remains practically constant (in the range 65-69%). At a dilution rate of 0.4 day™* and
a organic loading rate of 20 g/I for bioreactor 1, respectively a dilution rate of 0.05 day™ for
bioreactor 2, the best results were obtained.

Pe3rome:

W3BbpiieHn ca eKcriepuMEeHTATHI U3CIeIBaHus Ha IBY(pa3HO aHaepOOHO pasrpaxkIaHe Ha
LIaPEBUYEH EKCTPAKT B HENIPEKbCHATH aBTOMATUYEH U [10JIyaBTOMATUYEH PEXHUM Ha KacKaJHa
crcTeMa ¢ eTHOBPEMEHHA paboTa HAa CUCTEMHU 32 MOHHTOPHWHT M ynpasieHue. LlapeBuaHusT
eKCTPaKT — OTMaIbueH MPOAYKT OT Ipoleca Ha 00paboTKa Ha APEBUYHO 3bPHO 3 U3BJIMYAHE
Ha HUILIECTe — € W3MO0J3BaH Karo cyOcTpaT B Ipoleca Ha aHaepoOHO OmopasrpakaaHe ¢
IIPOM3BOJICTBO Ha BOJOPOA U MeTaH. /lHeBHMTEe 100MBU Ha 6MOBOAOpOX B OuopeakTop 1 Ha
kackanaTa (¢ padoren obem 10 dm?®) ca mpomennuBy 1 Ipy 106pa paboTa ca B AMATIA30HA OT
0,7 1o 1,0 1 6uoras ot 1 dm? paGoTen oGem Ha GHOpeakTopa, a ONTUMATHUAT JUana3oH Ha pH
e B auanasona 5,0 - 5,5. KonnenTtpauusta Ha BOJIopoJ] B 6roraza oT BOJAOPOIHUS OHOPEaKTop
1 pu 106Bp mporiec e B Auanazona 14 - 34,7%. JlneBHute 100MBH Ha OMOMETaH B OMOPEAKTOP
2 Ha Kackazara (c paboren obem 80 dm®) Bapupar B amamasona ot 0,4 10 0,85 1 6moras ot 1
dm?® paGoTen 06em Ha 6HOpeaKTOpa, a KOHIIEHTPAIIUATA HAa METaH B 61Ora3a OT GHOpeakTop 2
€ BUCOKa M OCTaBa MPAKTUYECKHW NOCTOsSHHA (B auana3zoHa 65-69%). Ilpu cremen Ha
paspexnane 0,4 day™ u oprannuno Haropapsane 20 g/l 3a 6GuopeakTop 1, CbOTBETHO CTEHEH
Ha paspexnaane 0,05 day? 3a GuopeakTop 2, ca monydeHH Haii-T0OPHTE PE3yNTATH.

28. Cumeonos, 1., YopykoBa, E., AxuBanos, B. Cuctema 3a ympaBjiicHHe Ha Kackaaa OT
OMOpeakTopH 3a MoJydyaBaHE Ha BOJIOPOJA M METaH OT OpraHWuYHU oTHaawiy. Proc. of the
Int. Conf. Automatics and Informatics'2019, 2019, 79-82. (ISSN: 1313-1850)

Abstract:

The article presents a control system for a cascade of bioreactors for the production of
hydrogen and methane from organic waste. The system is implemented for the aim of
verification and scaling of different technologies for two-phase anaerobic biodegradation of
various organic wastes. The control system of the first bioreactor (hydrogen) of the cascade
was realized on the basis of a personal computer and the LabVIEW software package, and that
of the second bioreactor (methane) with a PLC controller of Beckhoff. Sensor information is
stored on a PC and is also used to calculate unmeasurable technological quantities (software
sensors), as well as to find optimal parameter values of control algorithms. Relay and type
algorithms were tested to regulate the temperature in the bioreactor (with Beckhoff PLC
controller) and to regulate the biogas flow (both with LabVIEW and PLC controller). The
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results are satisfactory in terms of temperature control and unsatisfactory in terms of biogas
flow control.

Pe3rome:

CratusiTa TpeACTaBs CHUCTeMa 3a YIpaBJICHHE Ha Kackaja oOT OuopeakTopu 3a
MIPOM3BOJICTBO HA BOJOPO M METAaH OT OPraHU4HU OoTraablu. Cucremara e peaan3upana ¢ el
Bepudukanus W ManabupaHe Ha pa3UYHA TEXHOJIOTMHM 3a JBy(da3HO aHAepoOHO
OuopasrpaxaaHe Ha Pa3IMYHM OPraHUYHU OTmaablu. CHcTemara 3a yrnpaBieHUE Ha IbPBUS
OouopeakTop (BOJOPOJCH) OT KacKajara € peajn3rpaHa Ha 0a3ara Ha IEPCOHAICH KOMITIOThP
u copryepuus naker LabVIEW, a tazu Ha Bropus 6mopeakrop (MeranoB) — ¢ PLC koHTposnep
Ha Beckhoff. CeHnzopnara mHpopmamus ce chXpaHsBa Ha IEPCOHAICH KOMITIOTBD M CE
M3IIONI3BA CHINO 32 W3YMCISIBAHE HAa HEU3MEPUMH TEXHOJOTMYHH BEIWYMHU (COPTyepHHU
CCH30pH), KaKTO ¥ 32 HAMHPAHE Ha ONTHMAIHA CTOWHOCTH Ha NIapaMETPHUTE Ha arOPUTMUTE
3a ynpasieHue. TectBanu ca peneiiau u PID anroputMmu 3a perynupane Ha TeMIieparypara B
6uopeaxtopa (¢ PLC xontponep Ha Beckhoff) u 3a perynupane Ha motoka Ha 6uoras (KakTo ¢
LabVIEW, taka u ¢ PLC xontponep). Pesynrarure ca 3a10BOJUTEIHU IO OTHOLIEHHE Ha
peryJaupaHeTo Ha TeMIlepaTypaTa M HE3aJOBOJIMTEIIHU MO0 OTHOIICHHE Ha PEryJIHpaHeTo Ha
IIOTOKA Ha buoras.

29. Kabaivanova, L., Goushterova, A., Brazkova, M., Grozdanov, P., Chorukova, E.,
Krastanov, A. Parameters optimization for increased intracellular inulinase activity of a
yeast strain. Ecological Engineering and Environment Protection, 1, 2019, 62-70.
(ISSN:2367-8429)

Abstract:

This study reveals the selection of a yeast strain, possessing inulinase activity and finding
the optimal conditions of cultivation. Intra- and extracellular activity assay was performed after
cultivation on media, containing inulin as a sole source of carbon. Optimization of the
cultivation conditions was carried out for establishing the favorable conditions for biosynthesis
of inulinase. Modifying the physicochemical and nutritional parameters of a cultivation process
lead to major improvement of the enzyme activity. Highest intra- and extracellular inulinase
activity was registered when 1.5% inulin was used, 5% inoculum, temperature 28°C, pH=6.5
and agitation of 200rpm. The selected strain Kluyveromyces sp. C showed higher values for
the intracellular inulinase activity, making it suitable for immobilization and further use.

Pe3iome:

ToBa um3cnenBaHe pa3kpuBa CeNEKIMATAa Ha JPOXKICH 1AM, MPUTEKaBall MHYJIUHa3HA
aKTUBHOCT W OINpPEENIHETO Ha ONTHMAJIHHUTE YCIIOBUS 3a KyinTuBHpaHe. M3ciensane Ha
BBTPEKJIEThYHATA U U3BBHKJIEThYHATA AKTMBHOCT € MPOBEIEHO CJeJ KYJITUBUPAHE BBPXY
XPaHUTCIIHU CpE€ar, CBAbPXKAIM HWHYJIMH KaTO0 CAWHCTBCH MW3TOYHHUK Ha BBIJICPOI.
OnTtuMuzaiuss Ha YCJIOBUsATA Ha KYyATHBHpaHe € U3BbpILIEHa 3a YCTaHOBSBAaHE Ha
ONMaronpusTHUTE YCIOBUS 3a OWOCHMHTE3a Ha UHYJIMHa3a. MoaudunupaHero Ha
(U3MKOXMMUYHUTE M XPAaHUTEIHUTE MapaMeTpd Ha Mpolleca Ha KyITHBHpPaHE BOJH 0
3HAYUTEIIHO NOoJ00psiBaHE Ha €eH3MMHaTa AakTUBHOCT. Haif-BHcOka BbBbTpekiieTbuHA U
M3BBHKJIEThYHA MHYJIMHA3HA aKTUBHOCT € PEerucTpupaHa npu u3noi3BaHe Ha 1,5% uHymnMH,
5% wuHOKynmym™m, Temmeparypa 28°C, pH=6,5 u aepanus 200 o6/mun. N30panuar mam
Kluyveromyces sp. C moka3a HO-BUCOKM CTOWHOCTM 3a BBTpEKJIETbUHATa WHYJIMHA3HA
aKTUBHOCT, KOETO I'0 IIPaBH MOAXO/ I 32 UMOOMIM3AIMS U [TO-HATaThIIHA yIIOTpeda.
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30. Simeonov, I., Chorukova, E., Akivanov, V., Lakov, V., Mihailova, S. Experimental pilot
scale biogas plant with computer system for monitoring and control. Proc. of the Int. Conf.
Automatics and Informatics'2017, 2017, 239-242. (ISSN:1313-1850)

Abstract:

The paper describes the pilot biogas plant with monitoring and control system of the
Stephan Angeloff Institute of Microbiology — Bulgarian Academy of Sciences. The biogas
plant was designed to work out and scale up various AD technologies based on different types
of feedstock. All the data are stored on a PC for quick reference, data mining, and for parameter
identification and validation of different AD mathematical models. Some data are further
processed to produce some unmeasurable AD process variables or optimized control
parameters on the basis of various estimation and control algorithms which are under
development and testing. The system is equipped with a PC with specialized software
(LabVIEW) which allows recording of conventional hardware sensors measurements, and new
sensors such as those for pH of the effluent and specific biochemical analysis. The PC
equipment also allows implementation of software sensors for the estimation of specific growth
rates of two main bacteria populations. Many experimental studies have demonstrated good
performances of this system and its potential interest in industrial applications.

Pe3rome:

Cratusta OnmMcBa MWIOTHa OMOTa30Ba MHCTANAIMS CHhC CHUCTEMa 32 MOHHTOPUHT H
ynpasiienue Ha MHcTUTyTa 1o Mukpo6uonorus ,,Credan Anrenos‘ — bbirapcka akajgemus Ha
HaykuTe. buorasoBara HMHCTamanusi € NMPOEKTHpaHa 3a pa3paboTBaHe W MaliadbupaHe Ha
pa3IMYHM TEXHOJIOTUH 3a aHaepOOHO pasrpakaaHe, 0a3supaHu Ha Pa3IMYHU BUJIOBE CYPOBUHH.
Benuky naHHM ce ChXpaHsSBaT HA MEPCOHAJICH KOMIIOTHP 3a Obp3a crpaBKa, W3BIMYAHE HA
JAHHU, KaKTO 1 32 UACHTU(HUKAIMS Ha TapaMeTpHU U BaJIMAMPAHE HA PA3JIMYHU MaTEMAaTHYECKU
MOJIeTM Ha aHaepoOHO pasrpaxknaHe. Hsxkoum maHHM ce 00paboTBAT JONMBIHUTETHO 3a
NoJTyyaBaHe Ha HSIKOW HEM3MEpPHMHU MPOMEHJIMBH Ha Mpolieca Ha aHaepoOHO pasrpaxJiaHe Win
ONITUMH3UPAHH TTapaMeTpH 3a yIpaBlieHHe Ha 0a3ara Ha Pa3IMYHH aIrOPUTMH 33 OIIEHKA U
ylpaBlieHHe, KOUTO ca B Ipolec Ha pa3paboTka U TecTBaHe. CucremaTta € o0Opy/BaHa C
MEPCOHANIEH KOMMIOTBHP cbe crnenuanusupan copryep (LabVIEW), koiito mno3BonisiBa
3allMCBaHEe Ha W3MEPBAaHUS OT KOHBEHIMOHAIHHM XapJyepHU CEH30pH, KaKTO U OT HOBHU
CEH30pH, KaTo Te3u 3a pH Ha eduryenTa u cienindpruyHr OMOXUMHUYHH aHATU3U. KOMITIOTBPHOTO
o0opy/JiBaHEe MO3BOJSIBA ChHIIO TaKa BHEApsiBaHE Ha CO(TYyepHH CEH30pH 3a OlEHKa Ha
CHelU(pUUYHUTE CKOPOCTU HA PAcTEX Ha JIBE OCHOBHH OAKTEpUaTHM MOIyJanuu. MHOXECTBO
eKCIIEpUMEHTAIHU U3CIIeIBAaHUS IEMOHCTPUPAT JOOPH MOKa3aTeNu Ha Ta3U CUCTEMAa M HeHHUS
MOTCHIMAJI 3a MHAYCTPpHUATIHA IIPHUIIOKCHUA.

31. Lakov, V., Chorukova, E., Simeonov, I. Mathematical modelling and extremum seeking
control of cascade of two bioreactors for production of hydrogen and methane. Information
Technologies and Control, 15, 2, DE GRUYTER OPEN, 2017, 6-13. (ISSN:2367-5357,
DOI:10.1515/itc-2017-0022)

Abstract:

A mathematical model of a cascade of two continuously stirred anaerobic bioreactors is
presented in this paper and the extremum seeking control is applied on it. The dilution rate of
the first bioreactor is chosen as control action and the joint biogas flow rate both bioreactors is
the measured output to be maximized. The concentration of inlet organics is accepted as the
disturbance. The correction of the working volume of the second bioreactor is studied as the
inner loop of the cascade control system. The outer control loop is represented by the extremum
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seeking controller, which finds the optimum control action and reacts to the disturbance.
Computer simulation studies show the feasibility of this scheme.

Pe3rome:

B Ta3u cratus e mpeicraBeH MaTeMaTHYECKH MOJIENT Ha KacKazla OT JIBa HEMPEKbCHATO
pa30bpKBaHN aHAEPOOHU OMOPEAKTOPA U € MIPHIIOKEHO YIIPaBJICHUE 32 THPCEHE Ha EKCTPEMYM.
CreneHTa Ha pa3pexaaHe Ha TbPBHs OMOpeaKTop € n30paHa KaTo yrpasIisiBailo Bb3ICHCTBHE,
a o0muAT 1eOUT Ha OMora3 OT JBaTa OMOpeaKTopa € M3MepeHaTa U3X0/IHA BEIMYMHA, KOSTO
TpsiOBa na Obae MakcuMusupaHa. KoHIleHTpalmsTa Ha BXOZSIIATa OpraHMYHA MaTepus ¢
npuera Kkaro cmymienue. Kopekiusara Ha paboTHHS 00eM Ha BTOpHSI OMOPEAaKTOp € U3CIIEABaHA
KaTo BBTPEIICH KOHTYp Ha KacKaJHaTa CHCTEMa 3a yIpaBJICHUE. BBHIIHUAT KOHTYp Ha
ylpaBlIeHHEe € NPEACTaBeH OT KOHTPOJEp 3a ThPCEHE Ha EKCTPEMyM, KOHTO HaMupa
ONTUMAITHOTO YIPABISBAIIO BB3JCHCTBUE W pearupa Ha cMylleHHero. KoMImoTbpHU
CUMYJIAIIMOHHHU U3CJICIBAHUS ITOKA3BAT OCHIIECTBUMOCTTA HA Ta3H CXEMa.

32. Hubenov V., Kabaivanova L., Denchev D., Chorukova E., Simeonov I., Mihaylova, S.,
Lakov, V. Anaerobic biodegradation of lignocellulosic wastes for biohydrogen and
biomethane production-study and mathematical modeling. Microbiology for a better health
and Industry - Jubilee book 70 years the Stephan Angeloff Institute of microbiology, 2017,
143-155. (ISBN:978-954-92882-2-3)

Abstract:

The aim of the paper was to present some aspects of the anaerobic digestion process with
biohydrogen or biomethane production using lignocellulosic wastes and anaerobic microbial
consortia. The opportunities for realization of a two-phase biotechnological process as well as
some advantages in comparison with the one stage methane production were discussed. The
results from this study revealed that the use of cells separated as inoculums in concentration of
100 mg dry cells/g substrate stabilized the process and it took place without given methane
release. The hydrogen concentration in the biogas reached 20-40 %. The maximum yield of
hydrogen and the degree of biodegradation was obtained by alkali-treated straw. Our results
confirmed that the two-phase process allowed the energy yield to be increased by 34,3%
compared to the single-phase process. Mathematical modeling of the two-phase anaerobic
biodegradation with production of biohydrogen and biomethane was also discussed. The
assessment of the quality of the process using extremum seeking control as a type of optimum
control strategy was used in situations where mathematical model of the process was unknown
or containing uncertain parameters.

Pesrome:

Ilenra Ha craTusTa Oelne na MpEICTaBUM HSKOM AaCIEKTH Ha Mpoleca Ha aHaepoOHO
pasrpaxaaHe ¢ MPOU3BOACTBO Ha OMOBOOPO/I MIIM OMOMETaH, U3MOA3BANKY JTUTHOLETYIO3HU
OTIAIbIIM W aHAaepOOHU MHUKPOOHU KOHCOpPIUYMHU. bsixa 0OCHACHH BBH3MOKHOCTHTE 3a
peanuzanus Ha By(a3zeH OMOTEXHOJOTHYEH MPOIIeC, KAKTO U HAKOU MPEAUMCTBA B CPAaBHEHUE
¢ enHo(a3HOTO MPOHM3BOJACTBO HAa MeTaH. Pe3ynraTuTe OT TOBa M3CJe/BaHE IMOKazaxa, 4e
W3MOJI3BaHETO Ha KJIETKU, OTAENIEH! KaTo MHOKYJIYMH B KoHIeHTpauus 100 mg cyxu KIeTKu/g
cyOcTpart, ctabuin3upa mpoieca u Toi nmporede 60e3 otTnensiHe Ha MeTad. KoHIieHTparusaTa Ha
Bojopoa B Ouoraza gocturHa 20-40%. MakcuMaaHusAT JOOWMB Ha BOJOPOJI M CTEMEHTa Ha
Ouopasrpaxaane Osxa MONTy4eHM TpPH TpeTHpaHa C alukanu ciama. Hammmre pesynrtartu
MOTBBPANXA, Y€ IBY(HA3HUAT MPOIIEC MO3BOJISIBA YBEIMUaBaHe HAa eHepruitHus 1o0us ¢ 34,3%
B cpaBHeHME ¢ enHO(a3HMs mporiec. bemie 00ChIeHO M MaTeMaTHUYECKOTO MOJIENUpaHe Ha
nByGha3zHOTO aHaepoOHO OmopasrpakaaHe C MPOU3BOACTBO Ha OMOBOIOPOJ W OHOMETaH.
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OHCHKaTa Ha Ka4CCTBOTO Ha Ipoucca, M3MoJ3Balla ynpaBJICHUC 3a TbPCCHC HAa CKCTPECMYM
KaTo BHJ CTpaTerusd 3a OIITHMAJIIHO YIIPaBJICHHUC, Oerre IIpHUII0KEHA B CHUTyallMd, KOI'aTO
MAaTEMaTUUCCKHUAT MOJCIT Ha ITpo1eCa € HCU3BCCTCH UJIK CbAbprKa HCCUTYPHU MMaApaMCTPH.

33. Chorukova, E., Simeonov, I. Mathematical modeling of the two-stage anaerobic digestion
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Abstract:

Anaerobic digestion is a multi-step biotechnological process, in which hydrogen is not
detected as it is consumed immediately e.g. by hydrogenotrophic methanogens to produce
methane and carbon dioxide. Recently a two-stage AD concept consisting of hydrogenic
process followed by methanogenic process was suggested. However, only few models of this
process are known. In this study a mathematical model of a continuous process of AD with
production of hydrogen and methane in a cascade of two bioreactors, including some
intermediate products in the first bioreactor was developed and investigated.

Pe3rome:

AHaepoOHOTO pa3TpakAaHe € MHOTOCTBIIAJNCH OMOTEXHOJOTHYEH IPOLEC, MPHU KONTO
BOJZIOPO/JI HE C€ OTKPHUBA, Thi KaTO C€ KOHCYMHUPA He3a0aBHO, HAIIPUMEP OT XUAPOTCHOTPODHU
METaHOT€HH, 3a Jla IIPOM3BE/Ie METaH U BbIVIEpoJeH auokcuia. Hackopo Oemie mpeioxeHa
KOHIEMIUS 32 JIBYCTBIIaJTHO aHaepoOHO pasrpakiaHe, ChCTOAIA CE OT BOJOPOJICH IpOIIEC,
CJIeJIBaH OT ME€TaHOTeHEH Ipolec. 3BeCTHU ca caMo HAKOJIKO MoJiea Ha To3u rpouec. B ToBa
u3cneBaHe € pa3paboTeH U U3CIEeIBaH MAaTeMaTHYEeCKH MOJIEN Ha HEMpeKbhCHAT MpoIec Ha
aHaepoOHO pa3rpakIaHe ¢ MPOU3BOJCTBO HA BOJOPO/I M METaH B KacKajia OT iBa OMOpeaKkTopa,
BKJTIOUBAII HIKOM MEKIUHHH MIPOIYKTH B IEPBUS OUOPEAKTOP.
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