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ANNOTATION

Qu Dongxu. Formation of management system of university’s educational
and scientific assets in the context of transition to the model of circular economy in
China. — Qualifying scientific work on the rights of the manuscript.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in

specialty 073 — Management. — Sumy National Agrarian University, Sumy, 2023.

Circular economy (CE) is considered in the scientific community as a
remedy for achieving sustainable development goals. The use of renewable energy
and the elimination of waste through the perfect design of materials, products, and
systems, and within this launch of business models are becoming priority areas for
the development of the Chinese economy. The triple function of education,
scientific research, and social services of higher education institutions indicates
that universities are a driving force in the development of knowledge, values,
technology, and the formation of behaviors and lifestyles necessary for the
transition to a circular model. Insufficient coverage of issues related to the
definition of the theoretical and methodological foundations for managing the
university's educational and scientific assets in accordance with the basic principles
of the circular model of the Chinese economy determines the relevance and
timeliness of the dissertation research.

Based on a systematic literature review, the role and significance of higher
education institutions in the development of the CE model in China are analyzed. It
is determined that the increase of university research and educational assets in the
context of CE is closely related to such factors as institutional design,
technological progress, and dissemination of pilot experience. It is found that the
transition to a new model of the economy will be longer compared to developed
countries due to the lack of public awareness, as well as the inconsistency of
modern technologies with the norms and CE principles.

The study identifies key drivers for an accelerated transition to the CE model

in China, including (i) appropriate policies and support for the business model
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developed by the government, (ii) technological support, (iii) public participation,
awareness and knowledge of the circular model, and (iv) economic benefits. The
main barriers to the transition to the new model are also identified, including
cultural, market, regulatory, and technological barriers. Based on a thorough
analysis of these factors, it is proved that universities have the potential to have a
significant impact on strengthening the drivers and removing the barriers to the
formation of a new model through educational and scientific research activities,
which states the significant role of universities in the CE implementation.

The study finds that building up the university's research and educational
potential in accordance with the needs of the CE, including green campus
initiatives, should be reflected in the university's strategic development plan. It is
proved that universities have a significant impact on accelerating the transition to a
new model.

Based on the basic principles of CE, the study summarizes the contribution
of universities to the implementation of the new model. It is found that previous
research in this area of knowledge is fragmented and mainly focuses on CE-related
specialties, teaching approaches and tools, as well as CE practices on campus.
Based on this, the study substantiates the expediency of forming a system for
managing the university's educational and scientific assets, which should be based
on the integration of various activities and the involvement of all participants in the
research and educational process to enhance the effect of the transition to a new
model.

The evolution of management, mechanisms of functioning, and evaluation of
sustainable universities are analyzed. It is concluded that the practice of sustainable
management in universities has evolved from the "Environmental Management
System" to the "Sustainability Management System". In the context of managing
university assets related to CE, it is proposed to apply a two-pronged hybrid model
that mixed a top-down approach and a participatory approach to guarantee the
realization of sustainable development goals.

The study assesses the scientific potential of Chinese universities to
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implement CE based on the analysis of relevant data in Chinese universities. The
analysis of curricula, enroliment plans, and the employment situation in CE-related
specialties in Chinese universities shows that universities have significant potential
to accelerate the transition to a new model, which involves the introduction of
relevant specialties, revision of curricula, enhancement of hidden curriculum,
enrichment of general education with CE, advanced training of academic staff
related to CE specialties, and expansion of the educational environment. A method
of spatial econometrics is proposed to analyze the scientific potential of
universities in terms of compliance with the circular model, which allows
identifying the dependence of regional technology development on universities
through Moran's index and provides stakeholders with guidelines for further
investment in research at universities.

It has been established that university innovations have a significant impact
on the innovation activities of regional enterprises. In addition, university scientific
research has a significant potential to promote technological innovation activities
of universities and enterprises in the surrounding regions, which are critical links
necessary for the CE implementation.

The expediency of introducing the term "CE-related university assets" into
scientific circulation is substantiated, which is proposed to be defined as a set of all
types of resources and assets that are formed in the course of university
development, are owned and controlled by the university and form the scientific
and educational potential of the university to implement the principles of the new
model. The study proposes a system of attributes of university assets of the circular
model, including non-profit status, technological innovation, education,
propagation, and efficient use of resources, which allows interpreting the
contribution of different types of university assets in the context of the needs of the
CE model. In addition, a classification of CE-related university assets has been
developed according to several features, in particular, by purpose (scientific
research, education, and operation assets), by form (tangible and intangible assets),

by the level of formation costs (high-cost and low-cost assets), by the form of
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impact (direct and indirect assets), which is useful for decision-makers on
sustainable campus development and participants in the educational and scientific
process to promote alternative consumption models and shape recycling behavior.

The theoretical foundations for the formation of a system for managing
university educational and scientific assets for CE are developed. The proposed
system integrates various types of activities and involves all participants in the
scientific and educational process. The main activities of the university in the
context of CE are studied. In particular, the scientific research activities of the
university contribute to the production of ideas and the creation of innovations for
enterprises interested in implementing the CE principles. Education activities
involve the introduction of new disciplines and specialties for CE professionals, as
well as the introduction of appropriate general education for all university students.
Social practice and volunteer activities, which are derived from educational
activities, define students as subjects for spreading the concept of CE among the
public.

The study outlines a scientific and methodological approach to assessing the
effectiveness of university asset management in terms of meeting the educational
and innovative needs of the circular model, based on 29 indicators, which is useful
for creating an information feedback channel for public participation in managing
activities related to the implementation of circular model strategies. The
assessment system includes target, criterion, and index layers, where each indicator
Is assigned a corresponding weight. The assessment of the compliance of the
university's scientific and educational potential with the needs of the CE is based
on the points obtained on the established scale.

This dissertation explores the experience of the waste management program
at Leiden University in the Netherlands in the context of management functions,
namely planning, organizing, leading, and controlling. Leiden University's waste
management plan is fully in line with the objectives of the environmental policy,
which details the action plan for fulfilling environmental and sustainable

development responsibilities. The specific goals, responsible departments, and
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implementation of the responsibility status in the areas of education and research
are summarized. Compared to other universities, Leiden University applies a basic
waste reduction approach to achieve its waste management goals, including waste
prevention, waste separation, and recycling. The university's annual sustainability
report also confirmed the effectiveness of waste management and commitment to
this concept. Based on the results of the study, a draft waste management program
is developed at the studied university in line with the experience of universities in
the Netherlands, which is based on progressive norms and standards of the
European Union for the establishment of a circular model that can be implemented
in the context of a campus sustainability strategy.

In the course of the study, interviews are conducted on waste management at
the Henan Institute of Science and Technology in China. The analysis showed that
on average, the amount of waste at the university is relatively low compared to
other Chinese universities, but significantly higher than at universities in the
Netherlands. It is found that five waste streams are collected at the university,
including food waste, mixed waste, recyclable and non-recyclable waste, and
laboratory hazardous waste. The main problems with waste management at the
university are identified.

This dissertation presents the results of a survey of 1300 respondents from
the Henan Institute of Science and Technology. Statistical analysis methods are
used to determine the relationship between the variables. It is found that the
dominant factors that influence the behavior of college students regarding waste
separation are reminders about waste separation, installation of waste separation
containers, and awareness raising. At the same time, five factors have been
identified that hinder the process of separate collection, namely knowledge
deficiency, outdated equipment, time, lack of incentives, and neglect of personal
responsibility. It is found that females are more responsible for separate collection
compared to males, and freshmen demonstrates more rational behavior in terms of
waste separation, while the behavior of senior students is more sensitive to the

identified factors.
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The expediency of using artificial intelligence technology for waste
management, which covers the processes of waste dumping, separated collection,
and sorting, is substantiated. An artificial intelligence-based university waste
management system is proposed that applies artificial intelligence technologies to
all the processes of managing waste streams, which allows to increase in the
efficiency of waste management and accelerate the process of intelligent urban
waste management, as opposed to the traditional manual model.

Key words: circular economy, sustainable development, university assets,
management system, education, publicity, knowledge spillover, scientific

innovation
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AHOTAILIIS

Lot [lyncroii. DopMyBaHHS CUCTEMH YIPABIiHHSA OCBITHIMU Ta HAYKOBHMH
aKTUBaMH YHIBEPCHUTETY B YMOBAX MEPEXOAY J0 MO MUPKYISIPHOI €KOHOMIKH
Kuraro. — KamidikariifHa HayKoBa Mpalisi Ha IpaBax PyKOIHCY.

Jucepraiiiss Ha 3700yTTS HAYKOBOTO CTyIeHsS JoKTopa dinocodii 3a
cunemianpHicTIO 073 — Menemkment. — CyMCbKUM HaIllOHaJbHUM arpapHuit

yHiBepcutet, Cymu, 2023.

Hupkynspua ekoHomika (IIE) po3risigaeTbcs y HAyKOBOMY KOJ1 SIK MOJIEIb
JUTSL TOCSITHEHHS 1[JIEHM CTajoro po3BUTKY. BUKopuCTaHHS BIIHOBIIOBAHOI €HEPril
Ta YCYHEHHS BIJIXOMIB MLUISIXOM JOCKOHAJIOTO JW3aiiHy MarepiaiiB, BUPOOIB,
CHUCTEM Ta B paMKaX ILbOr0 3aMycKy Oi3Hec-MOjeNel — CTalTh MPIOPUTETHUMHU
HampsiMaMyd PO3BUTKY KHUTAHChbKOi ekoHOMikH. [loTpiiiHa ¢yHKIisS OCBITH,
HAYKOBHX JIOCHTI/DKEHh Ta COLIAJbHUX MOCITYr BUIIMX HAaBYAJbHUX 3aKIJIaJliB
CBITYUTH TIPO TE€, IO YHIBEPCUTETU € PYIIIMHOIO CHJIOK Yy CTAaHOBJICHHI 3HAHb,
LIHHOCTEH, CTBOPEHHI TEXHOJOrIH, (OpPMYyBaHHI MOBEIIHKM Ta CTUIIIO MKUTTH,
HEOOXITHUX IJIsi TIepexXody M0 HUPKYJsspHOI moneni. HemocraTHe BHCBITICHHS
MUTaHb CTOCOBHO BU3HAUEHHS TEOPETUKO-METOJOJIOTIUHUX 3acaj] YIpaBIiHHS
OCBITHIMH Ta HayKOBHMMM aKTHBaMHU YHIBEPCHTETY BIANOBIAHO A0 0a30BUX
MPUHITUIIB IUPKYIApHOT Mozen ekoHoMiku KHP 00yMOBIIOIOTE akTyalbHICTh Ta
CBOEYACHICTh IUCEPTALIHHOTO JOCIIKCHHS.

Ha ocHoOBI cucremMaTH4HOTO OIJISAY JITEpaTypu OYyJI0 MPOAHaII30BaHO POJIb
Ta 3HAYCHHS 3aKJIaJiB BHINOI OCBITH s ctaHoBieHHs moxaem IIE B Kurai.
BusHayeHo, 10 HApOIIyBaHHS HAYKOBO-OCBITHIX aKTHBIB YHIBEPCHUTETY B
kounTekcTi I[E Kuraro TicHO moB’si3aHe 3 TakuMU (PaKTOpaMH SIK THCTUTYIIHHUIMA
PO3BUTOK, TEXHOJIOTIYHHUN TMPOTPEC Ta MOIIMPEHHS MJIOTHOTO J0CBimy. byio
BCTAHOBJICHO, IO TNEpeXiJ /10 HOBOi MOJEIl EKOHOMIKM OyJae JOBIIUM Y
MOPIBHSHHI 3 PO3BUHYTUMH KpaiHaAMH 4epe3 HEJAOCTAaTHIO 0013HAHICTh HACEIICHHS,

a TAaKOXX HEBIJMOBIHICTh CY4aCHUX TEXHOJIOT1M HOpMaM Ta nmpuHiumnam [{E.
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Y pe3ynpTaTi  JAOCHIIKEHHS  BCTAHOBJIEHO  KIIOYOBI  JpaiiBepu
npuImBHANICHOTO Tiepexoay Ha moxaenb L[E B Kwurai, mo sxux cmin Bimaectn (i)
BIIMOBIHY MOJIITUKY Ta MIATPUMKY PO3BUTKY Oi3HEC-Mojesnei 3 00Ky ypsaay, (ii)
TEXHOJIOTIYHY MIATPUMKY, (i11) y4acTh TPOMaJICBKOCTi, 0013HAHICTh Ta 3HAHHS PO
UPKYJISIPHY Mojeiab Ta (IV) eKOHOMIYHI BUroau. Takok OyJj0 BHSBJICHO OCHOBHI
Oap’epu mepexoay Ha HOBY MOJIEb, 30KpeMa KYJIbTYPHi, PUHKOBI, PEryJISTOPHI Ta
TEXHOJIOT14HI. 32 pe3yJabTaTOM IPYHTOBHOIO aHali3y 3a3HAUYE€HUX YUHHHKIB, OyJI0
JIOBEICHO, 1110 YHIBEPCUTETH MAaIOTh MOTEHI[a] 3HAYHOTO BIUIMBY HA MOCHUJICHHS
JpaliBepiB Ta YCYHEHHS MEPEIIKO/ CTAHOBJICHHS HOBOI MOJIEII 4Yepe3 OCBITHIO Ta
HAyKOBO-JIOCIITHUIIBKY AISUIbHICTh, IO KOHCTATy€ 3HAYHY pPOJIb YHIBEPCUTETIB Y
BripoBapkeHHi [E.

Y mpomeci JOCHIPKEHHS BCTAHOBJICGHO, IO HApOIYBaHHS HAayKOBO-
OCBITHBOT'O TOTEHITIATY YHIBEPCHUTETY BiANOBiAHO 10 motped L[E, BKiIrouaroum
IHILIATUBU 3€JIEHUX KaMIIyCiB, Ma€ BiIOOpa)kaTUCA Yy CTpaTeriuyHoMy IUIaHi
PO3BUTKY YyHiBepcuTeTy. JlOoBeIeHO, 10 YHIBEPCHTETH 3HAYHO BIUIMBAIOTH Ha
IPUCKOPEHHS MEePeXoay Ha HOBY MOJIENb.

Ha ocHogi 6a3zoBux npunuumis L{E B poOOTI BCTaHOBJIEHO Ta y3arajibHEHO
BHECOK YHIBEPCHUTETIB y BIIPOBAKCHHS HOBOI Mojemi. BusBieHo, 1m0 BiAMOBIAHI
MoTepeIHI JOCIIKEHHS y TaH1i raixy3i 3HaHb € (parMeHTapHUMU 1, B OCHOBHOMY,
30Cepe/KEHI Ha CHeliadbHOCTAX, MoB’si3anux 3 [{E, migxogax A0 HaBuYaHHS Ta
IHCTpyMeHTax, a Takox mnpaktuill [{E B xammyci. Buxoasuu 3 1150ro, B poOOTI
OOIPYHTOBAHO JOLIbHICT ()OPMYBAHHS CHUCTEMHU YIOPaBIIHHS OCBITHIMH 1
HAyKOBHMMHU aKTHBAaMHU YHIBEPCHUTETY, sIKa Ma€ IPyHTYBATHUCS Ha 1HTerparii pi3HUX
BUJIB JISUIBHOCTI Ta 3aJIy4€HHI yCiX YYaCHHKIB HAyKOBO-OCBITHHOI'O MPOLECY AJIs
NOCUJICHHS €PEeKTy Mepexo1y Ha HOBY MOJIEIb.

[IpoBeneHo aHami3 €BOMIOLIT MEHEIKMEHTY, MEXaHI3MIB (PYHKIIIOHYBaHHS
Ta OIIHKU CTIMKUX YHIBEPCUTETIB. 3p00JECHO BHUCHOBOK, IO MPAKTHKA CTAJIOTO
MCHEDKMEHTY B yHIBEpCHUTETaX 3a3Haja po3BUTKY Bing «Environmental
Management System» mo «Sustainability Management Systemy». B koHTekcTi

YIOPABIIHHS YHIBEPCUTETCHKUMH akTHBamu MoB’si3anumu 3 L{E, 3anpononoBano
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3aCTOCOBYBATH JABOCTOPOHHIO T1IOPUIHY MOJENH 3 MiIX0I0M «3BEpPXY BHH3», 100
rapaHTyBaTH peali3alliio IiJIel CTapoTro PO3BUTKY.

311iICHEHO OIIIHKY HayKOBOTO MOTEHIlIaTy KUTaChKUX YHIBEPCUTETIB 11010
BripoBakeHHs [IE Ha oOcCHOBI aHami3y BIAMOBIAHUX JaHUX B YHIBEPCUTETax
Kutaro. AHam3 HaBYaJIbHMX IUIaHIB, IUIAHIB MNpPUMOMY Ta CHUTyamii 3
mpaleBialliTyBaHHSIM 3a CHellaJbHOCTSIMHU ToB’si3aHuMu 3 LIE y kurtaiicbkux
YHIBEPCUTETaX, CBIAYUTH IO YHIBEPCUTETH MAaOTh 3HAYHMNA MOTEHINAN IIOAO
MIPUCKOPEHHSI TEPEX0Ty 10 HOBOI MOJIENI, 110 nepeadadae BBEICHHS BiJIMOBITHUX
CIELIAIbHOCTEM, Ieperyis/l HaBYaJbHUX IUJIaHIB, 30araueHHs 3arajibHoi ocBiTH L[E,
NIJBUIIEHHS KBami(ikailii HAayKOBO-IEJAroriYHUX MpAaIiBHUKIB, MOB’SI3aHUX 3
cnewianbHOoCcTAMU L{E Ta po3mupeHHs OCBITHBOIO CEpEeNOBHILA. 3aIPOIOHOBAHO
METOJ TPOCTOPOBOI E€KOHOMETPUKHM JUIs aHaji3y HAayKOBOIO MOTEHIaly
YHIBEPCHUTETIB 11010 BiAMOBIAHOCTI IIUPKYIIAPHINA MOJIEN, SKUW JI03BOJISIE BUSBUTH
3aJIEKHICTh PET1I0HATBHOTO PO3BUTKY TEXHOJIOT1M BiJl YHIBEPCUTETIB Yepe3 1HJIEKC
Mopana Ta Hajgae 3alllKaBJICHUM CTOPOHAM OPIEHTUPU [JIs TMOJAJIBIIOTO
1HBECTYBaHHSI B HAYKOBI1 JIOCTIPKEHHSI B YHIBEPCUTETAX.

BcTranoBneHo, 10 yHIBEpPCUTETChKI 1HHOBAIlll MarOTh 3HAYHUM BIUIUB Ha
IHHOBAIlIHY JISUTBHICTh MIAMPUEMCTB perioHy. KpiM 1boro, yHIBEpCHUTETCHKI
HAyKOBI1 JIOCTIPKEHHS MalOTh 3HAYHUM MOTEHINAT 11010 CIIPHUSHHS TEXHOJIOTTUHIN
IHHOBALIMHIN ISJIBHOCTI YHIBEPCUTETIB 1 MIANPUEMCTB Y IPUIIETINX PErioHaX, SKi
€ KPUTHYHO BXJIMBUMU JIAHKAMU, HEOOX1THUMU 11 BripoBaxeHHs L{E.

OOrpyHTOBAHO JOIUIBHICTh BBEJEHHS Y HAYKOBUU OOITI TEPMIHY «HAYKOBO-
OCBITHI aKTWUBU HHPKYJISIPHOI €KOHOMIKW», SIKHW 3alpONOHOBAHO BU3HAYATH SIK
CYKYIHICTh YCIX BHJIB PECypCiB Ta aKTUBIB, IO (OPMYIOTHCS B XOJ1 PO3BUTKY
YHIBEpCUTETY, MepedyBaloThb y MOro BIACHOCTI 1 KOHTPOJIEM Ta YTBOPIOIOTh
HAyKOBO-OCBITHIM TMOTEHIIA]l YHIBEPCUTETY I peami3ailii MPUHIUIIB HOBOI
Mozedl. 3amponoOHOBAaHO CHUCTEMY AaTpuOYTIB  YHIBEPCUTETCHKHUX  aKTHUBIB
HUPKYJISIPHOT MOJENI, cepell SKUX HEenpuOyTKOBICTh, TEXHOJIOTIYHI I1HHOBAILI,
OCBiTa, MOMyJsipU3alisi Ta e(PEeKTUBHE BUKOPUCTAHHS PECYpCIB, IO JO3BOJSIOTH

IHTEpPIPETYBAaTU BHECOK PI3HUX THITIB YHIBEPCUTETCHKHUX AaKTHUBIB Y KOHTEKCTI
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noTped MUPKYISIpHOT Mozeni ekoHOMIKK. Kpim Toro, po3pobieHo kinacudikaiio
YHIBEPCUTETCHKUX aKTUBIB LUPKYJISAPHOI €KOHOMIKU 3a PSAAOM O3HAK, 30Kpema 3a
MpU3HAYCHHSM (HayKOB1, OCBITHI Ta OIepalliiiHi akTHUBHU), 32 GOopMOI0 (MaTepiaabHI
1 HeMaTepiajbHI aKTHUBH), 32 PIBHEM BUTpPAT Ha (JOpMyBaHHS (aKTHBH 3 BUCOKUM 1
HU3BKUM PIBHEM BUTpAT), 32 (HOPMOIO BIUIMBY (IIPSAMI 1 HEMPSIMI aKTHUBH), sIKa €
KOPHUCHOIO Il 0Ci0, M0 NMPUHUMAIOTh PIIIEHHS IIOAO0 CTAJOTr0 PO3BUTKY KaMITyCy
Ta Y4aCHUKIB OCBITHBO-HAyKOBOTO MPOIECY sl MOMyJsipr3aliii anbTepHaTUBHUX
Mojieiel CIIOXKMBaHHS Ta (OPMYBAHHS MOBEAIHKUA PECANKIIIHTY.

Po3pobiieno TeopetnuHi 3acaad  (OPMYBaHHS CHUCTEMH YIIPABIIIHHS
OCBITHIMH 1 HAyKOBUMHM akKTMBaMH yHiBepcutery s LIE. 3anponoHoBaHa
CHUCTEMa IHTETPY€E PI3HI BUJIM AISUIBHOCTI Ta 3alyya€ YCIX YYaCHHKIB HAyKOBO-
OCBITHBOr0O Tmpouecy. JocmikeHO OCHOBHI BHJM [ISUIBHOCTI YHIBEPCUTETY B
koHTekcTi LIE. 30kpeMa HayKOBO-IOCIITHUIIBKA JISJIbHICTh YHIBEPCUTETY CIIPHUSIE
MPOJYKYBaHHIO 1Icii Ta CTBOPEHHIO 1HHOBAIIIM JIJIS MIAMPUEMCTB, IO 3aIliKaBJICHI
y BrpoBakeHH1 npuHuumiB L{E. OcBITHS OiIbHICT Nepeadadae BBEICHHS HOBHX
JUCIUIUIIH Ta cremiaibHocTed g npodecionaniB [E, a Takox BIpoBaJKEHHS
BIIMOBIHOT 3arajibHOi OCBITH JJIsi BCIX CTYJEHTIB YyHiBepcuTeTy. CoilianbHa
MpaKTHKa Ta BOJIOHTEPChKA JISUTHHICTD, 110 € TTOX1THOIO B1J OCBITHBOI MISTBHOCTI,
BU3HAYA€ CTYJEHTIB SK Cy0’ekTiB s momupeHHs konmeniii IIE cepen
IPOMaJICHKOCTI.

Y po6oTi BUKIAACHO HAYKOBO-METOAWYHUN IMIAXIA IIOAO OIIHKHU
€(EeKTUBHOCTI YNPABIIHHSA YHIBEPCUTETCHKUMHU AaKTUBAMH 3 TOYKH 30py
3aJI0BOJICHHSI OCBITHIX Ta 1HHOBAI[IHHUX MOTPeO LUPKYJISAPHOI MOJIEN, B OCHOBY
AKOTO TOKJIaAeHo 29 I1HAWKATOpIB, IO € KOPUCHHUM JJii CTBOPEHHSA
1H(OpMAIITHOTO KaHajdy 3BOPOTHOrO 3B'S3KYy JJIS y4acTi TpOMaJChbKOCTI B
VOpaBIIHHI JiSUTBHOCTSAMH, TIOB'SI3aHUMU 3 BBEJEHHSM B JIII0 CTpaTerid
UpKyJIsipHOi Mojem. CucreMa OIIHOK BKJIIOYAE IITLOBUN, KpUTEpiadbHUN Ta
1HAEKCHUW PiBHI, ¢ KOXHOMY IMOKa3HUKY NMPHCBOEHO BIANOBIAHY Bary. OIiHka
BIJIMOBIIHOCTI HAyKOBO-OCBITHBOTO TOTEHIIANy YHiBepcuTery mnoTpedam LE

B1I0YBa€ThCS HA OCHOBI OTPUMAHUX OaIiB 32 BCTAHOBJICHOIO IIKAJIOHO.
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B nawmcepramii mocmimKeHO MOCBi MpOrpamMu YIPABMIHHS BiIXOJaMH B
JleitnencekoMy yHiBepcuteTi B Himepnangax B KOHTEKCTI (PyHKIINH yrnpaBiIiHH, a
came IUJIaHyBaHHSA, OpraHi3allilo, KOOpJWHAIII0 Ta KOHTposb. [lman ympaBiiHHS
Bimxomamu JICHICHCHKOTO YHIBEPCUTETY MOBHICTIO BIATOBIAAE ITIISIM €KOJIOT19HOT
MOJIITUKH, JIe IeTAIBHO MPOIKUCAHO TUTaH AiH 1100 BUKOHAHHS 000B’sI3KIB y cdepi
OXOpPOHHU HABKOJIMIIIHBOT'O CEPEIOBHUIIA Ta CTAJIOTO PO3BUTKY. bylo y3araibHeHO
T, BIAMOBIJANBHI BIJJAUIM Ta BIPOBAHKCHHS CTATyCy BIAMOBITATBHOCTI ¥y
chepax OCBITM Ta JOCHIJKEHb. Y TOPIBHAHHI 3 IHIIMMH YHIBEPCUTETaMH,
JlelimeHChbKUM YHIBEPCUTET 3aCTOCOBYE 0a30BMIl MiAXiJ /10 3MEHIICHHS B1IXOMIB
JUISL  JIOCATHEHHS LUIeH yOpaBiIliHHA BIIXOJAaMH, BKIIOYAIOYM 3aroOiraHHs
YTBOPEHHIO BIJIXOJIB, iX pO3AUICHHS 1 TepepoOKy. PiuHuil 3BIT mpo cranuit
PO3BUTOK YHIBEPCHUTETY TAaKOXK CTaB IMIJITBEPHKEHHSAM €(QEKTUBHOCTI YIPaBIIIHHA
BIJIXOJIaMH Ta MPUXWIBHICTh JIO JIaHO1 KOHIEMIi. 3a pe3yJabTaTaMH JTOCHII>KEHHS
pO3pO0JIECHO TPOEKT MPOrpaMH YIMPABIIHHA BIAXOJAMU Y JOCIHIKYBAaHOMY
YHIBEPCUTETI, BUXOJSUYM 3 JIOCBIAY yHIBepcuTeTiB HinepiaHaiB, B OCHOBY SIKOTO
MOKJIaJICHO TMPOTPECUBHI HOPMHU Ta craHmapTu €Bponeiickkoro Coro3y 1010
CTaHOBJICHHSI IIUPKYJISAPHOI MOJIENI, SIKUH MOKe OyTH BIPOBAKEHUN B KOHTEKCTI
CTpaTerii  CTaJoro PO3BUTKY KAMITYCY.

B mporeci gocnimkeHHs: 0yJ0 MPOBENEHO 1HTEPB’IO MO0 MOBOKEHHS 3
BIIX0JlaMH B XEHAHCHKOMY IHCTUTYTI Hayku 1 TexHosoriii y Kwurai. Anani3
MOKa3as, 10 B CEPEIHHOMY OOCAT BIIXOJIB B YHIBEPCUTETI BIIHOCHO HU3BKUU Y
MOPIBHSIHHI 3 IHIIUMHU KUTACbKUMH YHIBEPCUTETAMHU, ajieé 3HAYHO OUIbIINMN, HIXK B
yHiBepcutTeTax HinepnanmiB. BusiBiieHo, 10 ICHY€ M’SITh MOTOKIB BIJIXOJIB, SIKI
30MparoThCsl B YHIBEPCUTETI, BKJIIOYAIOUM XapuoBl BIIXOIH, BIIXOIW 3MIIIaHi,
BIJIXO/, IO MIJJISATAI0Th Ta HE MiJIATal0Th MepepooIli, 1 1adbopaTopHi HeOe3meuH1
Bimxoau. BcTaHOBICHO OCHOBHI MPOOJIEMH IOJO IOBOJKEHHS 3 BIAXOJaMH B
YHIBEPCUTETI.

VY nuceprtaiiiiHii  poOOTI BHKIaA€HO pe3ynbTaTd onuTyBaHHs 1300
pPECIOHACHTIB ~ XEHAHCBKOTO 1HCTUTYTY HAyKd 1 TeXHOJIOTiH. Meroau

CTaTUCTUYHOIO aHamizy OyJlIM BHUKOPUCTaHI JUIsi BHU3HAYEHHS 3B’S3KY MIXK
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3MIHHUMHU. BusBIeHO, 10 [OOMIHYIOUMMH (aKTopamMu, SKI BIUIMBAlOTh Ha
MOBENIHKY CTYACHTIB KOJIEJDKY OO0 PO3IAUICHHS BIAXOIB € HaraJyBaHHS PO
PO3IIJICHHST BIJIXOJIB, BCTAHOBJICHHS KOHTEHHEPIB 11 PO3IIJICHHS BIAXO/IIB,
MIPOBENCHHS 1H(POPMAIITHO-PO3’ICHIOBAIbLHOT poOoTH. BogHOUac BUSBICHO 11’ SITh
(dhakTopiB, SKI CTPUMYIOTH IPOIEC PO3AUILHOTO 30MpaHHsS, a caMe Opak 3HaHb,
3acTapiie oOJiafHaHHS, KUIBKICTh 4Yacy, BIJICYTHICTh CTHUMYJIIOBaHHS Ta
HEXTYBaHHS OCOOMCTOIO BiAMOBINANBHICTIO. BCTaHOBIEHO, MO KIHKA € OUIBII
BIIMOBIJATBHUMHU IIOJI0 PO3JUIBHOTO 30MpaHHs y TOPIBHSIHHI 3 YOJIOBIKAMH, a
NEPIIOKYPCHUKHA MPOJEMOHCTPYBAJIM OUIBII pallOHANIbHY MOBEIIHKY MI0JI0
PO3AUICHHS CMITTS, TOAl K MOBEAIHKA CTYACHTIB CTapIIMX KypciB Oyna OuIbII
YYTJIMBOIO O BCTAHOBJICHUX (DaKTOPIB.

OOrpyHTOBaHO AOLLIBbHICTh BUKOPUCTAHHS TEXHOJIOTI] IITYYHOTO 1HTEJIEKTY
I0JI0 TIOBOJKEHHS 3 BIIXOJlaMH, L0 OXOIUIIOE MPOLIECH HAKOIWYEHHS BIJIXOIB,
po3aiIbHE 30UpaHHS Ta COPTYBaHHS. 3ampONOHOBAHO CHUCTEMY YIIPaBIIiHHSA
BIJIXOJIaMH B YHIBEPCUTETI Ha OCHOBI IITYYHOI'O IHTEJEKTY, sIKa 3aCTOCOBYE
TEXHOJIOT1i IITY4HOTO I1HTENIEKTY 10 TMPOIECy YIPaBIiHHA MMOTOKAMU BIIXOIB,
BKJIIOUYAIOYM BUJIAJICHHS BIJIXOJ1B, PO3AUILHUNA 301p Ta COPTYBaHHS, 110 JI03BOJISIE
MIIBUIMMUTH  €(EKTUBHICTh YNPABIIHHA BIAXOJAAMH Ta TMPUCKOPUTH TPOIIEC
IHTEJIEKTYyaJIbHOTO  YIIPaBIIIHHSA  MICBKMUMHM  BIOXOJaMH, Ha BIiAMIHY  BIJ
TPAJAMIIITHOTO PYYHOTO PEKHUMY.

Knwuosi  cnoea: 1MpKyIsIpHAa  €KOHOMIKa,  CTaJlMil  PO3BHTOK,
YHIBEPCUTETChKI aKTHBH, CUCTEMa YIPABIiHHA, OCBiTa, MyOIIYHICTh, MOIIMPEHHS

3HaHb, HAYKOBI 1HHOBAIIII.
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INTRODUCTION

Relevance of the topic. Today’s planet is experiencing severe
environmental damage, climate warming, and resource scarcity. The reason for this
is still due to the irreversible negative impact of the traditional linear economy on
resources and the environment. As a new alternative, the circular economy (CE)
proposed by British scholars in their spaceship theory emphasizes the need to
recycle material resources in a closed loop to avoid the eventual collapse of human
society due to the depletion of the earth’s finite resources and the pollution of
waste. Generally, the emergence of the CE has raised hopes for the rebuilding of a
green planet due to the recycling of resources and ecological restoration that it can
bring.

The CE model is seen as a remedy to achieve the goal of sustainable
development (SD) of the planet and can bring back all the off-track behaviors.
Most countries and industries around the world have started theoretical research
and practical exploration of CE, hoping to follow the principles of CE in the
pursuit of social progress and economic development to recycle limited resources
as much as possible and reduce the negative impact on the earth’s ecological
environment. However, in practice, only a few professionals can understand and
practice the CE to maintain the connection between the natural world and human
beings. In other words, there are multiple obstacles and challenges to implement
the CE, which are driving the CE off the right track. For example, the loss of
interest in the transition of traditional production methods of enterprises, the lack
of top-down initiative in each country to implement the CE, change of traditional
consumption habits and behavior patterns of residents, etc. Therefore, there is a
need for a mature and sound motivation mechanism to remove these obstacles, and
unify the thoughts and actions of various stakeholders’ interests in one place to
gather strength to accelerate the transition toward a CE model.

In general, the CE is driven by government, business, and society. However,
to remove the barriers at the root, it is necessary to use education to change

thinking and values. Universities need to be involved as a new force to make their
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contribution with their rich teaching and research resources and social influence.
Ideally, universities will produce future scientists, engineers, and business people
who rely on scientific innovation, technological design, and institutional design of
economic activities to maintain ecological balance and avoid damage to the natural
environment, while enhancing human health and well-being. In the future, the
concept of waste or pollutants will be eliminated, because each waste will provide
raw materials for other products, or nutrients for other species, or will be returned
to the ecological cycle of nature. Therefore, realizing such an ambitious vision
requires higher education institutions to assume a significant responsibility to
increase the dissemination of knowledge and skills related to SD and CE, thus
leading to a paradigm shift in values instead of utilitarian education.

The contribution of higher education to the CE can be traced back to
education for SD and the construction of green/sustainable universities in higher
education. Since 1972, when the Stockholm Declaration first raised the issue of
sustainability in higher education, many universities have become aware of their
responsibilities. They have made public commitments to engage in education for
sustainable action. The assumption by universities of their responsibility for SD
means that they have begun to participate in determining the future of humans and
other species living on an increasingly resource-poor planet through their triple
role of education/research and social service. CE is a more operational and
concrete concept than SD.

However, not many studies have been conducted on the contribution of
universities to CE. A bibliometric study shows that the leading scientists that focus
on this field mainly include Kilkis S., Kirchherr J., Whalen K.A., Mendoza J.M.E.,
Kopnina H., Mendoza J.M.F., Salguero-Puerta L., Nunes B.T., Rokicki T., De
Medici S., Ramakrishna S., Rodriguez-Chueca J., Stephan A., Wandl A., Pelau C.,
Brenes-Peralta L., Bugallo-Rodriguez A., Tuerkeli S., Lanz M, Nibbi L.,
Maruyama U., Carbonell-Alcocer A, and Shevchenko T. Although education for
SD (ESD) and education for CE (ECE) have been in the spotlight for many years,

there is still enough room to enhance the performance of the CE through higher
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education/research and campus operations management. Especially in some
developing countries, such as China, the potential of universities to contribute to
the CE needs to be further explored and developed. Specifically, it is necessary to
develop an adequate theoretical framework for the CE and an operational asset
management model towards the CE in Chinese universities. Under this
management model, universities can provide scientific and technological support
for the development of CE and involve more people in CE initiatives through
campus CE operation practices and education. All this determined the choice of the
topic, purpose and objectives of the study.

Connection of work with scientific programs, plans, topics.

The subject of this study is consistent with the basic principles of “The 2030
Agenda for Sustainable Development” (Resolution 70/1 of UN General Assembly),
the “European Green Deal” (Announcement of the European Commission in 2019),
the “Sustainable Development Strategy of Ukraine until 2030” (draft No. 9015 of
07.08.2018), and “China's National Plan on the Implementation of the 2030
Agenda for Sustainable Development” (Announcement of the Chinese government
in 2019).

The dissertation was carried out following the topic of scientific research of
the Erasmus+ Programme of the European Union within the project "Towards
circular economy thinking & ideation in Ukraine according to the EU action plan”
(grant number 620966-EPP-1-2020), in which the author investigated the foreign
experience of management of CE-related assets in higher educational institutions.

The purpose and objectives of the study. The purpose of the dissertation
research is to develop theoretical and scientific and methodological foundations for
forming the system of management of educational and scientific assets of
universities in the context of the transition to the model of the CE of China.

Achievement of the purpose necessitates the following main tasks:

- To generalize progressive modern management approaches and practical
experience of sustainable universities to provide reference to the establishment of a

more practical management system based on CE-related assets in universities;
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- To analyze the current state and trends of the development of Chinese
universities in the direction of building up both educational and scientific potential;

- To develop a scientific and methodical approach to form a management
system of CE-related assets of universities for the development of a CE in China;

- To develop an evaluation index system to assess the management
performance of CE-related university assets by calculating the circularity degree;

- To conduct a case study on the status of waste management at Chinese
universities to determine the ideal shape of an effective university waste
management program;

- To survey college students’ waste separation attitudes and behaviors at
Chinese universities to explore the dominant factors that influence the
effectiveness of waste separation and recovery.

The object of the study is the system of management of educational and
scientific assets of the university.

The subject of the study is the methods and tools for managing the
scientific and educational assets of universities following the requirements of the
CE model.

Research methods. The methodological basis of the dissertation work is the
fundamental provisions of economic theory and management theory, which
became the basis for research on the development and management of CE-related
university assets. In accordance with the defined tasks, a wide list of research
methods were adopted in the study, such as: trend and bibliometric analyses - to
identify the main drivers and barriers in CE implementation; system analysis and
generalization methods - to systematize the factors of influence on the efficiency of
the functioning of the system and substantiate the asset management tools in the
study of existing models of a modern university; structural-logical analysis - to
develop the preconditions and principles of formation of the system of
management of educational and scientific assets of universities in accordance with
the requirements of the circular model; causal and consequential connections - to

clarify the essence of the notion of “CE-related university assets”; statistical
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analysis and comparison - to identify the current state and trends of the
development of Chinese universities in the direction of building up both
educational and scientific potential; surveys and interviews - to test scientific
hypotheses are scheduled to be held at H university in Henan provinces of China.

The information base of the study was the legislative and regulatory acts
of the People’s Republic of China, official materials of the Committee of Statistics
of the People’s Republic of China (the Ministry of Education, the National Bureau
of Statistics, the Ministry of Housing and Urban-rural Development, the National
Development and Reform Commission, the State Council, etc.) and the provinces,
scientific articles of Ukrainian, Chinese, and foreign authors, reports, analytical
documents, Internet resources, and author’s calculations.

The scientific novelty of the obtained results is the development of the
extant theoretical provisions for the introduction of CE-related university assets for
the formation of a comprehensive management system of CE-related assets of
Chinese universities in accordance with the requirements of the development of
China’s CE models. The scientific essence could be concluded as follows:

First obtained:

- A scientific and methodological approach to the formation of a system for
managing the university's educational and scientific assets is proposed as an
integral element of the CE model, based on the integration of various activities and
the involvement of all participants in the research and educational process to
enhance the effect of the transition to a new model.

Improved:

- A classification of CE-related university assets has been developed
according to several features, in particular, by purpose (scientific research,
education, and operation assets), by morphology (tangible and intangible assets),
by the level of formation costs (high-cost and low-cost assets), by the form of
impact (direct and indirect assets), which are beneficial for decision-makers on
sustainable campus development and participants in the educational and scientific

process to popularize alternative consumption models and form recycling behavior.
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- A scientific and methodological approach to assessing the management
performance of CE-related university assets based on 29 indicators is proposed in
terms of meeting the educational and innovative needs of the circular model, which
is useful for creating an information feedback channel for public participation in
the management of activities related to the implementation of circular model
strategies.

- A method of spatial econometrics is proposed to analyze the scientific
potential of universities in terms of compliance with the circular model, which
allows to identify the dependence of regional technology development on
universities through Moran's index and provides stakeholders with guidelines for
further investment in scientific research at universities.

- A draft waste management program at the Henan Institute of Science and
Technology is developed inspired by the experience of universities in the
Netherlands, which is based on progressive norms and standards of the European
Union for the establishment of a circular model that can be implemented in the
context of the campus sustainable development strategy.

Further developed:

- An artificial intelligence-based waste management system at universities is
proposed, which applies artificial intelligence technologies to the process of
managing waste streams, including waste dumping, separated collection, and
sorting, which allows to increase the efficiency of waste management and
accelerate the process of intelligent urban waste management, as opposed to the
traditional manual mode.

- The expediency of introducing the term "CE-related university assets" into
scientific circulation is substantiated, which is proposed to be defined as a set of all
types of resources and assets that are formed in the course of university
development, are owned and controlled by the university and form the scientific
and educational potential of the university to implement the principles of the new
model.

- A system of attributes of university assets of the circular model is proposed,
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including non-profit, technology innovation, education, propagation, and efficient
use of resources, which allows interpreting the contribution of different types of
university assets in the context of the needs of the CE model.

The scientific and practical significance of the dissertation is that the
main provisions of the thesis are brought to the level of methodological
developments and practical recommendations that were used in the work of the
School of Education Science of Henan Institute of Science and Technology in the
development of strategies and programs for the “Fixed assets management plan”,
see Appendix B. The research materials of the thesis are used in the educational
process of the disciplines “Educational Dissemination” and “Pedagogy” for
undergraduate students majoring in 040104 Educational Technology at Henan
Institute of Science and Technology, see Appendix C. The proposal of the waste
management program for H university in this study has been considered by the
decision-makers in improving the waste management at H University and even
could be applied to the urban waste management of the city where it is located
after mature development.

Applicant’s personal contribution. The dissertation is completed scientific
research. The scientific provisions, conclusions, and suggestions submitted for
defense are obtained by the author independently and reflected in published works.

Approbation of the results of the dissertation. The main results of the
dissertation were published at 8 national and international scientific conferences
([11-18] in the list of publications given in the annotation), the most important of
which was the International Scientific Conference “Digital and Innovative
Economy: Processes, Strategies, Technologies”, (15.01.2019, Poland),
International Scientific Conference “Answers on Nowadays Economic and

Environmental Challenges in a Vision of Scientists”, (25-26.06.2019, Odessa,
Ukraine), VI International Scientific-Practical Conference “Modern Management:
Trends, Problems and Prospects for Development™ (14.04.2021, Dnipro, Ukraine),

International Scientific Internet-Conference “Economic and Environmental

Problems of Contemporaneity in Researches of Scientists”, (29.06.2021, Odessa,
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Ukraine), 2nd Congress on Intelligent Systems (CIS), (04-05.09.2021, Bengaluru,
India), and the International Conference on Intelligent Vision and Computing
(ICIVC), (03-04, 10.2021, Oman).

Publication of obtained results. The main provisions of the dissertation are
published in 18 scientific publications, including subsections in 1 collective
monograph; 2 articles in scientific professional publications of Ukraine, which are
included in international scient metric databases, 6 articles in a foreign publication
indexed by the Scopus or Web of Science database; 1 article in other publications
in a foreign country; 8 publications in the proceedings of scientific conferences.

Scope and structure of the dissertation. The dissertation consists of an
introduction, three sections, conclusions, a list of references, and appendices. The
total volume of the dissertation is 233 pages, in particular: 186 pages of the main
text, 40 tables, 37 figures, and 3 appendix, a list of references that includes 242

items on 18 pages.
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SECTION 1. THEORETICAL BACKGROUND OF HIGHER
EDUCATION INSTITUTIONS IN PROMOTING CE IMPLEMENTATION
1.1 Essence and value of universities to contribute to CE transition

The shortage of resources and environmental pollution has always been the
main problems faced in global economic development. Compared with the
increasing demand of human beings, the issue of insufficient supply of resources is
becoming more and more serious. Human beings are facing the severe challenge of
shortage or even depletion of essential resources such as water, land, forest, and
minerals. At the same time, due to the excessive and rapid demand for resources
from nature and the discharge of waste, the earth’s environment in which human
beings’ lives has degraded rapidly, and global environmental problems have arisen,
mainly including global warming, ozone hole, desertification, and environmental
pollution.

The concept of Earth Overshoot Day is often used to assess the relative
relationship between the earth’s bioburden (or the number of resources that the
earth regenerates in a year) and humanity’s annual ecological footprint (which can
be understood as the amount of resource consumption). That is to say, Earth
Overshoot Day marks the date when humanity’s demand for ecological resources
and services in a given year exceeds what earth can regenerate in that year
(Planet’s Biocapacity / Humanity’s Ecological Footprint x 365 = Earth Overshoot
Day). Data from the research organization “Global Footprint Network” (GFN,
2022) shows that in addition to the decline in resource use in 2020 due to the
global new crown epidemic, the date of “overload day” has been advancing
continuously in the past few decades, see Figure 1.1. In the 1970s, “Overload Day”
did not arrive until November and December each year, while Earth Overshoot
Day in 2021 fell on July 29. It is predicted that if the world’s population lived like
before, the country overshoot days in 2022 around the world would also continue
the trend of advancing, see Figure 1.2. The rate of human consumption of the
earth’s resources is constantly hitting a new record high, and the total global

resource demand is expected to double by 2050 (Geng et al., 2019).
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However, the waste of resources and the consequent environmental pollution
coincide with the consumption of resources. Under the current economic
development model, there is a waste of resources in the process of product
production, consumption, and use. Most of these wastes are not recycled, causing
environmental pollution. For example, it takes a ton of metal, silicon, and plastic to
produce a few kilograms of laptops that are most used in our daily lives. However,
astonishingly, only 6% of the material is recycled, and the vast amount of the
remaining material that could have been recycled fails to enter the normal
recycling process for various reasons (Geng et al., 2019). In addition, 8 million
tons of plastic are dumped as waste every year into Ocean. If these plastics are
recycled, products made from recycled plastics can not only reduce the cost of
products by about 80% but also avoid plastic pollution of seawater and harm to
marine species. The same resource waste problem also occurs in the use of other
materials so that the life cycle that could have been extended is ended. Therefore, it
IS necessary to manage the earth’s limited resources sustainably to extend the
useful life of the resources as much as possible. The model of SD has been
generally recognized by countries around the world as an inevitable choice for
economic development, and the CE model is a reliable path for realizing
Sustainable Development Goals (SDGSs).

Special focus on the origin of the CE model. The idea of CE originated
from the “Spaceship Theory” proposed by Boulding (1966), who proposed that
human society would eventually collapse as the earth’s finite resources were
exhausted and the waste was polluted. The only solution is to form a new
economic model that can realize the recycling of materials in a closed-loop to
replace the traditional single-program development model. The CE concept was
first raised in the book “Natural Resources and Environmental Economics” by two
British environmental economists, Pearce, and Turner (1990), who pointed out that
a traditional open-ended economy could be and should be converted to a CE model
with the closed-loop of resource recycling. Since then, academia, international

organizations, and governments of various countries have carried out a lot of
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research, implementation, and practice, constantly enriching and improving the
connotation of CE (Lin & Wang, 2019).

However, scholars have been arguing about the exact concept of CE. Some
researchers confirmed that CE is a crucial factor and a meaningful way to achieve
SD (Yue, 2010; Ghisellini et al., 2016) because the latter concept has been
described as too vague to be implemented and is starting to lose momentum (van
den Brande et al., 2011). Other researchers argue that CE’s link to SD is weak
(Kirchherr et al., 2017). Specifically, SD is a scientific development path
concerning the three-dimensional harmonious coexistence of economy, society,
and ecological environment. Therefore, ESD intends to promote the realization of
the 17 SDGs by exerting the function of education at three levels below. The first
level is to make the transition to a sustainable economic growth model, such as
decent work and economic growth (SDG 8). The other is to foster the harmonious
development and progress of society, such as no poverty (SDG 1) and zero hunger
(SDG 2). The third level is to preserve and recover the ecological environment,
such as climate action (SDG 13) and life under water (SDG 14).

Compared with the grandiose concept of SD, the concept of CE is relatively
concrete and realistic, which is viewed as an operationalization of SD (Murray et
al., 2017). The CE is most frequently depicted as a combination of reducing,
reusing, and recycling activities with the main aim of economic prosperity and
environmental quality, whereas it is oftentimes not highlighted that CE necessitates
a systemic shift (Kirchherr et al., 2017). To the best of our knowledge, CE is a new
economic system that replaces the “take-make-waste” linear model with the
“cradle to cradle” concept in the whole life cycle of materials by reducing,
alternatively reusing, and recycling the resources and assets in the process of
production and consumption (Ghisellini et al., 2016), aiming to decouple economic
growth from finite resource consumption and environmental degradation by
reducing waste and maximizing resource utilization (EMF, 2021). By combing the
existing literature, it can be concluded that the core connotation of CE is mainly

reflected in its topology and core ideas.
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- CE core idea. The core idea of CE is mainly reflected in the code of
conduct and principles for CE implementation. Germany first started the CE
implementation and then enacted a law with wide worldwide impact named “CE
and Waste Management Law” after a series of CE practices in significant areas
(UBA,1994), in which the so-called 3R principles of CE were proposed that
includes reduce, reuse and recycle. Reduction aims to reduce resource
consumption and waste generation during production, distribution, and
consumption. Reuse refers to the use of waste as a product directly or after repair,
renovation, and remanufacturing, or the use of all or part of the waste as a
component of other products. Recycling refers to the direct utilization of wastes as
raw materials or the recycling of waste. Up to now, 3Rs have become the dominant
operationalization principle among the CE principle ranging from 3Rs to 10Rs.

There are three cyclic processes that could be extracted from the CE
framework (Morseletto, 2020). The first is the service cycle based on the Reduce
principle. That is, by investing in a CE-oriented human capital support system, the
top-level design and value reconstruction of CE service could be realized to reduce
or even avoid the use of unnecessary resources to cut down the occurrence of new
waste, for example, the CE training and education, CE design and technological
innovation, the Empty Plate Campaign launched in canteens, and the Plastic Limit
Campaign initiated among consumers. The second is the material cycle based on
the Reuse principle. The material capital could be allocated efficiently to realize
the most reasonable utilization of all materials through the transfer or sharing of
the ownership or right to use of the resources, such as second-hand idle goods
trading platform, idle furniture transfer, shared transportation service, and other
shared services in public places like shared bookstores. The third process is waste
recycling based on Recycle principle. The valuable materials in the waste could be
recycled and remanufactured to give new life to the materials to improve the
utilization efficiency, such as the domestic waste sorting system, cartoon waste
recovery system, and reclaimed wastewater treatment system. All these cyclic

processes mainly focus on the goals of improving the utilization efficiency of
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resources and assets and reducing waste through the input of human capital and the
diversified allocation of physical capital.

The 3R principles constitute the basic idea of CE, but this does not mean that
their importance in CE implementation is juxtaposed. CE does not simply realize
waste recycling through recycling but emphasizes the priority of reducing
resources. The 3Rs are applied comprehensively based on consumption and waste
generation. Therefore, the priority order of the 3Rs principles is reduction first and
recycling last. Recently, multiple researchers have stressed the importance of
considering up to 10R strategies, which were distinguished into three kinds of
loops according to the length of the cycle period. The first is short loops in which
products remain close to their user and function, including Refuse/Rethink (RO),
Reduce (R1), Resell/reuse (R2), and Repair (R3). The medium-long loops refer to
the products being upgraded and producers being involved again, such as
Refurbish (R4), Remanufacture (R5), and Repurpose (R6). The long loops include
Recycle (R7), Recover (R8), and Re-mine (R9), where products lose their original
function and need to be converted to other forms to be used (Reike et al., 2018).
Compared with the 3Rs, the new principles are more specific and actionable and
involve a more comprehensive range of production areas.

- CE topology structure. The evolution process from the traditional linear
economy to the increasingly prosperous closed-loop economic model has
undergone several development stages, such as pollution, governance, and source
governance. The advantages of the CE model can be better demonstrated by
analyzing and comparing the system structures of the two economic development
modes, as shown in Figure 1.3. The traditional economic model belongs to the
linear economy or the open-loop economy, which is an economic model
characterized by the linear flow of resources (Bilitewski, 2012). The specific
manifestation is the one-way flow of “natural resources-products-waste” in the
traditional economy, that is, the process from cradle to grave. The so-called
“cradle” refers to the extraction and consumption of natural resources, which are

then transformed into products through raw material processing and industrial
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production, and then enter the process of consumption and use of products. In the
linear economic model, the only goal of enterprises is economic interests, and
social and environmental efficiency are very low. Therefore, the pollutants and
wastes generated in the initial economic activities are directly discharged into the
natural environment without treatment, causing severe resource abuse and
environmental pollution. Although the pollution control work in many countries
has reduced environmental pollution to a certain extent since the 1970s, it still does
not change the essence of the linear economy because the one-way flow of
resources/products leads to the problem that resources cannot be fully utilized has
not changed (Zhang, 2021).
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In contrast to the linear economic model, CE is a closed-loop economy
characterized by resource conservation and recycling, embodied in the feedback
process of “resource-products and service-renewable resource” in economic
activities, that is, the process from cradle to cradle. The ultimate goal of promoting
CE is to improve the efficiency of resource utilization and the ecological
environment by decoupling environmental pressure from economic growth. As a

sustainable economic development model, CE requires enterprises to find an ideal
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balance among economic benefits, social benefits, and ecological benefits so as to
achieve the coordinated development of the three. To achieve this goal, product
design, and development, as well as the selection of renewable resources and
materials, are necessary before production. The public also needs to play an
important role in reduction, including green consumption, green use, and sorting
and recycling of waste.

In essence, CE reflects a new model of productivity development, which is
bound to have corresponding requirements on the existing science and technology,
the basis of productivity, and people’s cognitive level of CE (Sun, 2013). On the
one hand, the CE model is an economic model with a high and new technology
industry as the forerunner. By developing the technology of economic utilization
and efficient recycling of natural resources, CE implementation is provided the
possibility (Gong, 2010). The emergence of this possibility and whether this
possibility can be turned into reality mainly depends on CE professional education.
On the other hand, in the way of an economic model developed in a knowledge-
based society, the CE model needs the understanding, support, and cooperation of
the whole society, that is, the CE implementation needs to carry on the CE general
education for all citizens (Yao, 2006). There is consensus that education is a
dominant intervening measure in changing the knowledge, values, behaviors, and
lifestyles needed to achieve SD (Berryman & Sauvé, 2016). As the engine of
knowledge and technology, the role of higher education in carrying out education
for CE has been highlighted in recent years. In particular, the positive influence of
educational and research assets in universities on CE model has been proved (Qu
& Shevchenko, 2019), which is an essential basis for this study.

Exploration of CE models in China: from theory to practice. So far, the
CE practice in developed countries is primarily to achieve material closed-loop
flow at different levels based on 3R principles (reduce, reuse and recycle) and has
formed several classic models in the early process of industrial structure
optimization and upgrading, such as American DuPont model that focuses on the

internal resource recycling utilization of a single enterprise, Danish Kalundborg
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Ecological Industrial Park model that orienting to the ecological network system of
symbiotic enterprises, German Dual Recycling System model that connecting
production and consumption, and Japanese Recycling Society model for the whole
society. However, developing countries still rely on the traditional linear economic
model to a certain extent because they are at a relatively low stage of social and
economic development, and the transition to a CE model still requires a certain
period of effort. Therefore, how to help developing countries realize the transition
to a CE model as soon as possible has become a general concern for researchers.
As the largest developing country, China has permanently attached great
importance to the realization of CE. To respond to the increasing global
environmental pollution and excessive resource consumption, China announced in
2020 that it would increase its independent national contribution and adopt more
aggressive policies and measures to achieve carbon neutrality by 2060. China is the
world’s largest carbon emitter and energy consumer, so China’s commitment will
have a profound impact on the global energy economy. It can be predicted that
China will put more effort into CE implementation in future development. In fact,
since the CE legislation was enacted in 2009, all sectors of society, from the state
to the local, have been conducting theoretical and practical explorations of CE
models suitable for China’s national conditions. The main achievements of CE

models in China are shown in Table 1.1.

Table 1.1 - China’s CE models in theory and practice

Different fields Main models

Model C (Zhu, 2009), “Crossing the Environment Mountain”
strategy (Lu and Mao, 2003), “Climbing the Environmental
Mountain” strategy (Jin et al., 2010)

implementation
strategy

Theoretical

“34+1” model (Sun, 2014), “Object-Subject-Policy” model (Zhu
research

implementation and Huang, 2005), Regional CE models (Xiao, 2007; Liu and
approach Zhang, 2014), “2 +4” model (Wang, 2006), “Three Level Cycle”
model (Xie, 2004), “5 + 1” model (Liu, 2005)

“3+1” model that includes three levels of enterprises, regions,
Practical exploration society, and the vein industry ((Pei and Zhao, 2016; Liu and Li,
2018; Chen et al., 2019)

Source: prepared by the author
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In theory, the experts and scholars have explored the implementation
strategy and implementation approach of CE based on the CE model implemented
abroad and in combination with the reality of China’s economic development (Lu
& Chen, 2014).

In terms of the implementation strategy, based on the “B Model” originated
by Lester R. Brown (2009), Zhu (2009) proposed the “C Model” according to the
actual situation in China, which is also known as a 1.5-2 multiples development
strategy. In his opinion, the CE model and corresponding evaluation standard for
China should be in line with China’s specific national conditions because of
China’s international status as the largest developing country in the world, and
there is needed a 15-20-year adjustment buffer stage in China to achieve a CE
model in which economic growth and resource consumption are relatively
decoupled due to the limitations of technical capabilities and management level
(Zhu, 2013). Lu and Mao (2003) deduced the relationship between environmental
load and GDP, and put forward the strategy of “Crossing the Environment
Mountain”. That is to say, the environmental load curve in progress from the
traditional linear economic model to the terminal management model and then to
the CE model was compared to “Environmental Mountains”, and it is considered
that taking a new industrialized road that can pass through the “Environmental
Mountains” from the mountainside is a strategic choice for China’s transition to a
CE model (Li, 2018). Jin Yong et al. (2010) combined the available literature and
brought forward a new model called the “Climbing Strategy” because the “C
Model” strategy is more in line with China’s actual situation and the “Crossing the
Environment Mountain” strategy is difficult to achieve under current technical
conditions. It is considered that climbing the “Environmental Mountain” smoothly
is a better way of transitioning to a CE model with the condition of increasing
GDP and technology levels (Lu and Chen, 2014).

In terms of implementation approach, the “3+1” model proposed by China’s
State Environmental Protection Administration is the main model for China to

promote CE implementation, that is, a small cycle at the enterprise level, a medium
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cycle at the regional level, a large cycle at the social level, and the waste disposal
and recycling industry or renewable resource industry (Sun, 2014). Zhu & Huang
(2005) put forward the “Object-Subject-Policy” model, in which the object refers
to the whole process management of resources, the subject relates to the
participation of enterprises, citizens, and the government, as well as the policy,
relates to the implementation of regulatory policies, market policies and
participatory policies, which is a good supplement and deepening of the “3+1”
model. Xiao (2007) argued that the CE implementation model should be based on
local conditions, and combined with the various characteristics of different regions
in China to design several types of featured regional CE models, such as the
industrial ecological park integration model, virtual bionic cycle model, and
enterprise internal clean production model. Liu and Zhang (2014) proposed four
regional CE models, which include enterprise group, social function, urban
function, and ecological function. Additionally, there are some other
implementation approaches like the “2 +4” model (Wang, 2006), the “Three Level
Cycle” model (Xie, 2004), and the “5 + 1” model (Liu, 2005). In general, the
essence of all the implementation strategies is trying to achieve the CE model by
rationally controlling the scale of economic development and relying on
institutional design and technological progress, while the approach of CE
implementation is the exploration of specific models at different levels or fields.

In practice, the idea of implementing CE in China is to carry on the “3+1”
model under the guidance and promotion of the government, that is, to implement
standardized demonstration activities of CE in the three levels of enterprises,
regions, and society, and the vein industry, for instance, to establish standardized
demonstration bases such as demonstration projects, demonstration cities, and
demonstration enterprises, and then promote and popularize the mature CE
standards to the whole society.

In China, the standardization construction of CE demonstration actions is the
vital foundation and support for the normative development of CE (Wu and Fu,
2016). Since the 1990s, many CE pilot enterprises, industrial parks, and pilot cities
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have been explored throughout the country, such as the national “urban minerals”
demonstration base, circular transition demonstration pilot in the park, and pilot
projects on recycling and harmless disposal of kitchen waste. Since 2005, China’s
CE practice has entered a stage of comprehensive pilot and continuous
advancement. The state has approved the establishment of the first batch of 84 and
the second batch of 65 CE demonstration sites and has successively issued more
than 30 laws and regulations on ecological environment and resource protection
(Liu and Li, 2018). In 2011, the National Development and Reform Commission
published 60 typical cases of CE in 14 categories at three levels, including regions,
parks, and enterprises, and there were a total of 77 national pilot projects and more
than 100 national and industrial standards for crucial technologies of CE approved
by the National Standards Committee as of 2016 (Pei and Zhao, 2016).

In 2017, the Ministry of Housing and Urban-rural Development (MOHURD)
announced the first batch of 100 demonstration counties (districts and cities) for
the separated collection and resource-based utilization of rural household waste,
requiring each pilot area to carry out the separation and treatment of rural
household waste in the light of local conditions (PRC MOHURD, 2017).
Subsequently, 46 key cities such as Beijing, Tianjin, and Shanghai were
determined to implement domestic waste separation on a trial basis to form a batch
of replicable and popularize models (PRC MOHURD, 2018), to establish the waste
sorting and treatment system in cities at the prefecture-level and above by the end
of 2025 (PRC MOHURD, 2019a). To respond to the increasingly severe problem
of solid waste, China started the pilot construction of “waste-free cities” in 2019,
laying a foundation for a “waste-free society” (Chen et al., 2019). Through the
analysis of the difference in the development level of CE between pilot provinces
(cities) and non-pilot provinces (cities) from 2003 to 2016, it is found that the
development level of CE in all provinces (cities) has improved significantly, and
the development level of CE in pilot provinces (cities) is higher than that of non-
pilot provinces (cities) since 2006 (Liu and Li, 2019). Also, it is found that the

pilot implementation of rural household waste separation and resource utilization
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has a significant positive impact on the classification willingness and classification
behavior of peasant households (Duan, 2016).

In conclusion, the essence of implementation strategies is trying to achieve
the CE model by rationally controlling the scale of economic development and
relying on institutional design and technological progress, while the
implementation approaches are the exploration of specific models at different
levels or fields. In recent years, China’s pilot practical exploration has achieved
noteworthy accomplishments. However, there are still many barriers that need to
be reduced or removed in the popularization of the CE pilot into the whole society.
Especially due to the lack of CE awareness and knowledge and the bottleneck of
CE technology development, the overall level of CE implementation in China is
significantly lower compared to developed countries. Comfortingly, the goal of
university assets, including scientific research assets, educational assets, and
campus operation assets, is consistent with the overall strategy of CE
implementation in China. Universities could and should exert more influence on
CE innovations and development.

Overview of main drivers and barriers in CE implementation. To further
explore the potential of universities in promoting the transition to a CE model, it is
necessary to systematically review the drivers and barriers to CE implementation
to find out the main factors that promote and hinder the CE transition (Qu et al.,
2022). This study mainly employs a mixed analytical method of bibliometrics and
qualitative content analysis on the extant relevant literature. Bibliometrics is used
to analyze and process the collected data with the tolls of Citespace and other data
analysis techniques so that the results can be visualized, while content analysis is
mainly used to classify the critical variables in literature.

- Research procedure. The procedure of this study is mainly divided into five
steps, see Figure 1.4. The first step is to draw up a plan after browsing relevant
literature, and preliminarily deciding the content to be analyzed and the method
used. The second step is to carry out a pre-search in the selected database by

selecting and determining the search formula in the framework of the research
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topic. The third step is to formally perform the search and filter the data. The next
step is the data processing phase. The downloaded data should be classified and
examined, and then the items selected for presentation are processed separately.
The final step is the data analysis and result presentation. The results should be
presented clearly and concisely in images or tables by adjusting different

parameters.

Step 1 Step3 () Step 5
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N Data analysis
Plan Formally scarch \\ and presentation\
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r «
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Pre-search )
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Step 2 .\ Step 4 O

Figure 1.4 - Flow diagram of the research procedure

Source: prepared by the author

- Data collection methods. Selecting comprehensive databases can provide a
larger sample for the study to increase the reliability of the results. To ensure that
the newest data is included, this study decided to retrieve the publication in CNKI
and CQVIP from 2005 to 2021. The year 2005 was chosen as the starting point
because the pre-search revealed that the first article relevant to the research topic
was published in 2005. Similarly, the timespan this study searched in WoS and
Scopus ranged from 2011 to 2021 because the pre-search results show no results
on the topic before 2011. The data retrieval time of this study is October 10, 2021.
The specific precise search criteria and results can be seen in Table 1.2.

- Databases distribution. Selecting comprehensive databases can provide a
larger sample for the study to increase the reliability of the results. Four databases

are mainly chosen for retrieval in this study, and the number of the obtained
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articles and overlaps are shown in Figure 1.5. 215 articles in total are obtained

from the WoS core collection and Scopus, 98 of which were repeated in both

databases. Similarly, there are 67 articles duplicated in the total of 152 relevant

articles retrieved from CNKI and CQVIP. The large proportion of duplication also

demonstrates the reliability of our database selection.

Table 1.2 - Specific precise search criteria and results in different databases

WoS CNKI CQVIP
Databases (core collection) Scopus (core periodicals (core periodicals
databases) databases)
TI="CE" AND TI= | TITLE (CE* AND TI=
Search (driv* OR bar*) (driv* OR bar*)) ‘CE*(* d_river’+ T=CE AND (driver
formula | AND DT= (Article | AND DOCTYPE “barrier’) OR barrier)
OR Review) (ar ORre)

Timespan 2011-2021 2011-2021 2005-2021 2005-2021
r[e)t?ﬁ\f’afl October 10, 2021 | October 10,2021 | October 10,2021 | October 10, 2021
Results 104 111 68 84

Source: prepared by the author
Scopus: 111 CNKI: 68

98
(48. 5%)

CQVIP: 84

Figure 1.5 - Database distribution of relevant articles

Source: prepared by the author

- Publication and citation status. Through a statistical analysis of the
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publication years, this study identified the year when the topic-related publications
were first published and the year with the most significant number of publications,

see Figure 1.6.
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Figure 1.6 - Number of publications in different databases

Source: prepared by the author based on the retrieved results in different databases

The first publication consistent with the topic appeared in 2011 in Wos and
Scopus. However, no publications appeared between 2012 and 2015. It was not
until 2016 that new articles appeared again, and presumably continued to increase
in the following years. The number of publications reached its peak in 2021 (112
articles), indicating that this topic is attracting more researchers’ attention. On the
contrary, the annual number of articles on this topic shows an opposite trend in the
CNKI and CQVIP. The first publication on the topic appeared in 2005. The
number of publications has declined yearly since peaking at 36 in 2007. No related
articles were published so far in 2021. In fact, this phenomenon is mainly related to
the Chinese government's policy on CE. In 2005, China issued regulations to
clarify the goal and ambition of realizing the CE goals, marking the comprehensive
start of China’s CE implementation. Since then, the research on the issues related
to CE began to rise, but the enthusiasm gradually decreased again with time.

It is imperative to summarize the number of citations that reflect the
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importance of the article to a certain extent. As shown in Figure 1.7, there were
fewer publications in 2011 and 2016 in both WoS and Scopus, but the number of
citations was high. The number of annual citations peaked in 2018, reflecting the
emergence of significant literature in 2018. In the meantime, it is also needed to
note that articles from the last three years would take a longer time to get a stable
number of citations. In CNKI and CQVIP, the peak of citation number appeared in

2006, which reflects that the literature in 2006 was more influential to researchers.

1266
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Figure 1.7 - Trends in the number of citations in different databases

Source: prepared by the author

Country distribution. Regarding country distribution, the authors of
articles in CNKI and CQVIP are all from China. Therefore, this study conducted
statistical data on the articles retrieved from WoS and Scopus to learn which
countries in the world have contributed more to the study on this topic, see Figure
1.8. The parameter this study used in Citespace is available in the upper left corner
of the figure. To show the results more clearly, this study adjusted the location of
the country nodes. The larger country nodes signify the more articles contributed

by the country. The outer ring of nodes represents the value of centrality, which
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reflects the importance degree of literature.

CiteSpace, v. 5.7.R5 (64-bit) W

October 12, 2021 at 1:27:45 PM CST
WoS: D:\1Data for Citespac
Timespan: 2011-2021 (S|

e\Driver and barrier to CE\WOS&Scopus - copy2\data
Length=1)

Selection Criteria: g-index (k=25), LRF=3.0, LBY=5, e=1.0

Network: N=56, E=89 (Density=0.0578)

Largest CC: 184 (328%)

Nodes Labeled: 1.0%

Pruning: Pathfinder
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Figure 1.8 - Top 10 countries in publication contributions

Source: prepared by the author

This study put together the list of the top 10 countries by publication
numbers, see Table 1.3. England, India, Italy, China, and Finland are the top five
countries by publication volume. Both the number of publications (Count=31) and
the centrality (Centrality=0.56) of England ranked first. China ranks fourth in the
number of publications (Count=9) and second by the value of centrality
(Centrality=0.24). It is worth noting that Chinese scholars first published an article
on the topic in WoS and Scopus in 2019, while the first article in Chinese
databases appeared in 2005. To some extent, this reflects those Chinese scholars
have not abandoned their research on CE issues but shifted their publishing
direction to international journals. The research on the CE topic has received more
and more attention recently. It is necessary to carry out a content analysis of the

literature related to China’s CE with the times.
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Country Count | Rank (Count) | Centrality Rank (Centrality) Year
England 31 1 0.56 1 2016
India 16 2 0.13 4 2019
Italy 13 3 0.13 5 2011
China 9 4 0.24 2 2019
Finland 8 5 0.10 9 2018
Netherlands 8 6 0.08 13 2016
Brazil 8 7 0.02 23 2019
France 7 8 0.07 15 2019
Australia 6 9 0.12 6 2011
United States 6 10 0.12 7 2019

Source: prepared by the author

- Articles and co-citation network. Based on the data collected from WoS

and Scopus, the articles ranked by the total number of citations and the related

information are shown in Table 1.4.

Table 1.4 - Top 9 most-cited articles in WoS and Scopus

No | Title Author(s) Times

1 Barriers to the Circular Economy: Evidence From the European | Kirchherr, et 554
Union (EU) al., 2018

9 Progress toward a circular economy in China: The drivers (and Mathews & 161
inhibitors) of eco-industrial initiative Tan, 2011

3 Implementation of circular economy business models by small Rizos, et al., 452
and medium-sized enterprises (SMEs): Barriers and enablers 2016
A systematic review on drivers, barriers, and practices towards GOV'“daT‘ &

4 . . . . Hasanagic, | 434
circular economy: a supply chain perspective 2018
Lost in Transition? Drivers and Barriers in the Eco-innovation de Jesus &

5 . Mendonga, | 397
Road to the Circular Economy 2018
Exploring institutional drivers and barriers of the circular

: . ) . Ranta, et al.,

6 economy: A cross-regional comparison of China, the US, and 2018 247
Europe

7 Drivers to sustainable manufacturing practices and circular Moktadir, et 241
economy: A perspective of leather industries in Bangladesh al., 2018
Prioritizing barriers to adopt circular economy in construction Mahpour,

8 . 183
and demolition waste management 2018
Towards a more circular economy: exploring the awareness, Masi, et al.,

9 i : i . 159
practices, and barriers from a focal firm perspective 2018

Source: prepared by the author
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In general, the citation rankings of the articles in WoS and Scopus are
different. Fortunately, this study found that the top nine most-cited articles in the
two databases were consistent. The final ranking is based on the sum of the
number of citations in both WoS and Scopus. There are two studies on China’s CE
issues in the articles.

To learn the weight of literature and the co-citation network, the co-citation
network diagram of literature made through Citespace is presented, see Figure 1.9.
The parameters can be seen in the figure. To improve the readability, the threshold
of “k” is set to 20. The cited frequency of articles determines the size of nodes and
their labels. The larger nodes mean more times that the article is cited. The larger
the outer ring of the node is, the higher the centrality is, which also means a closer

co-citation relationship between the article and the others.

1|t-—\;"" v '7 F5t€v.l~l:n|t|w
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Kirchherr J (2018)
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. Korhonen J (2018) Kirchherr J (2017)
Geissdoerfer M (2017) Ranta V (2018)
de Jesus A (2018)
Murray A (2017)
Bocken NMP (2016) Govindan K (2018)
Lieder M (2016) Agyemang M (2019)

(Lewandowski M (2016)
J

Sauve S (2016)

Figure 1.9 - Co-citation network

Source: prepared by the author
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Detailed information about co-citation networks can be seen in Table 1.5.
The network has a total of 322 nodes and 4742 links. There was a break period
from 2012 to 2015. The nodes and links in 2021 made up the most significant
proportion of the total, indicating that the research on the topic has received more

and more attention recently.

Table 1.5 - Information on the co-citation networks

Year Criteria (g-index) | Nodes Exposed Links Total links
2011 2 21 63 210
2012-2015 0 0 0 0

2016 3 22 66 101

2017 2 21 63 102

2018 5 41 123 400

2019 7 57 171 820

2020 8 58 174 791

2021 15 102 306 2318

Total -- 322 966 4742

Source: prepared by the author

- Main Drivers of CE Model. It is well-known that the development of
everything needs to be driven by power, so clarifying the driving mechanism of CE
and understanding the drivers of CE are essential to promote the implementation of
the CE model continually. The research on the drivers of CE in China mainly
focuses on three directions, including driver generation sources of CE, dynamic
mechanism construction of CE, and drivers in different industries and fields. Based
on the literature analysis, this study constructed the keyword cloud map by
summarizing the keywords related to the driver factor in the literature, see Figure
1.10. The size of the keyword font represents the frequency of occurrence, that is,
the keywords with larger font appeared more frequently in literature. Through
inductive analysis of these 33 keywords summarized in Figure 1.6, this study
found that researchers generally believe government policy support, public
participation, economic benefits, the awareness and knowledge of CE, and
technological support are typically recognized as the main drivers of CE in China.

Relevant literature sources for the main drivers are summarized in Table 1.6.
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Technological innovation

Figure 1.10 - Cloud map of keywords related to drivers

Source: prepared by the author

Table 1.6 - Main drivers in the transition toward the CE model in China

Main drivers

Literature sources

Government

policy support

Li D. (2008), Li & Li (2011), Ranta et al. (2018), Zhou H. (2012), Xiao &
Peng (2008), Duan (2012), Zhang (2018), Liu (2014), Matus et al. (2012),
Mathews & Tan (2016), Ai & Xi (2010), Zhou et al. (2012), Zhou Y. (2012)

Public

participation

Zhou H. (2012), Xiao & Peng (2008), Zhang (2018), Liu (2014), Mathews &
Tan (2016), Zhou Y. (2012)

Economic

benefits

Xiao & Peng (2008), Duan (2012), Ai & Xi (2010), Zhou et al. (2012), Zhou
Y. (2012), Liu (2015), Liu & Xiao (2015)

Awareness and

knowledge

Ranta et al. (2018), Zhou H. (2012), Guo et al. (2016), Xiao & Peng (2008),
Matus (2012), Mathews & Tan (2016), Ai & Xi (2010)

Technological

support

Li D. (2008), Zhou H. (2012), Xiao & Peng (2008), Zhang (2018), Liu (2015),
Xi & Ai (2011), Zhou et al. (2012), Zhou Y. (2012), Zhou et al. (2020)

Source: prepared by the author

- Main Barriers to CE Model. The drivers of CE are the factors that enable

and encourage the transition to a CE, while the barriers to CE are the bottlenecks

that obstruct transitions toward a CE (de Jesus & Mendonga, 2018). Researchers

have already done a significant amount of study and analysis on the barriers in the

implementation process of CE. By summarizing the 30 keywords related to the
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barrier factor in the literature, this study constructed the keyword cloud map to

present these keywords and the frequency of occurrence, see Figure 1.11.

Environmental awareness

Regulation guarantee
High costs'

Figure 1.11 - Cloud map of keywords that related to barriers

Source: prepared by the author

The keywords with larger font appeared more frequently in literature. The
results obtained through inductive analysis of these keywords are similar to
Kirchlerr’s classification of barriers to CE (Kirchherr et al., 2018), that is, cultural
barriers, market barriers, regulatory barriers, and technical barriers are the main
barriers that often struggle to mitigate China’s process of CE implementation at
present. Relevant literature sources for the main barriers are summarized in Table
1.7.

Among the main drivers this study has identified, China stands out in terms
of government policy support. The Chinese government has already issued
numerous laws and regulations and devised a series of ambitious plans for
achieving the CE target in China’s government development plan, which provided
sufficient policy support for CE implementation. As for the other drivers of CE, it
requires efforts from other enablers, such as higher educational institutions, other

than the government, enterprises, and the public. Colleges and universities have the



54
advantage of education and scientific research, as well as the responsibility of
serving society, which could and should improve public awareness and CE
behaviors, including providing technological support, cultivating professionals,

popularizing CE knowledge, and publicizing CE concepts.

Table 1.7 - Main barriers in the transition toward the CE model in China

Main barriers Literature sources

Zhang et al. (2019), Deng et al. (2013), Guo et al. (2016), Wang (2016),
Liu et al. (2021), Xia and Ruan (2020), Ranta et al. (2018)

Cultural barriers

Matus et al. (2012), Kang (2016), Li (2018), Yin & Liu (2012), Wang
(2016), Zhang et al. (2019), Xia and Ruan (2020)

Market barriers

Regulatory Zhang et al. (2019), Matus et al. (2012), Liu (2014), Jiang & Chen (2017),
barriers Yang (2017), Deng et al. (2013), Liu et al. (2021), Ranta et al. (2018)
Technological Matus et al. (2012), Xu et al. (2012), Xu et al. (2016), Xu et al. (2017),
barriers Yuan (2013), Andrews (2015), Xia and Ruan (2020)

Source: prepared by the author

In terms of the main barriers, they interact and influence each other, which
could be considered nested. Cultural barriers could be most recognized as the main
barriers in the transition to the CE model. It is evident that to eliminate cultural
barriers in the CE transition need to popularize CE awareness to the public and
carry out CE education. To eliminate the market barriers need to develop
consumers’ cognitive and pro-circular behaviors. To eradicate regulatory barriers
need to improve the willingness and ability of the public to participate in the
supervision of CE implementation. Also, to eliminate technological barriers need
to strengthen the innovation of CE technology research. Anyway, these paths are
closely related to the universities with educational and scientific research assets,
which could promote or streamline a CE, as well as remove or weaken the barriers
that most frequently derail a CE. In summary, higher education has a positive
influence on strengthening the drives and eliminating the barriers, that is, higher

education has bright prospects in the process of speeding up the CE transition.
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1.2 Application and development of CE targets in university assets
management

The analysis of practical necessity and feasibility. Theoretical analysis of
the nature of China’s CE model and the driving force and obstacles of CE point
that universities can play a positive role in promoting the transition to CE. In fact,
at the practical level, universities’ initiatives and efforts in SD lay the foundation
for CE implementation. Specifically, the practical necessity and feasibility analysis
of universities participating in the CE transition is mainly reflected in the following
aspects.

- Initiatives of universities on the green campus. The idea of a green
campus stems from the International Conference on Environmental Protection and
its related policies and provisions. The 1972 United Nations Conference on the
Human Environment (UNCHE) adopted the Stockholm Declaration, which made
the first reference to sustainability in higher education. The declaration put forward
several related proposals to achieve SD of the environment, such as using an
interdisciplinary approach to carry out environmental education at all levels of
formal and non-formal education, in and out of school. The Thilisi Declaration
proposed that universities should have a more important responsibility for
environmental protection and should add environmental-related content to
university degree courses, which is considered to be the most important in the
history of the development of environmental education in the world. Since then,
many influential international declarations and conferences have widely influenced
the implementation of campus SD, calling on universities to educate students on
SD based on passing on knowledge. In 1988, the World Environment and
Development Report of the United Nations Conference on Environment and
Development (UNCED) proposed the concept of ESD, pointing out that ESD
should be promoted to improve people’s ability to deal with problems existing in
environmental development (Sun et al., 2017). The Talloires Declaration, signed
by the presidents of 20 famous universities in the association of University Leaders

for a Sustainable Future (ULSF), is currently internationally recognized as the
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most instructive document to promote the SD of universities. The ten-point action
plans in the declaration aim to integrate SD and environmental education into the
teaching, scientific research, operation, and publicity activities of colleges and
universities, which marks the beginning of the construction of green campuses
(Adlong, 2013).

In December 1991, the presidents of several universities worldwide and
senior representatives of the International Association of Universities, the United
Nations University, and the Canadian Association of Universities signed the
Halifax Declaration to address the specific challenges of environmental SD. In
addition, In 1992, the “Agenda 21 adopted at the Conference on Environment and
Development held in Rio de Janeiro took the Thilisi Declaration as the main line,
calling for the formation of SD education that takes into account life, production
and ecology, and summarized SD education as towards SD, rebuilding education,
raising public awareness and promoting training. In 1993, the Association of
Commonwealth Universities (ACU) of more than 400 universities from 47
different countries signed the Swansea Declaration in Swansea, seeking a way for
Asian universities, their leaders, scholars, and students can engage and address
sustainability challenges appropriately. In 2003, according to the decision of the
United Nations General Assembly (UNGA), when United Nations Educational,
Scientific, and Cultural Organization (UNESCO) drafted the draft "International
Implementation Plan for the Decade of Education for SD (2005-2014)", according
to the United Nations' long-term focus on "education” and "SD" Two areas, further
deepening the connotation of ESD (Qian et al., 2006). The American College
Presidents’ Climate Commitment program was launched in 2006. Its purpose is to
achieve “Climate Neutrality” of college operations, that is, to integrate climate
change and SD into colleges and universities. in teaching, research, and social
activities. In recent years, with the release and implementation of the Global
Action Programme on Education for SD (2015-2019) (UNESCO, 2013) and the
Education Framework for Action 2030 (UNESCO, 2015), ESD has gradually

formed a routine operation and evaluation mode in colleges and universities. The
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development of the SD initiative of universities is shown in Table 1.8.

Table 1.8 - Development context of university sustainability initiatives

When | Organizer Topic Sustainability initiatives
1972 | UNCHE Stockhol_m It ralsgd the SD issues in the field of higher
Declaration education for the first time.
It suggested that universities should assume
UNESCO & A . more important environmental responsibility
1977 UNEP Thilisi Declaration and add environment-related content into
university degree courses.
World Environment It proposed the concept of ESD for the first
1988 | UNCED and Development | .. prop P
time.
Report
It adopted a 10-point action plan for
Talloires incorporating sustainability and environmental
1990 | ULSF : . ; X .
Declaration literacy in teaching, research, operations, and
outreach at colleges and universities.
1991 Some universities Halifax Declaration It addressed the specific challenges of

and associations

sustainable environmental development.

It summarized SD education as oriented

1992 | UNCED Agenda 21 towards SD, rebuilding education, enhancing
public awareness, and promoting training
Swansea It engaged in involving the unive_rsity leaders,
1993 | ACU Declaration scholars, and students in responding to the SD
challenge appropriately.
United Nations It _dfedpen(teq[h t{]ésgonno'iation _dof tESD and
pointed out tha must consider three areas
2003 | UNGA E)Z%%an-eZO;;c;r ESD of sustainability, including the environment,
society (culture), and the economy.
Some university Ame_rican Co_llege It aims to inte_grat_e_climate change and SD in_to
2006 oresidents Presidents' Climate | teaching, scientific research, and social
Commitment activities of universities.
2013 | UNESCO Slobal Acéi;[r; It aims to generate and expand education for
(ng%?rznng)on SD and accelerate the process of achieving SD.
2030 Framework It aims to ensure that ESD exists at all levels
2015 | UNESCO for  Action  on and in all f(_)rms of education and that all
Education learners acquire the necessary knowledge and

skills to promote SD by 2030.

Source: prepared by the author based on official website data and information

Tsinghua University is the first university in China to put forward the

concept of a green campus, and also the first to propose the construction of a green

campus. Later, more colleges and universities joined the ranks and carried out the

practice of green campus construction. In 2011, Tongji University, Zhejiang
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University, Tianjin University, and other institutions jointly launched the “China
green campus Alliance” to lead and promote the development of green campus
construction in Chinese universities. However, at present, although sustainable
university construction has been carried out in China for several years, there are
only a few universities that have constructed and implemented the working
framework of sustainable university at the level of system management and
strategy, and the construction of sustainable university is still at the initial stage.

- Legal provisions on the university CE responsibilities. In China’s laws
on CE, the status and responsibility of colleges and universities in developing CE
are stipulated. The CE Promotion Law (PRC SC, 2009) stipulates that the
government, enterprises, public institutions, and all citizens should take measures
to improve the level of waste utilization and resource recovery and promote the
development of CE. The promulgation and CE implementation Promotion Law
make the development of Higher education in China face the legal environment of
CE. Since the development of CE needs the efforts of the whole society, higher
education is obliged to contribute to the development of CE (Gong, 2010).

Subsequent relevant laws and regulations for the responsibility of higher
education in the CE implementation for further evident. “Circular Economy
Development Strategy and Action Plan” (PRC SC, 2013) specify the feasible
scheme for universities, such as strengthening CE education and professional talent
training, incorporating CE concepts and knowledge into the curriculum, setting up
CE-related majors, and implementing CE training plans. Moreover, the “Circular
Economy Promotion Plan 2015” (PRC NDRC, 2015) stipulates that the Ministry of
Education and other relevant departments should actively promote CE practice on
campus. For example, it encourages universities to carry out energy-saving
publicity and education activities, strengthen the training of water-saving
counselors, formulate evaluation methods based on actual conditions, and take
students’ daily thriftiness and environmental protection behavior as an important
reference in evaluating awards and excellence. Also, the establishment of CE-

related majors is brought up again.
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Therefore, universities have an unshakable responsibility to promote the CE
transition. Contributing to the CE implementation is not only the requirement of
the CE-related laws for higher education but also the requirement of the Higher
Education Law in China for universities.

- Requirements for the functional evolution of universities. Before the
end of the 18th century, the functions of universities were mainly embodied in
traditional teaching, cultivating talents, and disseminating knowledge through
education. The first academic revolution triggered by the Humboldt Reform in
Germany in the early 19th century made universities undertake the mission of
scientific research, so universities began to have the dual functions of talent
training and scientific research. In the century, the silicon valley phenomenon of
Stanford University led to the second academic revolution, after which the
entrepreneurial function of the university was born, so universities have three
functions including talent training, scientific research, and social service
(Etzkowitz, 2004). Correspondingly, two academic revolutions have created two
new university models, investigative university, and entrepreneurial university, as
shown in Figure 1.12. With the development of society, the functions of

universities are also evolving.

[ Talent cultivation ]———> Scientific research H Social Services }————»

Didactical Investigative Entrepreneurial | P
university university University

. The first academic .
Middle ages — the end G = The second academic
. T revolution in the early G =
of the 18th century . revolution in the 1950s
¥ 19th century

Figure 1.12 - The evolution of university functions
Source: prepared by the author based on Etzkowitz (2004)
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In 1991, the Halifax Declaration made it clear for the first time that
universities have three roles which include education, research, and public service,
which enable them to contribute effectively to the SD of society. In fact, the
function orientation of colleges and universities also determines that colleges and
universities must be one of the main bodies of developing CE and should actively
carry out theoretical and practical exploration of CE. The function of education can
realize the education of CE concept and knowledge and the training of specialized
talents, and provide human resources guarantee for the CE implementation. The
scientific research function helps construct the scientific and technological support
system of CE and provides guarantees for CE implementation. The function of
social service once again clarifies the social attribute that education should serve
for social development, to build a resource-saving and environment-friendly
society by actively carrying out CE practice on campus.

- Needs to inherit and develop the ecological civilization. In the process of
human civilization, agricultural civilization and industrial civilization have played
an essential role in promoting the improvement of human life quality and social
scientific and technological progress. However, agricultural civilization and
industrial civilization lost the binding force of ecological friendliness, resulting in
the rapid development of the economy and society, while bringing about the
destructive results of ecological environment deterioration. At the same time, it
also intensifies the contradiction between man and nature and limits human
existence and the SD of society. Ecological civilization is a necessary condition for
the perfection and SD of industrial civilization and agricultural civilization. It
overcomes all kinds of drawbacks and defects brought by the development of
traditional agriculture and industry. Ecological civilization can not only correctly
handle the relationship between humans and nature but also make the relationship
sustainable and harmonious, and finally realize the SDGs of economic
development, social progress, and sound ecology.

CE is the internal and realistic requirement for promoting ecological
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civilization construction. For China, a country with a large population and low per
capita resources, the traditional path of industrialization not only makes economic
development challenges to sustain but also destroys the ecology and environment,
directly hindering the improvement of people’s quality of life. In addition, the
development of CE is the primary way and essential content of ecological
civilization construction. As a new economic development model of protecting
resources and the environment, CE can fundamentally alleviate the contradiction of
resource constraints, help coordinate the relationship among society, economy, and
resources and environment, and improve the quality of economic development.

Therefore, CE is not only an economic growth model and social
consumption model, but also a cultural model (Feng, 2006), which contains the
material wealth and spiritual wealth created by human beings on the concept,
practice, achievement, and experience of CE. As seen from the development
course of CE, it was first introduced into China after the rise of western developed
countries. In this process, Chinese people wake up after the excessive consumption
of resources and environmental pollution in economic development. Truth from
facts, the current circulation economy in China’s dissemination has not been
prevalent. Therefore, the task of promoting the process of ecological document
construction through the implementation of the recycling economy undoubtedly
falls on higher education, which takes the dissemination of new knowledge and
new technology as its responsibility.

- Needs of scientific development of higher education. The establishment
of the CE concept in national development is bound to bring about an impact on
the needs of talents and the development direction of scientific and technological
innovation. The development strategy of higher education only serves the plans of
national economic and social development, which can exert the influence of higher
education in promoting national economic and social development. The
development strategy of higher education can fully exert the strength of higher
education and make the most immense contribution to promoting national

economic and social development only if it is a strategy that serves the country’s
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economic and social development. Gong et al. (2010) argue that the development
strategy of higher education should be adjusted according to the concept of CE,
implementing CE human resources strategy, implementing CE discipline
construction and general education, and building CE campus culture, so as to
realize the scientific development of higher education. Therefore, the construction
of green campuses with the concept of SD has become a trend in many colleges
and universities. For example, Tsinghua University, the first "green campus" in
China, has put forward the plan of building a “green campus” since 1998 and has
formed a green campus construction mode with green education, green scientific
research, and green campus as the core contents.

In addition, universities implementing CE practices can potentially reduce
corruption and unethical practices by making it easier to conduct accurate supply
chain audits, select ethical suppliers, and encourage unscrupulous suppliers to
change their practices (Andrews, 2015).

Review of the contributions of universities to CE performance. As the
engine of knowledge and technology, the dominant role of universities in carrying
out education for SD has been widely recognized. Researchers from all over the
world have conducted extensive research on the contribution of universities to CE.
The previous related research mainly focuses on the following aspects.

- Construction and talent training model of CE-related majors. Cui et al.
(2018) investigated the current situation and development advantages of the
Resource Recycling Science and Engineering (RRSE) major at universities, and
explored the necessity, training objectives, and construction modes of this major.
Liu et al. (2017) constructed the curriculum system aiming at talent cultivation
through the investigation and research on the talent demand of local economic
construction and the talent cultivation program of the RRSE major in various
universities.

Gong et al. (2010) highlighted that higher education development strategy
should be adjusted in terms of the CE concept, implement the human resources

strategy of CE, enforce the discipline construction and general education of CE,
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and build a CE culture on campus to realize the scientific development of higher
education. Xia et al. (2015) justified that in the context of collaborative innovation,
the resource recycling science and engineering discipline of local colleges and
universities should take the combination of political, industry, university, research,
and application as the important breakthrough point to provide talents and
intellectual support for regional economic and social development.

- Explicit and implicit curriculum design of CE. Andrews (2015) agued
the knowledge and ability to apply the principles of the CE must be embedded in
the curriculum so that they also become integral to design practice. In his opinion,
not all students will embrace design for SD but it is no doubt that teaching them
about the CE will enable sustainability issues to be addressed implicitly. Leubea
and Walcherb (2017) argued that circular product design is the key problem to
making the shift towards the CE and appealed to renew the curricula of design
schools.

Nunes et al. (2018) reviewed the environmental activities of 50 universities
ranked highly in terms of their environmental credentials or their environmental
science courses and then presented how universities can affect material flows,
promote sustainability outside of the formal curriculum, and act as catalysts with
business. Kopnina (2019) presented a literature review that describes the
application of circular methodologies to education for sustainability, which has
been slow to adopt circular systems to the curriculum, and discussed how Bachelor
and Master level students apply their understanding of these frameworks to
corporate case studies.

Fonseca et al. (2018) used a systematic review utilizing a structured
approach to analyze Portuguese higher education institutions' BSc and MSc
courses and the content analysis of their curricular units and found that
sustainability is covered in most Social Sciences, Engineering, and Management,
BSc, and MSc courses, offered by the top 8 Portuguese Higher Education
Institutions, but the Education for SD was lacking a consistent body of knowledge.
Hall and Colby (2018) argued that a CE approach to curriculum design can
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motivate deep learning, through experimental practice, deep-dive research, and
systems thinking, and provided a structural framework of a CE agenda to the
fashion education curriculum, establishing a novel approach that could be applied
to other specialist fashion education institutions. Yao (2006) argued that
universities should advocate CE as an elective course, so as to enable students to
participate in CE activities at the ideological, behavioral, and practical levels.

- Instruction approaches and tools. Appropriate teaching methods can
have a positive impact on learners’ attitudes and motivation (Sugano & Mamolo,
2021). All of the extant literature on education for CE is grounded in various
learning and teaching theories. Pedagogical principles of constructive alignment
and problem-based learning have been applied to CE curriculum design. For
example, Kirchherr and Piscicelli (2019) developed seven exercises for ECE to
introduce undergraduates to the CE concept, which includes a drill game,
buzzword bingo, a teardown lab, an eco-industrial park simulation, policy
instruments, a circular party, and circular futures. Whalen et al. (2018) advocate
for experiential learning by using a serious game that supports holistic and
transdisciplinary thinking for a CE. Also, participatory teaching and interactive
teaching are adopted as core design principles for CE introductory courses
(Kopnina, 2018)

Besides, Andara et al. (2018) carried out a survey on a sample of 189
students to test their current sustainability literacy and created four annual
pathways along the roadmap to develop sustainability skills during the four-year
college course in engineering, which includes promotion of a recycling campaign
through a CE, creation of educational videos regarding sustainability,
reinforcement of reasoning and argumentative skills by preparing a debate on
environmental issues, and preparation of the students to apply environmental
management models to solve sustainability issues within the company. Xue et al.
(2018) summarized the problems encountered in the teaching process of the
professional elective course Clean Production and CE, and proposed

countermeasures to improve the teaching quality from the aspects of textbook
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construction, case base construction, and diversified teaching methods.

- CE practice activities on campus. The role of the logistics staff in
implementing the education for SD with extra-curriculum activities has attracted
the attention of some researchers. Fiselier et al. (2018) presented evidence from an
online questionnaire survey and in-depth semi-structured interviews and found that
the main challenge higher education institutions face is the engaging staff that may
question the relevance of the ESD concept, and that lack an understanding
regarding its implications for their discipline, while the critical success factors
identified are institution-wide people support, high-level institutional support, and
funding. Slobbé et al. (2017) conducted a card-sorting activity among 36
foodservice staff to identify the dominant perspectives held by them about the
desirability and realities of fostering environmental education in their workplaces
and argued that buy-in from food service staff at university is critical for realizing
the potential to foster environmental education in a non-classroom setting and so
could have the power to benefit communities through producing environmentally
literate graduates.

Tan and Li (2016) investigated the campus water consumption, water price,
water supply, and drainage of Guangzhou College of South China University of
Technology, and discussed the feasibility of water resource recycling on campus.
He et al. (2015) discussed the current situation of recycling old textbooks and other
cultural resources in colleges and universities and put forward feasible suggestions
for recycling secondhand cultural resources. Zou et al. (2018) presented the
optimal model of express packaging recycling because of the increasing problems
in campus express packaging.

Zhang et al. (2018) argued that the "ternary and secondary classification
system” of household waste can be popularized on college campuses, and
summarized two feasible paths in practice, one of which is to set up an innovation
team to carry out pilot work in some areas of the campus and the other is to set up
a demonstration base for household waste separation and wet waste recycling. Lou

et al. (2015) discussed the application of reverse logistics operation mode in e-
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waste treatment on college campuses. Shevchenko and Qu (2019) proposed that
the college campus bike-sharing operation system should be constructed in
compliance with CE principles to reduce the waste of bicycle resources.

Through comparative analysis of the existing literature, it can be highlighted
that there is a lack of a comprehensive and systematic framework of university CE
activities in the previous research. That is, University CE activities are fragmented
and disconnected from each other and lack a system that can integrate them for an
augmented effect. To bridge this gap, this study will integrate various isolated CE
activities to build a systematic CE theoretical framework in universities, and
attempt to propose a management model to transform this theoretical framework
into practice.

Theoretical basis of CE-oriented university management system.
Although researchers are full of enthusiasm for the study of CE activities in
colleges and universities, there are few pieces of research on the university
management mode towards CE mode. The assumption of the construction of CE
university management mode in this study is mainly based on the basic functions
of universities, integrating and effectively managing all resources conducive to CE
implementation in universities, so as to promote the implementation process of CE
in the whole society. On the one hand, promote CE education for college students
and radiate education to the community, cultivate the concept of CE for college
students and residents, and the awareness and accomplishment of taking the
initiative to participate in CE activities. On the other hand, the interaction between
universities and enterprises should be enhanced, and the technological knowledge
spillover from universities to enterprises should be utilized to improve the
innovation efficiency and ability of enterprises, thus promoting the CE transition of
enterprises and society. In addition, campus CE practice can not only improve the
use efficiency of assets, but also establish regional environmental respondents of
energy conservation and emission reduction, thus influencing the practice process
of CE in communities, cities, and the whole society.

- Transformative learning theory. University CE activities are fragmented
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and lack a system that can integrate them for an augmented effect. Also, there is no
necessary correlation between higher education performance and sustainable
behavior in society (Orr, 2002). Therefore, if universities want to improve the
efficiency of the implementation of the CE, it is necessary to cultivate and pursue
CE values and mindset that can completely change the inherent thinking and
operation patterns of the linear economy. To this end, transformative learning is a
credible alternative to solving this problem, because the effect in the field of adult
education has been proven (Sokol & Shaughnessy, 2018). Furthermore, the
significance of transformative learning in ESD has also been confirmed (Burns,
2018). Transformative learning implies profound structural changes in the basic
premises of thought, emotion, and behavior, and such a change in consciousness
would dramatically and permanently alter self-cognition and our way of being in
the world (Sterling, 2010-2011). In other words, different from the traditional
manner of knowledge imparting and idea instilling, the CE concept and values can
be internalized in the mind and manifested in practice through transformative
learning.

To better understand the connotation of transformative learning, Bateson’s
hierarchy theory of learning should be reviewed. According to Bateson, learning
should be separated into three levels, embracing learning, meta-learning, and
epistemic learning (Blake et al., 2013). At present, the formal education
implemented by higher education institutions generally advocates the first level of
learning, which aims to improve intelligence by imparting knowledge through
transmissive pedagogy (O’Neil, 2018). Meta-learning refers to the critical
assessment and inspection process of the connotative ideas behind the learning
content, which could cause changes in the beliefs and values of the subjective
world. Epistemic learning is the process of thoroughly reconstructing the paradigm
of learners, which will bring changes in people’s worldviews and the way they get
along in the world. The three learning levels range from low to high, where the
higher-level learning experience affects the mindset and action of lower-level

learning, see Figure 1.13.
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Figure 1.13 - Hierarchy of learning and the transition of different levels
Source: prepared by the author based on Blake et al. (2013)

That is, the first level of learning is far from sufficient to establish CE values
and patterns for improving the performance of CE education in universities. Higher
levels of transformative learning and education are needed to improve the quality
of CE education in universities, which not only could help learners acquire
knowledge but also make them internalize CE values in their worldview and
epistemology to stimulate the natural occurrence of pro-circular behaviors. With
the combination of theoretical learning and practical experience, constructing a
systematic CE theoretical framework in universities is a significant approach to
realize transformative learning and education, which could integrate various
isolated CE activities, thus enabling university administrators and students to
change their epistemological presupposition and behavioral patterns to make the
universities’ effect truly prominent in promoting the implementation of the CE.

- SD theory. From the perspective of demography and economics, there are
ecological boundaries in the scope of human social and economic activities, that is,
the material basis for human consumption is limited, not endless (Agbedahin,
2019). The population is growing and consumption is increasing, while resources
are decreasing and pollution is getting worse, restricting the growth of production.

Many scholars in their key publications, such as Limits to Growth by Meadows et
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al. (1972) and Silent Spring by Carson (1994), have advanced the view of the
unsustainability of human economic activity, leading to the global debate on the
dangers and sustainability of human activities. Although with the development of
human science and technology level and technological innovation ability,
technological progress and innovation can not only promote production but also
alleviate human consumption of the earth’s resources and damage to the
environment. This role has a certain limit and cannot solve the problem
fundamentally. People need to explore new models, ideas, and theories that can
promote the SD of the human economy and society. This is the origin of SD theory.

The term SD was first seen in the “World Nature Conservation Outline”
published in 1980. In the outline, two issues of “SD of mankind” and “SD of the
carth” were carried out for global SD. Aspects of exploration, recognizing the
basic relationship between nature and society, economy. In 1983, the United
Nations World Commission on Environment and Development proposed the basic
program of SD to formulate a global SD reform program and timetable. Then in
1987, the Global Commission on Environment and Development released the
report “Our Common Future”, which defined SD as Pareto-optimal development,
and proposed a short-term “Millennium Declaration” goal (2015), two-generation
SD transition goals (2050) and long-term large-scale transition goals (after 2050),
and systematically expounded the content of SD.

The widely accepted definition of SD refers to “development that meets the
needs of the present without compromising the ability of future generations to meet
their own needs” (McKeown, 2002; UNESCO, 2014). This interpretation of SD
was widely used on a global scale and had a profound impact. The concept of SD
can be divided into two levels. First, it is a development that meets people’s needs,
and the normal needs of present and future generations should be met and
guaranteed. The second is to limit normal or irrational needs. It means putting the
well-being of all mankind first, and effectively limiting and containing the
unreasonable and inexhaustible demands of the present generation. Only in this

way can it ensure the reasonable needs of future generations.
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The emergence and dissemination of the concept of SD and related theories
can be called a major change in the ideology in the development of human society,
and it has had an important impact on people’s thinking and behavior in a civilized
society. At present, the theory of SD has become the basic theory to guide
economic and social development. The development of CE is an important way to
achieve SD, and it is also a fundamental means to protect resources and reduce
environmental pollution. With the new vision of ESD as a kind of education giving
everyone the responsibility to create a sustainable future (UNESCO, 2005), the SD
theory has also become a guiding theory for colleges and universities to build a
campus management model towards a CE.

- Public participation theory. Public participation in social governance and
various public management decision-making and implementation is an important
symbol of modern civilized society. The satisfaction and participation level of
public participation in social governance are closely related (Fu &Tu, 2014).
Likewise, the goals and actions of CE must rely on the maximum recognition,
support, and participation of the public and social groups. The way and degree of
participation of the public, groups, and organizations will determine the progress
of the realization of CE development goals. Therefore, public participation is also a
necessary guarantee for realizing the CE transition. Public participation in CE
should be comprehensive, including participation in the decision-making and
monitoring of the implementation process of activities.

It is of great practical and practical significance to focus on the cultivation of
political participation awareness and the awareness of participating in CE since the
student days. In the management mode and organizational structure of colleges and
universities towards CE, the way and degree of participation of various
stakeholders in management are like that of public participation. Therefore, the
theory of public participation is also an important theoretical basis for colleges and
universities to build a campus management mode toward CE. In the field of
research, Arnstein’s ladder theory of public participation is a typical example.

The Ladder Theory of Public Participation (Arnstein, 1969) believes that the
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essence of public participation in decision-making is the public’s knowledge,
discussion, evaluation, and influence on the decision-making process and decision-
making content. Public participation in different decision-making modes reflects
different levels of public participation, which are composed of different ladders
from low to high. At the bottom of the trapezoid, the public does not have any
power, including the right to speak, and can only passively accept the decisions of
managers. When the trapezoid moves upward, the public can receive limited
information in this area and have a certain right to know. Moving up again, in this
area, managers and management departments will solicit relevant opinions and
suggestions from the public for reference, and the final decision-making power
remains in the hands of managers and management departments. Participate” stage.
Moving up again, the decision-making power and weight will be further
transferred to the public, and by analogy one by one, it will eventually reach the
control of the public. At this time, the public has completed decision-making
authority, and managers and management departments become service departments.
According to Arnstein’s theory, the International Association for Public
Participation (IAP2) divides the level of public participation into three levels: no
participation, low degree of participation, and high degree of participation, as

shown in Figure 1.14.
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Figure 1.14 - Comparison of the scope and degree of public participation
Source: prepared by the author based on the website of IAP2 (2007)
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Studies in the field of environmental governance show that the effect of
environmental governance varies with the degree and stage of public participation
in China’s environmental governance. If the public participates in project decision-
making and environmental impact assessment in advance, the environmental
governance effect can be improved more effectively (Xue & Dong, 2010).
Therefore, according to the public participation theory, the degree and stage of
participants’ participation in university management toward CE are closely related
to the management effect.

- Knowledge spillover theory. University CE activities, including education,
scientific research, and campus practice, will have a positive impact on the
development of CE in the whole society. In essence, the contribution of
universities to CE is the positive externality to the production and life of the
community, city, and whole society through the overflow of university knowledge.
Therefore, knowledge spillover theory has a strong practical and instructive
significance for university management oriented to CE.

Foreign scholars have long recognized that regional innovation and
economic activities have spatial connection and agglomeration. Krugman (1991)
first proposed that new economic geography would have an important impact on
regional economic activities. It emphasizes the role of externalities in the spatial
agglomeration and regional economic activities (Grossman & Helpman, 1991).
Knowledge Spillovers refer to imitative innovation and gaining more benefits from
other imitated innovation research, which reflect the diffusion of information and
ideas between neighboring knowledge producers, strengthening spatial
agglomeration innovation (Audretsch & Feldman, 1996). The regional knowledge
spillover framework speculates that because tacit knowledge is more easily
transmitted, including face-to-face interaction, geographical proximity and
innovation agents lead to greater knowledge spillovers (Henderson, 2007). From
the perspective of economic development, the exchanges and cooperation between
the two neighborhoods increase the total knowledge stock of the region, improve

the knowledge reserve of the public and the knowledge level of enterprises, enable
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the development of more differentiated products, and promote the endogenous
economic growth (Romer, 1990).

Using European patent data, the empirical study shows that R&D
expenditure in the neighboring region will affect the patent activity in the region,
S0 it can be seen that regional innovation will improve the innovation capacity of
the neighboring region (Bottazzi & Peri, 2003). It is traditionally believed that
knowledge spillover is spatially limited, and knowledge can only be transmitted
effectively within a certain range of content. However, with the increase in
distance, the effect of knowledge spillover will decrease (Sjoholm, 1999). Relevant
empirical studies show that the measurement of knowledge flow using patents
shows strong spatial attenuation (Jaffe, 1993). In regional innovation, there exists a
three-helix space consisting of knowledge space, convergence space, and
innovation space (Herry, 2002).

- Cognitive behavior theory. In the university management mode towards
CE, the ultimate goal of the popularization and promotion of CE behavior is to
achieve the full participation of all teachers and students, especially the positive
CE behavior of college students. Theoretically and empirically, it is of great
practical significance to explore the influencing factors and promotion paths of CE
behavior of college students. The research on the influencing factors of CE
behavior can be based on the relevant theories of environmental behavior research.
One of the more popular theories is Ajzen's Planned Behavior Theory (Ajzen,
1991), which holds that individuals’ behavioral intentions are shaped by their
attitude toward behaviors, subjective norms, and perceived behavioral control. In
addition, another widely used theory is Stern (2000) and his colleagues (Guagnano
et al., 1995; Stern et al., 1999) developed an ABC “Attitude - Behavior Context”
(ABC) comprehensive model of environmental behavior, see Figure 1.15.

According to Stern, environmental behavior (B) is generated by the
interaction of individual attitude variables (A) and situation factors (C) towards
environmental protection. When the external factors have a neutral influence, the

environmental attitude has the strongest influence on environmental behavior.
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When the external factors are positive or negative, they exert the same influence on
the attitudinal behavior path. The attitude variables considered in this theory can
include a variety of specific personal beliefs, norms, and values, as well as a
general “tendency” to act in a certain way. Background factors can include a
variety of influences, such as monetary incentives and costs, physical capabilities
and constraints, institutional and legal factors, public policy support, interpersonal
influences (such as social norms), and broader social contexts such as loyalty to or

being influenced by environmental groups.
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Figure 1.15 - The Attitude - Behavior - Context model
Source: prepared by the author based on Stern (2000).

A survey of the British public shows that environmental values have a
significant impact on the public’s environmental behaviors such as waste recovery,
reuse, and reduction (Barr, 2003). The relevant research shows that individuals’
environmental attitude has the highest correlation with the degree of participation
in environmental behavior (Wang, 2013). In the survey and research on the
environmental attitudes and behaviors of the American public, there is also a
significant relationship between individual environmental attitudes and their
environmental behaviors and participation in environmental protection (Brent,

1996). The investigation and analysis results of Switzerland show that knowledge
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and environmental values partly explain environmental behavioral intention, while
environmental behavioral intention mostly explains environmental behavior
(Kaiser, 1999). From the integration of research literature on environmental
behavior (Hayes, 2001), it can be seen that environmental knowledge, knowledge
of environmental action strategy, and the sense of responsibility have a significant
impact on environmental willingness, and thus on environmental behavior. In
addition, some studies have shown that the public’s environmental willing-
behavior path is affected by situation factors, that is, situation factors will have a
positive or negative adjustment effect, and will promote or inhibit environmental
behavior accordingly (Guangnano et al., 1995).

In the study of students’ environmental willingness and environmental
protection behavior, the investigation of American primary school students also
confirmed the positive correlation between environmental knowledge and
environmental protection activities (Rockland, 1995). However, studies on the
relationship between willingness and behavior showed that when the behavior
required participants to pay higher effort, willingness would have a strong
influence on the behavior, and vice versa (Schultz & Oskamp, 1996). Under the
condition of similar environmental cognition and responsibility, college students in
areas with better environmental protection have a more active willingness to
participate in environmental protection (Richard & Adams, 2011).

In short, specific behaviors are the result of interaction between internal
(knowledge, values, attitudes) and external (ecological society) factors. Effective
interventions, then, can promote environmental behaviors under the influence of
these internal and external factors. Therefore, it is necessary to verify and analyze
the variable relationship among college students’ CE consciousness, behavior, and

situation factors, so as to put forward strategies to strengthen CE behavior.
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1.3 Review of the sustainable university management system and
practical experience in developed countries

Evolution of sustainable management system in universities. The CE
activities of universities originated from their initial SD practices, especially the
construction of sustainable campuses. Therefore, it is necessary to summarize the
research on the international sustainable university management model and
operation mechanism in this study. Based on the theory of ESD, the research and
practice of green campuses and sustainable university construction have been started
very early in the world.

For a green campus, the United States Green Building Council (USGBC)
defines it as an optimized higher education community that could achieve improved
energy efficiency, resource conservation and protection, and environmental quality
through sustainable education. The idea of a green campus explicitly focuses on
improving the impact that buildings and the campus have on the environment. To
create a green campus, many programs should be put into practice on campuses,
such as renewable energy, low-carbon transport, reused water, and recycling.
Different from a green campus, a sustainable university always refers to
environmental, economic, and social concerns that universities should have as the
obligation on their activities in the use of resources (Velazquez et al., 2006). From
the point of view of constituent aspects, a sustainable university is an educational
institution that educates global citizens about SD (education), offers relevant insights
on urgent societal challenges (research), reduces the environmental and social
footprints of its campus operations (operations), empowers students and staff to act
(Community), and makes sustainability a central priority (governance). Similarly, a
university campus environmental management system was first defined as a system
with four dimensions, namely education, research, university operations, and
external communities Cortese (2003), and subsequently, evaluation and reporting
were added as a fifth dimension (Lozano, 2006).

From the comparison of a green campus and a sustainable university, it can be

seen that although a sustainable university points to a broader field of SD, the two
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concepts are relatively close from the perspective of resources and the environment.
Both two types of universities regard the principle of SD as the goal of campus
management to achieve SD and green development of the economy and society. So
their management system and practical experience could be used as the inspiration
for this study.

- Environmentally sustainable practices. The sustainability efforts of
universities aren’t new. Like many other institutions, universities became aware of
the impacts that their activity had on the environment. As such, environmental
concerns worked as the very first driving force towards sustainability. Energy
consumption, for instance, has become the main target of sustainability efforts,
because of its relationship to environmental degradation and potential economic
savings. Three main approaches have been used to manage environmental issues at
universities (Alshuwaikhat & Abubakar, 2008): “Green Buildings Initiatives”, ISO
14001 standard, and EU Eco-Management and Audit Scheme (EMAS). The “Green
Building Initiatives™ approach includes efforts made at the campus’ infrastructures,
such as reducing building energy and water consumption. while implementing
Environmental Management Systems (EMS) (ISO 14001 Standard and EMAS) to
manage environmental issues and so to approach sustainability on campus can be
classified as “Management Initiatives”.

The Leadership in Energy and Environmental Design (LEED) green building
certification program is the accepted benchmark for the design, construction, and
operation of green buildings in the United States of America. Many universities
adopted this certification process to assure their building’s sustainability, largely due
to the “Green Campus Campaign”, which encourages and promotes the use of
LEED as a roadmap to greening the university campus. USGBC offers a set of
rating systems that can be used by universities in different situations. Like LEED,
building research establishment environmental assessment method is another
environmental assessment method and rating system widely used in Europe, but also
all over the world.

Even though operational initiatives can be seen as worthy examples of
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sustainable practices, they cannot by themselves be a guarantee of campus
sustainability. They lack a systematic and continuous quality improvement approach
that is the core of standardized management systems.

Environmental management systems (EMS) have been implemented by many
institutions, which include two models the ISO 14001 standard and the EMAS
regulation. The ISO 14001 standard is the most popular procedure used to
implement EMS within all kinds of organizations, including universities (Price,
2005). The European Union developed the EMAS methodology, a voluntary EMS,
under which companies and other public organizations can effectively evaluate,
manage and continuously improve their environmental performance.

Though the implementation of a standardized EMS can overcome the lack of
systematic and continuous improvement found in the using of “Green Building
Initiatives”, there are some possible drawbacks to this approach to sustainability on
university campuses, such as lacking strategic planning for sustainability
(MacDonald, 2005) and specific environmental performance policies and targets
(Alshuwaikhat & Abubakar, 2008), and disregarding social and economic issues
(Lozano, 2006)

- From EMS to SMS. Different from environmental management at
universities, sustainability management requires organizations to move beyond eco-
efficiency into integrating environmental and social goals into all facets of decision-
making (Richards &Gladwin, 1999). This integration means universities should take
into serious consideration the triple bottom line of environmental, social, and
economic output (Shriberg, 2002). In addition, universities are a unique type of
organization, as they need to address not only all three dimensions of sustainability
(economic, environmental, and social) but also the five dimensions of their
organizational activity (education, research, operations, community outreach, and
reporting). The system thinking approach could help to identify key leverage points
for actions to improve sustainability on campus and understand how particular
operational activities may influence the whole management system (Posner &
Stuart, 2013).
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Based on the empirical data gathered through a literature review and a
worldwide survey on the experiences of universities, Velazquez et al. (2006)
proposed a comprehensive sustainability management model specifically developed
for universities. The model consists of four phases, organized from strategic to more
operational fields, and is based on four strategies (Education, Research, Outreach
and Partnership, and Sustainability on Campus). The structure of a sustainable
university should also include networking with other universities (organizations
such as National Wildlife Federation, the University Leaders for a Sustainable
Future, or Second Nature), sustainability audits to monitor, analyze, and control the
performance of sustainable initiatives, and obedience to the continuous improvement
principle of the Deming Cycle (Deming, 1952). Similarly, Alshuwaikhat and
Abubakar (2008) proposed a sustainability management model consisting of a
framework for a more suitable approach to achieving campus sustainability that
could outperform the limitations of traditional environmental management practices.
They chose to integrate three strategies into their Campus Sustainability Model,
including EMS, public participation and social responsibility, and sustainability in
teaching and research. An interesting feature of this model is the explicit reference
to the implementation of an EMS as a strategy to achieve sustainability. Both
models can be used as a framework to implement sustainable strategies and policies
at universities, and these strategies and initiatives consisted in these models could
lead to the implementation of a sustainability mission within a university.

The sustainable management practice of colleges and universities has
experienced continuous progress and development from built environment
certification to EMS and then to SMS. At the end of the day, implementing either
“Green Building” and/or ‘“Management” initiatives comes up short when one is
talking about a sustainable university. “Green Building Initiatives” lacks a
systematic and continuous campus quality improvement approach, while
implementing an EMS may excessively focus the university on environmental issues
and disregard social issues. Both these initiatives tend to address only the

operational dimension of the university system, neglecting education, research, and
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community outreach. While the SMS models that are built within all four university
dimensions make perfect sense in a scientific paper, it is still difficult to be
implemented in real-world situations due to multiple reasons such as lack of
motivation (Boks &Diehl, 2006) or shortage of financial resources (Velazquez et al.,
2005). So, it is worth trying to build a more practical and down-to-earth CE
management system in universities compared to SMS.

Operation mechanism and evaluation mode of sustainable universities. In
the process of implementing campus sustainable management mode, colleges and
universities usually adopt mechanisms and methods including the top-down
approach (TDA), the participatory approach (PA), and a mix of TDA and PA. In the
dynamic mechanism of EMS, the SD of campus is from implementing standards to
implementing standards and then to consciously implementing them. Relevant laws
in China have mentioned the responsibility of universities in implementing CE and
SD by TDA.

In 2019, the Ministry of Housing and Urban-Rural Development compiled
and published the national standard Green Campus Evaluation Standards
(GB/T51356-2019) (GCES) based on the original 2013 standards, in which the
indicator category reflects the top-down directives for the university, all faculty, and
students (PRC MOHURD, 2019b). To promote the construction of ecological
civilization in the whole society, the Ministry of Education and the National
Development and Reform Commission launched a nationwide Green Campus
Construction Action Program (GCCAP) in 2020, which stipulated the goal
requirements of achieving at least 60% green campus by 2022. However, due to the
lack of clear incentives and participation mechanisms, the process of green campus
construction in colleges and universities is still slow, and the promotion of various
circular economic activities in colleges and universities is still limited and even
ignored.

As an important symbol of social progress and stability, PA is an effective
way to achieve sustainable universities by exerting the subjectivity and initiative of

the implementer to actively participate in CE activities. In the sustainable university
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management model and organizational structure, the way and degree of participation
of all relevant stakeholders will greatly affect the management effect. Public
participation in the international association of public affairs and activities that are
relevant to participation and empowerment in accordance with the degree of public
participation, from weak to strong is divided into five grades (IAP2, 2007). The
empowerment validity of public participation and its positive influence has also
been proved by many scholars (Holyoak, 2001). It is also associated with the future
of college students by enhancing their self-skills, such as self-motivation, self-
confidence, and self-management, as well as other recognized competencies of
openness (Harvey, 2000). Therefore, teachers, researchers, students, and logistics
staff need to be mobilized and attracted to combine their work with CE activities.
After all, no amount of abundant educational and scientific research assets in
universities could improve CE performance if the implementer does not have an
orientation towards CE. However, it is a limitation that PA’s effect is small on the
implementer to consciously participate in promoting the various CE activities and
may not guarantee a stable contribution to sustainable university construction.

The mix of PA and TDA combines the top-down administrative directives
and bottom-up full participatory to guarantee the realization of SDGs by
compensating for the defects of each mode when used alone. If EMS were
implemented only through a top-down process, it might achieve environmental
improvements in university operations, but it would exclude the educational aspects
of campus sustainability. Only with the combination of adoption and participation,
can EMS achieve all that it can achieve. Through an empirical survey of 47
universities with EMS across Europe, et al. found that in terms of EMS
implementation methods, 21 universities are PA, 6 universities adopt TDA, and
seven universities adopt a mix of TDA, except for 13 universities that are not
applicable and have no data PA. The study demonstrates that EMAS was mainly
implemented via a participatory approach, whereas 1ISO 14001 was implemented
almost equally by a PA, TDA, and a mix of both approaches. 1SO14001

implementation is more flexible. No matter what kind of EMS is adopted on
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campus, Hybrid management models and mechanisms are most effective in
achieving the sustainable mission of the university, including reducing the
institution’s impact on the environment and conducting research and teaching
(Disterheft et al., 2012).

In addition, in the campus management mechanism, quality management uses
the inspection process of the Daiming circle, which needs to evaluate and inspect the
management performance of colleges and universities. The traditional university
ranking system is a performance evaluation of economic input-output, resulting in
the lack of an internal driving force to carry out sustainable construction activities on
campus. In order to promote the SD of colleges and universities, the new university
ranking system should include the full input-output performance evaluation of
environmental input (Lozano, 2011), as a fair value benchmark to measure
sustainable campus construction.

There has been a research upsurge in the early 21st century, and the
international academic circle has accumulated abundant achievements in the field of
the sustainable campus evaluation system. Among these tools, the mature and
representative ones are the National Wildlife Federation's State of the Campus
Environment (NWF-SCE), University Leaders for a Sustainable Future's
Sustainability Assessment Questionnaire (ULSF-SAQ), Auditing Instrument for
Sustainability in Higher Education (AISHE), Campus Sustainability Assessment
Review Project (CSARP), Penn State Indicators Report (PSIR) presented by Penn
State Green Destiny Council of Pennsylvania State University, and Campus
Sustainability Assessment Framework (CSAF). However, even mature and
comprehensive evaluation tools still have some problems in practical application,
such as difficulty in inter-institutional comparison, the excessive number of
indicators, and inconvenient operation (Cole, 2003; Pipjelink, 2011).

Besides, Ul GreenMetric World University Rankings (UIGWUR) launched
by Universitas Indonesia and College Sustainability Report Card (CSRC) published
by the American Sustainable Endowments Institute have been widely recognized as

the authoritative assessment of universities” sustainability efforts. The main
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materials used as a basis for evaluation are mainly provided in the form of self-
evaluation by the participating universities themselves and then reviewed by the
organizers. The objectivity and accuracy of the evaluation materials cannot be

guaranteed, see Table 1.9.

Table 1.9 - Sustainability assessment tools for higher education institution

Tools

Characteristic

Shortage

NWF-
SCE

A qualitative research method is adopted to
evaluate the performance of campus ecological
work, which is comprehensive.

The respondents  were
mainly university
presidents and staff of
governing units.

ULSF-
SAQ

It can be used to evaluate the functional interaction
relationship of SD and to set targeted goals by
finding weak links through exploring problems.

It cannot be quantified
because there are no
designed scoring criteria.

AISHE

The evaluation indexes are comprehensive and can
be compared in different stages to facilitate the
comparison between colleges and universities.

The whole evaluation
system is complicated to
understand

CSARP

It has the advantages of good comprehensiveness
and a high degree of internationalization because
university characteristics are considered indicators.

Due to the post-evaluation,
there is a time lag and
operability is insufficient.

PSIR

The evaluation index for the SD of green campus
of a single university has outstanding superiority in
evaluating the sustainability of a single campus.

It is not suitable for
comparison of evaluation
between universities.

CSAF

The two main systems for assessing campus
sustainability are the human system and ecosystem
system, which are both targeted and
comprehensive.

Data acquisition in some
universities is difficult and
its operation is still not
ideal

UIGWUR

It conducts an online survey and ranks the 912
participating universities in terms of their efforts at
sustainability through 6 indicator categories.

The use of mainly
university self-assessment
tends to lack objectivity.

CSRC

It aims to grade the sustainability profiles of 322
universities in the United States and eight Canadian
provinces with nine indicator categories.

Ranking activities have
been suspended for 2012.

Green
Degree

The target layer refers to the green degree G, and
the five criteria layers are education, campus,
scientific research, practice, and operation.

It is difficult to ensure the
objectivity of the results
through questionnaire
survey.

GCES

It contains five indicator categories, and each
category contains multiple sub-indicators

There
indicator
operation.

are too many
items for easy

GCCAP

The green campus assessment system is clearly
explained to achieve at least 60% green campus
requirements by 2022.

The specific evaluation
standard of each city is not
unified,

Source: prepared by the author based on official website data and information
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In China, the evaluation index system of "green degree" is one of the
commonly used evaluation systems for green universities (Chen & Zhang, 2003).
Also, the evaluation standards of the Chinese government departments issued, such
as the national standard GCES and the nationwide GCCAP, have the advantage of
top-down channels to promote. However, it is difficult to ensure the objectivity of
the results and is not convenient to operate in practice. In addition, domestic
academic circles are lacking in the management of green campus software,
especially the overall operation management, and there are few evaluation
standards for the performance of campus management oriented towards CE.

International practice of sustainable university construction. As a
special community with a large population, the university green campus project
can provide conditions and environment to promote the realization of sustainable
lifestyle for residents, and has been an important activity of sustainable education
development in various countries. A lot of work has been done in the practice of
green campus construction in the world. North America is represented by the
United States and Canada, while Europe is represented by the United Kingdom.

American universities are more advanced than other countries in the practice
of building green campuses. The SD of many universities has become a model for
universities in other parts of the world. The green campus initiative on American
campuses has been endorsed by national education authorities and has received
guidance, standards acceptance, and certification from professional environmental
bodies such as the USGBC. In addition, through sustainable education, campus
greening construction, coordination, and cooperation of various environmental
organizations and alliances, the stakeholders of green campus, such as
administrators, teachers, students, staff, and enterprises, will be closely linked
together to make the university have a broader influence. To support green schools,
the USGBC established the Center for Green Schools in 2010. It is specialized in
guiding and leading the green school construction movement in the United States
to build all schools in the United States into green schools (Liu, 2014). At the same
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time, the green campus assessment system (LEED for Schools) based on
Leadership in Energy & Environmental Design (LEED) was developed to test and
assess the buildings of schools, with the highest LEED Gold-Cl level (Platinum
level).

In 1994, the Foundation for Environmental Education proposed a Europe-
wide Green School Project, which has already become a worldwide project across
Europe, Africa, South America, Asia, and Oceania. So far, the program has
expanded to 59,000 schools in 68 countries. The program has expanded to effect
change in some 59,000 schools in 68 countries across the Globe up to 2019. Since
the 1990s, The UK began to advocate and spread the idea of “incorporating
environmental protection into the daily management of schools” in higher
education. In 1990, Britain published two research reports on furthering and
promoting green action in higher education. From the practical action and
curriculum to do two aspects. In 1992, higher education institutions focused on
research and practice in solid waste and energy management, such as the
University of Edinburgh, which established the Energy Environment Group to
oversee energy management in schools. The University of Nottingham is keen on
building a green campus, and the use of location selection, lighting, and energy-
saving technologies has become a good example of a green campus.

Subsequently, in 1993, the British government established the Expert
Committee on Green Environmental Education. The report Environmental
Responsibility Agenda in Higher Education for first time described in detail the
environment and SD in UK higher education institutions, as well as the outline of
how to carry out relevant work in the future. After 1997, many universities in the
UK jointly launched the Higher Education 21 Committee, which agreed on the SD
strategy of universities. In particular, starting from the establishment of the
environmental quality management system, the green campus actions, construction
plans, and construction projects were incorporated into the quality system. Seek
formal quality system certification to ensure the realization of the top goal of

university SD. In the process of quality management, the Continuous Improvement



86

of PDCA cycle is emphasized, and the whole process of SD of universities is

guided by scientific methods. Table 1.10 shows some practical achievements of

green campus construction worldwide.

Table 1.10 - Green campus construction practices in the world

Practice or

Main body Countries : Organization or goals
action
Harvard United Green Campus The Green Campus Comm!ttee was set up to take
L . SD as the top-level strategic management goal of
University States Action Plan . .
the university.
The Office of Green Campus Programs is run by
George . . - . - s
. United green campus | dedicated offices and administrative staff:
Washington . . - .

o States Initiative academic research, facility construction and

University . .
international exchanges.
University of | United Campus Adopt a natural gnd daily way of university

S Environment | management, and integrate the concept of green
California, States . . . .

planning development into daily teaching.

L . Willingn fficien i ration, an
University of | United Campus Green Hlingness, €tticiency, eqmt)_/, cooperation, a_d
Bulgary States Action natural  systems, emphasize the public

participation of academics, faculty, and staff.
LEED brochure. It is the authoritative technical
United Green School | standard adopted by green building projects in the
USGBC : :
States Centre process of constructing green campuses in schools
at all levels.
Unaffiliated with any  organization or

L environmental declaration, the University of

University of Green Campus e - o
Canada . Waterloo proposes its five guiding principles for a
Waterloo Project . L
green campus, emphasizing overall sustainability
and participation by all faculty, students, and staff.
University of o Environmental Set up an "Energy and Environment Group" to
. Britain lead the development of common energy
Edinburgh agenda :
management strategies.
University of Green Campus A series of sustainable innovations have been
y Britain PUS | carried out on the site selection, planning, lighting,

Nottingham

Construction

and ventilation of the campus.

Source: prepared by the author based on official website data and information

Tsinghua University is the first university in China to put forward the

concept of green campuses. In 1985, Tsinghua University was approved to build

the "green campus Demonstration Project”. In 1999, Tsinghua University first

proposed the construction of green campuses and established the green campus
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Office. In 2001, The Environmental Protection Administration officially named
Tsinghua University as the first green campus in China. The core content of its
green campus construction includes green education, green scientific research, and
green campus. Subsequently, Harbin Institute of Technology, Beijing Normal
University, Guangzhou University, Tongji University, and other universities have

also carried out the practice of green campus construction, and more universities

have joined the ranks, see Table 1.11..

Table 1.11 - Green campus construction practices in China

Main body | Region Pra}ctlce or Organization or goals
action
Tsinahua Green green campus construction leading group has been set
univgrsit Beijing | campus up with a green campus office, expert committee, and
Y. initiative green technology consulting platform.

Harbin Green Various green projects have been composed to
Institute of | Harbin project promote the awareness and concept of green
Technology management | environmental protection among teachers and students.
Shandong Green technology and construction are adopted in to

. . Green o i A
Jianzhu Jinan buildin ensure the campus building is sustainable and
University g strengthen the concept of green campuses.

A sewage reuse system is established in combination
Southwest Sewage . . )

. with small sewage treatment stations to achieve the
Jiaotong Chengdu | resource . . . . .
Universit reCoVer best integration of economic benefit, environmental

y y benefit, and social benefits.
Reform of | It aims to promote green management, green
Shantou . . .
A Shantou | educational | education, green technology, green service, and green
university . .
ideas environment.
Tiangong o Green Green education curriculum system design research
. . Tianjin . . .
university education and demonstration have been implemented.

Huazhong University It mainly focuses on environmental education and field
Agricultural | Wuhan green research to carry out various ecological protection and
University association | relevant publicity activities.

Source: prepared by the author based on official website data and information

To strengthen exchanges and cooperation among universities in different
regions in the field of green campus construction, Tongji University, Zhejiang
University, Tianjin University, and other 10 institutions jointly launched the China

Green Campus Alliance, jointly leading and promoting the development of green
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campus construction in Chinese universities. At present, the number of members of
the alliance has increased to 19, including Nanchang University, Tianjin University
of Technology, Inner Mongolia Normal University, Xihua University, Ocean
University of China, and Ningxia University. In 2011, Nanjing University also
established the Alliance of Green Universities across the Taiwan Straits, and
regularly discussed and communicated with universities in Hong Kong and Taiwan
on the construction of green universities.

Both the GCES and GCCAP are considered as the top-down guidance
document and evaluation basis and cover the construction of green campuses in
primary and secondary schools, vocational colleges, and universities. However, up
to now, the green schools at all levels are mainly primary and middle schools,
while the process of establishing green universities is relatively slow. At present,
although sustainable university construction has been carried out in China for
several years, there are only a few universities that have constructed and
implemented the working framework of sustainable university at the level of
system management and strategy, and the construction of sustainable university is
still at the initial stage. CE is a more specific and operable concept as a relative SD
and is also an important means to achieve SD. Therefore, the construction of a CE-
oriented asset management mode for universities can become an important

approach to achieving the goal of sustainable university construction in China.

Conclusion to section 1

In section 1, this study focuses on the theoretical background of higher
education institutions in promoting CE implementation. Universities are
considered one of the primary driving forces in the CE transition, and the essence
and value contributing to CE performance are analyzed comprehensively to verify
this statement. A systematical literature review on the application and development
of CE targets in the routine activities of universities is conducted to explore what

has universities done in CE implementation. To introduce a practical foundation
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for the formation of a university CE activity management system, a comparative
analysis of the management evolution, operation mechanism, and evaluation model
of sustainable universities in the world is carried out. The main conclusions are as
follows.

1. Through a systematic review of theoretical and practical explorations of
CE models in China, it is summarized that the institutional design, technological
progress, and pilot experience dissemination are the significant dependence for
China to realize CE transition. Due to the lack of CE awareness and knowledge
and the bottleneck of CE technology development, the way ahead of CE model
promotion is still long compared to developed countries. It is determined that the
university assets, including scientific research assets, educational assets, and
campus operation assets, are closely related to these dependency factors.

2. By conducting a mixed analytical method of bibliometrics and qualitative
content analysis, it is clarified that the main drivers of CE in China are government
policy support, public participation, economic benefits, CE awareness and
knowledge, and CE technological support, and the main barriers to CE are cultural
barriers, market barriers, regulatory barriers, and technological barriers. It is
identified that universities could exert an enormous influence on strengthening the
drivers and eliminating barriers to CE through educational and scientific research
activities, which implies that universities have bright prospects in speeding up the
CE transition.

3. Through the connection analysis of the universities with CE
implementation, it is highlighted that participating in the CE transition is a real
need and inevitable choice for universities. Specifically, it is manifested in the
following aspects, including the extensive initiatives of universities on the green
campus, the provisions of relevant laws on the responsibilities of universities, the
requirements for the functional evolution of universities, the need to inherit and
develop the ecological civilization, and the needs of realizing scientific
development of universities, as well as the potential on reducing corruption and

unethical practices in universities.
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4. 1t is generalized that the previous research on university CE activities is
fragmented and disconnected from each other through the literature review, which
mainly focuses on the construction and talent training model of CE-related majors,
explicit and implicit curriculum design, instruction approaches and tools, and CE
practice on campus. It is clarified that the lack of a comprehensive management
system that can integrate these various isolated activities for an augmented effect
has led to the emergence of this study.

5. It is summarized that the sustainable management practice of universities
has experienced continuous progress and development from built environment
certification to EMS and then to SMS. Either the green building initiatives or the
sustainable management system comes up short when one is talking about a
sustainable university because the functions of education, research, and community
outreach are neglected. It is highlighted that establishing a more practical and
down-to-earth CE management system in universities is essential compared to
SMS.

It is generalized that the management system of CE-related university assets
must be a two-way hybrid management model like sustainable universities, that is,
a mixed management model of the top-down approach and participatory approach
to guarantee the realization of SDGs. This raises the need for a clear
implementable CE framework for universities, as well as active teachers and

students with CE concepts and values.
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SECTION 2: CONSTRUCTION AND EVALUATION OF CE-RELATED
ASSET MANAGEMENT SYSTEM IN CHINESE UNIVERSITIES

2.1 Educational and scientific potential of Chinese universities in
improving CE performance

CE embodies a new model of productivity development, so it requires
corresponding productivity elements to match it, including laborers, labor
materials, and labor objects, as well as science and technology, all of which need to
be realized through education and scientific research. Therefore, CE education and
technological innovation are important guarantees for CE implementation.
However, the current popularity of CE education and the development level of
science and technology in China is still unable to meet the needs of implementing a
CE model. Universities have abundant educational and scientific assets, which
have positive externalities to realize the CE transition in the whole society.
Therefore, it is of great significance to explore the educational and scientific
research potential of universities in the process of CE implementation.

Exploration of University educational potential in CE implementation.
In recent years, all sectors of society are actively exploring effective ways of CE
education. The Chinese National Development and Reform Commission and other
four departments jointly issued the “Notice on the Regulations on the Declaration
and Management of the National CE Education Demonstration Base”, focusing on
building a high-quality CE education demonstration base as a platform to promote
the CE concept to the public, and through the way of “replace subsidies with
awards”, using the CE development special funds to support the national CE
education demonstration base (PRC NDRC, 2013).

Hou (2017) took the education demonstration base of the Tianjin Ziya CE
industrial zone as an example, analyzed the favorable conditions and main ways of
establishing the education demonstration base of CE, as well as the restrictive
factors in practice, and put forward feasible suggestions for Tianjin to develop CE
education. Zhang et al. (2014) argued that public participation in CE education is

the most effective and economic method in CE implementation, and proposed the
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path selection of public participation in CE education from the government,
enterprises, communities, schools, and non-governmental organization level. As a
driver to accelerate the CE implementation model, universities have the great
educational potential for CE education and can provide reliable support for the
popularization of CE education in the whole society.

- Subjects and objects of university CE education (UCEE). Before
studying the UCEE, the subjects and objects of UCEE should be made clear first.
In a narrow sense, CE education in colleges and universities is a kind of school
education that incorporates CE knowledge into school education and teaching
plans. The main subject of university education is the educator, that is, the teacher,
and the object is the educated, that is, the student. In a broad sense, CE is an
economy developed in a knowledge-based society. The concepts and values it
advocates require the understanding, support, participation, and practice of the
whole society. Therefore, CE education is a national, lifelong, participatory ability
education (Yao, 2006).

As one of the main driving forces of promoting the CE model, the
universities are not only the promoters of CE education at the whole society level,
but also the cultivators of professional talents, the creators of advanced CE
technology, and the pioneers and demonstrators of CE practice. Consequently, the
subjects and objects of UCEE are more complicated. The main subjects of UCEE
are not limited to teachers but should be extended to all departments and staff who
participate in the CE practice in universities, such as the CE policy-making and
planning department and the curriculum management department, and the
graduates with knowledge and consciousness of CE who entered the society. These
two groups are very large, but both are easily overlooked resources in higher
education compared with teachers, which can be seen in Figure 2.1. Owing to the
CE implementation depends on the whole society receiving a good education and a
deep understanding of the CE concept, the objects of UCEE are no longer limited
to college students, but the whole public.
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Figure 2.1 - Number of personnel in Chinese colleges and universities (2012-2020)
Source: prepared by the author based on the official website of PRC NBS (2020)

Through the analysis of existing research, it can be seen that the main
subjects in universities to implement CE education include direct subjects
(professional teachers with CE knowledge, the logistics staff with CE concept, and
the students with CE knowledge) and indirect subjects (the CE policy-making and
planning department, the curriculum management department, teaching faculties,
and student social practice department), while the objects of CE education of
universities mainly include students, residents of surrounding communities and the
public, as shown in Figure 2.2.

In addition, the target of UCEE is not limited to the stage education of
cultivating high-level professionals, but to the lifelong education of cultivating the
whole social group as much as possible into citizens with CE concepts and
knowledge. As for the educational mode, UCEE should not only carry out
theoretical education but also carry out participatory practical education.
Theoretical knowledge and intelligence should be put into innovative activities,
and their ability should be properly displayed in CE practice to meet the needs of
CE implementation.
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Figure 2.2 - Subjects and objects in implementing UCEE

Source: prepared by the author

Based on the above concepts, the definition of UCEE can be put forward for
the first time. University CE education is a novel theoretical definition, which
refers to a lifelong education with the guidance and support of relevant
management departments of the universities, and the participation of all teachers
and staff. It radiates education to the whole society with the education of college
students as the core, aiming at realizing the two primary targets of cultivating high-
level professional talents of CE and enhancing the awareness of CE of the whole
public.

By analyzing previous relevant literature, this study found that although
Chinese universities have explored CE education activities, the functions of
university educational resources have not been fully exerted due to the existence of
some barriers.

- Specialty construction and curriculum setting. As a new
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interdisciplinary major encouraged by our nation, RRSE involves the intersection
and integration of environmental engineering, chemical engineering, and
technology, applied chemistry, material engineering, machinery manufacturing and
automation, electronic information engineering, management, and other disciplines.
As CE implementation in China started later than that in developed countries, the
professional development of RRSE also lags. Since the undergraduate major of
Renewable Resources Science and Technology was established in 1996, more than
10 schools have applied for the program. In 2010, the Ministry of Education set up
RRSE major and uniformly changed the original major into RRSE (Yao, 2006).
The universities involved in the major name change include Yunnan Normal
University, Beijing Jiaotong University Haibin College, and North China
University of Water Resources and Electric Power, etc. The students of this major
mainly study the recycling technology of waste resources, the remanufacturing of
key mechanical parts, the performance and application of recycled materials,
energy conservation and emission reduction benefit analysis, and other related
scientific and technical issues of resource recycling.

Through the statistics carried out in early 2016, there are only 30 universities
in China that had set up RRSE major, such as Peking University, Tsinghua
University, and Nankai University (Cui et al., 2018). In this study, by consulting
the list of newly-registered undergraduate majors published by the Ministry of
Education each year from 2007 to 2018, it is found that before 2016, six other
universities had set up the RRSE major, namely Hehai University, Anhui
University of Technology, Jilin Institute of Chemical Technology, Henan
Agricultural University, Yunnan Normal University, and Northwest Agriculture and
Forestry University. Among them, Yunnan Normal University and Northwest
Agriculture and Forestry University withdrew the major in 2016 and 2018
respectively. From 2016 to 2018, there are a total of 15 universities have added the
RRSE major, which is increasing year by year. These universities are Zhejiang
University, Shanxi University, a private university named Zhengzhou Institute of

Industrial Technology, and others. There are also some colleges and universities
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applying for the program that have not been approved by the Ministry of Education,

such as Leshan Normal College and Henan Institute of Science and Technology.

By the end of 2019, there are 49 universities and colleges with RRSE, as shown in

Table 2.1.
Table 2.1 - Universities that established RRSE major
Universit Province Universit Province
y [city y [city
Peking University Beijing Hunan University Hunan
Tsinghua University Beijing Hunan Normal University Hunan
Beijing University of Technology | Beijing Fuzhou University Fujian
Cangzhou Jiaotong College Beijing Fujian Normal University Fujian
L Xi’an University of .
h h . h
Shandong University Shandong Architecture and Technology Shanxi
Shandong Agricultural University | Shandong Shangluo Institute Shanxi
Shandong University of Science Changchun University of .
Shandong Jilin
and Technology Technology
Shandong Agricultural Jilin University of Chemical .
. > . Shandong Jilin
Engineering University Technology
Dalian University of Technology | Liaoning Qigihar University Heilongjiang
N S Northeast Petroleum : .
Northeastern University, Liaoning University Heilongjiang
Shenyang University of Liaoning KL_mmlng University of Yunnan
Technology Science and Technology
Shenyang University of Chemical Liaoni West Yunnan University of
laoning . Yunnan
Technology Applied Technology
. . . Anhui University of Science .
Jiangsu Institute of Technology Jiangsu and Technology Anhui
Hehai University Jiangsu Anhui University of Anhui
Technology
Nanjing Tech University Jiangsu Qinghai Normal University Qinghai
Changzhou University Jiangsu Shanxi University Shanxi
North China Unlversm_/ of Water Henan Neijiang Normal University Sichuan
Resources and Electric Power
Henan Agricultural University Henan Zhejiang University, Zhejiang
Zhengzhou Institute of Industrial Henan East China University of Shanahai
Application Technology Science and Technology g
Luoyang Institute of Technology Henan Nanchang University, Jiangxi
Wuhan Textile University Hubei Maotai Institute Guizhou
Central Sou_th Ur_u_v ersity for Hubei Wuzhou Institute Guangxi
Nationalities
L ) . . Foshan Institute of Science
Wuhan University of Engineering Hubei and Technology Guangdong
S I Ningxia Institute of N
Nankai University Tianjin Technology Ningxia
Tianjin University of Technology | Tianjin

Source: prepared by the author based on official website data and information
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Among all the provinces in China, Beijing, Shandong, Liaoning, Jiangsu,
and Henan have the largest number of universities offering majors in RRSE. Also,
there are still no universities offering this major in 7 provinces, such as Hebei and
Chongging.

According to the catalog of undergraduate majors newly released by the
Ministry of Education, the major of RRSE is belong to the chemistry and
pharmacy discipline. However, the faculty that RRSE major belonging is different
because of the different advantages of disciplines and development targets in every
university, for example, the Chemical Engineering faculty at East China University
of Science and Technology, the Environmental Science and Engineering faculty at
Nankai University, and the Materials and Manufacturing faculty in Beijing
University of Technology.

These also reflect that there must be some differences in the focus of the
professional curriculum in different universities. The RRSE major mainly adopts a
combination of curriculum teaching and base training to train talents (Lv et al.,
2017). Students in this major will mainly learn basic theoretical knowledge, and
combine engineering training exercises to understand the basic conditions of
China’s resource distribution, industrial layout, and environmental protection so
that they have the basic theoretical research and engineering ability to work in the
fields of technology development and management.

By inducting the curriculum systems of various universities, it is found that
the commonly used curriculum system is mainly composed of theoretical teaching
parts, including general education courses, subject basic courses, professional core
courses, and concentrated practical teaching, as shown in Table 2.2. However, the
curriculum system construction overwhelmingly emphasizes the impartation of
theoretical knowledge, while the curriculum setting has obvious defects in the
cultivation of practical ability and vocational skills. Theoretical teaching is
divorced from practical teaching, and the training of theoretical knowledge and
practical skills are not coordinated, which leads to the poor practical ability of

college students after graduation and makes it difficult to meet the needs of
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enterprises. For this emerging major, the universities that have offered this major
are still in the initial exploration stage in terms of its construction ideas and

curriculum system setting (Cui et al., 2018).

Table 2.2 - General curriculum system of RRSE major

Category Target Illustrate
General education Basic skills and personal Foreign language, Legal basis,
courses qualities Computer, Mathematics, Chemistry, etc.
Discipline foundation Basic knowledge and C_hemlstry, Mgtgrlals, Recycling,
. . S Environment, Mining, and Metallurgy
courses skills within the discipline :
subjects.
. Resource regeneration process and
Professional core . : - - .
Professional core skills facility, Solid waste disposal, and
courses :
recycling, etc.
Cognitive practice, Metalworking
Concentrated practical Ability to practice and practice, Course practice, Production
teaching innovate experiment, Graduation practice,

Graduation design, etc.

Source: prepared by the author based on official website data and information

- Professional teaching staff and talent cultivation. The cultivation of
recycling talents is the basis and guarantee of the development of the CE industry.
Colleges and universities are the main sources for cultivating the talents of RRSE
major and management talents that are urgently needed by society. In terms of the
construction of the teaching team, there is no ready-made faculty for this major at
the beginning of the establishment because the major of RRSE is a new discipline.
Most colleges and universities formed interdisciplinary teaching and research
teams across departments based on their respective strengths in related disciplines
and further integration of the experts and scholars from the different faculties and
other related fields, such as Nankai university. However, the insufficient number
and the unreasonable structure make it difficult to improve the overall
effectiveness of professional education. However, it is difficult to improve the
overall efficiency of professional education due to the insufficient number and
unreasonable structure of teaching staff.

In recent years, there is an average of about 1,200 students that graduated

each year in the RRSE major (Liu et al., 2017). By reviewing the admissions plans
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issued by universities, this study statistics the enrollment of RRSE major in
universities that clearly show data from 2017 to 2019, as shown in Table 2.3. It can
be seen that the total enroliment of the RRSE major of the listed universities has
not changed much in the three years. However, considering that the list in the table
does not contain the universities that have added this major since 2017, the overall
enrollment scale should increase year by year. However, it is important to note that
the number of universities that withdraw the major may also change from year to

year.

Table 2.3 - Admissions plans of RRSE major in some Chinese universities
from 2017 to 2019

University 2017 2018 | 2019
Beijing University of Technology 38 19 0
Tianjin University of Technology 66 70 70
Changchun University of Technology 40 40 0
Anhui University of Technology 42 42 80
Fuzhou University 35 35 35
Shandong University of Science and Technology 40 40 0
Neijiang Normal University 35 30 40
Qinghai Normal University 40 40 0
Shangluo Institute 35 35 72
North China University of Water Resources and Electric Power 55 49 55
Shenyang University of Chemical Technology 30 60 60
Anhui University of Science and Technology 36 36 36
Total 492 496 448

Source: prepared by the author based on official website data and information

Graduates majoring in RRSE are employed in a wide range of employment
fields, including R&D and management in metallurgical and chemical companies,
R&D, and design of new technologies in scientific research institutes, production
and management in enterprises using solid waste resources, management, and
service work in the CE park, CE planning and consulting work in a specialized
consulting agency, management and decision-making work in the government

department. Taking Xi’an University of Architecture and Technology as an
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example, it can be generally understood that the main destination of graduates of
this major is to participate in work and continue their studies to obtain higher

degrees, as shown in Table 2.4.

Table 2.4 - Graduate destination of RRSE major from2015 to 2018

Graduate destination 2015 2016 2017 2018
Work 14 35 35 26
Postgraduate study 17 7 11 16
Enlist in the army 0 8 1 2
Go abroad 0 5 2 1
Freelance 1 1 0 2
Unemployed 2 1 3 0

Source: prepared by the author based on official website data and information

- General Education of CE. General education emphasizes all-around
human development. The integration and development of general education and
professional education can not only promote effective communication and
exchange between different disciplines but also help to cultivate high-quality
talents with both moral literacy and professional skills (Zhang, 2017). For non-CE
major undergraduates, especially engineering students, conducting a CE general
education course can not only help students integrate the concept of CE into the
production practice of their specialty and then affect the CE concept in their
professional field, but also can spread CE concept to the whole society through
undergraduates’ social practice activity and promote CE behavior in everyday life,
such as green consumption.

At present, some universities have set up SD or environmental protection
courses in the general education curriculum system, but few universities have
incorporated CE courses into the system. On the one hand, some leaders and
teachers of application-oriented colleges and universities think that general
education is of limited practical significance, and they tend to focus on
professional skills and are unwilling to put general education in the same important

position as professional education. Its essence is still the insufficient understanding
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of general education or the supremacy of utilitarianism. On the other hand, some
students pay little attention to general education. Due to the fierce competition in
the current society, students always have a strong sense of pragmatism and attach
more importance to professional courses. The general education class is treated
worthlessly by the students because of the failure to recognize the importance of
general education for personal growth and social development. In Table 2.5, the

elective courses of general education offered by three universities are listed.

Table 2.5 - Elective courses of general education in universities

University Optional courses in general education
Mathematics and natural sciences, social sciences, philosophy and
Peking University psychology, history, language, literature, art and aesthetic

education, and social SD.

Literature and art, history and culture, society and economy;,

Zhejiang university leadership and communication, technology and design.

East China University of Humanities, social sciences, engineering, natural sciences, and
Science and Technology innovation and entrepreneurship.

Source: prepared by the author based on official website data and information

- Overlooked hidden curriculum of CE. As an important way of higher
education, classroom teaching pays attention to the transfer of knowledge and the
cultivation of cognitive ability. Classroom teaching belongs to explicit education,
which should not be the whole of higher education. Higher education should be an
open and continuous process of educational activities, rather than merely imparting
knowledge in a fixed place (classroom) according to a fixed textbook. The higher
education students receive should be holistic, that is, the integration of
intellectuality, rationality, and emotion (Gao and Bai, 2021). If colleges and
universities only focus on explicit courses, they will ignore educational factors
hidden behind knowledge and life scenes, namely implicit education, resulting in
low educational effectiveness.

The concept of the hidden curriculum was first coined by American scholar
Philip Jackson (1968) in his book “Life in Classroom”, in which he proposed that

many other non-obvious school characteristics other than explicit curriculum
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formed a unique cultural atmosphere and thus constituted the hidden curriculum.
As an important supplement to explicit education, the concept of implicit education
is developed from the implicit curriculum, which is usually regarded as an
unconscious education mode that the educatees are not aware of psychologically.
The recessive education in colleges and universities is to infiltrate the educational
content into the university environment, culture, entertainment, public opinion,
service, system, management, and other daily campus life atmosphere, through a
subtle way to make college students accept the pre-set educational content or have
some positive or positive impact on college students. Colleges and universities
should not only teach open courses but also indirectly convey values and value
orientation to students through hidden factors such as school culture, which is very
helpful for them to enter society in the future (Dreeben, 1967).

However, the recessive education of CE in colleges and universities has
been neglected or abandoned. For example, the school’s logistics department is
well-equipped to organize and implement campus CE practices, such as Kitchen
waste recycling projects. At the same time, logistics work is closely related to
student's life and has the direct advantage of recessive education of CE. However,
the current Chinese university administrators have a single position in the logistics
department, which mainly requires it to do a good job in all aspects of logistics
support, indirectly serving the teaching and scientific research of universities.
Through consulting the relevant data of all 134 colleges and universities in Henan
Province of China, it is found that there is not a single college that has made
relevant support policies for logistics departments to organize CE practice or
provided support for logistics departments to directly participate in CE implicit
education through policy level.

- CE education radiation to surrounding communities. The CE education
radiation of the extracurricular activities of student associations and the social
practice activities to the public is not enough. At present, many universities have
set up Environmental Protection Associations to spread the concept or knowledge

of CE among students. The student social practice department in universities also
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regularly organizes students to participate in environmental protection training and
competition based on their major, which to some extent makes up for students’ lack
of knowledge in this field. However, there are still few pro-circular activities
between colleges and communities, and the effect of the CE educational radiation
from universities to the whole society is still not significant.

Strategies for developing the potential of UCEE. The potential of CE
education in colleges and universities is mainly reflected in the following aspects.

- Promotion of specialty development and talent cultivation. The
development of RRSE major is relatively lagging behind developed countries, and
it is necessary to attach importance to specialty construction to lay a solid
foundation for promoting the CE transition. Obviously, if a university does not
offer RRSE major, it will not hire professional teachers in this major, and it is very
unlikely to train CE professionals and undergraduates with CE concepts and
knowledge. That is to say, there are only a limited number of universities in China
offering relevant majors in CE, so the educational activities directed by lecturers
towards CE cannot be implemented smoothly in all colleges and universities.

The CE-related specialty is an emerging specialty in China, its development
is still in the initial stage, and there is great space for further development.
Colleges and universities should promote professional development and talent
training according to the needs of the society for professionals in CE, which is the
guarantee for the development of CE and the resource recycling industry. On the
one hand, engineering universities that have not yet established the RRSE major,
including mining and metallurgical universities, metallurgical universities,
chemical universities, and materials universities, should all apply to add CE majors
based on the development of traditional specialty disciplines, improve its discipline
group, promote the development of specialty disciplines to cross disciplines and
marginal disciplines, and actively implement the national strategy of strengthening
the country with human resources in CE. On the other hand, colleges and
universities that have established this CE major should scientifically target the

training of talents based on their actual situation and social needs, firmly grasp the
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direction of service development and promote employment, deepen the reform of
institutional mechanisms, innovate education models, adhere to the talent training
model of integration of production and education and cooperation between schools
and enterprises, and actively cultivate qualified application-oriented talents that
meet the needs of green development.

- Improvement of the curriculum setting. The curriculum system is
composed of courses set by the major according to the arrangement and
combination of teaching content and process, which is a relatively complex and
dynamic state and is the core of professional talent training, whose rationality
determines the quality of the professional talent training (Liu et al., 2017). It is
necessary to optimize the curriculum system of the CE specialty to meet the needs
of developing CE teaching. The administrative departments of education should
carry out CE research of specialty construction in a planned and organized way,
formulate scientific and reasonable training programs, and establish a guarantee
system of talent training to strengthen the training of talents in the field of CE.

Universities should strengthen the idea of serving local areas and build a
special curriculum system oriented to industry needs. Firstly, it is necessary to
adhere to the basic principles of broadening the foundation and increasing the
practical teaching links to carry out the reform of course teaching content. It is also
necessary to comprehensively consider the knowledge requirements involved in
this specialty and tightly focus on the circular development goals to establish the
professional curriculum in the following fields, including chemical, materials,
comprehensive utilization technology, mineral and metallurgical extraction
technology, and environmental protection. The distinctive curriculum system and
professional direction should be built in accordance with the needs of the local
industry (Cui et al., 2008). Secondly, teaching activities should be combined with
production practice. Enterprise technicians could be invited to participate in the
compilation, teaching organization, teaching and assessment of teaching syllabus,
and compiling textbooks for major courses with engineering application as the

background, so that students’ theoretical learning and practical production are
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closely combined. Furthermore, it is necessary to innovate curriculum assessment
methods. Professional employment requires relatively higher practical ability.
Therefore, credits should be focused on practical teaching in the assessment of the
curriculum. It is also recommended to increase the content of practice in the
assessment of the theoretical curriculum to guide students to strengthen the
cultivation of practical operation and innovative ability.

- Enhancement of education function of the hidden curriculum. The
influence of implicit courses in CE education cannot also be ignored. With the
support of relevant government policies, universities can carry out lots of CE
practices, which will become an important way for universities to conduct CE
education and publicize the CE concept. Actually, many foreign universities have
started different practices of CE. In China, although the role of universities in
promoting the transition to the CE model has been widely recognized, and the
work of energy conservation and environmental protection in universities is
evaluated by higher education authorities every year, similar practices are still rare
in Chinese colleges and universities.

If universities integrate the CE into their development programs and
formulate relevant development policies, the logistics department can combine the
advantages of the university to actively explore the CE practice in various fields of
the university. Pilot projects in universities could be arisen to catalyze the CE
practice by working with businesses to improve eco-effectiveness as well as eco-
efficiency, see Figure 2.3. For example, universities can establish the campus
domestic waste sorting system, the reclaimed water circulation system, the shared
cycling system, the learning resources recycling system, and the canteen waste
recovery system. Whether water recycling or food recycling on campus, these are
kinds of hidden extra-curricular education in daily life. Moreover, logistics staff
with the CE concept can play an active role in the process of non-classroom
environmental education, and its influence on students’ pro-circular behaviors can
be as effective as formal CE education. The implementation of extracurricular

education of CE in universities relied on the CE practice on campus and the
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logistics staff, as shown in.
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Domestic Reclaimed
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recycling recovery
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Logistics staffs

Students

Figure 2.3 - Implementation of extracurricular education of CE for students

Source: prepared by the author

- Enrichment of general education of CE. The elective courses related to
CE need to be further enriched to enhance the CE awareness and knowledge of
undergraduates. National Bureau of Statistics of China shows that the number of
university graduates in China has exceeded 7 million every year since 2013 (PRC
NBS, 2018), that is to say, university students are a so huge group that could
become disseminators of the concept of CE after graduation, improve the CE
awareness in the whole society, and promote the CE implementation. There is great
significance for the personal growth of undergraduates and social development to
list the general education course of CE as the content of general education of all
majors in universities (Chen, 2019).

The teaching management department of colleges and universities should
strengthen the overall arrangement of general education on CE. The first is to raise
awareness of the importance of general education in CE, and establish a

specialized general course management organization and assessment mechanism to
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ensure the sound development of general education. Secondly, the CE general
education curriculum should be established scientifically. Universities should
strengthen the scientific justification of the courses to be offered, rationally set
course modules, carefully arrange course content, scientifically organize, and
implement course teaching, so as to integrate general education and professional
education to complete the goal of general education of CE. The third is to pay
attention to the development of online course resources to ensure the needs of CE
teaching. At present, especially in universities that have not established a CE major,
professional teachers are scarce. Colleges and universities should improve the
integration of teachers in the region, and carry out general education on CE
through a combination of full-time and part-time teachers and online and offline
teaching.

- Construction of teacher team of CE-related majors. There is a shortage
of teachers in RRSE major, so it is necessary to create a talent pool of high-quality
teachers to ensure the quality of talent cultivation. Strong professional construction
is closely related to high-level teachers. Strengthening the dominant position of
teachers in university education and focusing on the establishment of a high-quality,
high-level team of subject-professional teachers is the top priority of the current
new professional construction (Liu et al., 2017).

Firstly, it is necessary to increase efforts to introduce talents in this field,
formulate various preferential conditions to recruit high-level talents, especially to
introduce discipline leaders and backbone teachers of main courses urgently
needed in the construction of the new major, further optimize the faculty structure,
and create good internal conditions for the establishment of the new major. The
second is to attach importance to the training of existing talents, give full play to
the guiding role of old teachers, promote the development of young teachers,
support teachers to study and visit, and improve the level of the whole teaching
staff. Additionally, to optimize the employment structure of teachers, relevant high-
level professionals can be hired as part-time teachers in the new profession, to

achieve a reasonable allocation of social education resources, and gradually build a
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high-quality teacher team with a reasonable structure and great potential for
development, to help the establishment of new professions good foundation.
Furthermore, the construction of a "double-skilled" teacher team could be
improved, for insurance, paying attention to the training of dual-skilled talents,
arranging for teachers to regularly conduct production practice in enterprises, and
hiring enterprise technical staff to teach and exchange.

- Extension of the influence and scope of education radiation. In terms of
educational radiation to society, the student social practice department and
propaganda department of universities should improve the cooperation with
surrounding communities and other relevant institutions in society. With the
educational resources, universities can integrate CE knowledge and concepts into
social practice, spread the pro-circular value to surrounding communities and the
public, and guide residents to form green consumption habits. For example, Japan
IS a country that suffered from heavy environmental disasters, so they build many
environmental education sites with excellent practical functions, aiming to promote
public awareness of the environment and form spontaneous pro-environment
behaviors (Lin & Shi, 2013).

In China with the educational resources and the platform of student social
practice, universities can use for reference the successful experience of
environmental education venues in Japan to set up CE education venues in
conjunction with the community to provide visiting and explanation services for
community residents and primary and secondary school students and collect
volunteers to carry out online and offline publicity and education in various forms.
By adopting flexible and intuitive ways, public participation can be enhanced. Also,
the effect of CE education can be improved by continuous improvement of
educational methods through obtaining feedback.

Analysis of university scientific potential in CE implementation. In the
context of China’s transition of development mode and upgrading of industrial
structure, the Chinese government also attaches great importance to the important

role of innovation-driven development in SD and requires the implementation of
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the strategy of "innovation-driven, endogenous growth, structural adjustment, and
green development”. Universities should not only play the role of talent cultivation
and education but also play an important role in technological innovation and
knowledge innovation as one of the main bodies of the regional innovation system,
such as the output of green scientific research and services and the collaborative
innovation and development of the industry-university-research institute. Modern
universities, especially research universities, have become as important a social
structure as enterprises and governments. It is realized that regional innovation has
entered the "university-industry-government” three-helix innovation mode
(Etzkowitz et al., 2007). Moreover, in the process of knowledge production,
transfer and spillover, universities have positive externalities for regional
innovation and economic and social development.

In practice, the university’s science and technology and social services can
have a rapid and lasting impact on CE implementation, which is different from
professional talent cultivation and the lag that affects the process. Moreover,
considering the influence of tacit knowledge spillover, the contribution of
universities to the whole social innovation is greater than the explicit contribution
of patents and scientific and technological achievements transition in the current
industry-university-research collaborative innovation. Therefore, from the
perspective of innovation economics, this study tries to explore the potential
impact of the dissemination, application, and transition of university science and
technology on sustainable economic and social development, especially the
knowledge spillover effect of Chinese university research output on enterprise
technological innovation.

- Research on knowledge innovation and spillover in universities.
Knowledge innovation refers to the process of acquiring new basic and
technological scientific knowledge through scientific research, including basic
research and applied research. As for university knowledge innovation, some
researchers believe that it is a process of material exchange (Wu et al., 2008), and

regard the knowledge transferred from universities to enterprises through
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cooperation and technological transition as the achievements of university
knowledge innovation. Subsequently, the scope of knowledge innovation in
universities is constantly expanded, covering the whole process from the creation
of scientific and technological knowledge to the realization of knowledge value.
For example, scientific and technological papers and patent applications are
regarded as original knowledge innovation, while patent authorization and
technology transfer are regarded as the application and commercialization of
knowledge. In fact, from the perspective of knowledge externality, university
knowledge innovation should include explicit knowledge innovation and invisible
knowledge innovation. The contribution of universities to the innovation of the
whole society is greater than that of patents and the transition of scientific and
technological achievements in the current industry-university-research
collaborative innovation.

As for explicit knowledge innovation in universities, according to the
Compilation of Statistics on Science and Technology in Universities, the main
explicit output of knowledge innovation in universities from 2016 to 2020 is listed

in Table 2.6.

Table 2.6 - Main explicit output of scientific innovation in universities

Year 2016 2017 2018 2019 2020
Number of science and 13,113 | 14,046 | 13824 | 14685 | 13619
technology works
Number of scientific papers | g6 559 | 918161 | 957,341 | 1,026,200 | 1,083,321
published
Number of scientific papers
published in international 302,414 343,999 376,836 444,735 523,834
journals
Number of state-level projects 4,884 4,628 3,359 3214 2,743
accepted
Number of patent applications 184,423 | 229,458 266,418 | 310,276 | 330,375
Number of patents granted 121,981 144,375 163,157 184,934 | 206,036
The total amount of patent sales | , 724 739 | 5 569,711 | 2,031,998 | 3,300,858 | 4,039,648
(thousand China Yuan)

Source: prepared by the author based on official website data and information

The indicators involved include the number of published scientific and
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technological works, the number of published scientific and technological papers,
the number of published papers in foreign journals, the number of national and
project acceptance, the number of patent applications, the number of patent grants,
the total sum of patent sales/income, etc.

The influence of tacit knowledge innovation in universities usually involves
the concept of knowledge space. According to the knowledge space theory,
universities and research institutions with a certain scale and level in a region are
engaged in knowledge production. When the accumulated knowledge reaches a
certain critical value, it will overflow and be transformed into real productivity to
realize the capitalization of knowledge. Existing research results show that in the
same large economic circle and the local region, the knowledge spillover effect of
university innovation is very obvious, and also has a spillover effect on the
surrounding area (Anselin et al., 1997).

In addition to being measured in terms of patent and publishing activities,
proximity to a university and a firm is more likely to communicate with each other,
enhancing the learning effect of the firm on innovation (Anders, 2010). Some
researchers also believe that regional competitiveness and university knowledge
spillover effect affect enterprises’ innovation behavior, and the existence of
research universities in a region will make enterprises in the region more
innovative and competitive (Audretsch et al., 2012).

It is difficult to measure the externality of university knowledge innovation
by a certain index. Based on the empirical analysis of foreign countries, this study
considers that university knowledge innovation outputs have spatial spillover
effects on enterprise innovation activities. Through spatial econometric analysis,
this study empirically explores the spatial correlation between university
knowledge innovation output and regional and provincial innovation indicators.

- Dimension reduction method based on factor analysis. Exploratory
factor analysis in SPSS23.0 was used to explore that the analysis items should be
divided into several factors (variables), and the weight of each factor and the

composite score of the factors were calculated using the rotated variance
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interpretation rate value for further analysis. During factor analysis, the results of
the KMO test and Bartlett sphericity test should be used to determine whether the
selected data is suitable for factor analysis. Then, based on judging the
corresponding relationship between factors and items, several analysis items are
condensed into a few factors, and the factors are named.

In the process of factor analysis, the factor load is estimated by selecting the
type of factor load matrix, and the factor score of the evaluation unit is calculated
according to the common factor with the strong explanatory ability and the
contribution degree of the factor to the total variance. In addition, the weight of
each factor can be obtained by normalization, that is, dividing the variance
interpretation rate of each factor after rotation by the cumulative variance
interpretation rate after rotation. The factor synthesis score is calculated by
summing (factor score * variance interpretation rate after rotation)/ cumulative
variance interpretation rate. The variance contribution rate of each factor was taken
as the weight, and each factor was weighted and summed, for example,

Fx=0.445F1+0.307F2+0.152F3+0.096F4 (2.1)

- Spatial correlation test. Moran’s | and Gearys’ C are commonly used to
test the spatial correlation of innovation. The spatial autocorrelation index Moran’s
| is suitable for global spatial analysis, and its calculation formula is as follows:

Zn: Zn:Wi, iZiZj

Morans'| = - =0 (2.2)

So Zn:Z‘Z
=
Where, n is the total number of regions (n=31 in this study), and W;;is the
spatial weight between region i and region j, and represents the mutual adjacency
relationship between factors defined by adjacency standard or distance standard in
space objects, Zjrepresents the attributes of region i and their average value (X;-

X). Sois the aggregation of all spatial weights, namely
So= )" D Wi, j (2.3)

When Moran’s | is greater than 0, it indicates that the data presents a spatial
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positive correlation, and the larger the value is, the more obvious the spatial
correlation is. When Moran’s | is less than 0, it means that the data presents a
spatial negative correlation, and the smaller the value is, the greater the spatial
difference is. When Moran’s | is 0, the space is stochastic. When interpreting the
calculation results of Moran's I, P values and Z scores are also needed to test the
significance level of spatial autocorrelation. P values that less than 0.05 (passing
the 95% confidence test) and Z scores that more than the critical value of 1.65 (the
threshold set by rejecting the null hypothesis) indicate a positive correlation. If the
Z score is negative and passes the significance test, there is a negative correlation.

The global spatial autocorrelation index only indicates the overall
distribution and correlation degree of a certain social and economic phenomenon in
the research area. In order to explain the spatial distribution of clusters with similar
attributes, further local spatial autocorrelation clustering analysis is needed, and the
results mainly show four manifestations, including high cluster (HH), low and low
cluster (LL), low and high cluster (LH) and high and low cluster (HL).

- Index selection and data sources. According to the actual situation, this
study selected the sample data of 31 provinces, municipalities, and autonomous
regions in China from 2016 to 2020 for statistics. For the output index of
knowledge innovation of universities, indicators are mainly selected according to
the achievements of knowledge innovation of universities, including the number of
published scientific and technological works, the number of published scientific
and technological papers, the number of patent applications, and other items during
2016-2020. The above items are represented by the average value of the five years.
For regional innovation indicators, this study selected the number of patent
applications of different provinces, the number of patent applications of industrial
enterprises above medium and large size, and sales revenue of new products, and
also adopted the average value of these five years.

All data are from China Science and Technology Statistical Yearbook 2017-
2021 and University Science and Technology Statistical Data Compilation 2016-
2020.
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- Factor analysis. First, the dimension of the knowledge innovation output
index is reduced by factor analysis. Because of the processing of variables, R-type
factor analysis is used. In order to verify the applicability of factor analysis, this
study uses SPSS23.0 software to conduct the KMO test and Bartlett test on the
relevant data of 7 projects involved in the output index of knowledge innovation in
colleges and universities.

As shown in Table 2.7, the KMO test value of 0.763 is greater than 0.7,
which means that the data can be used for factor analysis research. The data passed
the Bartlett sphericity test (P <0.01), indicating that the study data were suitable for

factor analysis.

Table 2.7 - Results of reliability and validity tests

KMO value [ 0.763
Approximately chi-squared [J 354.726
Bartlett sphericity test df 21
P values 0.000 * *

Note: * p < 0.05, **p < 0.01

Source: prepared by the author

SPSS23.0 was used for factor analysis of 7 items, and it was found that the
system automatically extracted one factor through concentration processing, with a
characteristic root value of 5.629 (>1), and the explanation rate of factor
accumulative variance was 80.411%. The data in this study were rotated using the
maximum variance rotation method (VARImax) to find the corresponding
relationship between factors and study items. The results showed that the factor
loading coefficient and common degree values of all the research items were
higher than 0.4, which meant that there was a strong correlation between the
research items and the factors, and the factors could effectively extract information.
The "component score coefficient matrix" is used to establish the relationship
between the factors and the study items. According to the proportion of their

contribution to each other, the weight is allocated, and the score of the
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comprehensive output factor of knowledge innovation is calculated as the output
index.

- Spatial correlation analysis. The global autocorrelation analysis is made
on the number of university patent applications and the comprehensive output of
university knowledge innovation in 31 provinces of China from 2016 to 2020, and
the global economic spatial correlation analysis is made on the number of patent
applications of corresponding provinces, the number of patent applications of
industrial enterprises above medium and large size and the sales revenue of new
products. The univariate Moran’s | analysis results show that the number of
university patent applications and the comprehensive output of university
knowledge innovation show strong spatial autocorrelation, indicating that
university knowledge innovation has an impact on the knowledge innovation of
neighboring universities in both theoretical research and application transition

stage, see Table 2.8.

Table 2.8 - Univariate global Moran’s | and test statistics of university R&D

output
University R&D output indicators Moran’s | P Z
Number of university patent applications 0.143 0.049 * 1.6854
Comprehensive output of university knowledge innovation 0.198 0.04 * 1.9715

Note: * p < 0.05, **p < 0.01

Source: prepared by the author

In addition, Moran’s | analysis of university R&D output index and
provincial innovation indicators shows that the spatial correlation between
university patent application and patent application of corresponding provinces and
enterprises is relatively weak, indicating that there is a certain degree of
competition between the two. The spatial correlation between the comprehensive
output of university knowledge innovation and the provincial innovation indicators
is relatively stronger, indicating that the comprehensive output of university

knowledge innovation has a greater impact on the innovation activities of
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enterprises in the neighboring region, see Table 2.9.

Table 2.9 - Bivariate global Moran’s | and test statistics of university R&D

output and provincial innovation indicators

University R&D output Provincial innovation indicators

indicators . Moran’s | P Z
(the first variable) (the second variable)
Number of patent applications 0.01 0.404 | 0.1593
Number of university Number of patent qppllcatlons _by 0.060 0.362 0.381
patent applications large and medium-sized enterprises
Revenue from new product sales 0.043 0.222 | 0.6948
Number of patent applications 0.206 0.017* | 2.3238

Comprehensive output

of university knowledge Number of patent applications by

i : . 0.179 0.027* | 2.0972
large and medium-sized enterprises

innovation

Revenue from new product sales 0.254 0.009** | 2.8744

Note: * p < 0.05, **p < 0.01

Source: prepared by the author

In particular, the spatial correlation between the comprehensive output of
university knowledge innovation and the sales revenue of new products is the
strongest, indicating that the comprehensive output of university knowledge
innovation is closely related to the innovation and management of enterprises.

Further, bivariate local Moran’s | analysis (LISA) was conducted to explore
the spatial correlation between the comprehensive output of university knowledge
innovation and the sales revenue of new products in the province at the
significance level of 5%. The analysis results show that the Yangtze River Delta
region (including Shanghai, Jiangsu, Anhui, Zhejiang, and other provinces) has a
high positive correlation, while Inner Mongolia, Yunnan, and western provinces
have a low positive correlation to the surrounding areas, see Table 2.10. According
to the measurement model of regional knowledge spillovers proposed by Max et
al., technology distance, knowledge gap, and learning ability are the basic factors
affecting regional knowledge spillovers. The Yangtze River Delta region has
relative advantages in the regional economy and competitiveness level, university
resources, technological and cultural level, industrial cluster, and hierarchy

distribution, and has a strong knowledge spillover effect, see Figure 2.4.
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Table 2.10 - Spatial correlation patterns of the comprehensive output of

university knowledge innovation and sales revenue of provincial new products

Quadrant Patterns

Provinces and autonomous regions Amount

The first quadrant High-High

Shanghai, Jiangsu, Anhui, Zhejiang, Shandong | 5

The second quadrant | Low-High

Jiangxi, Fujian 2

The third quadrant Low-Low

Inner Mongolia, Ningxia, Gansu, Xinjiang,
Tibet, Qinghai, Yunnan

The fourth quadrant | High-Low

Sichuan 1

Source: prepared by the author
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Suggestions for improving the scientific potential of universities. There is
a strong spatial correlation and dependence between university knowledge
innovation output and provincial enterprise innovation indicators, and the local
correlation is most obvious in the Yangtze River Delta region. Therefore, the impact
of university CE knowledge output on enterprise CE innovation includes at least
four aspects: CE graduate output, CE research activities and technology transfer,
industry-university-research cooperation, and CE knowledge sharing. However, at
present, university knowledge and technological innovation have promoted effect
and regional spatial correlation on enterprise technological innovation, but also have
adverse factors such as indirect effect, complex form, and low technology
conversion rate. In reality, the basic research led by universities and scientific
research institutes in China is still not fully connected with the applied research and
development of enterprises. Therefore, the potential of scientific and technological
innovation in colleges and universities should be brought into full play to contribute
to the advancement of social CE technology.

First, colleges and universities can further improve the existing CE training,
research mechanism, and information platform construction, and improve the
functions of universities as public service departments, so that innovation and
knowledge have more externalities. Universities have three functions cultivating
talents, innovation, and social service, and are closely related to enterprise
innovation and regional innovation. The stock level of human capital has an indirect
impact on regional innovation output and spatial correlation, while science and
technology and knowledge sharing can directly promote firm innovation.

Second, the government should form an effective management system to
make the direction of CE research and resource allocation more scientific. Under the
traditional system, the promotion efficiency of university scientific and
technological achievements and knowledge innovation to the industry is low. In
recent years, enterprises and universities began to jointly apply for science and
technology projects, reflecting the trend of industrialization of scientific research.

Some scholars believe that enterprises should put forward demands and bids,
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universities and research institutes should obtain them through bidding, and the
government should provide subsidies or policy support according to the project
situation (Liu et al., 2011). The connection and distribution ratio of general basic
research, industry-driven basic research, and industry-applied research needs to be
further optimized.

Third, the government should establish clear rights and responsibilities and
benefit distribution mechanisms for the cooperation and commercial relationship
between universities and enterprises. In the contact between enterprises and
universities, knowledge spillover occurs through the flow and exchange of personnel
and technology or the direct transfer of technological achievements. However, the
research and development of enterprises are closer to the end of the product and they
can better understand the value of knowledge, while the university is in a relatively
weak position and will take some technological protection behaviors, which may
have a negative impact on the spillover of knowledge. To promote the healthy
development and virtuous cycle of the cooperative relationship between universities
and enterprises, and form an effective innovation network, the government should
create a good environment and conditions for innovation cooperation and
commercialization, and provide services for promoting the knowledge production
and technology diffusion of universities, as well as the communication and
cooperation between universities and enterprises.

In addition, the market-oriented mechanism of enterprise technological
innovation and operation should be established. The more effective influence of
university knowledge spillover on enterprises’ technological innovation is based
on the market-oriented orientation of enterprises’ innovation and management. If
enterprises do not change the linear economic model or give up sustainable product
innovation design and production mode for short-term benefits, then, in the long
run, enterprises’ demand for knowledge and innovation will be limited. In this way,
the spillover effect of university knowledge and science and technology will not
happen, and the potential of university science and technology resources to
promote CE will not be brought into full play.
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2.2 Theoretical framework of university CE-related asset management
system towards CE model

The above research shows that university education and scientific research
assets have great potential to promote the CE transition. So, it is necessary to build
a theoretical framework of CE for integrating the functions of universities in CE
implementation to exert significant influence.

Concept of CE-related university assets. To better describe the CE
theoretical framework for universities, this study provides a definition of the
university assets by considering the discourse on the CE (Kirchherr et al., 2017;
Rossi et al., 2020) and the concepts of assets (Zhang et al., 2020; Ma, 2020). This
study define CE-related university assets as all types of resources that formed
during the course of the university’s development, owned or actually controlled by
the university, and are expected to facilitate the transition to a CE model in the use
process. CE-related university assets are the basis for universities to implement
various CE activities, and an important indicator for measuring and evaluating a
university’s CE performance.

Specifically, this novel concept contains four basic elements. The first is that
the ownership subject of the CE-related university assets is the university. The
second is that the forms of the assets are diverse, examples include tangible assets,
intangible assets, and fixed assets. The third is that the use process of the assets
should follow the 3Rs principles of the CE. The fourth is the orientation of the
assets should include universal CE policy goals.

Compared with other university assets, this study argues that there are
unique characteristics exclusive to CE-related university assets, including non-
profit status, technological innovation, education, propagation, and efficient use of
resources. All these attributes are significant factors for achieving the goals of a
CE, see Figure 2.5.

- Non-profit attribute. It is stipulated that no organization or individual
may establish educational institutions for profit in China (PRC MOE, 1998).

Different from enterprises and other entities pursuing the goal of profit
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maximization, universities mainly focus on social benefits and public services as

their ultimate goal. Therefore, CE-related university assets are non-profit.

Non-profit
attribute

. Ownership or use right: g

N University
Efficient use P Technology
of resources / innovation
attribute attribute
CE-related
Existence forms: university Goal orientation:

assets

Diversification CE transition

Operational principle:
3Rs T

Propagation Education
attribute attribute

Figure 2.5 - The basic elements and attributes of CE-related university assets.

Source: prepared by the author

- Technology innovation attribute. As one of the main execution subjects
of research and development (R&D) activities in China, universities have a
significant number of research teams, experts, scholars, and postgraduate students,
who promote the vigorous development of scientific research assets in universities
(Yin & Shen, 2005). It is evident that universities are the dominant contributors to
national scientific and technological output and achievements.

- Education attribute. Universities are significant bases for cultivating
talent, which has abundant educational assets such as lectures and other teaching
resources. These tangible and intangible educational assets could cultivate and
transport a significant amount of talent for society, and bring in many practitioners
with CE values and professional CE talent for various sectors of society. Also, CE
practice in universities has an implicit education effect on students.

- Propagation attribute. Higher education institutions have great social

influence in spreading culture and values, and their propagation activities for the
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values and value judgment could directly affect the thoughts, attitudes, and
behaviors of members of society (Zhao & Zhang, 2012). Universities can
disseminate pro-circular values to society through lectures, teaching activities,
students’ social practice and volunteer service activities, and graduate employment
in various industries.

- Efficient use of resources attribute. The essence of the CE model is to
improve the efficient use of resources to achieve the goal of coordinated
development of environmental protection and economic development. CE-related
university assets are oriented by efficient use of resources; for example, textbook
recycling and a paperless office system could improve the rate of resource
utilization and reduce resource waste.

Classification system of CE-related university assets. To further clarify
the extension and the specific orientation of CE-related university assets, this study
establishes a multi-dimension classification system according to different features,
see Table 2.11. This system is beneficial for decision-makers to have a better
understanding of the various categories and usage rules of CE-related assets, so as
to conduct scientific top-level design and better propel the CE practice on campus.
It could also help the participants of CE activities to cotton on the range of CE-
related assets from multiple perspectives so that they could be able to clarify their

responsibilities and striving direction in CE implementation.

Table 2.11 - The classification of CE-related university assets

Classification feature Types of CE-related university assets
1. Scientific research CE-related assets
By application 2. Education CE-related assets
3. Operation CE-related assets
By morphology 1. Tangiple CE-related assets
2. Intangible CE-related assets
By formation method 1. Innate CE-related assets
2. Developed CE-related assets
By cost level in the implementation of the | 1. High-cost CE-related assets
CE 2. Low-cost CE-related assets
L 1. Direct CE-related assets
By method of participating in the CE 5 Indirect CE-related assets

Source: prepared by the author
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First, according to the application, this study proposes to classify CE-related
university assets into scientific research, education, and Operation CE-related
assets. Scientific research CE-related assets refer to scientific and technological
support that can provide green and innovative technologies for the implementation
of the CE through research and the integration of production, education, and
research. Education CE-related assets are educational resources that can cultivate
CE professional talent for the national CE strategy, as well as improve CE
awareness and knowledge of college students and the public. Operation CE-related
assets are the physical campus resources that can be explored in CE practice that
are managed by universities’ operations departments, for instance, the development
of a shared cycling system on a university campus. Many idle bicycles due to
different reasons, such as being abandoned by graduates, could be regularized and
conducted with scientific management by the university logistics department to
establish a free shared cycling system on campus. This system that reflects the
attributes of CE-related assets could not only avoid the consumption of new
bicycles to reduce resource waste but also realize the refurbishment and reuse of

idle bicycles to improve the efficiency of resource utilization, see Figure 2.6.

Efficient use of Technology Non-prgﬂt attr{bute
. : : - Education attribute
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uniform marking electronic fence

Figure 2.6. Flow diagram of the establishment of campus shared cycling system

Source: prepared by the author

In addition, this study proposes that CE-related university assets should be

classified into innate and developed CE-related assets in line with different
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methods of formation. Developed CE-related assets must be created, developed, or
transformed artificially in a later use stage to meet the needs of the CE transition,
such as research and creation of green materials and green products, and
exploitation and construction of the CE curriculum. Different from developed CE-
related assets, innate CE-related assets are assets that are pro-circular in the early
stage of introduction or purchase, whose nature does not need to be acquired
through post-processing and creation, such as green office supplies and textbooks
and learning materials. Specifically, books and learning materials have distinct
characteristics that include easy to preserve, high durability, and easy to identify
(unique ISBN code), so the second-hand book trade is always regarded as a typical
representative of CE practice. Universities could apply the technical means to
establish a free internet second-hand book trading platform for teachers and
students with the adoption of a more flexible C2B2C (Customer to Business to
Customer) model, so as to realize the reuse of books to improve the utilization
efficiency. Meanwhile, CE information and ideas could be spread through this
learning material recycling system to attract more users to participate in the

recycling activities, see Figure 2.7.

Efficient use of User A Non-profit attribute
resources attribute

User B More users

Technology

: ; < Education attribute
innovation attribute

Propagation attribute

Other users

Figure 2.7 - Learning material recycling system based on the internet platform

Source: prepared by the author
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Based on the morphology, this study suggests dividing CE-related university
assets into tangible and intangible CE-related assets; that is, the former have
physical forms, while the latter is invisible. Intangible CE-related assets are unique
non-physical resources, which can be used for personnel training, scientific
research, and external exchanges, including technological knowledge assets,
human resources assets, institutional assets, reputation assets, and other types.

Furthermore, this study argues that CE-related university assets should be
divided into high- and low-cost CE-related assets based on the costs of the CE-
related assets involved in promoting the transition to the CE model. High-cost CE-
related assets require universities to spend a certain amount of time and money or
effort when developing this type of asset, for example, the construction of a bicycle
sharing system and a reclaimed water recycling system. Low-cost CE-related
assets do not cost too much time, money, or effort, or are too inconvenient or even
provide good benefits, such as the development of general CE education or
recycling of learning materials.

Last, in terms of the different ways of promoting CE performance, this study
categorizes CE-related university assets into direct and indirect CE-related assets.
The former directly participate in or promotes the implementation of the CE, such
as the CE practice carried out by the asset management department and the
operations department. The latter is not directly involved in the implementation of
the CE but can provide essential elements that can promote the implementation of
the CE, such as educational assets that can improve people’s CE awareness and
knowledge. For instance, universities could cultivate CE professionals and
implement general education about CE, and then students with professional
knowledge and ideas can promote the implementation of the CE through their
various pro-circular behaviors.

Content of CE-related university activities. Based on the definition and
characteristics of CE-related university assets, CE-related university activities refer
to the movements or actions that a university carries out to contribute to the

transition toward the CE model with CE-related assets as the core. The essence of
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CE-related university activities includes scientific research, education, and
concrete practical activities based on the classification of CE-related assets by

application, as shown in Figure 2.8.
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Figure 2.8 - Illustrative content of the key types of CE-related university activities

Source: prepared by the author

- Scientific research activities mainly focus on the research and application
of CE technology, including research on green materials and green technology by
researchers at the university and the transition of green science and technology
achievements from theory to practice through university—enterprise cooperation.
China is making green technological progress the main driving force for SD in the
future (Jing & Zhang, 2014). Researchers have shown that the effect of guiding
R&D toward green technology is significant in promoting the progress of green
technology (You & Wang, 2016). In 2019, China invested 23.13 billion euros in
R&D at higher education institutions, an increase of 23.2% from 2018 and
accounting for 8.1% of the total expenditure. The proportion of the scientific and
technological output of higher education institutions is much higher than the
proportion of appropriation expenditure on R&D (PRC NBS, 2020). As the

dominant contributors to the national scientific and technological output and
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achievements, universities can provide the necessary green technology support for
the transition to the CE model by guiding researchers toward green technology
innovation.

Additionally, the application and transition of green technological
achievements are as important as the research on green technology. That is,
achievements with the practical value generated in the university laboratory should
be put into practice for subsequent test, development, application, and
popularization. Cooperation between universities and industries is vital to realize
the transition of green technological achievements. With the increasingly common
research on the coordinated development of green technology and economy, the
combination of the scientific research advantages of universities and the industrial
carrying capacity of enterprises can effectively promote the implementation of the
CE to close the gap between theory and practice.

- Educational activities mainly refer to the education and dissemination of
the CE concept to students as well as society, which includes the cultivation of CE
professionals and graduates with CE values for society, and the dissemination of
the CE idea to the public. In 2019, there were 2,688 general higher education
institutions, with a total of 1.74 million full-time teachers, 30.315 million students
and 7.585 million graduates at the undergraduate level, and 2.863 million students
and 0.64 million graduates at the postgraduate level (PRC NBS, 2020). Colleges
and universities play an irreplaceable role in environmental education by offering
sustainability courses in a wide range of disciplines and departments (Coleman &
Gould, 2019).

However, according to the list of newly registered undergraduate majors
published by the Ministry of Education every year, until 2019, only 49 colleges
and universities in China offered a Resource Recycling Science and Engineering
major, an emerging major approved by the Chinese Ministry of Education in 2010
to meet the urgent demand for talent in the implementation of the CE strategy in
China (Qu et al., 2020). To solve the problem of the shortage of CE professionals,

universities could attach importance to CE training for educators so that they could
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effectively convey the correct CE message through their course teaching.
Moreover, it is necessary to strengthen the structure of the CE major and formulate
scientific curriculum training programs to improve the training of CE talent. The
graduates with CE degrees hired by enterprises can bring sufficient CE concepts
and creativity to enterprises. Moreover, general education could be universalized to
cultivate undergraduates with CE awareness and knowledge, who can spread CE
values to surrounding communities through social practices in the community and
guide residents to form green consumption habits. Graduates with CE awareness
and knowledge are potential green consumers and CE practitioners, who can also
disseminate CE values in their areas of expertise and their daily lives after they
graduate.

- Concrete practical activities refer to concrete CE practices on campus
which consist of various resource recycling systems for achieving the CE, as well
as direct use of a university’s CE-related assets. Taking learning resources as an
example, a survey of Wuhan University of Technology students showed that
85.6% of the respondents disposed of these post-use learning resources as waste
paper rather than recycling them as reusable textbooks (Du, 2016). To advocate for
recycling and reuse of textbooks and other learning materials, universities could
organize on and offline learning material recycling systems (Guo, 2014). In
addition, various resource recycling systems could be established on campus, such
as a domestic waste sorting system, a reclaimed water circulation system, a shared
cycling system, and canteen waste recovery systems.

Additionally, an internal CE-related assets management network could be
set up to monitor the efficient use of assets at every stage of their lifecycle
according to CE principles. From the purchase of assets as a starting point, priority
could be given to the use of environmentally friendly materials and products. In the
process of using such products and processes, it is necessary to fully consider
whether they pollute the environment and how to control pollution and other
negative factors. The possibility of multi-level recovery of waste and other related

factors would be considered in the process of asset scrapping and waste recovery.
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These both concrete and practical activities could exert an edifying influence on
leaders and students and contribute to the realization of transformative CE learning
and education.

Theoretical framework design of wuniversity CE-related asset
management system. CE-related university activities involve a wide range of
areas, including scientific research, education, undergraduate social practice, and
operations, so the subjects of CE-related university activities are more extensive,
which means all university members need to be the subject of CE-related activities.
Therefore, the CE theoretical framework would include all university members
with widespread knowledge as the key to successfully disrupting the linear system.
In particular, the subjects mainly include researchers and lecturers of relevant
teaching departments, undergraduate social practice departments, and students with
CE awareness and knowledge, as well as the operations department and its staff. It
should be noted that not all university staff are born with the CE knowledge and
ability to carry out CE-related activities, so CE training for them is the
precondition for the implementation of all kinds of CE-related activities in this
framework.

On this basis, university researchers could take advantage of scientific
research, set up teams to carry out CE policies and theoretical research, focus more
on green technology design and technological innovation, and break through the
existing bottleneck of CE technology. Through curriculum teaching activities,
lecturers could aim to cultivate CE professionals for enterprises and college
students with CE awareness and knowledge who could disseminate CE education
to society with routine social practices. In addition, operations managers and staff
could explore CE practices on campus by constructing resource circulation systems
and monitoring their operations. This practical exploration not only provides a
direct and effective reference to the implementation of the CE in society but also
affects the public’s lifestyle in an all-around way, and forms the ecological culture
within universities, thus contributing to the formation of a good ecological culture

for society.
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Based on the elaborations above, this paper proposes the theoretical
framework of CE-related university activities that could provide many benefits for
promoting the CE transition, including the construction of the CE culture in
society, green manufacturing and technological innovation in enterprises, green

consumption, and participation in supervision of the public, see Figure 2.9.
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Figure 2.9 - Theoretical framework of university CE-related activities

Source: prepared by the author

In this framework, the subjects of CE-related university activities are the
major factors, because their attitude and behaviors directly determine the effect of
CE-related activities. Therefore, the CE training for university faculty and staff is
of great significance. Fortunately, there is no need to impose excessive coercion or
inducement on them except the training, because scientific research and teaching
are crucial parts of universities’ routine work. All they need to do is to integrate
CE information into their daily work. Moreover, it is very convenient and effective
to spread CE concepts to community residents by taking student social practice

activities as an opportunity to implement education, because social practice
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activities during vacations and daily volunteer social service activities at every
university in China have become a tradition (Wang, 2014). In addition,
implementing CE practices on campus requires only the operations department to
adjust the working concepts toward the goal of the CE to establish various resource
recycling systems, which will not only make the operations work more efficiently
but also form an intangible CE cultural atmosphere that can exert a subtle influence
and implicit education to students.

In other words, while participation in the CE practice is the responsibility of
all members of the university, they will not suffer additional work stress or role
load but can obtain many benefits in the process. In any case, the theoretical
framework of CE-related university activities is a low-cost and high-profit way to

promote the transition to a CE model (Qu, et al., 2021).

2.3 Evaluation method of university CE-related asset management
performance

Basic requirements and principles of index system construction. The
theoretical framework of CE-related assets proposed in this study is based on the
theory and activities of SD. Similarly, the CE-related asset management evaluation
index system of the university is also based on the sustainable campus evaluation
system, so that the university can promote the development of campus CE under
the existing building environment and conditions to achieve the goal of
maximizing resource utilization and minimizing waste. In terms of the specific
content, objectivity and validity are the basic requirements of constructing an index
system. At the same time, the following principles should be followed in the
process of index system construction:

- Principle of integrity. The index system requires complete and
comprehensive indicators, including indicators reflecting various types of CE-
related asset management of the university, to form a complete performance

evaluation index system.
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- Principle of hierarchy. The index system should form different levels of
indicators, the levels should adapt to each other and have consistency so that it has
the corresponding guiding role. Each upper index has its corresponding lower
index, forming a clear hierarchy.

- Principle of scientificity. The evaluation index system of green campus is
constructed by the scientific method and scientific index and planning is helpful to
realize the planning goal. The system composed of multiple indicators should be
classified and normalized, so that the meaning range of each indicator is clear, the
final result dimension is consistent, and the comparability of the indicator system
is realized.

- Principle of incentive. The incentive principle is to ensure that the
selected indicators have the function of continuity and guidance. The original
intention of establishing the evaluation index system is to guide and encourage
universities to advance towards the direction and goal of social CE in the future
development process, rather than to select universities with the ability and level of
building CE. In this sense, evaluation indicators should reflect and play a guiding
and motivating role for universities.

- Principle of selectivity. In the selection of the evaluation index system,
this study should adopt a practical and realistic attitude, and pay attention to the
selection of those indicators with reality, independence, and necessity. At the same
time, the representativeness and comparability of indicators should also be
considered, so that the index system can truly reflect the comprehensive
management performance of CE-related assets in universities.

- Principle of operability. The principle of operability requires that the
characteristics and differences of universities of different levels and categories
should be considered in the evaluation process. The evaluation of the development
degree of the university CE-related assets should be combined with the quantity
and quality, qualitative and quantitative, and given the corresponding weight to
carry out the all-around evaluation. That is to say, the formulation of the index

system should ensure the combination of simplicity and practicality, so as to



133

achieve the purpose of combining difference with operability.

Evaluation method of sustainable university management. The colleges
and universities have gradually formed the corresponding evaluation mode while
implementing the sustainable plan. The most influential is the University
Sustainability Report Card (ASEI, 2011) and the Ul Green Metrics World
University Rankings (Ul, 2022), both of which focus on ranking or rating
universities that are striving to contribute to sustainability, assessing their
contribution to sustainability, to encourage universities to work towards the UN’s

SDGs. The categories of evaluation indicators are shown in Figure 2.10.
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Figure 2.10 - Indicator categories of CSRC and UIGWUR

Source: prepared by the author

The CSRC report, published by the American Sustainable Endowment
Institute, aims to rate the sustainability of 322 universities in the US and eight
Canadian provinces based on nine sub-indicators. UIGWUR was launched in 2010
by Universitas Indonesia and is widely regarded as the most authoritative
assessment of university sustainability efforts around the world. The tool conducts

online surveys and ranks the sustainability and policies of 956 participating
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universities from 80 countries across six sub-indicators.

In this study, the UIGWUR index system was used for detailed analysis,
which is not based on any ranking system. Some existing sustainability assessment
systems and academic ranking mechanisms were considered for reference during
the design phase of UIGWUR, such as the Holcim Sustainability Awards, LEED,
CSRC, the Times Higher Education World University Rankings, the QS World
University Rankings, Academic Ranking of World Universities. The University of
Indonesia has been a member of the International Ranking Expert Group since
2011. Therefore, in the early stage of the design of the competition, experts and
scholars related to university rankings and sustainability topics were invited to
assist, such as university rankings seminars and video seminars on sustainability
and green buildings.

The concept of SD in the evaluation criteria of green universities in the world
mainly includes three main elements, namely, environment, economy, and society.
Environmental aspects include the use of natural resources, environmental
management, and pollution prevention. Economics involves profit and cost savings.
Social aspects include education, community, and social participation. Taking into
account the diverse types and diversity of universities around the world, the World
green campus Evaluation continues to improve its ranking system in line with new
trends in SD topics to ensure practicality and fairness for all participants. The
evaluation index has been developed from 23 specific indicators in 5 categories in
2010 to 39 indicators in 6 categories to calculate the score ranking. The latest
classification and weighting points are shown in Figure 2.10.

Scores of sub-indicators for each category will be simple counts of things or
responses on a scale of some sort. The score of each index is presented numerically
for statistical processing. The data acquisition method is mainly based on the self-
evaluation questionnaire filled in by each university every year. Here this study
lists the scoring details for the waste category so that the rating system can be

represented, as shown in Table 2.12.
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No. | Category and Indicator Point of Waste (WS): Total Point=1500, Weighting=18%
Recycling program for university waste. (Point=300) Score
ws1 | None Partial (1-25% | Partial (>25- | Partial (>50- | Extensive (>75%
of waste) 50% of waste) | 75% of waste) | of waste)
0 0.25%300 0.50x300 0.75%300 1.00x300
Program to reduce the use of paper and plastic on campus. (Point=300) Score
More than 3
WS2 | None 1 program 2 program 3 program orogram
0 0.25%300 0.50x300 0.75%300 1.00x300
Organic waste treatment. (Point=300) Score
Ws3 Open Partial (1-25% | Partial (>25- | Partial  (>50- | Extensive (>75%
dumping | of waste) 50% of waste) | 75% of waste) | of waste)
0 0.25%300 0.50x300 0.75%300 1.00x300
Inorganic waste treatment. (Point=300) Score
WS4 Burned in | Partial (1-25% | Partial (>25- | Partial  (>50- | Extensive (>75%
open of waste) 50% of waste) | 75% of waste) | of waste)
0 0.25%300 0.50x300 0.75%300 1.00x300
Toxic waste treatment. (Point=300) Score
WS5 Not Partial (1-25% | Partial (>25- | Partial (>50- | Extensive (>75%
managed | of waste) 50% of waste) | 75% of waste) | of waste)
0 0.25%300 0.50x300 0.75%300 1.00x300
Sewage disposal. (Point=300) Score
Untreated Treated Treated Treated Treated
WS6 | into . technically for | technically for | technically  for
conventionally " .
waterways reuse downcycling upcycling
0 0.25%300 0.50x300 0.75%300 1.00x300

Source: prepared by the author based on official website data and information

The final Score is a weighted sum of the original scores for each category.

The calculation formula is as follows:

S= Zm:WiSi
i=1

(2.4)

Where, s =isij, m represents the number of categories of indicators (m=6).

j=1

Wi, represents the weight points of the category (i). Si represents the original score

of categories (i). n indicates the number of lower-level indicators of a category. Sj;

represents the original score of the indicator (j) in category (i), which is the number

of points corresponding to an option.

Green campus evaluation index system in China. As the establishment of
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SD universities in China is still in its infancy, Chinese universities have little
participation in the worldwide SD university rankings. Some universities have
special departments responsible for implementing ESD, such as the Green Campus
Office of Tsinghua University and the Campus Management Office of Tongji
University, while many Chinese universities have not yet set up special institutions
to coordinate and organize these actions. In recent years, the Chinese government
has gradually attached importance to the construction of green campuses and put
forward clear requirements and relevant standards in promoting the construction
and development of green campuses, such as GCES and GCCAP.

By comparison, the GCCAP only provides the general index as a reference for
each region to formulate a local implementation plan, the weight and scoring
method of each index are not clearly specified. The index system of GCES is more
perfect, in which the evaluation system of green campuses of universities is
stipulated and elaborated with five indicator categories, which contain control
items and scoring items. The control items are the basic condition that must be met,
so no scoring is performed. The total score for each category of indicators is 100
points, for example, the indicator of Operation and Management includes four
control items and 12 scoring items, as shown in Figure 2.11. Therefore, this study

mainly carries out a detailed analysis of the GCES index system.

1. Organizational structure and department 2. Related equipment and facilities
3. Waste management system 4. Pollutant discharge under national standards

16.Construction waste

5.Staff training and
management

peer communication

15.Waste collection
station management

6.Students and
faculty involvement

(3 10%

14.Pollution-free ()
afforestation
technology 10%

7.Incentive

Scoring items mechanism

13.Application
of information
technology

Planning and Ecology
25%

8.Management
system and operation
regulation

12.Application of
intelligent system

9.Crisis early-
10.Assessment  warning mechanism

11.Energy consumption S
e 3 and examine

monitoring

Figure 2.11 - Indicator system and the subitems in GCES

Source: prepared by the author
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In addition, the GCES also set extra points for the characteristic and
innovative activities except for the five basic indicators, that is, some additional
points can be added. Therefore, the total score of the green campus evaluation
should be the sum of the scores of the five main indicators multiplied by their
respective weights, and then add the additional score of the extra points.

The calculation formula is as follows:
Q= ZWiQi + Qs (2.5)
i=1

Among them, Wi;is the weight of category i, Qi represents the raw score for
category i, Q6 score points for bonus points. Green campus evaluation grade is
divided into three grades according to Q value: one star (>80), two stars (>60), and
three stars (>50). The three grades should meet the requirements of all control
items of each index, and the original score of each index should not be less than 40
points.

Similar to UIGWUR, the evaluation method stipulated in GCES also
requires universities to conduct self-evaluation according to the index system and
submit questionnaires and related report documents to the evaluation agency for
review. In addition, both of the scoring methods are weighted summation methods.
The difference is that the final evaluation result of GCES is to determine the
evaluation grade rather than the university ranking.

Establishement of evaluation method and implementation standards.
The essence of building the CE-related asset management evaluation index system
is to establish an information feedback channel for the majority of participants to
the relevant university CE-related work, and give an effective evaluation of the
university CE-related asset management system according to the information
feedback, so as to improve the performance of university CE-related asset
management and promote the realization of CE development goals.

The CE theoretical framework proposed based on university assets includes
all university members with widespread knowledge as the key to successfully

disrupting the linear system. Therefore, this study proposes the construction of an
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evaluation index system based on full participation, which means that all faculty
and staff should participate in the content and process monitoring as evaluation
subjects to ensure the effectiveness of the evaluation index system. Obviously, this
method is more reliable than the traditional method of self-evaluation to the
assessor for review.

- Basic contents of the evaluation index system. CE-related asset
management includes education, scientific research, campus practice activities, and
other diversified objectives. Therefore, the evaluation of the CE-related asset
management system should select appropriate evaluation indicators according to
the objectives. Referring to the green degree evaluation index system commonly
used in China, the evaluation index system of CE-related asset management
constructed in this study includes 3 criterion layer indicators and 29 index layer
indicator levels, such as CE education, CE research, and CE practice.

From the perspective of content, CE education is to integrate CE-related
knowledge and ideas into the curriculum plan, combine teaching with learning, and
teach students the knowledge and skills to participate in CE activities. CE
education has eight evaluation indicators, including CE professional courses,
general education courses, practical courses, special lectures, theme activities,
social practice participation, community volunteering participation, and campus
media CE special report.

Moreover, the application of CE scientific research affects the route of
innovation ideas and innovative technology and the change of enterprise operation
model and social business model. There are also eight indicators for evaluating CE
research, including published academic papers, published works, project approval
situation, patent application, patent revenue, technology transfer contract, and
technology transfer revenue. As for the CE practice on campus, it mainly consists
of three main types of activities that correspond to the CE principles, namely
reduce activities, reuse activities, and recycle activities. The corresponding
indicators are related to specific campus practices, such as the paperless office

initiative and reclaimed water program, see Table 2.13.
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Table 2.13 - Evaluation index system of CE-related university assets

management performance

Target Criterion Domain Layer ,
layer layer (weight) (weight) Index layer (weight)
curriculum CE profession_al courses D1-1
: General education courses D1-2
education (10%) -
CE _ Practn_:al courses D1-3
education Extra-curricular Special Ie_ctgre D1-4
(30%) D1 education (10%) _ Themg act|V|t_|e_s D_1-5
Cultural Social practice participation D1-6
communication Community volunteering participation D1-7
(10%) Campus media CE special report D1-8
Academic Published academic papers D2-1
achievements Published works D2-2
(10%) Project approval situation D2-3
CE research P_atented Patent application D2-4
(30%) D2 achievements Patent granted D2-5
(10%) Patent revenue D2-6
Industry- Technology transfer contract D2-7
university-research
Circularity cooperation (10%) Technology transfer revenue D2-8
degree D Campus shared bike program D3-1
Paperless office initiative D3-2
Reduce activities Campus anti-plastic campaign D3-3
(15%) Empty plate campaign D3-4
Renewable energy program (Solar hot water)
D3-5
School second-hand product trading platform
. D3-6
CE [Zractlce . vt Online platform for second-hand product
(40%) D3 euszalz;(é /(: ;/ ies trading on campus D3-7
Reclaimed water program D3-8
School computer maintenance program D3-9
Express packaging recycling initiative D3-10
Waste separation management program D3-11
Recycle activities Kitchen waste recycling program D3-12
(10%) Electrical and electronic products recovery
D3-13

Source: prepared by the author

- Process monitoring model. In many countries around the world, top-down

instruction and bottom-up participation are important elements in the operation of

SMS. In the sustainable university management model and organizational structure,

the way and degree of participation of various stakeholders will greatly affect the
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effect of management. Only relying on the top-down model is easy to fail, because
it may lack the promotion of specific subjects, and lack of the sincere
understanding and support of all teachers and students so that the implementation
of this responsibility becomes a mere formality. However, the defect of the bottom-
up participation mode is that stable output may not be guaranteed due to the lack of
institutions. University CE-related asset management must adopt bi-directional
hybrid management, that is, the management mode of top-down administrative
instruction and bottom-up full participation is adopted to guarantee the realization
of university CE goals.

Therefore, before evaluating the performance of CE-related asset
management, some control items should be considered to make the index system
more perfect. This is similar to the control items stipulated in the national
standards GCES. Although these control items are not regarded as scoring
indicators, they are the basic conditions that universities must meet before
participating in scoring. These controls include:

. The university has a clear overall SD plan/ CE development plan.

. The development of school plans should involve the full participation
of teachers and staff representatives.

. The annual CE development goals of colleges and universities are
formulated and the responsibilities of departments and persons are identified.

. Institutions for CE-related asset management and operation should be
established in universities, and the responsibilities of departments and positions
should be clarified.

. The CE-related asset management operation department has the
participation of some teachers and student volunteers.

. Colleges and universities have CE budgets and publish expenditures.

. Formed campus CE practice project and regularly announced the
project's progress.

. Publish annual target achievement at the end of the year.

. Prepare CE-related asset management annual report at the end of the
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year and make it public.
. Publicize the achievements of campus CE promotion within a certain
social scope and accept social supervision
- Evaluation of circularity degree. To make the operation simple, the
percentage weight summation method is adopted by integrating the Delphi method
and AHP method to obtain the evaluation score of the university, which is used to
determine the university’s final circularity degree. First of all, the weight of the
individual is obtained by calculating the average value according to the expert’s
percentage evaluation results of all indicators. Then, all kinds of relevant personnel
of CE-related asset management, including teachers, students, administrative staff,
and middle and senior leaders, will score each indicator according to the
percentage system. Finally, the multi-objective linear function weighting method is
adopted to calculate the circularity degree of CE-related asset management

performance in the university, and the calculation formula is as follows:

D= ijzn;wi,nj (2.6)

Where m is the indicator number of the criterion layer (m=3), and n is the
indicator number of the lower index layer. Wj;is the weight of the corresponding
indicator in each indicator layer, and Dj; is the specific score of a single indicator
for each index layer.

According to the above method, the total score of management performance
evaluation score in a certain university could be calculated simply and quickly,
which corresponds to different levels of circularity degree in the grading standards,

see Table 2.14.

Table 2.14 - Circularity degree division for management performance of CE-

related university assets

No Low Moderate High Deep
Level . . . . X ) . . . i
circularity circularity circularity circularity circularity
D value 0-20 20-40 40-60 60-80 80-100

Source: prepared by the author
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Conclusions to section 2

In section 2 “Construction and evaluation of CE-related asset management
system in Chinese universities”, the educational and scientific potential of Chinese
universities in improving CE performance is explored based on the analysis of
relevant data in various universities and spatial knowledge spillover theory. This
study attempts to design the theoretical framework of the CE-related university
assets management system based on full consideration of CE-related university
assets and CE-related activities. Also, the approach to establishing the CE-related
assets management system in universities is explored. The following conclusions
are obtained.

1. With the synthetic analysis of the current status of the major of UCEE in
Chinese universities, it is highlighted that the educational potential of Chinese
universities in CE implementation is mainly reflected in the aspects that include
promotion of specialty development and talent cultivation, improvement of the
curriculum setting, enhancement of education function of the hidden curriculum,
enrichment of general education of CE, construction of teacher team of CE related
majors, and the extension of the influence and scope of education radiation.

2. The empirical analysis of the spillover effect of university knowledge
space is conducted to analyze the scientific potential of universities. It is verified
that university knowledge innovation has a considerable impact on the innovation
activities of enterprises in the neighboring region. In particular, the comprehensive
output of university knowledge innovation is closely related to the innovation and
management of enterprises. Moreover, the university scientific research has
significant potential on promoting the technological innovation activities of
universities and enterprises in surrounding areas. Based on the analysis, targeted
suggestions for the stakeholders on exerting the potential of university research
assets are proposed.

3. The connotation of CE-related university assets is provided as a novelty,
which refers to all types of resources that formed during the course of the

university’s development, owned or actually controlled by the university, and are
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expected to facilitate the transition to a CE model in the use process. Specifically,
this novel concept contains four basic elements, including the ownership subject of
the assets, the forms of the assets, the use process of the assets, and the orientation
of the assets. Further, the classifications of these CE-related assets are provided, as
well as the attributes of CE-related university assets, such as non-profit status,
technology innovation, education, propagation, and efficient use of resources.

4. A systematic theoretical framework for CE-related university activities is
developed based on the classification and attributes of CE-related university assets,
which integrates various CE activities in a unified management system rather than
simply patching them together in expanding the university's influence in the CE
transition. There are four kinds of activities toward the CE transition in the
theoretical framework. The first is scientific research CE-related activities, which
take researchers as the main subject in the implementation and can provide CE
technical support for enterprises based on scientific research CE-related assets. The
second is education CE-related activities, which take lecturers as the central
implementation subject who can cultivate CE professionals and implement general
CE education for college students. The third is derived from the previous one,
which takes college students as the main subject who can diffuse the CE concept to
society through their routine social practices and other volunteer activities. The
fourth is concrete CE practical activities with operations managers and staff
members as the main subject, who could provide the reference for CE practice at
the social level and contribute to the construction of CE culture in society based on
Operation CE-related assets.

5. By analyzing the evaluation methods of sustainable universities, an
evaluation method and implementation standards of CE-related university assets
management performance are created based on full participation theory. In this
evaluation index system, all faculty and staff should participate in the content and
process monitoring as evaluation subjects to ensure the effectiveness of the
evaluation index system, which is more reliable than the traditional method of

subjective self-evaluation. The basic contents of this evaluation index system
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mainly include the target layer, the criterion layer, the domain layer, and the index
layer, and each indicator is assigned its weight. It is determined that the circularity
degree is evaluated based on the final score calculated by the specified formula,
such as no circularity (0-20), low circularity (20-40), moderate circularity (40-60),
high circularity (60-80), and deep circularity (80-100).
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SECTION 3: CASE STUDY OF WASTE MANAGEMENT PROGRAM IN
CHINESE UNIVERSITY

3.1 Advancing waste management program at H University

As mentioned earlier, the university management system of CE-related
university assets includes the construction of multiple sub-systems. It must be a
vast project to study all the subsystems. Therefore, this study has selected the
construction of campus waste separation and recycling management project as a
case study for empirical research and attempt to achieve the enlightenment effect
of drawing inferential conclusions in practice.

The reason for choosing the waste management project for the case study is
that the waste management project in universities has always been one of the
important contents and main indicators for the creation of green campuses.
Moreover, waste separation and recycling based on the principle of CE is both the
main development trend of the whole society’s domestic waste management mode
and an important practice for all people to participate in practicing the principle of
CE (Gan, 2020). However, in the process of the Green Campus Initiative in China,
the lag of the campus waste management program is the development bottleneck of
many universities. To improve the performance of waste management programs in
Chinese universities, this study attempts to describe the ideal shape of an effective
university waste management program through empirical study, thereby providing
references for other universities struggling with waste management.

To accelerate the implementation of the waste management program at
universities, this study conducted a case study to analyze the experience of Leiden
University in waste management and the current situation of H University’s waste
management program in China. Leiden University was chosen because of its
outstanding performance in sustainability and its many similarities with H
University. This study attempted to provide a comprehensive overview of Leiden
University’s experiences from the perspective of management including its
essential functions of planning, organizing, leading, and controlling. According to

the problems existing in the waste management program of H University, some
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enlightenment could be drawn from the experience of Leiden University. Based on
the contrastive analysis, this study proposed some suggestions for the waste
management program at H University at the theoretical level, as well as a specific
and implementable waste management program for H University.

Experience and enlightenment from the Netherlands. The waste
management system of universities is a comprehensive management system that
covers the whole process of the generation, separation, delivery, collection,
transport, and disposal of all the waste on campus. To better understand and build
the waste management system, this study proposes to analyze all the processes
from the perspective of management functions. An integrated university waste
management system should embody the essential functions of management,
including planning, organizing, leading, and controlling. Planning refers to the
orientation of the waste management goal and the accomplishing means.
Organizing means the corresponding authority institutions and relevant responsible
persons set up by universities to achieve the goal of waste management. Leading
implies the publicity and education activities or incentive measures taken for the
campus units or all teachers and students by the relevant responsible persons to
realize the waste management goals. Controlling refers to the monitoring of waste
separation activities on campus to correct deviations in time and take measures to
ensure the plan’s implementation. To assure the long-term and effective operation
of the system, universities should fully consider all these factors in the
management process.

To explore the standard process of waste management system in practice,
the construction of the waste separation management system of Leiden University
in the Netherlands was selected for a detailed review. The Netherlands was chosen
as the target country because it is one of the first countries to separate waste and
one of the best in implementation. Also, the Netherlands has the highest population
density in Europe and one of the highest population densities of any country or
region in the world. It means that the density of waste producers and throwers in

the Netherlands is very high, which has similar problems to China, the most
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populous country in the world. Therefore, the practice of waste separation in the
Netherlands can provide valuable inspiration for the implementation of waste
separation management in China.

In choosing the specific university, this study considered Netherlandish
universities in the UIGWUR, which has been widely recognized as the most
influential evaluation authority that aims to assess the sustainability performance
of all universities around the world. A total of seven universities in the Netherlands
have participated in UIGWUR since 2017, but two universities dropped out of the
rankings during the period, see Table 3.1.

Table 3.1 - Netherlandish universities that participated in UIGWUR from
2017-2020

Netherlandish universities in UIGWUR Rankings 2017 | 2018 | 2019 | 2020

Overall Rankings 1 1 1 1

Wageningen University & Research Ranking by Waste | 1 1 1 1

Overall Rankings 11 7 8 7

University of Groningen Ranking by Waste | 17 31 5 5

Overall Rankings 22 31 32 46

Delft University of Technology Tu Delft Ranking by Waste | 20 57 35 55

Overall Rankings 49 24 7 8

Leiden University Ranking by Waste |22 |23 |16 |6

Overall Rankings 171 | -- -- -
Ranking by Waste | 191 | -- - --

Eindhoven University of Technology

Overall Rankings 395 | 111 | -- --
Ranking by Waste | 180 | 127

Radboud University

Overall Rankings 410 | 464 |139 |221
Ranking by Waste | 168 | 258 | 166 | 242

Tilburg University

Source: prepared by the author based on Archive rankings of UIGWUR (Ul, 2022)

Wageningen University & Research has been ranked first in the rankings for
nearly 4 years. Nevertheless, this study still chose to focus on Leiden University.
Leiden University is currently the oldest continuously functioning university in the
Netherlands, which is very aware of handling its responsibilities in the areas of
sustainability and has achieved remarkable achievements in sustainable operations.
In 2020, Leiden University was ranked 8th overall among all 911 participating

universities in UIGWUR and 3rd among all participating universities in the
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Netherlands. It is worth mentioning that this achievement of Leiden University is
made despite its poor setting and infrastructure condition (ranked 629 in UIGWUR
and 5th among Netherlandish universities).

H University in China is similar to Leiden University in terms of setting and
infrastructure conditions, such as insufficient open space area, campus forest cover
area, and a limited budget for sustainability efforts. This is one of the main reasons
why this study chose Leiden University. In addition, after reviewing Leiden
University’s performance in sustainability, this study found that Leiden University
developed Environmental Policy Plan in 2015 and then became very active in
sustainability in 2016. From 2017 to 2020, Leiden University’s ranking in
UIGWUR steadily increased year by year. It is marvelous how much progress has
taken place in such a short time. Therefore, Leiden University was chosen to
provide references for Chinese universities to accelerate the process of SD in the
short term. The other thing this study needs to acknowledge is that Leiden
University is very open about its sustainability activities, which demonstrates its
ambition to be one of the most sustainable universities in the future and also gives
us easy access to detailed information.

- Planning. From 2016 until the end of 2020, Leiden University followed
the Environmental Policy Plan 2016-2020 (LU, 2016), which details how it intends
to operate to take responsibility in the field of environment and sustainability,
including integrating sustainability issues into the education and research and
clarifying waste accountability. The new 2030 vision for the SD plan is delayed
due to the impact of the coronavirus pandemic and is now being developed.

The waste management program is one of the themes for improving the
performance of the environment and sustainability in Leiden University’s
environmental policy plan. To reduce waste and increase the recycling of reusable
resources, Leiden University takes a three-pronged approach to the waste reduction
that includes preventing waste, separating waste, and recycling. Among them,
preventing waste is the main goal and the most effective approach to reducing the

impact on the environment. Providing education in CE and sustainability for
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students, the primary waste producers, is conducive to achieving the goal.
Therefore, Leiden University has developed some ambitions of education and
research so that students can learn more about CE and SD during their studies,
providing them with the knowledge and value they need to tackle the significant

challenges in their future careers, see Table 3.2.

Table 3.2 - Action List of Education and Research in Leiden University from
2016 to 2020

Responsible for

No. Goal L When
initiation
In 2018 there will be a clear overview of all the activities in
EDUL | the area of sustainability in teaching and research at Leiden | HSE 2018

University

In 2018 there will be a communications framework in which
EDU2 | this overview can be presented and supplemented in a user- | Communication | 2018
friendly way.

In 2018 the possibilities for including a compulsory general Centre for

EDU3 | studies core curriculum course on sustainability in every - 2018
; ) X ) . Sustainability
bachelor’s curriculum will have been investigated.
In 2018 the possibilities of a “sustainability endorsement” on | Centre for
EDU4 e . . . Co 2018
degree certificates will have been investigated. Sustainability
From no later than 2018, the Centre for Sustainability will Centre for
EDUS | offer a course on “integrating the theme of sustainability in 2018

. . ) . Sustainabilit
existing curricula” for interested teaching staff. y

No later than 2018, one or more workshops will be held in the
EDUG | Lorentz Center to explore how research in the area of the | Lorentz Center | 2016
environment and sustainability can be developed further.

Source: prepared by the author based on Environmental Policy Plan 2016-2020 (LU,
2016)

In addition, while limiting the amount of waste as much as possible,
universities need to sustainably dispose of any waste that is still generated so that
raw materials can be recycled back into the supply chain to contribute to a CE.
Sending the remaining waste to waste-to-energy plants for incineration is the last
way if there is no other option. Similarly, Leiden University’s listed the ultimate
goals of waste accountability in its environmental policy plan, see Table 3.3. The
first two goals correspond to the prong of preventing waste. The WAS1 and WAS?2
are the goals of separating waste, and the last goal mainly depends on recycling
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activities.

Table 3.3 - List of Waste management goals at Leiden University from 2016
to 2020

Responsible  for

No. Goal Lo When
initiation

The external communication of the Administration & Administration &
WASL1 | Central Services Department (BB) will be 95% digital, Central Services 2017
reducing its paper use by 40% compared with 2015.

Each year the amount of waste per Leiden University
WAS?2 | student will be reduced, to a maximum of 25 kilos per | HSE 2020
student in 2020.

The amount of incinerated commercial waste will be

WAS3 less than 250 tons in 2020.

HSE 2020

Collection points for plastic, paper, and commercial
WAS4 | waste will be installed in all University buildings (50 | HSE 2017
people or more).

From 2017, items that the University no longer needs
WASS will be offered to staff and students via a webshop. HSE 2017

Source: prepared by the author based on Environmental Policy Plan 2016-2020 (LU,
2016)

- Organizing. All faculties and central services are involved in
implementing the Environmental Policy Plan 2016-2020, which specifies the
different responsibilities of departments and specialist centers for achieving
individual goals. As for the goals in education and research, the responsibility for
implementation lies mainly with the faculties and lecturers. The goals in the area of
university operations will be achieved under the leadership of the Administration
& Central Services Department and the expertise centers, in particular the Real
Estate Directorate, the University Services Department, and the Health, Safety &
Environment Department (HSE). Eight departments are participating in the general
plan, see Figure 3.1. In the cloud map, the size of the keyword font represents the
frequency of occurrence. That is, the department with larger font takes on more
responsibility in practice. In terms of education and research, HSE and
Administration & Central Services are responsible for the initiation of the related

activities, especially the HSE.
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Figure 3.1 - Departments involved in the Environmental Policy Plan 2016-2020

Source: prepared by the author

It is essential to mention that the Green Office is responsible for
coordinating and initiating the dynamic transition process of all available resources
on campus towards SD in Leiden University, which was established by the HSE in
2016. The Green Office is committed to ensuring that Leiden University becomes
more sustainable on all fronts, and advancing waste separation management is one
of its tasks. Indeed, the Green Office movement began in 2010 as an experiment at
Maastricht University, and since then it has grown into an international movement
involving large numbers of students and staff. The Green Office model initiated by
RootAbility exists in six principles, including an operational team composed of
students and staff, the official mandate, resources for project implementation,
integration with the organizational structure, collaboration with internal and
external stakeholders, and professional competence training for members. The
Green Office is part of the Administrative and central services of Leiden
University and can be supported by the relevant internal management and the
dedicated advisory committee. Its main objective is to achieve structural
sustainability in Leiden University’s education, research, and facilities, and foster a
culture of sustainability on campus to make the university more sustainable.

- Leading. To achieve the goals of waste management, Leiden University
has adopted a series of publicity and education activities and incentive measures

for the campus units and all teachers and students. In terms of publicity and
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education, Leiden University has been working to raise awareness of
environmental policies and measures among staff, students, and external
stakeholders through communication activities. Communication takes place
digitally through websites, social media, e-mail, blogs and vlogs, videos, apps, and
narrowcasting. The Sustainable University is a separate archive on the university’s
website that maximizes access to environmental policy. In addition, the Green
Office sets out Green Paper on how universities can play a meaningful role in
protecting a sustainable world through education, research, social impact, and their
operations. Generally, the Green Paper is usually given away free to teachers,
administrators, participating organizations, and interested residents.

In terms of specific activity implementation, Leiden University carries out
many concrete activities in practice to ensure the performance of the three
spearheads that include preventing waste, separating waste, and recycling in
limiting the amount of waste. Concerning waste prevention, Leiden University has
undertaken an active campaign to reduce paper use in Administrative & Central
Services and expects to gain experience for application to other departments. In
fact, except for marketing and external communications, especially for student
recruitment, where paper is still needed to produce brochures, internal
communication in the campus’s administrative offices is almost entirely via e-mail,
websites, and social media to minimize paper use. Also, Leiden University
regularly organizes activities to advise staff and students on how to prevent waste
and to encourage them to participate in waste reduction initiatives.

As for the spearheads of separating waste and recycling, Leiden University
pursues more refined waste separation to limit the amount of waste, that is, to
achieve maximum separation at source for better recycling efficiency and
effectiveness. Since 2019, Leiden University has further refined the waste
separation work to optimize the waste streams with the formation of five major
waste streams, including paper and cardboard waste, organic waste and food waste,
plastic packaging, metal and drinking cartons (PMD), coffee cups, and residual

waste. By collecting coffee cups separately, the PMD stream is no longer
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contaminated, thus ensuring the desired purity. Meanwhile, there are some other
separate waste streams collected on campus, such as wood, construction waste,
glass, confidential documents, batteries, printer cartridges, and mobile phones.
They are not a major waste stream, but these are also important factors in the
recycling of reusable resources on campus. In addition to the residual waste cannot
be recycled, the rest of the waste streams are ultimately directed to the recycling of
separating resources. A recycling webshop has been set up to provide staff and
students with second-hand commodities to promote reuse and reduce waste
disposal costs. Also, Leiden University made deserted furniture available to
student societies through the Green Office in 2020.

- Controlling. Waste management at Leiden University complies with the
provisions of the Environmental Management Act, the Environmental Permit, the
Activities Act, and the National Waste Management Plan. In this case, the
fundamental principle of Lansink’s ladder is applied in the waste management
program at Leiden University, which was put forward by the Dutch politician Ad
Lansink in 1979. Lansink’s ladder principle was elevated to Dutch environmental
law in 1994 and later adopted by the European Union in the 2008 Waste
Framework Directive (Gharfalkar et al., 2015). The priority of waste disposal has
been stipulated in this acknowledged standard for waste management, namely

prevention, preparing for reuse, recycling, recovery, and disposal, see Figure 3.2.

Prevention
Preparing for re-use

Recycling

Other recovery

@@%@@

I Disposal
Figure 3.2 - Waste hierarchy in the European Commission

Source: prepared by the author based on the official website data and information
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According to this waste hierarchy, preventing waste generation is the best
choice, while landfilling is the last resort when the current treatment methods are
not appropriate. All waste must be sorted unless it is unreasonable.

It is naturally crucial to achieving these goals in the Environmental Policy
Plan 2016-2020 in a transparent and structured manner. In this context, the
administrative office of Leiden University is responsible for monitoring the plan
implementation and maintaining contact with the relevant centers of expertise, and
coordinating activities. Also, the HSE is responsible for implementing the overall
environmental policy plan. The primary way to make information available is
through the Green Office website and the separate dossier named the sustainable
university on the university’s new website. The electronic version of the
Sustainability Report (LU, 2020) is the most direct presentation of Leiden
University’s progress in SD, including specific activities and projects in the areas
of sustainable housing, energy, water, and the achievement of goals. The
advancement in the waste management program is clearly shown in the Leiden
University Sustainability Report 2020, as shown in Table 3.4. Some of the goals
were not fully achieved due to the COVID-19 pandemic and the adjustment of
relevant responsible departments. Still, the courage to disclose the data and admit

its shortcomings also shows Leiden University’s determination to strive for SD.

Table 3.4 - State of the waste management goals in the Environmental
Policy Plan 2016-2020

Goals | Status Responsible When
WASI1 | Not Administrative Office 2017
WAS?2 | Realized University Facilities Company 2019
WAS3 | Not University Facilities Company --

University Facilities Company & Faculty of Mathematics

WAS4 | Realized and Natural Sciences

2017

WAS5 | Ongoing Health, Safety and Environment Department Since 2019

Source: prepared by the author based on the Sustainability Report (LU, 2020)

Analysis of the current situation at H University. The establishment of a

waste separation management system is a systematic project, involving planning,
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policy, organization, infrastructure, technology, supervision, and other aspects of
work. With the promulgation of national and local waste separation management
regulations in China, waste separation in universities is no longer a problem of
policy and technology, but an issue of management. Therefore, to facilitate the
progress of the waste management program in the Green Campus Initiative in
China, it is necessary to analyze the difficulties existing in waste management in
universities from the perspective of management. This study selects H University
as the object, which is at a medium level of education and development scale
nationally and representative to conduct a case study.

H university locates in the Xinxiang City of Henan Province, which is a
provincial general undergraduate university. Its educational and development scale
is in the middle level among universities in China, so it is representative to select it
for a case study. The campus of H university covers an area of 165.2 ha, with a
total floor area of 620,000 square meters, including the Xinxiang campus
(undergraduate level) and Huixian campus (junior college level). There are 21
teaching faculties, among which the Al faculty was just established in 2020. Also,
there are 1759 staff members and 29130 full-time students, including 24202
undergraduates and postgraduates in total on the Xinxiang campus and 4928 junior
college students on the Huixian campus. The main areas on the campus of H
university include teaching areas (12 teaching buildings and two laboratory
buildings), residential areas (14 student hostels and 41 teacher apartments), dining
areas (five restaurants), public office areas (one administrative office building and
two libraries), and affiliated school (one primary school and one kindergarten). In
this study, the Xinxiang campus is focused on as the object of investigation on the
status quo of waste separation management. The investigation period is from May
to June 2021.

- Estimation of waste generation on campus. From the perspective of the
waste stream, waste separation management involves the process of dumping,
collection, sorting, transfer, and disposal after the waste generation. However, as a

small unit in the social system, universities do not have the conditions and capacity
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to manage the entire waste streams of all types from generation to final disposal.
Generally, campus waste is transferred by specialized outsourcing waste
transportation companies to transfer stations designated by the local government
for unified disposal after separated collection and sorting on campus, such as
reusing, remanufacturing, landfill, or incineration. Only a small part of the waste
can be disposed of on campus in some universities, such as the direct donation of
old clothes and the fermentation of garden waste for fertilizer. Therefore, to be
precise, the current waste separation management in universities mainly involves
the dumping, collection, and sorting processes.

After confirming with the waste transportation company at H University,
there are four waste trucks arranged for the removal of the campus waste four
times every day, that is, a total of 16 trucks of waste are cleared out every day,
each weighing about 650kg. To estimate the daily waste output per capita, this
study calculated the total population according to the number of permanent
residents on campus, which is the sum of the number of full-time students on the
Xinxiang Campus (24,202) and the number of resident staff and their families
(2,338), see Table 3.5.

Table 3.5 - Estimation parameters of waste output at H University

Number of | Number of clearances | Vehicle Number of permanent | Daily  waste | Per capita daily

waste trucks | per vehicle per day load (kg) | residents on campus output (kg) output (kg)

4 4 650 26540 10400 0.39

Source: prepared by the author

The calculations are based on the daily waste output while the students are
learning in school, not the data when students are absent during summer and winter
vacations. If this study considers the situation that the students spend 273 days in
school excluding summer and winter vacations according to the university
calendar, the average annual output per student is about 90.2kg. To understand the
difference with foreign universities, this study selected some universities in the

Netherlands for comparison.
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The calculations are based on the daily waste output while the students are
learning in school, not the data when students are absent during summer and winter
vacations. So, it is very intuitive to compare with other Chinese universities using
similar calculation methods. Different from Chinese universities, Netherlandish
universities mostly use annual waste output per capita as an indicator. If this study
considers the situation that the students spend 273 days in school excluding
summer and winter vacations according to the university calendar, the average
annual output per student at H University is about 90.2kg. The annual waste output
per capita at H University is relatively low compared with some other Chinese

universities but far exceeds that of universities in the Netherlands, see Table 3.6.

Table 3.6 - The per capita waste output of some universities

Colleges and universities Waste output per capita (kg) Country

H University 0.39(per day) 90 (per year) China
Nanjing Agricultural University 0.873 (per day) -- China
Nanchang University 0.428 (per day) -- China
Zhejiang Sci-Tech University 1.5 (per day) -- China
China West Normal University 0.4 (per day) -- China
Leiden University -- 31 (per year) Netherlands
Utrecht University -- 55 (per year) Netherlands
University of Groningen -- 29 (per year) Netherlands
University of Amsterdam -- 29 (per year) Netherlands

Source: prepared by the author based on the environmental coordinators of the

universities concerned and the university website

- Situation of waste management at H University. Although relevant
national policy documents have stipulated that colleges and universities should set
up specific waste management goals, specialized management organizations,
incentive mechanisms, and safeguard measures, H University has not taken enough
visible actions in these aspects for the time being. The property management
division under the Logistics Management Department is mainly responsible for
waste management at H University. There is not yet a particular organization to
implement the waste management program and mobilize all faculty units and

teachers and students to participate in waste separation recycling. In the current
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waste management model, there are many problems in the measures of waste
separation.

First of all, the waste separation standards between universities and cities are
inconsistent, which could inevitably affect the effect and efficiency of waste
management. University is a special kind of community, so the waste sources on
campus are similar to the origins of municipal solid waste. The direction of the
waste streams on campus is bound to relate to the municipal waste treatment
process. With the in-depth advancement of waste separation management in China,
waste separation standards have also been unified and clearer. In China’s national
standard Signs for Classification of Municipal Solid Waste (GB-T19905-2019)
that was implemented in 2019, there are four major categories and 11 sub-
categories of waste separation that are clearly defined in the stipulation, including
Recyclable Waste (paper, plastic, metal, glass, and textiles), Hazardous Waste
(tubes, household chemicals, and batteries), Food Waste (Household food waste,
restaurant food waste, and other food waste), and Residual Waste. This waste
separation standard is generally applicable to the whole process of classified
dumping, collection, sorting, transportation, and treatment of domestic waste
throughout China. However, the current waste separation system in many colleges
and universities has different characteristics and is not uniformly classified in
accordance with national standards. At present, the waste separation standard at H
University is still following the traditional dichotomy of recyclable waste and non-
recyclable waste. Recyclable waste contains six sub-categories, including
newspapers, glass cans, plastic, computers, pop cans, and clothes. Similarly, the six
sub-categories of non-recyclable waste are contaminated paper, cigarette butts, pet
droppings, broken ceramics, large bones, and disposable tableware.

Moreover, through a random selection of trash cans in different functional
areas for inspection, this study found that the correct separation of the waste on
campus is insufficient. It is common to use trash bags to mix all the waste and
dump them in the trash bins. Actually, this phenomenon also exists to a certain
extent in many Chinese universities (Liu et al., 2014; Liu et al., 2021; Zhu, 2012).
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It is mainly due to the lack of attention to waste separation in campus management,
which is reflected in the outdated waste separation facilities that cannot meet the
requirements of the new standards, as well as the shortage of education and
guidance for students’ behaviors.

Besides, the inadequate development of municipal waste separation systems
Is a considerable reason for this problem. Under the existing system, the designated
waste collection company at H University has always adopted a mixed collection
and transportation method to transport the campus waste to the transfer station for
unified separation. Mixed collection and transportation not only mean that the
categorization in the dumping process is meaningless but also leads to more
serious secondary pollution, resulting in the reduction of the recycling rate and the
increase of labor costs.

It is admitted that the efforts of waste separation on campus are ineffective
under the existing waste separation recycling model. The waste streams collected
on campus reveal that H University only acts as an intermediary coordinator in
waste separation management to transfer waste management services to other
enterprises through contract outsourcing, see Figure 3.3. As a matter of fact,
universities should take more responsibility for waste separation management as

administrators and leaders of SD on campus.
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On a positive note, the kitchen waste in campus restaurants is uniformly
recycled by the company designated by the urban market supervision department
for biological fermentation treatment. The hazardous waste produced by the
laboratories is also disposed of by a particular outsourcing company designated by
H University. In addition, campus junkmen have contributed to waste separation
recycling to a certain extent, admittedly, although they have brought inconvenience
to campus management. They mainly collect uncontaminated cardboard, plastic
bottles, books, and other highly remunerative waste to resell it to waste transfer
stations, which protects the value of some recyclable materials and avoids material
contamination caused by mixed collection.

Optimization strategy of waste management program for H University.
waste separation recycling on campus is the leading way for universities to
contribute to waste reduction and resource recovery. To get rid of the complex
predicament of waste separation on campus, the construction of the waste
separation management system is particularly significant. Universities that have
pioneered and developed waste separation management systems could provide
enlightenment for the universities that are about to take relevant action. Therefore,
H University should take inspiration from Leiden University’s model in
implementing the waste management program on campus.

Firstly, H University could accomplish top-level design to put a waste
management program into the CE framework and green campus system. The
overall planning and scheme formulation of the waste management program
should involve all departments and all university personnel. On the one hand, H
University should explore the establishment and improvement of waste separation
regulations, and standardize the whole process of waste stream on campus,
including waste category definition, separated dumping, separated collection,
separated transportation, and separated treatment. Also, it is necessary to straighten
out the responsibilities and obligations of staff and students in campus waste

separation. On the other hand, H universities should carry out regional governance
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according to different functional areas on campus. On the premise of overall
planning, appropriate fine-tuning can be carried out based on the actual situation to
improve the campus waste separation program continuously. Meanwhile, it is
necessary to set up corresponding authority and responsibility institutions and
relevant responsible persons at H University to achieve the goal of the waste
management program. The organizational mechanism should be an organizational
structure with different levels from top to bottom to promote all units and
stakeholders in universities to participate in waste separation recycling activities.

Furthermore, university staff and students are the primary consumers and
users of resources on campus. If they are unaware of the significance of waste
separation recycling and the measures that have been implemented on campus, it
will directly lead to the demise of the university waste management program.
Therefore, H University should popularize the knowledge and value of waste
separation widely through publicity and education, and gather the executive power
of waste separation from the public. The advantages of teaching resources in
colleges and universities could be exerted to integrate the waste management
program into the construction of university spirit, teaching spirit, and learning
spirit by taking advantage of the curriculum instruction and extra-curricular
education. Also, H University should carry out different forms of waste separation
publicity and education activities according to different groups to gradually
cultivate awareness and behavior. It should be used to explore the establishment of
an intelligent waste separation applet could be established based on the campus’s
new media platform to assist waste separation management. Besides, the
completeness of waste separation facilities directly determines the process of waste
separation. H University should improve the waste separation facility and
infrastructure in combination with the overall plan for waste separation
management. Also, it is essential to arrange the waste dumping points and cleaning
frequency according to different regions so that waste bins be cleaned up timely to
avoid polluting the campus environment and improve the efficiency of waste
removal (Qiu et al., 2019).
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Finally, it is necessary to expand public participation in waste separation on
campus to stimulate the internal power of waste separation by establishing
appropriate reward and punishment mechanisms and supervision mechanisms.
Both education and coercion are indispensable. The majority of staff and students
should recognize the benefits and rewards of waste separation, and also realize the
penalty for not carrying out waste separation activities. If waste separation
behaviors could bring not only intrinsic motivation such as pleasure but also
external motivation such as respect and praise from others and material reward,
people’s initiative will be naturally strengthened. Meanwhile, different forms of
punishment for not classifying waste or failing to classify waste correctly can also
produce adverse reinforcement effects. Supervision mechanisms are indispensable
to the implementation of the waste management program on campus. H University
should disclose the waste management work plan, relevant activities, and target
realization both inside and outside the university in accordance with regulations,
and consciously accept the supervision of staff and students inside the university,
as well as all walks of life in society.

To accomplish waste management rather than just staying at the theoretical
level, this study puts forward a specific waste management program at H
University to promote the implementation of waste separation recycling on
campus.

WASTE MANAGEMENT PROGRAM AT H UNIVERSITY

1. Introduction

1.1 Purpose and Background

H University Logistics Management Department has developed this
Program to establish standard procedures for the management of wastes generated
on campus in accordance with all local and national regulations. These regulations
include but are not limited to government laws and university stipulations. The
purpose of this Program is to protect human health, the environment, and depleting
resources by preventing the release of contaminants through sound, best

management practices for waste generation, handling, and disposal.



163

1.2 Scope

This Program applies to all permanent residents and migrants of H
University that include but not limited to the students, faculty, staff, management,
and campus visitors.

The waste in this Program refers to all kinds of surplus material generated by
the H University community in any activity on campus, which includes but is not
limited to laboratory research, maintenance, site maintenance, academic instruction,
and restaurant service. waste separation on campus is consistent with the national
standards (GB/T 19095-2019), including four categories and 11 sub-categories.

1.3 Principles

The aim of waste management is to maximum improve the recycling
efficiency of reusable resources and minimum reduce the quantity of waste going
to landfills following waste hierarchy management. Waste must be treated as a
resource and the only waste that should be sent to landfill is the ultimate waste that
cannot be reused, recycled, or composted. Waste management follows mainly the
3R principle (Reduce, Reuse, Recycle), in which Reduce is the top priority in
waste disposal.

. Reduce: where applicable, H University should endeavor to reduce the
consumption of materials that generate waste;

. Reuse: where necessary, H University should redistribute surplus
materials within the community for reuse;

. Recycle: where necessary, H University should aim at recovering
materials that are no longer usable.

2. Organization and responsibility

To strengthen scientific management in waste separation, the campus waste
separation management leading group has been established as the routine proceeding
organ, with the university rector as the leader, the vice-rectors who are in charge of
administrative work, comprehensive management, student work, personnel work,
and logistics work as the deputy leader, and the prominent leaders of Logistics

Management Department and secondary faculties as members. The specific work is
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mainly responsible for various specialized offices or groups under it, including
unifying and standardizing the campus waste separation management and
mobilizing the functional departments, teachers, and students to participate in the

waste separation recycling actively, see Figure 3.4.

Waste classification

Decision-making agency management leading group

Logistics management

Coordinating agency Faculties and units department
- Apartment e Campus
. Functional Sanitation - Green
Execution agency i management : greening
sub-group el section e office
: Staff and Cleaner and Volunteers
Responsible person statents Stidents Cleaner Cleaner from staff and

students

Figure 3.4 - Organization structure of waste separation management at H
University

Source: prepared by the author

2.1. H University waste separation management leading group is
responsible for:

. Formulating policies for waste separation management;

. Making overall planning and scheme of the Waste Management
Program;

. Evaluating and developing the Waste Management Program;

. Forming and reporting on the annual performance of campus waste
management;

. Raising funds for Waste Management Program.

2.2. Logistics Management Departments are responsible for:

. Promoting the implementation of the Waste Management Program on
campus;

. Providing annual training and/or technical guidance on waste
management requirements and procedures to all affected employees;

. Maintaining waste contracts with all the waste recycling and transport
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companies;

. Facilitating waste minimization efforts with adequate and practical
manners;

. Taking effective measures to involve all teachers, students, and staff
actively participate in waste separation activities;

2.3. Sub-group and relevant sections are responsible for:

. Ensuring employees and students are properly instructed in the
requirements of this program;

. Ensuring standard operating procedures based on this Program are
developed for waste management, waste minimization, and handling emergencies;

. Ensuring that all employees who handle waste receive initial waste
management training in waste management procedures as well as annual refresher
training if required by this Program;

. Ensuring employees and students who fail to follow the Program are
retrained and educated;

. Enforcing Program requirements within their areas of responsibility.

2.4. Employees and students are responsible for:

. Learning and following Waste Management Program requirements for
comprehensive waste management;

. Participating in training and education in waste separation and
disposal;

. Assuming personal responsibility for compliant identification, storage,
dumping, and disposal of all wastes generated as a result of his or her activities;

. Developing and implementing waste reduction measures whenever
feasible.

3. Ambitions and implementation

H University will take a three-pronged approach to waste reduction within
the priorities, which includes preventing waste generation, strengthening front-end
waste separation, and improving back-end recycling. The Logistics Management

Department and various faculties will develop the following list of orientations
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within the next five years through cooperation with all units at H University.

3.1 Orientation of preventing waste

. Replacing paper for office and meeting documents with electronic
files in administrative departments;

. Replacing the paper and pen examination with computer examination
for students in some appropriate subjects to reduce plenty of paper waste;

. Promoting reusable cups and cutlery instead of disposable tableware;

. Encouraging the donation of used clothing to reduce the amount of
waste;

. Advocating buying meals on demand at restaurants to avoid food
waste;

. Offering elective courses related to waste management or resource
recycling;

. Integrating the idle bicycles on campus to construct a shared cycling
system;

. Constructing an internet second-hand book trading platform.

3.2 Orientation of front-end waste separation

. Replacing the outdated waste collection facilities with those in line
with unified national standards;

. Allocating appropriate separation trash bins reasonably according to
the different functional areas on campus that generate different categories of waste;

. Collecting some particular categories of waste, such as cardboard and
plastic bottles, in dedicated waste streams to increase the recovery efficiency;

. Organizing waste separation knowledge contests and/or speech
competitions to promote the knowledge of waste separation;

. Setting up particular work-study positions for students to guide and
supervise waste separation;

. Encouraging students to set up organizations and associations for
promoting waste separation on campus;

. Evaluating and rewarding excellent individuals and units in waste
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separation.

. Cooperating with on-campus businesses to encouraging waste
separation behaviors with discounts on their mobile phone bills or benefit rewards
in the nearby convenience store.

3.3 Orientation of back-end waste recycling

. Pulverizing the garden waste and making it into fertilizer by
fermentation;

. Making the food waste into organic fertilizer by fermentation;

. Setting up a semi-closed waste separation transfer center on campus
for carrying out secondary separation to avoid mixed collection;

. Cooperating with qualified resource utilization and terminal disposal
enterprises to take harmless treatment for wastes that cannot be realized recovery on
campus.

4. Supervision and guarantees

During the implementation of this Program, H University will exercise the
following supervisory measures to guarantee the performance of waste
management.

. Announcing the waste management work plan and overall schedule on
the university website;

. Presenting the annual report on waste management that includes the
actions taken and goals achieved to accept the supervision of staff and students, as
well as all walks of life in society;

. Incorporating the progress of waste management programs in all

faculties and departments into the annual assessment.

3.2 Questionnaire survey of students' waste separation attitude and
behavior
Just as the waste sorting plan of the society needs the support and

cooperation of all residents, the waste management program of colleges and
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universities as a large community also needs the support and participation of
residents. College students are the most important part of college community
residents, and their attitude and participation in campus waste separation are the
key factors for the successful implementation of college waste management
projects. Therefore, it is necessary to investigate the attitudes and behaviors of
college students towards waste separation.

Preparation and implementation of questionnaire survey. The

methodology followed by this survey is shown in Figure 3.5.

Research hypothesis

Hypothesis proposed based on the ABC theory

Formation of the questionnaire

- Review of existing research design
- Expert consultation
- Pilot survey

Sample selection and survey application

A total of 1300 questionnaires was collected in six faculties at H university
(1213 1s valid, with an effective rate of 93.3%)

Results: statistical analysis

- Reliability and validity test (Cronbach alpha test, KMO and Bartlett's test)

- Sample characteristics analysis (Chi-square analysis)

- Descriptive statistical analysis (Frequency analysis, Analysis of means, Pareto
analysis)

- Inferential statistical analysis (Chi-square analysis, Linear regression analysis,
Hierarchical regression analysis)

Figure 3.5 - Methodology followed in this survey

Source: prepared by the author
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First, through the review of the previous studies focused on student attitude
and waste separation behaviors, the research hypotheses were put forwards. Second,
a questionnaire was compiled with the consideration of the existing research design.
Third, a representative sample was selected from several faculties at the Henan
Institute of Science and Technology in China. Finally, the results obtained were
statistically analyzed with various methods

- Research hypothesis. According to the ABC theory (attitude-behavior-
context), environmental Behavior (B) is generated by the interaction of individuals’
Attitude variable (A) and Context factors (C) towards environmental protection
(Guagnano et al., 1995). Previous studies have also confirmed that there is a
significant positive correlation between individuals’ environmental attitudes and
their participation in environmental behaviors (Brent, 1996), and the public’s
environmental attitudinal behavior path is affected by context factors, that is, context
factors have a positive or negative regulating effect on environmental attitudinal
behavior path, and will promote or inhibit environmental behavior accordingly
(Wang, 2013).

In addition, the review of relevant studies on the attitude and behavior of
waste separation shows that there are few studies on the attitude and behavior of
waste separation in China, especially the lack of direct evidence on whether the
variable relationship in the ABC model applies to college students. In addition, the
characteristics, status, and environment of college students are different, and the
moderating effects of external context variables are different from those of the
general public. Therefore, this study verifies the variable relationship, influence
path, and regulating factors of college students’ waste separation attitude and
behavior.

Based on ABC theory and previous research results, this study this study
develops a conceptual framework to provide an interpretation of the expected
relationship between the variables. It is expected that college students’ waste
separation attitude (independent variable) has a direct impact on their waste

separation behavior (dependent variable). For example, positive attitudes towards
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waste separation can have a beneficial effect on the actual occurrence of waste
separation behavior. Besides, this study expect that the internal and external
contextual factors (moderating variables) have a moderating effect on the
relationship between attitude and behavior. Hence, the following hypotheses are
formulated to be examined in this research:

Hypothesis 1: Students’ attitudes toward waste separation directly impact
their waste separation behavior.

Hypothesis 2: Students’ internal contextual factors can moderate the attitude-
behavior pathway of waste separation.

Hypothesis 3: External contextual factors on campus can moderate the
pathway of attitude-behavior influence on waste separation.

- Formation and the structure of the questionnaire. The purpose of this
survey is to understand the attitude and behavior habits of H university students
towards household waste separation and recycling. Therefore, a questionnaire was
prepared to ground on the research design of Stern et al. (1999) and Fu et al. (2015)
and then adjusted according to the cultural background and behavior situation of
college students. In addition, interviews were conducted with some experts and
representative students to understand the main factors contained in various variables
and finally form the original questionnaire.

In order to build a formal questionnaire that meets the research needs, the
original questionnaire was trial-tested on a small scale before the formal survey and
was repeatedly modified and adjusted according to the results of the item analysis
and internal consistency testing. The Likert scale scoring method was adopted in the
questionnaire, in which the points ranging from 1 to 5 represent the direction of
respondents’ attitudes and behaviors. The lowest score (score 1) indicates that
respondents have a relatively negative attitude or behavior toward waste separation.
On the contrary, the highest score (score 5) indicates that respondents are
temporarily inert in attitude or behaviors toward waste separation.

- Sample selection and survey application. There are a total of 24,202 full-

time college students in the Xinxiang Campus of H University. In view of this large
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overall sample size, this study calculated the size of the sample to be selected based
on the sample content estimation method proposed by Uchida (2007) with the

following formula:

2

n=(z)pa-» (3.1)
where n represents the sample size, 6 stands for the margin of error or confidence
interval (6 = 5%), k is the selected alpha level in normal typified distribution (k =
1.96), and p is the percentage of respondents who selected a specific choice (p =
0.5). After calculation, this study obtained n = 384.

Due to the COVID-19 pandemic, the school was suspended during the
investigation period, and students were taking online classes at home. Therefore,
the questionnaire was distributed, filled in, and recovered through the network
platform. To improve the reliability of the survey results, this study expanded the
sample as much as possible. In the survey, questionnaires were distributed to 1380
students from six faculties, of which a total of 1300 respondents made responses,
with a recovery rate of 94.2%. Among the collected questionnaires, 1213 were
valid, representing an effective rate of 93.3%. It is worthwhile highlighting that the
representative sample size of 1213 is much larger than the 384-sample size
required according to the calculation result.

- Statistical Analysis Method. Statistical analysis software SPSS 23.0 was
used for the statistical processing of data at different levels. Statistical processing
of data at different levels is required.

First, a statistical analysis of the socioeconomic characteristics of the sample
was carried out. Second, descriptive statistics are carried out on the results of each
item involved in the questionnaire. Finally, based on descriptive analysis, inference
statistics are carried out on the attitudes, behaviors, and situations of college
students towards waste separation and recycling, so as to verify the proposed
hypothesis.

On the one hand, it is necessary to analyze the different relationships between
the attitude and behavior of waste sorting and recycling among the classified people.
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That is, by combining socioeconomic variables with the responses to the scale
questions, this study can understand the differences in attitudes and behaviors of
different types of groups in waste sorting and recycling. On the other hand, it is
necessary to analyze the influence of college students’ attitudes towards waste
sorting and recycling on the corresponding behavior. Furthermore, it is necessary to
analyze the moderating effect of context factor variables on the attitude-behavior
influence path.

- Reliability and validity test. The Internal Reliability index Cronbach’s
alpha value was used to test the scale Reliability in the questionnaire. The
questionnaire contains 16 scale items, involving the attitude variable (five items),
behavior variable (four items), internal context variable (three items), and external
context variable (four items). A contradictory item was set in the items of the
attitude variable, which was only intended for censoring invalid questionnaires and
not for statistical analysis. As shown in Table 3.7, Cronbach’s o value of the scale
was 0.866(>0.8), indicating that the scale had good reliability and could be used for

further analysis.

Table 3.7 - The reliability and validity test of the scale

.| Cronbach alpha Bartlett Test of | Degrees of
ltems  Sample size coefficient KMO Sphericity freedom (df) p value
16 1213 0.866 0.880 10473.071 120 0.000**

*p < 0.05, * *p < 0.01

Source: prepared by the author

In order to test content validity, the expert judgment method was used. First,
the original questionnaire was built based on an interview with some experts in the
field and representative students. Before the formal test, the original questionnaire
was used to conduct a preliminary survey for further modification to meet the
research needs. Second, the factor analysis method was used to test the construct
validity, which is usually achieved by the KMO value and Bartlett’s test of

sphericity. Test results showed that the questionnaire was valid, indicating the
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research data is reliable for extracting information.

Sample characteristic analysis. Through the analysis of the socio-economic
characteristics of the respondents, it is found that the share of females from the
respondents is higher than that of males, the group aged 18-20 accounts for the
largest proportion of the sample (66.03%), and the number of freshmen participating
in the survey is the largest (42.54%)

The result reflects that females and lower-grade students have higher
enthusiasm and willingness to participate, which is consistent with the actual
context. The respondents met the quota sample control target of the study. A Chi-
square test (cross-analysis) was carried out for the gender, age, and grade of the
respondents. It was found that there was no significant difference in gender in
different age stages and grades in the selected respondents (p >0.05), as shown in
Table 3.8.

Table 3.8 - Chi-square analysis between socioeconomic characteristics

Gender
Items Categories Total  squared pC]
male female
<18 3.49% 3.05% 3.22%
18-20 62.31% 68.30% 66.03%
Age 6.034 0.110
21-23 33.12% 28.25% 30.09%
>24 1.09% 0.40% 0.66%
Freshman 43.14% 42.18% 42.54%
Sophomore 26.80% 25.60% 26.05%
Grade
Junior 21.35% 19.23% 20.03% 5.460 0.141
Senior 8.71% 13.00% 11.38%
A total of 459 (37.84%)| 754 (62.16%) 1213

*p < 0.05, * *p < 0.01

Source: prepared by the author

Descriptive analysis. To facilitate the analysis of the relationship between

each pair of variables, it is necessary to generate new variables by combing the



174

factors contained in each variable into a whole. In this study, exploratory factor
analysis was performed to determine the weights of each factor in each variable.
The results of all KMO and Bartlett’s tests indicated that the data were appropriate
for factor analysis. The titles and weights of the factors are presented in Table 3.9.
Correlation analysis was conducted on the factors involved in attitude, behavior,
and context variables, and the results showed that there was a positive correlation
between the factors of each variable. The weighted summation method was
employed for the factors of each variable to generate new variables X (attitude), Y

(behavior), Z1 (internal contextual factors), and Z2 (external contextual factors).

Table 3.9 - Titles and weights of the factors of each variable

Variables Titles and Weights of the Factors Formulas
% X1 X2 X3 X4 X =0.2799 x X1 +
(attitude) (value) (awareness) | (knowledge) [(responsibility)| 0.3046 x X2 + 0.1422 x
27.99% 30.46% 14.22% 27.33% X3 +0.2733 x X4
Yl (V\Zéte Y3 (efoess =
Y (publicity and . (waste textiles P Y =02350x Y1+
(behavior " o motiony | SEParation |\ ¥ ery) package | 0.2592 x Y2 +0.2684 x
) and recovery) recovery) Y3 +0.2374 x Y4
23.50% 25.92% 26.84% 23.74%
Z1 z1.1 z1.2 (incezn%i'\?;es in
intornal (recognition | (credit or further B Z1=0.3186 x Z1.1 +
(internal | oy material | scholarship . 03427 x Z1.2 + 0.3387
contextua| ; . X . education or
incentives) | incentives) x 713
| factors) employment)
31.86% 34.27% 33.87% -
Z2.1
22 (infrastructur| , . Z.2 2 22'3. 224 72 =02442 x 72.1 +
(external (mission and| (regulations | (culture and RS :
contextua € curriculum) [ and rules) atmosphere) 0.2452 > 2.2 +0.2558
| factors) construction) x 72.3 +0.2548 x 72.4
24.42% 24.52% 25.58% 25.48%

Source: prepared by the author

- Presentation of scale scores and mean value of each variable. Figure 3.6
displays the visual representation of each factor on the five-point Likert scale. In
general, the respondents’ attitudes and behaviors toward waste separation are

mostly positive. Specifically, the respondents showed the strongest consistency on



the X4, while the lowest overall consistency was found for the X3.
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713
7212
Z1.1
Y4
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X3

X1

M 5-Totally consistent M 4-Generally consistent M 3-Half-and-half

2-Generally inconsistent M 1-Totally inconsistent

Figure 3.6 - Respondents’ responses on different variables

Source: prepared by the author
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The variable of college students’ attitude towards waste separation mainly

includes the value (X1), awareness (X2), knowledge (X3), and responsibility (X4)

factors. As shown in Figure 3.7, the overall mean value on the attitude scale was

4.59, indicating that the attitude of the respondents towards waste separation is

relatively positive. The mean values of each factor from high to low are X4 > X2 >

X1 > X3. This result reflects that college students are generally aware of the

importance of waste separation and their responsibility in realizing waste separation

and recovery but do not have adequate knowledge about waste separation. This

indicates that the attitudes of college students toward waste separation are only at the

level of consciousness without learning the relevant knowledge of waste

classification, so it is not enough to deal with the practical problems of waste

separation and recovery.
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Figure 3.7 - Comparison of the mean values of different variables

Source: prepared by the author

The behavioral variables of waste separation of college students mainly
include publicity and promotion (Y1), waste separation and recovery (Y2), waste
textiles recovery (Y3), and express package recovery (Y4). Statistical results of
various factors in behavioral variables are also shown in Figure 3.7. The mean
value of various factors from high to low is Y1 > Y2 = Y3 > Y4. This result
reflects that college students are generally able to participate in the promotion
activities of waste separation but are ineffective in their waste separation behavior.

The context variables of waste separation of college students mainly include
internal contextual factors (Z1) and external contextual factors (Z2). The former
contains three factors, namely recognition and material incentives (Z1.1), credit or
scholarship incentives (Z1.2), and incentives in further education or employment
(Z1.3), while the latter contains four factors, namely infrastructure construction
(Z2.1), mission and curriculum (Z2.2), regulations and rules (Z2.3) and culture and
atmosphere (Z2.4). The overall mean scores of the internal context scale and the
external context scale were 4.29 and 4.45, respectively. Among them, Z2.1 and
Z2.3 had the highest mean score of 4.49, while Z1.1 had the lowest of 4.17.

In addition, by comparing the overall mean values of attitude, behavior, and

contextual factors, this study found that the mean score was in the order of X
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(4.59) > 72 (4.45) > Z1 (4.29) > Y (4.01). It shows that college students’ attitude
toward waste separation does not correspond to their waste separation behavior.
That is to say, the waste separation behaviors of college students are not as positive
as their attitude toward waste separation. In addition, relatively speaking, in the
corresponding context, the performance of waste separation behaviors of college
students has been greatly improved, even close to the evaluation level of attitude.

- Factors that promote and hinder waste separation. The questionnaire
uses multiple choice to investigate the important factors that promote and hinder
college students to participate in waste sorting. To visually display the survey
results, the Pareto diagram is used here. The Pareto diagram is a graphical
representation of the “80/20 principle”. That is 80% of problems are caused by 20%
of causes. It is necessary to find out the dominant factors and focus on them. As for
promoting factors, there are four items with a cumulative sum of 70.02%, namely, B
(reminding waste separation), D (setting up waste separation bins), C (implementing
theme education), and A (providing courses or training), see Figure 3.8,

1000 g1 100.00%
97.950, 100.00%

900 90.00%
93.94%
800 80.00%
83.17%
700 &7 70.00%
% "
600 = 60.00%
500 50.00%
400 40.00%
300 30.00%
191
200 20.00%
08
100 1 l 10.00%
0 0.00%
B D C A F B G H

I Frequency ==O= Cumulative proportion

Figure 3.8 - Pareto diagram of factors that promote waste separation behaviors

Source: prepared by the author
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These four items are mainly related to publicity and education and
infrastructure, indicating that they are important factors to promote waste
separation behaviors of college students. At the same time, the response rate and
penetration rate of these four items were significantly higher. The cumulative
proportion of the other four items is 29.92%, indicating that the category items are
of low importance, including F (establishing incentive mechanism), E (introducing
special regulations), G (taking punishment measures), and H (supervising the
users). These items are mainly related to system construction and reward and
punishment measures, which are relatively minor factors in promoting waste
separation behaviors of college students.

Regarding impediments, there are five items with a cumulative sum of 74.47
percent, including A (knowledge deficiency), F (obsolete facility), C (taking time
and energy), D (lack of incentive mechanism), and B (neglecting personal

responsibility), see Figure 3.9.

1000 924 93.23% 100:00% 100.00%
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Figure 3.9 - Pareto diagram of factors that hinder waste separation behaviors

Source: prepared by the author
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Comparatively speaking, the response rate and penetration rate of the first
three items are significantly higher. These three items involve knowledge,
infrastructure, and personal cost, so it indicates that lack of knowledge, imperfect
facilities, and high personal cost are important factors hindering waste separation
behaviors of college students. The remaining items are relatively minor factors
hindering the waste separation behaviors of college students.

It can be concluded that the main factors hindering the waste separation
behaviors of college students are the lack of relevant knowledge, imperfect campus
infrastructure, and high personal investment costs. Strengthening the propaganda
and education about waste separation and the construction of campus infrastructure
are the main factors to promote the waste separation behavior of college students.
It can be seen that the survey results about the promotion and hindrance of waste
separation behaviors in universities are the same.

Inferential Analysis. Several analytical methods were used to verify the

variable relationship, influence path, and regulating factors of college students’

attitudes and behavior toward waste separation.

- Relationship between socio-economic characteristics and other
variables. One-way ANOVA was used to study the relationship between gender
and X, Y, Z1, and Z2, and it was found that respondents with different genders
showed significant differences with respect to X, Z1, and Z2 (p < 0.01). The
analysis also showed that the average value of males was significantly lower than
that of females for the mentioned three variables.

Similarly, one-way ANOVA was used to study the effect of age and grade
on X, Y, Z1, and Z2. The results showed that respondents of different ages show
no statistical difference in terms of X, Y, Z1, and Z2 (p > 0.05), which indicates
that respondents of different ages show consistency in all the above variables
without a significant difference.

As for grades, the analysis results showed that respondents from different
grades showed no significant difference in terms of X (p > 0.05). However, the

grade of respondents showed significant differences in terms of Y, Z1, and Z2 (p <
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0.01). Furthermore, based on the analysis, the mean score comparison results of the

groups with significant differences in Y in terms of grade are “freshman >

sophomore > junior > senior”. The comparison result of the mean score of grade

groups with obvious differences in Z1 is ‘“senior > freshman > junior >

sophomore”. The comparison result of the mean score of grade groups with

obvious differences in Z2 i1s “freshman > senior > junior > sophomore”. The

research shows that waste separation behaviors tend to fade with the increase in

grade. In addition, generally, the waste separation behavior of senior students is

more susceptible to contextual factors. However, it should be noted that freshmen

show a higher degree of activity under contextual factors; that is, freshmen show a

higher willingness to waste separation under the influence of contextual factors,
see Table 3.10.

Table 3.10 - ANOVA of the sample’s socioeconomic characteristics

Variable X Y Z1 Z2
Male (n = 459) 453+051 | 3.99+0.83 | 420+0.99 | 434+0.77
Gender Female (n = 754) 462+0.38 | 4.01+0.74 | 435+0.83 | 4.52+0.60
(¥ £5) F 10.881 0.253 8.597 19.224
p 0.001 ** 0.615 0.003 ** 0.000 **
<18 (n = 39) 448+0.49 | 3.99+0.74 | 425+0.96 | 4.36+0.90
18~20 (n = 801) 4.61+0.44 | 405+0.76 | 430+0.89 | 4.49+0.65
Age 21~23 (n = 365) 456+0.43 | 3.92+0.81 | 428+0.90 | 438+0.70
(¥ £9) >24 (n = 8) 439+0.55 | 3.81+£0.64 | 4.67+0.47 | 429+0.45
F 2.075 2.398 0.524 2.472
p 0.102 0.066 0.666 0.060
Freshman (n = 516) 4.62+0.41 | 4.06+0.76 | 436+0.86 | 4.54+0.61
Sophomore (n = 316) 4.57+048 | 405+0.76 | 4.14+099 | 435+0.77
Grade Junior (n = 243) 454+044 | 3.91+081 | 428+0.84 | 4.37+0.68
(¥ £5) Senior (n = 138) 457+044 | 3.87+0.80 | 442+0.83 | 4.47+0.65
F 2.529 3.875 4.855 6.899
p 0.056 0.009 ** 0.002 ** 0.000 **
***n<(0.05p<0.01

Source: prepared by the author

- Relationship between attitude and behavior. To understand the impact




181

of college students’ attitudes towards waste separation on their waste separation
behavior, X was taken as the independent variable, while Y was taken as the
dependent variable to conduct linear regression analysis. As can be seen from the
following table, the model equation is:
Y =0.180 + 0.834xX (3.2)

As shown in Table 3.11, the R2 value of the model is 0.224, which means
that X can explain 22.4% of the changes of Y. The model passed the F test (F =
349.039, p = 0.000 < 0.01), indicating that X must have an impact on Y. Finally,
the analysis showed that the regression coefficient value of X is 0.834 (t = 18.683,

p = 0.000 < 0.01), which means that X has a significant positive influence on Y.

Table 3.11 - Parameter estimates of linear regression analysis (n=1213)

Unstandardized |Standardized
Coefficients Coefficients | ¢ p VIF| R? |AdjR E

B Std. Error Beta

Constant | 0.180 0.206 - 0.874 | 0.382 -- F (1, 1211) = 349.039, p =
0.224 | 0.2223 0.000 **
X 0.834 0.045 0.473 18.683{0.000 **|1.000 '
Dependent Variable: Y
D-W: 1.920

* p<0.05 ** p<0.01
Source: prepared by the author

To further clarify the influence of each factor in attitude on the behaviors, X1,
X2, X3, and X4 were taken as independent variables respectively, while Y was
taken as dependent variables for linear regression analysis. As can be seen from the
following table, the model equation is:
Y =0.294 + 0.0494X1 + 0.126UX2 + 0.385UX3 + 0.3044YX4 (3.3)
The R2 value of the model is 0.349, indicating that X1, X2, X3, and X4 can
explain 34.9% of the change in Y, see Table 3.12. The model passed the F test (F =
162.091, p = 0.000 < 0.01), confirming that at least one of the four elements of the
X variable would have an impact on Y. In addition, the test of the model’s
multicollinearity showed that all VIF (Variance Inflation Factor) values in the

model are less than 5, which means there is no collinearity problem. Moreover, the
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D-W value is near 2, showing that the model does not have autocorrelation and
there is no correlation between sample data. Therefore, the model is good. The
final concrete analysis shows that the regression coefficient value of X1 is 0.049 (t
= 1.485, p = 0.138 > 0.05), meaning that X1 will not have a significant impact on
Y. Also, the regression coefficient of X2 is 0.126 (t = 3.197, p = 0.001 **), X3 is
0.385 (t = 19.827, p = 0.000 **), X4 is 0.304 (t = 7.444, p = 0.000 **), implying
that these three factors have a significant positive influence on Y. Among them, X3

exhibited the greatest influence on the dependent variable Y..

Table 3.12 - Parameter estimates of linear regression analysis (n=1213)

Unstandardized Standardized
Coefficients Coefficients | t p VIF |R?2 |AdjR? F
B Std. Error Beta
Constant | 0.294 0.197 -- 1.495 | 0.135
X1 . . . . . .
0.049 0.033 0.041 1.485 | 0.138 | 1.386 F(4, 1208) =
X2 0.126 0.039 0.093 3.197 [0.001 **| 1.562 [0.349| 0.347 162.091;
X3 0.385 0.019 0.470 19.827 |0.000 **| 1.044 p=0.000
X4 0.304 0.041 0.199 7.444 (0.000 **| 1.325

Dependent Variable: Y.
D-W: 1.889.

* p<0.05 ** p<0.01
Source: prepared by the author

- Analysis of moderating effect. Moderating effect analysis is to study
whether the influence of independent variable X on dependent variable Y will be
interfered with by the moderating variable Z. In the study, the X and Z were first
treated centrally, followed by hierarchical regression analysis.

In the study of the moderating effect of Z1, three models were involved in
hierarchical regression analysis. Model 1 includes independent variables X. In
model 2, a moderating variable Z1 was added based on Model 1, and in Model 3,
an interaction term (product term of the independent variable and moderating
variable) was added based on Model 2. The dependent variable of the model is Y.

The purpose of model 1 was to study the influence of the independent
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variable X on the dependent variable Y without considering the interference of the

moderating variable Z1. As can be seen from Table 3.13, X has a significant

influence on .

Table 3.13 - Parameter estimates of modulation analysis (n=1213)
Model 1 Model 2 Model 3

B |[SE| t | p |p |B |SE| t | p | |B |SE| t | p |

Constant 4.006(0.019(214.095|0.000**| - [4.006|0.019|214.166|0.000**| - |4.002/0.019209.656(0.000**

X 0.921/0.041) 22.334 /0.000**|0.540/0.910(0.042| 21.627 |0.000**|0.534/0.925|0.044| 20.886 |0.000**|0.542

z1 0.029/0.021| 1.342 | 0.180 [0.033/0.026(0.022 1.184 | 0.237 [0.029
X*Z 0.050(0.047| 1.062 | 0.288 |0.027
R? 0.292 0.293 0.293
Adj.R? 0.291 0.292 0.292
F F (1,1211)=498.814,p=0.000 | F (2,1210)=250.473,p=0.000 | F (3,1209)=167.375,p=0.000
AR? 0.292 0.001 0.001
AF F (1,1211)=498.814,p=0.000 F (1,1210)=1.802,p=0.180 F (1,1209)=1.128,p=0.288

Dependent Variable: Y

* p<0.05 ** p<0.01
Source: prepared by the author

The moderating effect can be viewed in two ways. The first is to check the
significance of the change in F value from Model 2 to Model 3. The second is to
check the significance of the interaction term in Model 3. As shown in Table 3.12,
the change in the R2 value is only 0.001, which is very low. Moreover, the change
in the F value is not significant (p = 0.167 > 0.05). In addition, the regression
coefficient B of interaction terms is 0.074, which does not show a significant value
(t = 1.382, p = 0.167 > 0.05). This indicates that interaction terms are not
significant, which further implies that there is no regulatory effect. In other words,
when X affects Y, the moderating variable Z1 has a similar influencing range at
different levels.

When studying the moderating effect of external factors on Z2, the
moderating effect was similarly divided into three models, and the independent

variable X was included in Model 1. In model 2, moderating variables Z2 were
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added based on Model 1, and in Model 3, interaction terms (product terms of
independent variables and moderating variables) were added based on Model 2.

It can be seen that in model 1, X has a significant influence on Y. The JIF
showed significance (F = 86.518, p = 0.000 **) when moving from model 2 to
model 3, see Table 3.14. Moreover, the interaction term between X and Z2
exhibited that it was significant (t = 2.436, p = 0.015 < 0.05). This all implies that
the magnitude of the effect of the moderating variable Z2 differs significantly at
different levels when X has an effect on Y. The value of the regression coefficient
of the interaction term is 0.139, which suggests that the moderating variable acts as

a positive moderator of the effect of X on Y.

Table 3.14 - Parameter estimates of modulation analysis (n=1213)

Model 1 Model 2 Model 3
B |SE.| t p | g |B [SE| t p | g |B |SE| t p B
Constant|4.005/0.020{203.958 O'EEO - |4.005/0.019|211.037 O'EEO -- |3.987|0.020{196.417(0.000 **| --
X |0.834/0.045| 18.683 O'EEO 0.473|0.643(0.048| 13.474 O'SSO 0.365/0.709(0.055| 12.961 |0.000 **|0.402
Z2 -] - -- -- -- 10.289|0.031| 9.302 O'EEO 0.252|0.287|0.031| 9.254 [0.000 **|0.250
XxZ2 | -- -- -- -- -- -- -- -- -- -- 10.139|0.057| 2.436 |0.015 *|0.070
R?2 0.224 0.276 0.279
Adj. R? 0.223 0.274 0.277
F  |F(1, 1211) = 349.039, p = 0.000 **|F(2, 1210) = 230.103, p = 0.000 **|F(3, 1209) = 156.007, p = 0.000 **
AR? 0.224 0.052 0.004
AF |F(1, 1211) = 349.039, p = 0.000 **| F(1, 1210) = 86.518, p = 0.000 ** | F(1, 1209) = 5.936, p = 0.015 *

Dependent Variable: Y

* p<0.05 ** p<0.01
Source: prepared by the author

The results of simple slope analysis showed that in high external contexts,
high levels of college students’ attitudes toward waste separation and recovery
significantly predicted high levels of corresponding behaviors. Meanwhile, in the
low external context, the low level of college students’ attitudes also effectively

predicted their low level of behaviors, see Table 3.15.
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Table 3.15 - Results of the simple slope analysis

Levels of the Moderating Variables B S.E. t p 95% CI
Mean value 0.709 | 0.055 | 12.961 | 0.000 | 0.602 | 0.816
High level (+1 SD) 0.803 | 0.081 | 9.909 | 0.000 | 0.644 | 0.962
Low level (—1 SD) 0.614 | 0.049 | 12.506 | 0.000 | 0.518 | 0.711

Source: prepared by the author

Appropriate suggestions and countermeasures. Through empirical
research on data and analysis of research results, the following will discuss from
the perspective of different subjects of college students, universities, and
government departments, and put forward corresponding countermeasures and
suggestions to promote personal green consumption habits and environmental
protection living behaviors and promote the establishment of ecological
civilization society.

- The level of college students. As a special group that plays an important
role in leading society, it is particularly important to cultivate the awareness and
behavior of waste separation among college students.

First, college students should strengthen their knowledge of waste
separation. Learning waste separation knowledge is the basis and guarantee of
waste separation. The study of waste sorting policies includes national laws and
regulations and specific regulations formulated by local governments, which will
help college students grasp current national policies and obtain the latest
knowledge. University has a natural advantage compared to society, the network
resources, communication between students, books, newspapers, and magazines to
consult the convenience is the advantage of waste separation learning conditions,
can also participate in practical activities to promote the theory knowledge
learning, knowledge for waste separation learning can exert a subtle influence on
improving students’ consciousness of CE.

Second, college students should go beyond the thinking of students and take
the initiative to shoulder their social responsibilities as citizens. Since everyone’s

production and living activities have caused the waste of resources and serious
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environmental problems, people should bring this sense of responsibility back to
their quality, establish a sense of responsibility, and start from ourselves to reduce
the human claim and damage to nature. In addition, some college students have a
high awareness of environmental participation but lag in action, because they are
highly dependent on the government. These college students can’t aware waste
separation responsibility system on their every citizen, but there is a "wait and
see", "wait", and "rely on" negative psychology, then even if they think it is
necessary to waste separation, there is the waste separation of subjective will, but
not necessarily produce separation behavior, intention and behavior are produced
by separation problems.

Moreover, college students should consciously practice a green lifestyle. The
relationship between man and nature has changed from conquering nature in the
past to seeking a harmonious coexistence between man and nature, which reflects
the desire of all mankind to live in peace with nature. Human beings have brought
harm to nature and should also assume the responsibility of protecting nature. In
the past, the way of life focused on the consumption of resources, causing damage
to the environment, now all countries are advocating a green lifestyle, in a simple
but efficient way to protect the environment. As a concrete green way of life, waste
separation is an urgent goal to be implemented. In fact, the significance of waste
separation lies not only in waste separation and recovery but also in the recycling
of the waste in the later stage and the advocacy of a sustainable lifestyle in the
early stage. China has entered a new era. As college students in the new era, they
should pay more attention to the improvement of moral quality, actively practice a
green lifestyle, and improve the living environment.

- The level of university administrators. Based on the above analysis and
research conclusions, the following suggestions are put forward for colleges and
universities.

First, university administrators should strengthen the popularization of waste
separation knowledge and cultivate students’ awareness of social responsibility.

Research shows that the knowledge and sense of responsibility for waste
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separation are the most significant factors affecting the waste separation behavior
of college students. Therefore, popularizing the knowledge of waste separation and
cultivating college students’ sense of social responsibility is an important measure
for college students to form the behavior habit of household waste source
separation. On the one hand, colleges and universities should actively carry out
publicity and education in various ways to popularize waste separation knowledge,
such as thematic publicity activities, general education courses, and integrating
knowledge into professional education. On the other hand, should pay attention to
improve the college students of national energy and environmental problems such
as attention, make them understand the policies and measures of the state
governance environment, such as the double goals, make them understand waste
separation actions to protect the ecological environment, save energy resources in
China, the importance to solve the problem of global warming, to cultivate college
students’ value to waste separation behavior and sense of responsibility.

In addition, this study should pay attention to the difference in the
population when conducting waste separation education for college students. In
view of the low score of male college students in waste sorting attitude, attention
should be paid to the performance of male college students in learning and
participation in education. In addition, education may need to pay attention to the
differentiation of different grades. It is necessary to pay attention to the guidance
and education of senior students, and at the same time, the enthusiasm for waste
separation of freshmen should be affirmed and encouraged to maintain their
behavior level.

Second, university administrators should improve the construction of
supporting facilities for waste separation and improve the constraints of the waste
separation system. Although the country has clearly defined the classification
standard of household waste and the standard identification of waste cans, many
colleges and universities have not been able to improve the construction of waste
separation facilities on campus simultaneously. Colleges and universities should

focus on solving the defects of campus waste separation facilities' insufficiency,
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and unclear classification labels, reasonably purchase waste separation facilities to
improve the convenience of waste delivery by college students, and make clear the
labeling of campus waste separation and dumping, so as to enhance the
participation of college students in front of the separated delivery.

The lack of strict school rules is one of the important reasons for the low
participation of college students in waste separation. According to the research
results, policy publicity is the key factor affecting the waste separation of college
students. Colleges and universities should vigorously publicize and implement
national and local policies on waste separation, and formulate campus rules and
regulations according to local conditions. In addition to encouraging college
students to actively participate in waste separation, it is also necessary to
implement the responsibility assessment system to reverse and constrain illegal
dumping behavior. The cultivation of personal waste separation behaviors habits
not only requires encouraging college students to actively participate in practice
but also requires strict accountability to regulate and strengthen their behavior. The
school’s system and policy measures have a strong binding force and can
effectively regulate and restrain students’ daily life behavior (Wei & Guo, 2020).

Third, university administrators should guide and encourage campus
environmental protection activities, and actively organize and carry out waste
separation practice activities. Motivation is often the source of behavioral
motivation. Schools can give appropriate rewards to teachers and students for
campus waste separation by formulating relevant incentive policies, which can
fully reflect positive guidance. The school can arouse the interest of teachers and
students and raise the level of attention by appropriately rewarding and supporting
the scientific research projects, and academic and research activities conducted by
teachers and students with the theme of waste separation. For the waste separation
behavior design and evaluation activities of student dormitories as units, material
rewards or spiritual commendations will be given to dormitories that actively
participate in waste separation.

At the same time, extra-curricular practical teaching is an important link in
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the college education system. In addition to the daily abstract theoretical teaching,
this study can carry out targeted practical activities on waste separation to realize
the combination of theoretical learning and practical activities, so that students can
digest and understand the connotation of theoretical knowledge in class in practical
activities. The practical activities of waste separation should be indispensable
content of practical education in colleges and universities. Organizing college
students to visit and study waste recycling and resource recycling factories is also a
good way of practical teaching, which can help college students better understand
the reasons, operation process, and direction of waste separation. College students
can truly feel the value of front-end waste separation, so as to consciously
participate in the waste separation action.

Finally, university administrators should enrich and expand the influence
range of campus publicity, and strengthen the cultural atmosphere of campus CE.
The propaganda and education on waste separation should not be limited to
traditional campus propaganda channels. The school should change the
conventional thinking of propaganda and expand the propaganda to the modern
media field and the surrounding communities of the university as an important
starting point to expand the influence range of effective propaganda. For example,
through modern information technology and social media platforms, such as
mobile phones clients run waste sorting apps to popularize knowledge and
concepts of CE. In terms of publicity objects, surrounding communities and
enterprises can be considered, and CE education and waste separation behaviors
guidance can be carried out for people around the campus to expand the social
impact of campus publicity. Through diversification and multiple platforms, it can
improve the convenience and speed of obtaining information, expand the
penetration of information transmission, achieve the combination of audio-visual
and more appealing, and expand the mass base of waste separation and popularize
it to the whole people.

In addition, as the embodiment and externalization of school spiritual

culture, campus culture is unique and independent university management guided
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by culture. Universities should pay more attention to creating a sustainable campus
culture, cultivating students’ green consumption habits and awareness of CE, and
improving the atmosphere of waste reduction and sorting.

- The level of government departments. Based on the above research
conclusions, the following suggestions are put forward for the separation and
recovery management of Chinese urban household waste.

Firstly, the government should strengthen the construction of urban
household waste separation and recovery systems. At present, most of the waste
separation pilot cities have adopted various approaches to speed up the
construction of waste separation infrastructure. Also, universities are
simultaneously improving the campus waste separation facilities. However, the
back-end classification collection, and transportation system of urban waste
treatment in China is in a relatively backward state, which directly leads to the low
enthusiasm of college students for front-end separation and delivery. Therefore, it
IS suggested that cities should further clarify the allocation of domestic waste
separation and recovery facilities in construction planning, and accelerate the
establishment of a complete domestic waste separation and treatment system of
"separated delivery, separated collection, separated transportation, and separated
disposal”. At the same time, the construction of renewable resource recovery sites
and the construction of standardized resource recovery systems should be
accelerated to improve the convenience of recovery services.

The government should improve the construction of laws and regulations on
waste separation and recycling. At present, only a few pilot cities in China have
established effective laws and regulations, incentive mechanisms, and mandatory
restraint policies for the management of household waste sorting and recycling.
For example, Shanghai issued the Shanghai Municipal Household Waste
Management Regulations in 2019. As the producers of household waste, most
urban residents’ participation in the separation and recovery depends on their
initiative and willingness, and are not subject to laws and regulations. The

government needs to strengthen the top-level design of city life waste recycling,
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binding and incentive policy-making of laws and regulations as soon as possible,
establish management mechanisms linked to residents’ vital interests, clear
responsibility and obligation of residents, and form a complete set of rewards and
punishment mechanism, to ensure all the residents to participate in living waste
recycling, realize the effective management of urban living waste separation

recycling (Meng, 2019).

3.3 Sustainable city of the future with university demonstration and
contribution

Directions of Urban economic development in China. Over the past 40
years of reform and opening up, remarkable achievements have been made in
China’s urban development. Especially in the 21st century, the pace of
urbanization has been accelerating, with tens of millions of rural people migrating
to cities every year (PRC NBS, 2020), as shown in Figure 3.10.
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The urban population will reach 901.2 million in 2020, an increase of 17.9
million over 2019. With the continuous expansion of the urban population and the
consequent transition of economic growth mode, urban development is faced with
many difficulties in construction and management, such as resource shortage,
environmental pollution, traffic congestion, safety hazards, and other problems
becoming increasingly prominent.

The first is the problem of sustainable economic development under
resource constraints. From the perspective of economics, the basic elements of
economic development, such as labor force, land, resources, capital, technology,
and management, are scarce resources and should be allocated to maximize returns.
With the expansion of urban scale and the growth of urban population, per capita
production resources or capital shortage can not grow indefinitely, so it will form
the bottleneck of economic growth. Taking household energy consumption as an
example, the per capita consumption level of natural gas, electricity, and other
energy increased year by year. In 2020, the per capita household energy
consumption reached 438kg, more than double that of 2005. Resource constraint
makes the development of an urban economy must open source and reduce
expenditure, that is, to economize and make intensive use of existing resources and
elements, or to find new production promotion elements, new production
organization forms, and new economic growth points. With the development of the
knowledge economy, knowledge production and technological progress have
become the endogenous driving force of economic growth, and even knowledge
has replaced the labor force and capital as the only element of production (Richard,
2005). Since knowledge and technology can be created and innovated constantly, it
has become the trend of urban development to relieve the resource constraints that
restrict urban and economic development through scientific and technological
innovation.

Secondly, economic growth brings environmental problems to urban
development. According to the U-shaped curve of environmental Kuznets, with the

increase of urban per capita income, urban environmental quality will experience a
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process of deterioration and then improvement, that is, pollution first and then
treatment. Since 2005, the Chinese government has advocated the promotion of CE
and taken measures to improve the environment. The per capita waste removal
volume of urban residents has been decreasing year by year, reaching the lowest
point in the past few years at 231.4 kg in 2013. However, with rapid urbanization,
population growth, and economic development, the amount of waste collected by
urban residents per capita has started to rise again. At present, the environmental
problem is still an important problem troubling urban development all over the
world. According to a report released by the World Bank in December 2018, the
global municipal solid waste generated in 2016 was 2.01 billion tons. Global waste
volume is expected to reach 2.59 billion tons in 2030 and 3.4 billion tons in 2050.
Land bearing capacity will eventually reach the limit, resulting in the deterioration
of urban living conditions, not suitable for living and living. Moreover, from an
environmental point of view, the environmental pollution that has been caused may
take a long time to repair, sometimes even irreversible. From an economic point of
view, the cost of subsistence and living will increase significantly, the entire urban
system will become unsustainable, and the urban economy will become
uncompetitive. Therefore, the city needs to adjust the industrial structure and
choose the SD path of low consumption, low emission, high benefit, and high
output.

In this context, the development pattern of the city continues to evolve. In
recent years, the discussion of urban development patterns are many achievements,
put forward the development model in some cities, such as relying on the creative
economy and new types of industrial clusters Creative City, focusing on
knowledge innovation, knowledge management Innovation City and Knowledge
City, emphasis on energy conservation and emissions reduction, development of
low carbon industry Low-carbon City and No-waste City, Green City, Garden City,
and Eco-civilized City, etc., focus on environmental protection and beautification.
In recent years, with the development of a new generation of information

technology represented by the Internet of Things, cloud computing, mobile Internet,
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and artificial intelligence, Smart City, which can enhance the development space
and sustainability of cities, is considered to be the direction of urban development
in the information age and the trend of civilization development. The concept of a
smart city originates from the concept of smart Earth proposed by IBM in 2008. Its
essence is to use modern information technology to promote the interconnection,
efficiency, and intelligence of urban operation systems, which can make urban
resources more easily to be fully integrated. In other words, based on the fine and
intelligent management of the city, reduce resource consumption and reduce
environmental pollution, so as to realize the SD of the city. China has been
building smart cities since 2012, approving 90 national smart city trials for the first
time. By the end of 2017, more than 500 cities in China have proposed or are
building smart cities. In short, from the general trend and practice of modern city
development, the future urban development should be an SD road driven by
knowledge and science, and technology, that is, knowledge innovation and SD are
the main driving forces of the future modern city development. This means that
universities with rich educational and research assets are increasingly connected to
the cities of the future.

Driving effect of universities on urban CE implementation. The
development of universities can guide and drive the economic and social
development of cities. CE-related university assets and urban CE development
have different levels and content of the relationship. In this relationship, CE-related
university assets can be an important driving force of urban economic and social
development, as well as a symbol of urban CE. When a city develops to a new
stage, it mainly depends on high-quality innovative talents and other external
environments. Therefore, compared with the competitiveness of other regions, the
existence of research-oriented universities in the region will give the region more
comparative advantages (Audretsch et al., 2012). The universities in the region can
exert an important influence on the development of the region in CE personnel
training, scientific and technological innovation, and social services.

- Direct knowledge production and knowledge spillover. Derek, a
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famous American educational thinker and former president of Harvard University,
believes that universities are designed to fulfill the special mission of discovering
and transmitting knowledge (Bok, 1990). The university will become the
knowledge center of the learning society and the axis organization of modern
society. The industry in the new century will increasingly rely on the production of
knowledge. With its advantages, universities can provide new knowledge and
disseminate new technologies (Brostrm, 2010). In terms of learning and updating
knowledge, and in terms of cultivating innovative talents (Acosta et al., 2009), they
are all in a central position, playing the role of core leaders to promote the
development of social economy and culture.

- Direct and indirect innovation influence. It directly produces
technological innovation, knowledge innovation, product innovation, and
management innovation, and indirectly produces business model innovation and
social and economic management innovation. In fact, creativity, as an economic
form, has risen to the level of national policy (Hesmondhalgh, 2007). Universities
have their unique advantages in innovation. The implementation of green
universities on green scientific research, green projects, and green products is
reflected in the improvement of innovation efficiency and quality. While changing
people’s original concepts, consumption patterns, and lifestyles, it will also
generate new business models and new management patterns, thus forming new
models and directions for urban development.

- Advantages in analyzing and disseminating culture. Universities are
always based on national culture, facing the world and the future. Each university
has its own unique regional culture, disciplinary characteristic culture, and
historical accumulation. The interpretation of the scientific spirit and cultural
tradition can radiate and influence students, teachers, and other social strata. The
combination of green culture and university culture can make better use of the
situation, carry forward its advantages, and focus on spreading the concept of SD
in a certain area or region, which will fundamentally have a huge ideological
impact on the SD of the society.
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- The role of the creative economy and urban networking. The external
conditions of the creative economy are mainly the proximity to comprehensive
universities and the cosmopolitan city. In the development of modern industry,
universities are increasingly important for the creative economy of cities or regions.
Harvard University established the Harvard Council on the Environment in 1991 to
encourage and coordinate university-wide activities and academic research related
to the environment. As a world-renowned university in science and technology,
Massachusetts has made outstanding achievements in green technology, such as
green building, green supply chains, and green energy-saving technology. The two
universities have had a significant impact on the formation of their region, the
route 128 area, and the emerging biotechnology cluster. In China, Beijing and
Shanghai also show similar characteristics. For example, there are many famous
universities led by Peking University and Tsinghua University around Beijing
Zhongguancun Science Park, forming knowledge spillover and industrial cluster
effect. With the core concept of “integration and joint development of the three
districts”, Tongji University and the city where it is located jointly build a
knowledge economy circle around the Siping Road campus. The creative economy
is often a green economy, and the construction of green universities reinforces this
characteristic, making innovation and development more competitive.

- As a demonstration community in a sustainable city. One development
trend of campus is a university city, such as Oxford and Cambridge university city
in Britain, while Chongging University City in China is a big city integrating
science and technology, education, culture, and ecological niche with a total
population of 1 million. In fact, the university town has become a characteristic
community of the city where it is located, radiating to its surrounding areas in
terms of knowledge, culture, technology, environment, and lifestyle. The
construction of green campuses will become a typical demonstration area of green
environmental protection, green management, and green economy in the whole
society with the wide use of green building technology and the new generation of

energy-saving technology. Reference cases are provided for unhealthy urban and
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regional development problems caused by a lack of corresponding capacity to
carry out changes and adapt to changes in resources, environment, economic
foundation, and social conditions (Disterheft et al., 2012).

Specifically, colleges and universities can provide the continuous impetus
for the development of urban CE through rich CE-related assets. On the one hand,
CE-related education activities will reshape knowledge and talent, which will
fundamentally change the development concept and behavior culture. The
influence mechanism of education is diffuse. It exerts influence through the flow of
people and knowledge, and gradually forms CE consciousness and values that are
generally accepted on campus and even the whole society after long-term
dissemination and precipitation. On the other hand, CE-related scientific research
activities can realize the outward diffusion of knowledge and technology,
transform it into productivity, and promote the transition of development mode.
The application of CE science and technology will affect the change of enterprises’
technological innovation concept, operation and management model, and social
business mode, and then affect the development of CE in cities and regions. In
addition, CE campus practice can not only give full play to the CE potential
contained in the university campus itself, but also provide experience and solutions
for social CE planning and practice as a large community with urban functions,
and conduct significant policy effect simulation for social managers.

Design of waste separation management system based on Al technology.
To explore the practical significance of CE-related university assets in urban
development, this study still takes waste management projects as an example to
prove. The Chinese government attaches great importance to the construction of
urban waste sorting and recycling system and has carried out the pilot construction
of waste sorting and recycling in many cities. Since 2019, China has entered a new
stage of institutionalization of waste separation, which is reflected in the fact that
many cities have started to comprehensively implement mandatory waste
separation. However, there are still many problems in the separation and treatment

of municipal solid waste, such as incomplete community separation facilities,



198

insufficient separation consciousness of residents, inaccurate separation, and
repeated separation caused by mixed transportation. The development and
application of artificial intelligence technology in smart city systems provide a

more effective alternative to solve these problems.

Based on thinking learning and construction, Al could improve the
efficiency of waste separation recycling and reduce the amount of solid waste
entering landfills and incineration power plants through intelligent identification,
collection, and sorting of waste. Moreover, the Al waste separation recycling
device could make use of Big Data, the Internet of Things, and other technologies
to realize intelligent waste separation management with the combination of
supervision functions (Nowakowski et al., 2020). It can be predicted that the
application of Al technology in waste separation management is a development
direction in the future, which will change the traditional crowd management tactics.
At present, companies committed to Al technology development have launched
several Al-based waste collection and sorting products and applied them in some
areas. However, most business users and the community have been deterred by the
high price tag in promoting them to a wider audience. Universities are also crucial
subjects of Al technology research and development other than specialized
technology companies. To date, there have already been 35 universities in China
that set up Al faculty dedicated to Al education promotion and technology research
(Fu et al., 2021), which provides convenient conditions for the implementation of
Al waste separation management programs on campus. A new low-cost Al waste
separation system developed at Liverpool Hope University has confirmed the
advantages of universities in applying Al technology to waste separation recycling
management (Myers & Secco, 2021).

Al technology has been utilized to improve existing solid waste management
schemes throughout the different stages, from collection to final disposal (Kolekar
et al., 2016; Vitorino et al., 2017). In the context of mandatory promotion of waste
separation, researchers began to focus on the application of Al technology in waste

separation recycling, which is a crucial approach to solving the problem of surging
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waste generation and low efficiency of manual separation. The literature review
conducted by Abdallah et al. (2020) indicated that the frequently used Al models
in waste separation included Artificial Neural Networks, Support Vector Machines,
Linear Regression, Decision Trees, and Genetic Algorithms. As for the launched
Al products in the field of waste separation recycling, it is mainly divided into
three categories, namely, waste separation software based on Al technology, Al
waste separation container, and Al waste sorting facility. These three types of
products are respectively applied in the process of waste dumping, separated
collection, and sorting treatment.

The identification and guidance Al software applied in the process of waste
dumping is mainly based on machine vision technology and big data technology to
assist users to identify waste and confirm the correct category (Zeng et al., 2021;
Yu & Jing, 2020). For example, smart waste separation small program of mobile
social media APP, Oscar smart waste separation system designed by Intuitive Al,
and Vivo Al assistant in China. Al recognition terminals applied in waste
separation and collection are mainly used to automatically classify and collect
waste based on different Al models (Kang et al., 2020; Vrancken et al., 2019;
Nafiez-Alonso et al., 2021; Adedeji & Wang, 2019), such as Bin-E of Poland and
Smart trash Bin "Rui Bucket" launched by Alfeisi of China. Intelligent sorting
facilities applied in waste sorting and processing mainly uses artificial intelligence
technology to correctly sort waste collected according to categories (Tehrani &
Karbasi, 2017; Chidepatil et al., 2020; Wilts et al., 2021), such as FANUC, MIT,
and Alphabet The company, Finland Zeen Robot company set up the waste sorting
robot project, China’s Zhongcheng Green Construction and Angi Intelligent
Technology and other enterprises launched the waste sorting robot products.

Overall, the research on Al applications in the field of waste separation
management covers the three important processes of waste separation recycling,
namely, dumping, collection, and sorting. According to the findings of scholars
and technology companies, the Al software for classification education and

guidance applied in the dumping process has been relatively mature, and the results
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in the collection process are the most abundant. Also, the relevant research and
products in the Al sorting process are still in their infancy due to the limitations of
technology and capital investment. Anyway, the previous research provides an
important basis for the construction of an Al-based waste separation recycling
system at universities, which has tremendous potential for promoting waste
separation into the orbit of CE (Shevchenko et al., 2021).

Based on the waste separation situation at H university, integrating Al into
the waste separation management process seems to be the best alternative solution
to resolve the mess before the urban waste separation system gets upgraded.
Implementing waste separation recycling requires abundant human resources to
guide and supervise, and numerous labor efforts in the waste collection and sorting
process. Al technology could not only replace part of the labor force in waste
separation but also improve the performance of waste separation on campus. This
study proposes a framework of waste separation management based on Al
technology, which mainly involves the main processes including dumping,
collection, and sorting. Specifically, the Al software could be applied in the user’s
waste dumping process to reduce the amount of guidance and supervision
personnel that are invested in the publicity and education of waste separation
knowledge. The application of an Al separation terminal in the waste collection
process can realize secondary separation based on manual separation to maximize
recycling and minimize landfill or incineration. Al sorting facilities could be used
in the waste sorting process to reduce the labor cost caused by inefficient manual
sorting and save the value of all kinds of recyclable materials.

The main processes of waste separation on campus require Al participation
to ensure the action effects. In the four categories of waste, Food Waste and
Hazardous Waste are difficult to be classified by Al due to their characteristics of
pollution, so it is of great importance to guide and supervise users to correctly
classify them through Al technology in the dumping process. Residual Waste is
complex and eventually flows to waste incineration power plants or landfills, so Al

separation facilities should be applied to re-classify them to increase recycling and
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reduce incineration and landfills. All recyclable waste should be finely sorted by an
Al sorting facility and then exported to make recycled products for consumers.
Finally, all waste streams are directed to corresponding docking institutions,
including renewable resource plants, food waste recycling plants, hazardous waste
treatment plants, and municipal sanitation systems, see Figure 3.11. In this
framework, this study removed the role of junkmen because their work is replaced
by an Al sorting facility. Also, it would reduce the potential health risks posed by

direct exposure to waste, especially at the critical time of the global COVID-19

pandemic.
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Source: prepared by the author

From the briefcase description above, it can be seen that the construction of
intelligent waste management systems in universities mainly focuses on Al
guidance and supervision in the waste dumping process, and there are still few
practices in mixed waste separation and fine sorting of recyclable waste by using
Al technology. It is acknowledged that the framework of Al-based waste

separation management at H university proposed in this study is only in the stage
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of theoretical exploration and needs the support of subsequent empirical studies.
On the upside, the flourishing Al faculty established in colleges and universities
could carry out empirical research on Al waste separation management programs

on campus, which could bridge the gap between theory and reality.

Conclusions to section 3

In section 3 “Case study of waste management program in Chinese
university”, the construction of campus waste separation and recovery
management system was selected as a representative of the university CE-related
asset management system for a case study. This study analyzed the experience of
Leiden University in waste management and the current situation of H University’s
waste management program in China. Meanwhile, this study conducted an
investigation on the waste separation attitude of H university students based on
cognitive behavior theory. To realize the university's demonstration and
contribution to the future sustainable city, this study explored the design of a waste
management system based on Al technology. This study draws the main
conclusions as follows.

1. From the perspective of management functions, this study analyzed the
experience of Leiden University in waste management. Leiden university’s waste
management plan and goals are set out in its environmental policy plan, which
elaborates on how it intends to operate to meet its responsibilities in the area of
environment and sustainability. This study listed the specific goals, responsible
departments, and implementation status of the accountabilities in the fields of
education and research, and waste. It is found that Leiden University has adopted a
three-pronged approach to reduce waste for achieving the waste management goals,
including preventing waste, separating waste, and recycling. The annual
sustainability report is an effective way to demonstrate the effectiveness of waste
management and the university’s continuous commitment to sustainable
development.

2. A survey on the current situation of waste management at H University in
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China is conducted to clarify the problems in process of waste management, such
as lack of plans and related organizations, lagging waste classification standards
and equipment, low degree of waste separation and recovery, insufficient waste
classification education and publicity, and lack of control and supervision measures.
Based on the enlightenment from Leiden University, the appropriate
countermeasures and suggestions are put forward for H university. Furthermore,
this study attempts to propose a specific waste management program for H
University, which could help H University to implement waste management into
practice in the top to bottom approach.

3. The questionnaire on waste management status at H University is
compiled based on the cognitive behavior theory and previous research scales. A
questionnaire survey was conducted at H university with 1300 respondents, among
which 1213 questionnaires were valid (with an effective rate of 93.3%). The results
of statistical analysis show that the attitude of respondents towards waste
separation is relatively positive. Specifically, college students are generally aware
of the importance of waste separation and their responsibility in realizing waste
separation and recovery, but lack knowledge about waste separation. Regarding
waste separation behaviors (Y), college students are generally able to participate in
the propaganda and promotion activities of waste separation, but their waste
separation behaviors are relatively inadequate in practice. Context factors can
positively influence waste separation behaviors to vary degrees, among which the
infrastructure construction (Z2.1) and the regulations and rules (Z2.3) have the
most significant impact (mean value=4.49).

4. According to the Pareto principle (80/20 principle), four dominant
promoting factors mainly affect waste separation behaviors of college students,
including reminding waste separation, setting up waste separation bins,
implementing theme education, and providing courses or training. Meanwhile, the
five hindering factors are knowledge deficiency, obsolete facility, taking time and
energy, lack of incentive mechanism, and neglecting personal responsibility. The

results of the further analysis show that different gender respondents are significant
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differences in respect of attitudes (X), internal situation factors (Z1), and external
situation factors (Z2) (p <0.05). Specific analysis showed that the average value of
males was significantly lower than that of females for the above variables. The
respondents of different ages showed consistency in all the variables without a
difference. The respondents of different grades show significant differences in Y,
Z1, and Z2 (p <0.05). Generally, freshmen show the highest degree of waste
separation behaviors. Waste separation behaviors of senior students and freshmen
are more susceptible to situation factors.

5. The results of linear regression analysis show that X has a significant
positive influence on Y, especially the awareness (X2, t=3.197, p =0.001**),
knowledge (X3, t=19.827, p =0.000**), and responsibility (X4, t=7.444, p
=0.000**). Through the hierarchical regression analysis, it is found that the
moderating variable Z1 has a similar influence range at different levels when X
affects Y. On the contrary, the moderating variable Z2 has a significant difference
in the impact amplitude at different levels when X affects Y. Based on the above
analysis, appropriate suggestions and countermeasures are proposed for college
students, university administrators, and the government departments respectively.

6. This study argues that it is of practical significance to apply Al technology
in waste management at H University to improve the performance of waste
separation and recovery. A framework of Al-based waste separation management
on campus is proposed, which mainly covers the application of Al technology in
the main process of waste separation and recovery, including waste dumping,
separated collection, and sorting. With the assistance of Al technology, correct
dumping and accurate collection and sorting of all kinds of waste could be realized.
This Al-based waste separation management system could provide references for
the promotion of the municipal intelligent waste management system in future

sustainable cities.
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CONCLUSIONS

This study systematically reviewed the relevant literature and summarized
the theories on the scientific issue of universities’ potential in promoting the CE
transition and putting forward new alternatives for decision-makers. The
theoretical framework of the CE-related university assets management system
based on full consideration of CE-related university assets and CE-related
activities was proposed to expand the university's influence in CE implementation.
To facilitate this theoretical system from theory to reality, a case study of a waste
management program on campus was conducted to explore its practical value.

In the course of the research, the following conclusions were obtained.

1. Through the systematic review of the relevant literature, it is clarified that
the institutional design, technological progress, and pilot experience dissemination
are the significant dependence for China to realize CE transition. The university
assets, including scientific research assets, educational assets, and campus
operation assets, are closely related to these dependency factors. Further analysis
reveals that the main drivers of CE in China are government policy support, public
participation, economic benefits, CE awareness and knowledge, and CE
technological support, and the main barriers to CE are cultural barriers, market
barriers, regulatory barriers, and technological barriers. The results suggest that
universities could exert an enormous influence on strengthening the drivers and
eliminating barriers to CE through educational and scientific research activities,
which implies that universities have bright prospects in speeding up the CE
transition.

2. This study highlights that it is a realistic need and inevitable choice for
universities to participate in the CE transition. However, the previous research on
university CE activities is fragmented and disconnected from each other, which
mainly focuses on the construction and talent training model of CE-related majors,
explicit and implicit curriculum design, instruction approaches and tools, and CE

practice on campus. The lack of a comprehensive management system that can
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integrate these various isolated activities for an augmented effect has led to the
emergence of this study.

3. The management practice of sustainable universities has experienced
continuous progress and development from built environment certification to EMS
and then to SMS. It’s essential to establish a more practical and down-to-earth CE
management system in universities compared to SMS. The management system of
CE-related university assets must be a two-way hybrid management model like
sustainable universities, that is, a mixed management model of a top-down
approach and participatory approach to guarantee the realization of SDGs. This
raises the need for a clear implementable CE framework for universities, as well as
active teachers and students with CE concepts and values.

4. It was highlighted that university educational assets possess potential in
promoting CE implementation, which is mainly reflected in the aspects that
include promotion of specialty development and talent cultivation, improvement of
the curriculum setting, enhancement of education function of the hidden
curriculum, enrichment of general education of CE, construction of teacher team of
CE related majors, and the extension of the influence and scope of education
radiation. Moreover, the results of empirical analysis of the spillover effect of
university knowledge space show that university knowledge innovation has a
considerable impact on the innovation activities of enterprises in the neighboring
region. That is, the university's scientific research assets could promote the
technological innovation activities of enterprises in adjacent areas, which are the
critical links required for CE implementation.

5. This study introduced into scientific use the term CE-related university
assets and provided classifications of these CE-related assets, as well as the
attributes of CE-related university assets, such as non-profit status, technology
innovation, education, propagation, and efficient use of resources. Based on the
connotation and extension of the new terms, this study developed a systematic
theoretical framework for CE-related university activities, which integrates various

CE activities in a unified management system rather than simply patching them
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together in expanding the university influence in the CE transition.

6. By analyzing the evaluation methods of sustainable universities, this study
created the evaluation method and implementation standards of CE-related
university assets management performance based on full participation theory. In
this evaluation index system, all faculty and staff should participate in the content
and process monitoring as evaluation subjects to ensure the effectiveness of the
evaluation index system, which is more reliable than the traditional method of
subjective self-evaluation. The basic contents of this evaluation index system
include the target layer, the criterion layer, the domain layer, and the index layer,
and each indicator is assigned its weight. The circularity degree is divided into five
levels based on the final score calculated by the specified formula, including no
circularity, low circularity, moderate circularity, high circularity, and deep
circularity.

7. This study analyzed the experience of Leiden University in waste
management from the perspective of management functions, such as planning,
organizing, leading, and controlling. Through the analysis of the current situation
of waste management at H University in China, it is found that there are some
problems in process of waste management, such as a lack of plans and related
organizations, lagging waste classification standards and equipment, low degree of
waste separation and recovery, insufficient waste classification education and
publicity, and lack of control and supervision measures. The experience of Leiden
University can provide a lot of enlightenment for H University. Therefore, this
study proposed a specific waste management program for H University, which
could help H University to implement waste management into practice in the top to
bottom approach.

8. A questionnaire survey was conducted with 1213 valid respondents at H
university based on the self-designed questionnaire. The results of statistical
analysis show that the respondents’ attitudes (X, mean value=4.59) and behaviors
(Y, mean value=4.01) regarding waste separation are relatively positive. The

internal situation factors (Z1, mean value=4.29) and external situation factors (Z2,
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mean value=4.45) can positively influence waste separation behaviors to vary
degrees. The results of linear regression analysis show that X has a significant
positive influence on Y, especially awareness (X2), knowledge (X3), and
responsibility (X4). Through the hierarchical regression analysis, it is found that
the moderating variable Z1 has a similar influence range at different levels when X
affects Y. On the contrary, the moderating variable Z2 has a significant difference
in the impact amplitude at different levels when X affects Y.

9. In the process of smart city construction, it is of practical significance to
apply Al technology in waste management at H University to form demonstration
communities. This study proposes a framework for Al-based waste separation
management on campus, which mainly covers the application of Al technology in
the main process of waste separation and recovery, including waste dumping,
separated collection, and sorting. With the assistance of Al technology, correct
dumping and accurate collection and sorting of all kinds of waste could be realized.
This Al-based waste separation management system could provide references for
the promotion of the municipal intelligent waste management system in future

sustainable cities.
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APPENDIX A

Questionnaire of Waste Separation and Recovery Status at H University

It would be our great pleasure if you join this scientific survey!

The purpose of our study is to identify the primary elements affecting the achievement of
waste management at H university.

We would like to emphasize that the survey is anonymous, all data received is strictly
confidential and your answers will not be passed on to third parties.

The survey is conducted online and will take approximately 5 minutes. There are no right
or wrong answers, it is just your vision. Your opinion is important to us!

Many thanks for your time and interest!

Part 1. Please choose the most appropriate option depending on your situation.

1. Your gender: A. Male B. Female
2. 'Your age: A. <18 yearsold B.18-20 years old C. 21-23 years old D. > 24 years old

3. Your grade:  A. Freshman B. Sophomore  C. Junior D. Senior

Part 2. Please choose the most appropriate option according to your practical actions
and thoughts in your daily life.

1. Do you agree that the mass generation and unreasonable disposal of waste will have a
negative impact on your life and health?

A. Totally agree

B. Generally agree

C. Neutral

D. Generally disagree

E. Totally disagree

2. Do you agree that waste separation and recovery at universities is significantly meaningful for
solving resource scarcity and environmental problems?

A. Totally agree

B. Generally agree

C. Neutral

D. Generally disagree

E. Totally disagree
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3. Do you know the national standards for domestic waste classification (four major categories,
including Recyclable Waste, Hazardous Waste, Food Waste, and Residual Waste, and 11 sub-
categories)?

A. Very clear

B. Generally clear

C. Half-and-half

D. Not very clear

E. Totally have no idea

4. Do you agree that it is the responsibility of every citizen to separate waste?

A. Totally agree

B. Generally agree

C. Neutral

D. Generally disagree

E. Totally disagree

5. You always participate in the publicity and education activities on waste separation organized
by the university.

A.Totally consistent

B.Generally consistent

C.Half-and-half

D.Generally inconsistent

E.Totally inconsistent

6. You always take the initiative to separate the generated waste in your daily life.

A.Totally consistent

B.Generally consistent

C.Half-and-half

D.Generally inconsistent

E.Totally inconsistent

7. You always drop off your old and unwanted clothes at the special textile recycling bins on
campus.

A. Totally consistent

B. Generally consistent

C. Half-and-half

D. Generally inconsistent

E. Totally inconsistent

8. You always return the carton/box to the courier for recycling when you receive the parcel.
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A. Totally consistent

B. Generally consistent

C. Half-and-half

D. Generally inconsistent

E. Totally inconsistent

9. Do you agree that waste separation is mainly the responsibility of the government and has
little to do with individuals?

A. Totally agree

B. Generally agree

C. Neutral

D. Generally disagree

E. Totally disagree

10. If there is a recognition or material reward mechanism at your university, you will separate
the waste.

A. Totally consistent

B. Generally consistent

C. Half-and-half

D. Generally inconsistent

E. Totally inconsistent

11. If you can get extra points in the evaluation of merit and scholarship, you will separate the
waste.

A. Totally consistent

B. Generally consistent

C. Half-and-half

D. Generally inconsistent

E. Totally inconsistent

12. If you can have priority in the entrance examination and job application, you will actively
participate in waste separation and the relevant practical activities.

A. Totally consistent

B. Generally consistent

C. Half-and-half

D. Generally inconsistent

E. Totally inconsistent

13. If there are standard waste classification bins and special waste collection points on campus,

you will separate the waste.
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A. Totally consistent

B. Generally consistent

C. Half-and-half

D. Generally inconsistent

E. Totally inconsistent

14. If your university has mandatory rules and requirements on waste separation, you will
comply with the rules.

A. Totally consistent

B. Generally consistent

C. Half-and-half

D. Generally inconsistent

E. Totally inconsistent

15. If all your acquaintances around you carry out waste separation and recovery, you will
separate the waste, too.

A. Totally consistent

B. Generally consistent

C. Half-and-half

D. Generally inconsistent

E. Totally inconsistent

16. The publicity campaign and courses on waste separation will make you more enthusiastic
about involving in waste separation activities.

A. Totally consistent

B. Generally consistent

C. Half-and-half

D. Generally inconsistent

E. Totally inconsistent

17. Please rank the importance of the following barriers to college students’ waste separation and
recovery from the highest to the lowest.

A. Insufficient knowledge of waste separation and recovery

B. Lack of CE awareness and values

C. Lack of personal social responsibility

D. Waste separation takes up lots of personal time and energy

E. There is no incentives or penalties for waste separation and recovery at university

F. Campus waste separation and recovery facilities are not in line with national standards

G. The university has not issued relevant rules and regulations
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H. Lack of overall atmosphere for waste separation and recovery on campus

I. Lack of publicity and education on waste separation and recovery at university

J. Others (please specify)

18. Please rank the importance of the following dynamic factors that could motivate waste
separation and recoveries on campus from the highest to the lowest.

A. Providing waste separation and recovery-related courses or training

B. Setting up waste separation and recovery banners on campus

C. Adding volunteers to remind waste separation at the waste drop-off point

D. Implementing publicity and education activities on the theme of waste separation and
recovery

E. Adding national standard waste separation and recovery facility

F. Introducing a clear waste separation and recovery system

G. Setting clear incentives and penalties on waste separation and recovery

H. Initiating a cultural atmosphere of waste separation and recovery on campus

I. Adding special personnel to supervise waste separation and recovery

J. Others (please specify)
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APPENDIX B

Application Certification

On the implementation of the results of scientific work on the topic
“Formation of management system of university’s educational and
scientific assets in the context of transition to the model of circular
economy in China” by Candidate of Management, Ph.D. Student of
the Faculty of Economics and Management of Sumy National
Agrarian University Qu Dongxu in the work of the School of
Education Science of Henan Institute of Science and Technology

The results of the scientific work “Formation of management system of
university’s educational and scientific assets in the context of transition to
the model of circular economy in China”, performed by Qu Dongxu, Ph.D.
Student of the Faculty of Economics and Management of Sumy National
Agrarian University, were used in the work of the School of Education
Science of Henan Institute of Science and Technology in the development of
the “Fixed assets management plan”.
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APPENDIX C

Application Certification

On the use in the educational process of the results of the research
“Formation of management system of university’s educational and
scientific assets in the context of transition to the model of circular
economy in China” by the Ph.D. student of the Faculty of
Economics and Management of Sumy National Agrarian University
Qu Dongxu

The results of scientific research within the framework of the work
“Formation of management system of university’s educational and scientific
assets in the context of transition to the model of circular economy in China”
prepared by Qu Dongxu, Ph.D. Student of the Faculty of Economics and
Management of Sumy National Agrarian University, are used in the
educational process of Henan Institute of Science and Technology. In
particular, the research materials are used in teaching the disciplines
“Educational Dissemination” and “Pedagogy” for undergraduate students
majoring in 040104 Educational Technology.
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