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The dissertation on “Stimulation of biogenic methane generation from
Kazakhstani low-rank coals” is a significant study aiming at the development of
effective methods of the bioproduction of methane from low-quality coal.

Kozhakhmetova Marzhan demonstrated a high level of scientific preparation
of dissertation, and justified the choice of the investigated criteria. In particular, the
novelty of this work lies in the selection of low-rank coals in Kazakhstan as raw
materials for biogenic methane formation, and the development of effective methods
to convert these coals into methane using formulated microbial consortia. This study
also provided criteria to allow a comprehensive study of mechanisms involved
in biomethane production.

Coalbed methane, often referred to as coal-mine methane and regarded as a
risk associated only with coal mining, has recently attracted attention because of its
use as an energy source and its potential impact on climate change when released
during mining operations. Compared with other fossil fuels, the global demand for
natural gas is increasing rapidly in recent years. Hence, the improvement of methane
formation from coal studied in this dissertation is of great significance for energy
security and sustainability.

To this end, Kozhakhmetova Marzhan studied the substantiation of biogenic
methanogenesis, the selection and analysis of aerobic and anaerobic microorganisms,
and the influence of various factors on the process of gas formation represent an
integral system of research. These tasks are logically interconnected, and their
implementation can successfully achieve the goal.

Kozhakhmetova Marzhan also conducted a thorough literature review. The
dissertation is based on a deep analysis of literatures, involving microbiology,
geochemistry and technologies for obtaining alternative energy sources. In the
introduction section, her ability to summarize her point of view from different
sources can be traced and I am impressive on it!

The summary of this dissertation contains:

- comprehensive analysis of factors influencing biogenic methane formation
from low-rank coals.

- the original approach to stimulate methanogenesis with the application of
new microbial consortia.

- high-level experimental study to confirm the hypotheses put forward in
practice.

At the same time, there are some minor deficiencies in the thesis:

- more attention should be paid to the discussion of possible factors limiting
the process of methanogenesis in the section on analyzing the data.




These remarks are of a recommendatory nature and do not exclude the
scientific value of the conducted research.

The text of the dissertation is logically structured, and the language of
dissertation is scientific, precise and meets the requirements of academic writing,
The work is designed in accordance with established standards, indicating the
author's careful attitude to the design of the dissertation. There are no serious stylistic
or orthographic errors, as well as phraseological inaccuracies.

In summary, the dissertation “Stimulation of biogenic methane generation
from Kazakhstani low-rank coals” is a complete, profound scientific research,
characterized by a high degree of relevance and novelty. The work meets
requirements for Ph.D. theses, and it provides great guidance in the development of
biomethane from low-rank coals.

Kozhakhmetova Marzhan is a highly qualified, diligent, and promising young
specialist. With a keen interest in biotechnology and microbiology, she is
continuously engaged in research, expanding her expertise, and enhancing her
knowledge. I highly recommend that she deserve the admission to the final defense
of Ph.D. program,
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Mikip
Fruibivy scerexkmici: Wka I3saan(nonenT)

«KazakcTaH/pIK ToMeH Camalbl keMiprepaes OHOTCHII MeTaH TY3UIyiH BIHTaIaHIBIPY»
TaKLIPEIOLIHAAFE]  JHCCEPTALAAIBIK JKYMEIC — TOMEH canajibl KoMipJepAeH MeTaHHBIY
GHOJIOTHAIBIK SJUCTICH aTBIHY THIMALUTIFH apTThIpyFa OarbITTA/FaH MaHBIB/BI 3EPTTCY GombIn
TabeU1aa5L.

KoxaxmeroBa Mapkal — AMCCepTAMMUIBIK JKYMBIC OapBICBHIHAg KOTAaphl FhUIBIMH
HAHBIHIBIK JEHIeHiH KOPCETin, 3epTTey KpHTEpPHINEpiH TAHJaysH HEri3l TYpAe NRNeNiereH.
ATan aiTKaHna, Oy KYMBICThIH, KaHAINBUIAGIEL Ka3aKcTaHIaFbl TOMEH PaHIThl KoMipepai
GHOreH i METAH TY3iTyiHe apHanFaH MHKi3aT peTiHe TaHIaN albIHYBIHIA JKIHE OChl KeMipnepai
apHaiibi MUKPOBTHIK KOHCOPIMYMAAP/E! Naiaany apKpUIbl METAHFa alffHATABIPYABIH THIMII
snicTepiin o3ipmenyidme »arsip. 3eprrey GapbichiHIa OHoMeTaH OHIpICiHIH MeXaHHIMICPiH
KemeHl Typ/e 3epTTeyre MyMKIlnik GepeTiil KpuTepHANep ¢ YCHIHELIFaH.

Kemip kabartapran ansiHathiH MeTal (coalbed methane), ofeTTe, IMAXTaNbIK METaH
peTinjic KapacThIPLUILIL, KoMip oHaipyMeH OaHIaHbICTh Kayill peTinae KaGBLInaHaThH. AJaina
COEFEBI YaKbITTA O] SHEPTHA K03i PETiHIE JKOHE KOMIp OHAipy Kezinme OenipeTiH Ke3ae KIMMATKA
acep ery MyMKiHAiriHe GaiinaHbicThl YIKeH KbI3bHYIIBUIEIK TYIABIPBI OTHIP. Backa xa3ba
OTHH/APHIMEH CANLICTHIDFaH]a TaOHFH rasra JieTeH KahaHIBIK CYPAHBIC COHFbI JKBLIIAPHI
alTapiEIKTaii apTeiI keneni. Ocelran OalAnaHHICTB AUCCEPTAIHANA 3ePTTEIN OTHIPFaH KeMipJeH
METaH TY3UIyiHiH THIMAINTIH apTTRIPY — SHEPreTHKAIBIK Kayimcisfik el TYPaKTBUIBIK YIIiH
YAKCH MaHBI3Fa ue.

Ochl MaKcaTTa Koxkaxmetosa Mapkal GHOTeHIi MeTaHOTCHE3 i HeTi3ey, a3po0Thl XKaHe
aHadPOB6TEl MEKPOOPraHu3MAEPi TAaHAAY MEH Taljay, COHBIMEH KaTap rasfiply TY3iMy mpouecine
acep ererin TYp GaKTOpIAPLE 3ePTTEY MKYMBICTAPHIH KeIeH i KyHe peTinne xyprisred. byn
mingeTTep 6ip-6ipiMeH TOrBKAIEIK TYprbIia OalinaHBICKaH XHE ONapablH OPEIHIATYBI KOMLLIFaH
MaKcaTKa XeTyre MyMKiHzik Gepeni.

Koxxaxmerosa MapxkaHR COHBIMEH Katap 97e0H mony XYMBICHIH [a THAHAKTBL TYPAC
*Kyprisren. JuccepTalia MEKPOOHONOTHS, TEOXAMEL XKIHE HallaMaNLl SHEPTHA KO3JIEpiH Ay JIbIH
TeXHONOTHSIAPEIH KAMTHTHIH oieOWeTTep/i TepeH TaniayFa Heri3jieNTen. Kipicne Oemiminne
SpTYpIi Aepekxo3fep GOHBIHIIA ©3 Ke3KAPAChlH TYKbIphIMAAH Olmy KabineTi alikplH KopiHIC
Tankas, 6y1 MeHl epexine scepre Oenei.

JlsccepTalMANBIK JKYMBICTHIH KBICKAIIa Ma3MYHEL MEIHANIAP Ikl KAMTHIBL:

e ToMeH camausl KeMiplepaeH OHOTeHIi METaH Ty3iiyiHe acep ereTiH (akropaapisH

KEIEeH/Ii TANIAYEI,

e METAHOreHe3Ni GIHTATAHABIPYFAa apHANFaH kaHa MHKPOOTHIK KOHCOPUHYMIapms!

KOJIaHY IIbIH, TYTHYCKAJIBIK dJUci;

e YCLIHBUIFFAH THIOTE3ANapbl pacTayFa GarsITTaiFal JKOFapH NeHrein HKCIEPUMEHTTIK
3¢pTICY.
o CombMeH Gipre, XyMBICTa KeiGip yeax KeMutinikrep e Keszecei:



e JepckTcpAi Tanmay OemiMinge MeTaHoreHes MPONECiH INEKTEYi MYMKIH BIKTHMAI
¢axropnapra kebipek KoHiI SeniHyi THIC €i.

ATaFal ¢CKepIIeIep YCHIHLIM CHIIATHIHAA GOMBIN, XKYPTi3iireH 3epTTeyAiH FBUILIMU
KYHHUIBIBIHA eIMKaHalH HYKCaH KenTipMeni.

JInccepTaiaIIBIK XYMBICTHIH KYPEUIGIMbL TOrHKANBIK TYPIE TY31NTeH, FbUTHIMM Tijli HAKTEL
ZoHE aKaJleMHAIEIK Jkasy TananTapbipa caf kemeni. JKympic KaOplfadral CTaHAapTTapra colikec
pociMzesTen, GyII ABTOPIIBIH AACCEPTAIUAHEL PACIMAEYTE ereH YKBINTH KO3KapaCklH KopceTe/.
ASfTapibikraii  CTHIHCTHKATHIK, Opdorpadsaibik Hemece (pPajcoNOTHANBIK —KATENIKTEp
GalixamMalinpl.

Kopsithinysinaii xeme, «KasakcrawIBIK TOMEH camalibl KeMiplepieH OuoreH;i meraH
TY3LTyiH BIHTANAH)IHIPY TAKLIPHIOBIH/IAFbL JUCCEPTALMANBIK HYMBIC — ©3CKTLIIT MEH XKAHABIFbI
®orapsl Ienreiiieri TONBIKKAHIBL, TEPEeH FRUTBIME 3epTTCY Gonem TaOBUIAMEL }K_\mmc PhD
Xopexecine KOHBUTATHIH TAJANTAPFA TONBIK CAlKeC Kellelli JKoHE TOMEH canajibl KeMipiepieH
OmoMeTaH eHIIpY canachIHBIH JAMYBIHA MaHBI3AB! OarkT Oepenl.

Koxaxmerosa Mapxar — »koraprl GimikTi, eHOeKKOp XoHe Oonaliarsi 30p JKac MaMaH.
BROTEXHOJIOTHI MEH MHKPOGHOJIOTHS CANIACEIHA TEPEH KBI3EIFYINBIIBIK TARBITEIL, YHEMI 3EpTTEY
EYMLICTADEIMEH  AfHANBICHII, ©3iHiH Kkacidm meGepnirin aprreipyfa. Men onmr PhD
SarRapaMacHIHEIH KOPBITBIHAB! KOPFayBIHA JKibepy /Il TOIbIK KONTaHMBIH.

Y:xa 13805, goueHT /Koarandacel Gap/

31 maypriz 2025 x.

EmoBOrHAIBIK xoHe hapManeBTHKATBIK FhUIbIMIAP

Tarsoarany rHUIEIME! XKoHE HHXEHCPHAA MEeKTED!
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