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AHOTALS

Kouemoes M.C. Po3poOka Ta BIpOBaKECHHS €KOJIOTIYHO OE3MeYHOT TEXHOJIOT11
yTHII3a1lii BUpOOHMIITBA Ta CIIOKMBAaHHS KaBu. — KBasmidikariilina HaykoBa Mmpaiis Ha
mpaBax PyKOITUCY.

Hucepramiss Ha 3100yTTS HAYKOBOTO CTymeHS mAokTtopa dinocodii 3a
cnemianpHicTIO 101 «Exomoris» (10 — Ilpupomuuui Hayku) — HarioHansHui
TEXHIYHUHN YHIBEPCUTET «XapKIBChKUN MOMITEXHIYHUMA IHCTUTYT», 2026.

JuceprariitHy po0oTy BUKOHAaHO Ha Kadeapl XIMIYHOI TEXHIKM Ta
IPOMHUCIIOBOT ekoJiorii HarioHaapbHOro TEXHIYHOTO YHIBEPCUTETY «XapKiBCHKHIA
NOJIITEXHIYHUI 1HCTUTYT.

06 ’ekmom O0ocniddicenHss € POIEC €KOJOTIYHO OE3MeYHOro yNpaBiiHHA Ta
yTUJII3a11i1 BIIXO/IB KAaBOBO1 1HIYCTPIi.

IIpeomem OocnioxcenHs — €KOJOTIUHI, OpraHizamiiiHi Ta (i3UKO-XIMIYHI
3acajy TEXHOJOT1M PeMKIIIHTY KABOBMICHUX BIJIXOJIIB.

JuceprariiitHe AOCTIPKEHHS TPUCBIYEHE PO3B’°I3aHHIO HAYKOBO-IIPAKTUYHO1
3a/1a4i 3MEHIICHHSI EKOJIOTIYHOTO HaBaHTa)XEHHS BIJIXOIB KaBOBOi 1HIyCTpii
HUIIXOM PO3POOKM KOMIUIEKCHOI CHCTEMM iX yTWII3alii Ta BTOPUHHOIO
BUKOPHCTaHHS.

YV 6cmyni OOTPYHTOBAaHO aKTyaJbHICTb TEMH, BU3HAUCHO METY, 3aBJIaHHSI,
00’€KT 1 TpeaMeT IOCHTIKEHHS, HaBEACHO HAyKOBY HOBHM3HY Ta IPAKTHYHE
3HAYeHHS OTpUMaHuX pe3ynbrariB. [lokazaHo, 1o mnpobremMa MOBOMKEHHS 3
KaBOBHMH BIiJXOJaMU HE OOMEXKYETbCS JIUIIEC MUTAHHSIM YTHJII3allii OpraHiqHOi
CUPOBHHHM, a TIOB’S3aHA 3 IIHUPIIAM KOMIIJICKCOM EKOJIOTIYHHMX, TEXHOJIOTIYHHX,
CKOHOMIUHHX Ta COI[IaJIbHUX YHHHUKIB. [0 TAKMX YMHHUKIB HaJIeKaTh NI00aITi3aIis
KaBOBOi TOPTiBJl, MPOCTOPOBHI pPO3PUB MNPUPOJHUX OI10T€OXIMIYHUX LIMKIIB,
KOHIICHTPAIIisl OPTaHIYHUX BIIXOIB y BETUKHUX MICTaX, 3pOCTaHHS 00CSTIB BIIXOIIB
MaKyBaHHS Ta HEJOCTATHIN PIBEHB JIOKATBHOT 1HOPACTPYKTYPH JUTsl PEIUKITIHTY

Y nepwiomy po30ini TpoaHai30BaHO CBITOBI TEHJEHINI Ta €KOJIOTO-

TEXHOJIOT1YH1 aCleKTH MOBOPKEHHS 3 BIJIXOJaMU KaBOBOi 1HAYycCTpii. Po3misiHyTO
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BIUIUB DIOOAI3aIliHHUX TMPOIECIB Ha TEPUTOPIATIBHUN PO3MOILT  YTBOPECHHS
KaBOBHX BIAXOMIB, TII0OKAa3aHO, IO Cy4YacHa MOJeib CIIOKUBAaHHS KaBH
CYTIPOBOIKY€ETHCS TIEPEMIIICHHSIM OPTaHIgYHOI PEUYOBUHU 3 KpaiH BUPOITYBaHHS 10
KpaiH CIIOKMBaHHS, /1€ BOHA HAKONMUYYETHCA Yy BUIVIAJI BIANPAlbOBAHOI KaBOBOI
Iy Ta CymyTHiX BiaxofiB. IIpoananizoBaHO pO3BHUTOK PHUHKY KaBH B YKpaiHi,
30KpeMa BIUIMB IMIIOPTY 3€JICHOTO 3€pHa, MOIMIMPEHHS JIOKaJIbHOTO 00CMaKyBaHHS
Ta 3pPOCTaHHS KUTBKOCTI KaB’sipeHb Ha (hOpMYyBaHHS JICIICHTPAII30BaHUX ITOTOKIB
KaBOBHX BIIXOMiB. BW3HAYeHO OCHOBHI €KOJOTIYHI pHU3HWKH, TOB’s3aHI 3
HAKOMIMYEHHSM KaBOBOi TyIll Ta KaBOBOI JIyCKH, CEpell SKUX aHaepoOHe
PO3KIIaJIaHHs 3 YTBOPEHHIM MapHUKOBUX T'a3iB, (GOpMyBaHHs (PiIbTPaTiB, JOKAJIbHE
3aKUCJIEHHS IPYHTIB, NOTEHIIIITHA (PITOTOKCUYHICTh, 3a0pyIHEHHSI KaHATI3aIMHUX
CUCTEM T THUMEA KOMIIOHEHTaMH Ta 301TBIIICHHS YaCTKH
CKJIaIHOTIEpEepOOIIOBaHOTO MaKyBaHHA. (CHCTEMaTH30BaHO OCHOBHI HampsIMH
BTOPMHHOTO BHUKOPHUCTAHHS BIJIXOAIB OOCMa)K€HHS Ta CIOXHBaHHSA KaBH,
BKJIFOUAIOYM 010JI0T14YH1, MEXaHI4YH1, XIMI4HI Ta MaTepiaibHi CIOCOOU BajopH3aIlii.

YV opyzomy po3dini onucano matepiaiv Ta METOAU JOCTiKeHHs. OCHOBHUMU
00’€KTaMH CTaju BIAXOMM KaBOBOI 1HAYCTpii (Tymia, Jdycka), MUJIbHI OCHOBH,
IPYHTOBI CyOCTpaTH, TEKCTWJIb Ta OlOMOJiMEpHI MaTpHIll, AJIA SIKUX HaBEIEHO
JETAIIbHY (P13UKO-XIMIYHY XapaKTEPUCTUKY. 3aCTOCOBAHO KOMILIEKC
CTaHJAPTU30BAaHUX Ta CIHCMIAJIbHUX METOAMK JUIA OIIHKA  EKOJOTIYHUX
(piTOTOKCHMYHICTB, 3AATHICTb A0 OlOpO3KJIANaHHA), (I3UKO-MEXaHIYHUX 1
TEXHOJIOTIYHUX BJIACTUBOCTEN JOCIIKYBAaHUX 3pa3KiB. [JOCTOBIpHICTH pe3ybTaTiB
M1TBEPIPKEHO METOAAMH MaT€MaTUYHOI CTaTUCTUKH.

YV mpemvomy po30ini BUKOHAHO €KOJOTO-TEXHOJOTIYHE OOIpYyHTYBaHHS
HanpsIMiB yTUJTI3a1li1 BIAMPalbOBaHO1 KABOBOI I'YIIll Y KOMyHAJIbHOMY Ta CLIILCHKOMY
rocrnojapcTBi. BcTaHOBIEHO, IO TOJIOBHUM OOMEXEHHSM JJIsl il BUKOPUCTAHHS €
BHUCOKa BOJIOTICTh 1 IMIBUJKUN PO3BHUTOK IUTICHSBU, IO 3YMOBIIOE HEOOXITHICTH
cralOutizanii CUPOBUHHU HUIAXOM CYIIiHHS. JIOBEIEHO MOIUIBHICTh 3aCTOCYBaHHS
KOHBEKI[IHHOTO METOIy B 3aKjajaX XapuyBaHHs, 30KpemMa i3 3allydeHHSIM

3aJIMIIKOBOTO TEIUIa MPOMHUCIOBOTO TEKApChKOTO obOnmagHaHHA. JloCTimKeHO
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e(eKTUBHICTh BUCYIIIEHOI KABOBOI I'yIlll SIK IPUPOAHOTO a0pa3sMBHOTO HAITOBHIOBAYa
y MIWIBHUX KOMIO3UIIISAX JJI BUAAJIICHHS CKJIAIHUX 3a0pynHeHb. BcTaHoBieHo, 1110
TEXHOJIOTIYHI Ta OYHIIYBaJIbHI BJIACTUBOCTI TAaKUX 3acO0IB 3alie)aTh BIJ THUITY
MUJIBHOI OCHOBH, BMICTY, TUCIIEPCHOCTI Ta PIBHOMIPHOCTI PO3IOILTY HAalTOBHIOBaYa
B MaTpHIIL.

[IpoananizoBano nepcrekTuBu Bukopuctanus BKI sk aHTUCIN3BKOTO areHTy
JUTSL BIAKPUTHX TEpUTOPi y 3umoBHi nepion. [lokazaHo, 110 3aBISKH CTPYKTYp1
YaCTMHOK BOHA TMIJABUINY€E KOE(IlI€EHT TepTs Ha 3acHDKEHHX 1 0OMep3iux
MOBEpXHAX. BomHoYac BHM3HAUCHO eKCIUTyaTallliiHi OOMEXEHHS (PU3UK CTIMKOTO
3a0apBJICHHS TEKCTHJIIO Yepe3 HAasBHICTh OJIiA Ta MITMEHTIB), IO 3BYXKYye chepy
JOTITPHOTO 3aCTOCYBaHHS areHTY BUKIIFOUHO JI0 BITKPUTHX BYJIUYHUX MPOCTOPIB.

Y uemeepmomy po30ini  AOCHIKEHO TEPCHEKTUBU BUKOPUCTAHHS
BIIMPAIIbOBAHOT KABOBOI T'YIIIi SIK €KOJIOMYHOTO HAOBHIOBaYa JJisi 010pO3KIaHUX
MOJIIMEPHUX KOMITO3UTIB. PO3MISIHYTO TEXHOJOTIYHI MEepeayMOBU BBEACHHS
JITHOLIEIIOJI03HO1 OPraHivHOi CUPOBUHHU Y TMOJIMEPHI MaTpuIll, 30KpeMa MUTaHHS
CYMICHOCTI T1ApOQIIBbHOI KaBOBOi TyIll 3 MOJIMEPHUM CEPEIOBUIIEM, BILIUBY
pO3MIpy YacCTHMHOK, BOJIOTOCTI Ta TMOMEpPEAHBOI MiJATOTOBKA HANOBHIOBaYa Ha
BJIACTUBOCTI KOMITO3UTY. [IpoaHaiizoBaHo (13MKO-XIMIYHI XapaKTEPUCTUKHA KaBOBOI
Iy, 0 BU3HAYAIOTh ii MOBEIIHKY y CKJaJl MOJIMEPHUX MaTepialliB, a TaKOX
BIJIUB OPraHIYHOTO HAMOBHIOBaYa Ha TEXHOJIOTIYHI, CTPYKTYpPHO-MEXaHI4YHI Ta
eKCIUTyaTalliiHi  BJIACTUBOCTI Olopo3kiagHux kommo3uiiil. Ilokazano, 110
BUKOPHUCTAHHS KAaBOBOI T'YIIIl y CKJIAJl TAKUX MaTepialiiB MOXKE CIIPUSTH 3MEHIIICHHIO
YaCTKW TIEPBUHHOT MOJIIMEPHOI CUPOBUHHU, IIJABUIIIEHHIO PECYPCHOI €(EeKTUBHOCTI
Ta OpMyBaHHIO HOBUX HaIPsSMiB MaTepiajabHOI BaJIOPU3aIlil KABOBUX BIIXO/IB.

11’amuii po30in IPUCBIYEHO PO3POOIN Ta OOTPYHTYBAHHIO MOJIEIb YTUJII3AIliT
B1JIXO/IIB BUPOOHUIITBA Ta CIIO)KMBAHHSA KaBH B YMOBAaxX IUPKYJISIPHOI €KOHOMIKH.
[Tokazano, mo mrst chepu HoReCa HalOUIbII AOMITBHUM € TIOCTATHUN ITiIX1M, 3a
SKOTO KaB’SpHI BHCTYIAIOTh TEPBUHHUMH BY3JIaMH PO3UIHHOTO 30MpaHHS,
cTabumizalii Ta MIATOTOBKM KaBOBUX BIAXOAIB A0 TMOAAJIBIIOIO BUKOPHUCTAHHS.

3anmponoHOBaHa MOJENh Tepeadadae OKpemMuil 30ip KaBOBOI TyIi, i CYIIIHHS
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PI3HUMH METOJIaMU, BUKOPUCTAHHS Yy CKJIAJl MHJIBHMX KOMIIO3HUIIIA, KOMITOCTIB,
OlomoyiiMepHUX MaTepiaigiB ad0 SK aHTUCIM3BKOTO areHTy, a TaKOX IOBTOPHE
BUKOPUCTAHHS JDKYTOBHX MIMIKIB 3-TiJ KaBU y COLIAJbHUX, BOJOHTEPCHKHX,
arpapHuX 4u Ju3alHEepPChKUX HarpsiMax. BcTaHoBieHO, IO CKITa/iHI GaraTomaposi
MaKyBaJbHI MaTepialid, 30KpeMa OKpeM1 THITH Karcyi Ta JApiM-MaKkeTiB, MOXYTh OyTH
CHPAMOBaH1 Ha PEIMKIIIHT JIUIIE 32 HASSBHOCTI HAIAro>KEHO1 CUCTEMU COPTYBaHHS;
3a ii B1ICYTHOCTI BOHU 3aJIMIIAIOTHCS BIIXOAaMHU, 1110 MiJISTaloTh BUAJIEHHIO a00
3aXOPOHEHHIO.

HaykoBa HOBU3HA OTpUMaHMX PE3YJIBTATIB MOJATAE Y HACTYITHOMY:

- BIIEpILIE PO3POOJEHO CXEMY JIOKAJIBHOIO €KOJOTIYHO O€e3MEeYHOro
YIOPABIIIHHS BIJX0aM BUPOOHUIITBA Ta CIOKUBAHHS KaBH, IKa BIAMOBIIAE 1€papxii
yIIpaBJIiHHS B1IXOJaMH Ta 3a0e31euye MiHIMI3allii0 €KOJIOTIYHOTO HaBaHTa)KEHHSI Ha
ypOaHi30BaH1 TEPUTOPIi;

- BIIEpIlIE PO3POOJIICHO €eHepro3oepirarouy TEXHOJIOTII0 JeriapaTarii
BIJIXO/IIB CIIO)KMBAHHS KaBU 3 BUKOPUCTAHHSIM BTOPHUHHHUX TEIUIOBUX PECYPCIB, IO
JT03BOJISIE 3aI00IITH 11 HEKOHTPOJIBOBAHOMY MIKPOO10JIOTTYHOMY pO3Maay Ta emicii
MapHUKOBUX Ta3iB;

- BIIEpIIIE BCTAHOBJICHO 3aKOHOMIPHOCTI 3MIHM (PI3UKO-MEXaHIYHUX Ta
BOIHO-(QI3MYHHUX [apaMeTpiB IPYHTIB 3a YMOB JOBIOTPUBAJIONO BHECEHHS
KaBOBMICHHMX BIJIXOJIB, IO JO3BOJMJIO HAyKOBO OOIPYHTYBAaTH MEXI IXHBOTO
€KOJIOTTYHO 0€3MEeYHOr0 BUKOPUCTAHHSA K IPYHTOBUX MEJIIOPAHTIB;

- YIOCKOHAJIEHO HAayKOBl 3acaJy CTBOPEHHS EKOJIOTTYHO O€3MEeUHUX
OYMIIIAIOUUX 3aCO0IB IUISIXOM 3aMIHM CHHTETMYHUX a0pa3uBIB Ha BIANpPAIlbOBAHY
KaBOBY TYIIy NEBHOTO IPaHYJIOMETPHYHOTO CKIIAY;

- HaOyJIM TTOJIATTBIIIOT0 PO3BUTKY HAYKOBO-TIPAKTHYHI 3aCa/IH €KOJIOTTYHO
Oe3mevHoi yTui3ailii BiXOMIB KaBOBOI 1HAYCTpIi NIISAXOM iX BUKOPHUCTAHHS Y

CKJIaJIl 3/IaTHUX J0 010pO3KJIaIaHHs TOJIIMEPHUX KOMITO3UITIH.

Kntouosi cnosa: xaBoBa ryia, BiJIXOAH, MOBOMKEHHS 3 BIJIXOAaMH, CTAIUM

PO3BUTOK, CUILCHKOTOCIIOAAPCHKI BIAXOJAW, 3MEHIICHHS BIAXOMIB, €HEprisa 3
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BIJIXOJIIB, Xap4yOBl BIXOAM, LIUPKYISIPHA €KOHOMIKA, KOMIIO3UTH, IPYHT, KOMIIOCT,

Oilomerpamariis, Moaudikalis, nepepooxa



ABSTRACT

Kochetov M. S. Development and implementation of an eco-friendly recycling
technology for coffee production and consumption waste. — Qualifying scientific
work as a manuscript.

Dissertation for the Doctor of Philosophy degree in specialty 101 "Ecology"
(10 — Natural Sciences) — National Technical University "Kharkiv Polytechnic
Institute", 2026.

The dissertation research was carried out at the Chemical Engineering and
Industrial Ecology Department, National Technical University "Kharkiv Polytechnic
Institute".

The research object encompasses environmentally safe management and
utilization processes regarding coffee industry waste.

The research subject covers environmental, organizational, and
physicochemical principles behind coffee-containing waste recycling technologies.

This dissertation aims to solve a scientific and practical problem: reducing
environmental impacts caused by coffee industry waste through developing a
comprehensive utilization and secondary use system.

The introduction substantiates the topic’s relevance, defining the research
goal, objectives, object, and subject, while outlining the scientific novelty and
practical significance regarding the obtained results. It demonstrates that coffee
waste management extends beyond mere organic raw material disposal, involving a
broader set encompassing environmental, technological, economic, and social
factors. These factors include coffee trade globalization, spatially disrupted natural
biogeochemical cycles, and massive organic waste concentration within large cities.
Furthermore, growing packaging waste volumes alongside insufficient local
recycling infrastructure exacerbate this issue.

The first chapter analyzes global trends and eco-technological aspects
regarding coffee industry waste management. The globalization impact on territorial

coffee waste generation distribution is examined. The modern coffee consumption
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model involves transferring organic matter from producing countries to consuming
nations, where it accumulates as spent coffee grounds and associated waste.
Ukrainian coffee market development is analyzed, specifically highlighting green
bean import influences, local roasting expansion, and coffee shop proliferation on
decentralized coffee waste streams. Primary environmental risks associated with
spent coffee grounds and coffee silverskin accumulation are identified. These
include anaerobic decomposition producing greenhouse gases, leachate formation,
and local soil acidification. Additional risks involve potential phytotoxicity, sewer
system contamination by lipid components, and an increasing share regarding hard-
to-recycle packaging. Main avenues for secondary coffee roasting and consumption
waste utilization are systematized, encompassing biological, mechanical, chemical,
and material valorization methods.

The second chapter describes the research materials and methods. Primary
objects include coffee industry waste (spent coffee grounds, coffee silver skin), soap
bases, soil substrates, textiles, and biopolymer matrices. A detailed physicochemical
characterization i1s provided for these materials. A standardized and specialized
technique set was applied to evaluate environmental (phytotoxicity,
biodegradability), physical-mechanical, and technological properties characterizing
the studied samples. Result reliability is confirmed using mathematical statistics
methods.

The third chapter provides an eco-technological rationale for utilizing spent
coffee grounds within municipal and agricultural sectors. High moisture content and
rapid mold development act as main limitations against its utilization, necessitating
raw material stabilization through drying. Applying convective methods in food
service establishments proves feasible, particularly by recovering residual heat from
industrial baking equipment. Dried spent coffee ground effectiveness as a natural
abrasive filler in soap compositions designed to remove stubborn stains is
investigated. Technological and cleansing properties characterizing these products
depend on soap base types, alongside filler content, dispersion, and uniform matrix

distribution.
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Prospects regarding spent coffee ground application as an outdoor anti-slip
agent during winter are analyzed. Thanks to their particle structure, they increase
friction coefficients on snow-covered and icy surfaces. Simultaneously, operational
limitations are identified (persistent textile staining risks due to oils and pigments),
restricting appropriate agent application exclusively to open street spaces.

The fourth chapter explores prospects for utilizing spent coffee grounds as
eco-friendly fillers inside biodegradable polymer composites. Technological
prerequisites for introducing lignocellulosic organic raw materials into polymer
matrices are examined. Specifically, compatibility between hydrophilic spent coffee
grounds and polymer environments is addressed, alongside particle size, moisture,
and preliminary filler preparation influences on composite properties.
Physicochemical characteristics dictating spent coffee ground behavior within
polymer materials are analyzed. Furthermore, organic filler impacts on
technological, structural-mechanical, and operational properties regarding
biodegradable compositions are evaluated. Using spent coffee grounds inside such
materials can reduce virgin polymer raw material shares. This approach enhances
resource efficiency and establishes new avenues for material coffee waste
valorization.

The fifth chapter develops and substantiates a utilization model covering
coffee production and consumption waste within a circular economy framework. For
the HoReCa sector, a phased approach is most appropriate, where coffee shops act
as primary nodes facilitating separate collection, stabilization, and coffee waste
preparation for subsequent use. The proposed model involves separate spent coffee
ground collection and subsequent drying using various methods. These grounds are
then used inside soap compositions, composts, biopolymer materials, or as an anti-
slip agent. Additionally, jute coffee bags are reused for social, volunteer, agricultural,
or design purposes. Complex multilayer packaging materials, such as specific
capsule types and drip bags, can only be recycled if a well-established sorting system
exists. Without it, they remain waste destined for disposal or landfilling.

The scientific novelty characterizing the obtained results is as follows:
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- for the first time, a local environmentally safe management scheme
covering coffee production and consumption waste has been developed; this scheme
complies with waste management hierarchies and ensures minimized environmental
impacts on urbanized areas;

- for the first time, an energy-saving dehydration technology targeting
coffee consumption waste using secondary heat resources has been developed,
preventing its uncontrolled microbiological decomposition and greenhouse gas
emissions;

- for the first time, patterns characterizing changes within soil physical-
mechanical and hydro-physical parameters under long-term coffee-containing waste
application have been established; this allowed scientific substantiation regarding
limits for their environmentally safe use as soil ameliorants;

- scientific principles underlying environmentally safe cleaning agent
creation have been improved by replacing synthetic abrasives with spent coffee
grounds having a specific granulometric composition;

- scientific and practical principles concerning environmentally safe
coffee industry waste utilization have been further developed through their

incorporation into biodegradable polymer compositions.

Keywords: Spent coffee grounds, waste, waste management, sustainable
development, agricultural waste, waste reduction, waste to energy, food waste,
circular economy, composites, soil, compost, biodegradation, modification,

recycling.
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