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Pedepar:

1. MeTo0 pobOTH € OOIPYHTYBAHHS €KOJIOTIYHO 6€3[1eYHOT0 yIIPaBJliHHS BifIpalibOBaHMMK OaTapeikaMu Ta aHali3
iXHBOI'O PECYPCHOTO IOTEHIIiay Ta BIJIMBY Ha HABKOJIAILIHE CEPENOBUIIE. Y 1IbOMY TOCIIIPKEHHI CUCTEMAaTUYHO
aHaJli3yeThCsl BILJIMB Ha HABKOJIMIIHE CEpPeNoBuIle, Knacuikalis, CKaajl, 3aKOHOAABU€ PEryJIOBaHHS, IepepooKa Ta
Hebe3rneKka 3a6pyAHEeHHs BigpanboBaHUMu baTaperikamu. HaykoBa HOBU3HA AOCIiTKEHHS MOJISITAE B!
OOIpyHTYBaHHI HayKOBUX IPUHLUIIIB €KOJIOriYHO 6e3[1eYHOr0 YIIpaBJliHHS BifjlipalpoBaHUMU O6aTapeiikamu B Kurai,
10 [103BOJIsI€ 3MEHIIUTH iX HeraTUBHUI BIUJIMB Ha JOBKIJUIS Ta JIIOAUHY; OLiHI CKJIa[ly Ta pECYPCHOTO IOTEHLiany
BifIpalibOBaHUX 6aTapeNOK y MOOYTOBUX BifXOJaxX, 110 JO3BOJIUTh IPOBECTU KOMIIJIEKCHY OLIiHKY iXHBOTO BILJIUBY
Ha JIOBKL/IJISI Ta JIIOJMHY Ta €EKOHOMiYHE OOI'PYHTYBAaHHS iXHbOI 1€PEPOOKH; 3aCTOCYBaHHI MOJIeJIi PO3MOIiTy
Beii6ysa 17151 OLIIHKY KUTTEBOTO LIUKJY BiflIpalbOBaHMX O6aTapeiioK, sIKa JO3BOJISIE OLIHUTHU KiJIbKICTb
BiANpalbOBaHUX 6aTapeioK y NOoOYTOBUX Binxonax. Habyy nonansmoro po3BUTKY KOHLENTYalbHi HiIX041 10
OLIiHKYM BIUIMBY BiiIIpalibOBAaHUX GaTapeioK Ha JOBKIJUISI TPY 3aCTOCYBAHHI Pi3HUX METO/IB YIIPABJIiHHS, SIKi

BiIPi3HSIOTBCS TUM, 110 3aCTOCOBYIOTHCS aHAJII3 MaTePiajlbHUX [TOTOKIB Ta OLiHKA XUTTEBOTO LIMKIIY, 110 3abe3evye



HaJliliHe IPOTrHO3yBaHHSI HACJIIKIB AJ1s1 HOBKiLIA. TakoxXK y poOO0Ti yIOCKOHAJIEHO CUCTEMY YIIPABJIiHHS
BiZITpalibOBaHMMM GaTaperikamMy Ha OCHOBI KUTAMChKUX TEXHOJIOTIN epepoOKY BiIXOiB, SIKA BillPi3HSIETHCS Bif|
iCHyI0UMX IiAXOMiB TUM, 1IO 3aCTOCOBYIOTHCSI IPUHIMIINA 3MEHIIIEHHS KiJIbKOCTI BiIXO[IiB, pO31isbHOrO 360Dy,
COPTYBaHH$ Ta M0JAJIbIIO] IepepoOKHy, 110 [03BOJISIE PallioHaIbHO BUKOPUCTOBYBATU pecypcu. Po3zin 1
npUCBsiYeHO Kinacudikauii BinnpanboBaHuX 6aTapeiioK, BKIYA0YX Klacuikallilo 3a TUIIOM €JIEKTPOJITY,
BJIACTMBOCTSIMU, MaTepiajlaMy IIO3UTHMBHOIO Ta HETATUBHOI'O €JIEKTPOAY TOILO. [IpoaHasnizoBaHO XapaKTEPUCTHKY,
3aCTOCYBaHHS Ta MEXaHi3MU XiMIUHUX peaklill IOMNPeHnX 6aTapeioK. AHai3yI0ThCs clielniuHi Hebe3neku
BiApaiboBaHUX O6aTapeioK J1s1 HABKOJIMIIHBOTO CEPEOBHUILA T JIOMHY, BKIIIOYAKUX 3a0pyJHEHHS BXKKUMU
MEeTaJIaMM Ta PU3WKU [J1s1 3MO0POB'sl. TaKoK MpoaHasi3oBaHO CKJIAT, BiAIpalbOBaHUX 6aTapeiioK Y moCimKeHHi
IIOPiBHIOETHCS BMICT TUIIOBUX €JIEMEHTIB y Pi3HUX 6aTapeiikax Ha OCHOBI TaOGJIMYHUX AAHUX, & TAKOXK aHAJIi3yI0ThCS
OCHOBHI KOMITIOHEHTHU Ta €KOJIOTi4YHi PU3UKU CBUHLIEBO-KUCJIOTHUX, JITiH-iOHHUX Ta HiKeJIb-KaJIMi€BUX
aKyMyJIITOPIB. 3 TOUKU 30pY 3aKOHOJABYOTr0 yIIPABJIiHHS, Y POOOTI IOPiBHSIHO NPABOBi CUCTEMU Ta NIPAKTUYHUN
nocsip SInonii, Cnonydenux Illraris, HimeyurHy Ta iHmux kpait y cepi nepepobku BinnpalboBaHUxX 6aTapeiiok. Y
PO31iii 2 aHai3yI0TbCSI METOY YIIPABJIiHHS BifNpallboBaHUMU 6aTapeiikamu. IIpoBeeHO cucTeMaTUYHM aHali3
36epiranHsi, 360py, ONTHUMI3allil IOricTUYHOI cucTeMu Ta Kiacudikauii BinnpanboBaHUX 6aTapeiioK AJ1s1 pO3pOOKU
CHCTEMHU YIIPaBJIiHHS BillpallbOBAaHUMU OaTapeiikamy, sika 6 Bianosigana HanjioHanpHUM yMoBaM Kutato. [letanbHo
aHaJli3yI0ThCSl BUMOTHY Ta METOLM 36€piraHHs BifpalboBaHUX 6aTapeioK. JIjis pisHUX TUIIB BiflIpalbOBaHUX
6aTapeloK PONOHYIOThCS BiiNIOBiAHI METOIM 30€piraHHs Ta 3axoiu 6e3neKy. Y po3fijli IpoaHali3oBaHO MOTOYHUN
CTaH Ta IpobJieMu cucTeMu 360py BifIpanpoBaHuX 6aTapeiiok y Kurai. ¥ po3gisni 3 ouiHneHo noteHjian
BiZJHOBJIEHHS PECYypCiB BiillpaliboBaHUX 6aTapeiiok, 3 PoKycOM Ha aHasli3i yTBOPEHHS BifIpaljbOBaHMX OaTapenok,
CTaHy iXHbOI IepepoOKU Ta L[iHHOCTi pecypciB MeTaiiB. bysio IpoaHasnizoBaHO NOTOKMU BifIpallbOBaHUX 6aTapeNoK y
Kurai. ¥ poMy nocCiigKeHHI BUKOPUCTOBYETHCS METOJ, KiJIbKICHOTO aHasli3y B IO€QHAHHI 3 TaHUMU IIPO
BUPOOHULITBO, TPOJAK, IMIIOPT Ta eKCHopT 6aTapeok y Kurai (201402023 pokn), faHi SIKUX B3STi 3 6231 JaHUX
Toprisii ToBapamu Opranizauii O6'enHanux Hauiil ta 3BiTy KuTaiicekoi acouiatii 6aTapeiiok. [1j1s1 OLiHKY KiJIbKOCTi
BiANpalbOBaHUX 6aTapeiok, MO YTBOPIOOTLCS B KuTai, BUKOpUCTaHa MOAesb po3ofiny Beiibysia, a METOx
PO3paxyHKY TaKOX 6a3yeThCs Ha CepeHbOMY TePMiHi CIIy>KOM Ta PiBHI peLuKIIiHTy 6aTapeiiok. Y po3aisi oniHeHo
pecypcHul oTeHl1ial MeTajliB y BifilipanpoBaHuX O6aTapeiikax y Kurai. ¥V po3nisni 4 aHasnizyeTbcsl cydacHUMN CTaH
TEXHOJIOTI! PELUKIIIHTY BiiIIpallbOBaHUX 6aTapeiioK, 30KpeMa PO3IJIsSIHYTI BIUIMBYU IEPEPOOKM KaTOAHUX MaTepiais
3 BiANpalbOBaHUX JIITIiM-IOHHUX aKyMYJIATOPIB Ha AOBKLIA. AHAI3yI0UM CKak, JiTiN-iOHHUX aKyMYJISATOPIB,
OLIiHIOETBCS, 5IKi KOMIIOHEHTH MOXYTb CTAHOBUTH HEOE3IEKY /1J11 HAaBKOJIMIIHBOTO cepenoBuia. Takox
IIpoaHasli30BaHi JyKkepesia 3a0pyiHEHHS IOBITPs i BOJH, LIyMY, BiIXOiB Ta TOKCUYHUX XIMIYHUX PEYOBUH, 110
YTBOPIOIOThCS Mif, 4ac npouecy nepepodku. Kpim Toro, y 4pomy po3zisi aHali3yloTbCsl METOAU 0OpOOKU
BiANpalboBaHMX O6aTapeioK, BKII0Yalouu MipoOMeTalypriiiHi, rifpomeTanypriiiHi ta 6ionoriyni metonu. Kpim Toro,

po3pobJieHi pekoMeHallii 010 ONTUMI3allii yripaBiiHHS BignpauboBaHuMu 6aTapeiikamu B Kurai.

2. The goal of this research is to justify the environmentally friendly management of waste batteries and to study
their resource potential and environmental impact. This study systematically analyzes the environmental impact,
classification, composition, legislative management, recycling, and pollution hazards of waste batteries. The
scientific novelty of the research covers the substantiation of scientific principles for the environmentally safe
management of waste batteries in China, which makes it possible to reduce their negative impact on the
environment and humans; estimation of the composition and resource potential of waste batteries in household
waste, which will allow for a comprehensive assessment of their impact on the environment and humans, as well as
for economic justification of waste battery recycling; Weibull distribution model application for waste battery
lifecycle assessment, which allows the estimation of the amount of waste batteries in household waste. The
conceptual approaches to assessing the environmental impact of waste batteries under different management
methods were further developed, that differ in that the material flow analysis and lifecycle assessment are applied,
thereby ensuring reliable prediction of environmental consequences. The waste battery management system
based on China's waste processing technologies was improved, which differs from existing approaches in that the
principles of waste reduction, separate collection, sorting, and further processing are applied, thereby enabling



rational resource use. The Chapter 1is devoted to the classification standards of waste batteries, including
classification by electrolyte type, working properties, positive and negative electrode materials, etc. The
characteristics, applications and chemical reaction mechanisms of common batteries are analyzed. The specific
hazards of waste batteries to the environment and humans are discussed, including heavy metal pollution and
health risks. The composition of waste batteries is also discussed. The study compares the content of typical
elements in various batteries through tabular data, and analyzes the main components and environmental risks of
lead-acid batteries, lithium-ion batteries and nickel-cadmium batteries. In terms of legislative management, the
study compares the legal systems and practical experience of Japan, the United States, Germany and other
countries in the recycling and treatment of waste batteries. The chapter 2 examines the methods of waste battery
management. A systematic analysis of the storage, collection, logistics system optimization and classification of
waste batteries is carried out to propose a waste battery management system that conforms to China's national
conditions. The storage requirements and methods of waste batteries are discussed in detail. For different types of
waste batteries, corresponding storage facilities and safety protection measures are suggested. The current status
and problems of China's waste battery collection system are analyzed. In the Chapter 3, the resource recovery
potential of waste batteries was evaluated, focusing on the analysis of waste battery generation, recycling status
and metal resource value. Waste battery flows in China have been analyzed. This study uses a quantitative analysis
method, combined with China's battery production, sales, and import and export data (2014-2023), the data comes
from the United Nations Commodity Trade Database and the China Battery Association report. The Weibull life
distribution model is used to estimate the amount of waste batteries generated in China, and the calculation
method is also based on the average life and recycling rate of batteries. The resource potential of metals in waste
batteries in China was estimated. The Chapter 4 analyzes the current status of waste battery recycling technology,
focusing on the environmental impact of recycling cathode materials from waste lithium-ion batteries. By
analyzing the composition of lithium-ion batteries, it assesses which components may pose environmental
hazards. The sources of air, water, noise, solid waste, and toxic chemicals generated during the recycling process
are also discussed. Furthermore, this chapter analyzes waste battery treatment methods, including
pyrometallurgical, hydrometallurgical, and biological methods. Additionally, the recommendations are developed
for the optimization of waste battery management in China.
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