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Ektetapévn MepiAnyn

2TN oNUEPLVH EMOXN Ta AOBANTA AroTeA0UV {WTLKO LEPOG TNG OLKOVOULAG HAC, WG UTIOTIPOTIOV
NG OLlKOVOULKNG Spaotnplotntag. Mpoépxovial oamd TG EMXEPNAOELS, TNV KuBEépvnon kot Ta
VOLKOKUPLA KL LE TLG KOTAAANAEG TEXVLKEG Slaxelplong, umopolv va xpnoLuomnolnBolv wg eLopon otnv
OLKOVOLKN 6paoTnpLoTnTa, yla apAddelypa LECW TNG OVAKTNONG VAWV ) evépyelag. Mapdyovrtal
o OAeG TIg SpaoTNPLOTNTEG KAL TTOPOAO TIOU £lval €va TOTILKO TIPOPANKLA, EXEL TOOO TOTILKEG OGO KOl
TIOYKOOLEC SLOOTAOELG.

TUpdwva pe tnv obnyia-mhaioto 2008/98/EK tng Eupwnaikic Evwong (EE), «kdBe ouoia n
OVTIKE(PHEVO TTIOU 0 KATOXOG amopplmtel | mpotiBetal r} umoxpeolTal va amoppiel opiletal wg
anopAnto». EmumAéoy, Ta aotikd anofAnta nepthapBdavouv ta anoBAnta mou cuAAEyovTal amo A yLo
Aoyaplacpd Twv OSnUOTIKWY apXwv Kol OlatiBevial UECW TWV KABDLEPWHEVWY OCUCTNUATWVY
Slaxeiplong amoPAntwy. Ta Teheutaia xpovia Ta amopplppata cuvexws aufavovtal, EMOUEVWE h
Sloxeiplon Toug avadelkvUETAL WG Eva OPKETA LeYAAo {ATNUa Tou 21°° atwva Kat Sle€dyovTol apKEeTEG
£PEUVEC OTOV TOMEQ QUTO.

H napoloa Si6aktopikr) dtatptpr Oa acxoAnBel pe To BP0 TWV AOTIKWY OTEPEWY ATOBARTWY
(AZA) kot Ba agloAoynoeL TIg SUVNTIKEG KL TPEXOUOEG ETUAOYEG SLaxeiplong amoPfAnTwy kabwc kat Ba
efetaoel SLadopeg MTUXEG YUPwW amod auto To Béua. Tooco dedopéva amnod tnv EE 600 kal maykoouLa
Ba xpnotuononBoulv Kal 1600 oe ePLPEPELAKO 000 KOl O €BVIKO €MIMESO, WOTE VA AVIAVAKAOUY
KOAUTEPQ TN ONUEPLV KATAoTaon. Emiong, Ta MOALTIOTIKA XAPAKTNPLOTIKA TWV KPATWV HeAwV tng EE
KaBwG KaL n evepyelakn anodoon Toug afloAoyouvtal os oxéon Ue ta AZA. TENoG, e€eTaleTal n oxEon
METAEL Twv AZA Kot TG ekmaideuong. OAeg aUTEG oL LBLOTNTEG aflodoyouvtal Aappavovtag umoPv
TNV OLKOVOULKN Kpion, n omola emnpéacs coPapd tnv EE kal tov kOouo Slaitepa petd to 2008,
YEYOVOC TTou Tipodavwe EMNPENCE LLE TN OELPA TOU KOl TLG OTAOELG KOIL TLC ETUAOYEC TWV TIOALTWV.

H aslpopoc Staxeiplon twv amoPAATWY amaltel Tov cuvduacopo SeELOTATWVY KAl YWWOEWV TWV
DUCIKWY EMOTNUWY KAl TNG UNXOVIKAG Hall pe TNV olkovopia, tnv olkoAoyia, tTnv avOpwrivn
CUUTEPLPOPA, TNV ETUXELPNUATIKOTATO Kal T owaoth SdltakuBépvnon. To mMAAioLo TMOATIKWY Kal TO
vopoOeTiko TAaiolo yupw amd to AXA avaAletal os auth t Stotplpr oto mhaiolo tng KUKALKAC
Owovopiog Aappdavovtag urtddn TV aIMOTEAECUATIKOTEPN XPHON TWV ITOPWV.

‘Ooov adopd TNV avaluon ot nepldepelako eninedo tng EE, autn ylvetal pe t xpron g

pebodou Data Envelopment Analysis (DEA). H DEA eival pia pn mapapetplky pEBodog mou
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XPNOLUOTIOLEITOL yla TN HETPNON TG amodoong oplopévwy povadwv ANndng amnoddoswv
XPNOLLOTIOLWVTAC TEXVIKEG YPOUULKOU TipoypapaTiopoy. Me tnv DEA pmopel Kavelg va ETPrOEL TIG
embO0EL amodoonG MOPOUOLWY HoVASWV TIou £€xouv TIOAAAMAEC (ouvNBWG) ELOPOEC KOl aVAAOYEC
EKPOEC O£ OUVONKEC OTIOU UTIAPXOUV aKPLPRELG TANPOdOPLEG YL TIG TLUEG TOUG KAl Kapio yvwon yla Th
METAEL TOUC OXEoN.

210 MPWTO HEPOC TNG Stdaktopikng StatpBng e€etalovtal 172 nepidépeleg tng EE Kal yla ta
£€tn 2009, 2011 kat 2013 Kol XPNOLUOTIOLOUVTAL TIEVTE TIOPAKETPOL (Ttapaywyr] anoPARTWY, TOCOCTO
amooxoAnong, oxnuatwouoc kedalaiou, akabaploto eyywplo mpoiov (AEM) kal mukvotnta
mAnBuaopoU). Etol oxedlalovral TEooepa TAALOLO ELOPOWV Kol EKpowv. Ta amoteAéopata Seixvouv Tig
TILO QMOTEAECHUATIKEC TTEPLDEPELEG TNG EE avaloya pe To kaBe mAaiolo, aAAd TPEMEL v onUELWBOEL OTL
Ta anoteAéopata anod Stadopetikd mAaiola Sev MPEMEL va cuykpivovTal PETAfU TouG. Ta GUVOALKA
amoteAéopata Seixvouv OTL OL TILO OMOSOTIKEG TIEPLOXEG ELvaiLl OL TIEPLOXEC TOU BeAyiou, Tng Italiog,
¢ Moptoyahiag kat Tou Hvwpévou Baoteiou.

Ev cuveyeia n amoteAeopatikoTnTa MOV TPOKUTITEL oo tn DEA emavefetaletal os oxéon e
TI¢ emhoyEég Slaxeiplong amoPARTwy mou ebapudlovTal OTLG OXETLKEG TIEPLOXEC YL TNV 0€LOAOYNoN
NG OUVOAIKAG BlwolpotnTag Twv e€etalOpevwy MepLdepelWy. J0UPWVO PE TA CUUMEPACUATO,
TIAPOAO TIOU HLa Xwpa propel va ival amoteheopatiky cUudwva pe tn DEA kat AapBdvovtag umon
Sladopouc mapdyovteg, aUTO Oev onuaivel amopaitnTta OtL oL TEPLEPELEC ULAG XWPAS
XpnoLlpomolouy emhoyég Blwotpung enefepyaciog anoBARTwy, Kabwe eival onuaviiko va AapBavetal
umoPv Kat n petadopd armoPARTWY PeTafd TepLPEPELWV KAL XWPWV. AUTA TA EUPHLOTA UITOPEL OUWG
va amodelyBoUv MOAUTLUA Yol TOV OXESLACUO TEPLBAANOVTIKWY TIOALTIKWY, €LOIKA o€ TIEPLdEPELAKO
eninedo tng EE.

‘Eva epaltépw LEPOG AUTAC TNG SLATPLBAG AoXOAELTAL LIE TNV ATIOTEAECUATIKOTNTA 28 KPOATWV
peAwv tTng EE yia ta €tn 2008, 2010, 2012 kat 2014 pe tn xprion tng Lebodou DEA. Xpnoiuomolouvtal
OKTW TapAapeTpol, SnAadn n mapaywyr AZA, To TOCOOTO AMOCXOANONG, O OXNUATIONOG Kedahaiou,
to AEM, n mukvotnTa tou MANBUoUoU Kal ylo TMpwTn $opd ekmoumneEg ofeldiwv tou Belou (SOx),
ofeldiwv tou afwtou (NOx) kot aepiwv tou Beppoknmiov (GHG). Ta gUMELpLKE OMOTEAEGATA TIOU
npogkuPav umoPAnOnkav oe S60pbwon pepoAniag mpokelpwévou va AndBolv Ta ocwotd
omoteAéopata ylo KAOe xwpo ou HeAETABONKE. TUVOALKA, OL TILO AIMOSOTIKEG XWPEC AMOSElXTNKAV OTL

ntav n Feppavia, n IpAavéia kat to Hvwpévo Bacilelo. Autd ta amoteAéopata €EETAOTNKAV €V
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cuvexeia £vavTL TOU TTOCOOTOU aVAKUKAWGONG KABE XWpag yla TIG EETAlOEVECG XPOVIKEG TTEPLOSOUC.
To mooootd avakUKAwong avtikatomtpilel ta amoteAéopata tng DEA, Kol HAALOTA OL TILO
OMOTEAEOUATIKEG XwpPeC daivetal va €xouv uPnAdtepo Toocootd avakUKAwong. EmumAéov, ta
anoteAéopata Tng DEA e€etdotnkay e TIC CUVOALKEG peBdSouc Slaxeiplong amofAnTwy yla Tic unod
g€étaon Ywpec.

JUVOAIKA, TOPATNPELTAL OTL Ol XWPEG TOU XPNOLUOTOOUV KOl TG TECOEPLS ETUAOYEC
Slaxeiplong pe vPnAn xpron mo BLWCLHWY KAl TN Lelwaon TNg Xpong XWPWwV UYELOVOULKAC TadAG
glval autég mou amodeixdnkav emiong amoteAeopatikeG oupudwva pe tnv DEA. Ta amoteAéopota
avtikatontpi{ouv Kol TNV OLKOVOWLKH Kpion mou €mAnée tnv Eupwrmn, n omoia mpoomabnos va
enwdehnBel amod T Buwolueg emloyeg Slaxeiplong AZA mpokelévou va emiteuxBel n petaBoon os
ULt KUKALKI) OLKOVOULQ, EVW N afla TwV TPOoIoVTWY, TwV UALKWVY KoL TWV TIOpWwV TIPENEL va StatnpnOetl
OTNV OLKOVOLO 600 TO SUVOTOV TIEPLOCOTEPO Kal N mapaywyn amoPAntwy va gAaylotonoleitatl. H
OUYKEKPLUEVN UEAETN pmopel va amoteAéosl MOAUTIHO UABNUa ylo Toug uTelBuvoug Xapagnc
TIOALTIKAG 6000V adopd To oXeSLaopd Kal TNV edapuoyr €BVIKWY KOl KOLWVOTIKWYV VOUOBEoLWY Kot
o6NyLWV, TIPOKELUEVOU va eTiiteuXBoUV oL 0TOXOL YL pia Eupwrn pe KUKALKF OLKOVOopia.

ErutAéov, ta AZA aflohoyouvtal HECW TwV TOALTIOTIKWY SLOOTACEWVY KAl TOU OXNUOTIOUOU
ploG  «KouAtoUpag oamoPAntwv». H avdluon aut oflohoyel mpwta TNV mepLBOAAOVTIKA
anoteAeopatikotnta Pe tn DEA Baosl mévie mapapétpwy: Ta AZA, To AEN, to gpyatikd Suvaplko, To
kedaAalo Kal tn mukvotnTa MAnBuopoU yla 22 kpdtn HéAN tng EE kat yio ta €tn 2005, 2010 kat 2015,
TPOKELEVOU va aflohoynBel mola KpAtTn HMEAN €elval TILO OIMOTEAEOUATIKA. 3TN OUVEXELD, TA
anoteAéoparta anddoong aviutapaBailovtal Le TG TTOALTIOTIKEG Slaotaoelg tou Hofstede kat tou
Schwartz oto STATA e Tn Xprion HOVIEAWV aALVSpdunong.

Ta anoteAéopata Seiyvouv OTL yla To £10¢ 2005 dev mapatnpeltal oNUAVILKY OXECN HE Ta
600 TOALTLOTIKA MOVTEAQ, evw yla Ta £€tn 2010 kat 2015 daivetal va umApxeL onUavVTLKA oxéon. Ta
npoavadepBEVTA supppata UopolV va cuvdeBoUv Kal AAL e TNV OLKOVOULKA Kpilon Tou €mAnge
Vv Eupwrnn petd to 2008, kablotwvtag Toug avBpwIou g mio entdUAAKTIKOUG, EVW OL VOUoBEeaieg TG
EE £xouv Beomiosl OpLOUEVEC ONUAVTLIKEC 08Nyleg otov Topéa tnG Slaxeiplong amoPAntwy. TEAOC,
napaAnAa pe toug mpoovadepBévtee mapayovteg, n EE avtipetwriios coBapeg mepBOANOVTLKESG

TMPOKANOELG AOyw NG Snuioupyiag amoBARTwy, KABWE Kol OTUXNUATWY KOl TPAUUATIOHWY TWV
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£pyoloHEVWY OTOV TOUEQ QUTO, OL OTIOLOL [E TN OELPA TOUC £XOUV EMINPEACEL EUPEWC TNV KOUATOUpA
anofAntwv ¢ EE, 6nwg unootnpilouv Kal Ta AnoTeAECUOTA TNE TAPoUoas OVAAUGCNC.

ErunpooBétwe, n Slatplprn e€etalel tnv evepyelakr amnodoon os 28 emAeyPEVA KPATN HEAN
™¢ EE kot TIc Suvatotnteg avaKInong evépyelag omd To amoPAnta  ocUpdpwva HE TLC
OMOTEAEOUATIKOTNTEG TIOU £XoUV amoktnBel péow tng pebdSou DEA kol Xpnolgomolouvtal ot
0KOAOUBEG HETOPANTEG WC ELOPOEC: TEALKA KATAVAAWGN EVEPYELAG, £PYOTIKO SuVAULKO, KedaAalo,
TIUKVOTNTA MANBUGOUOU Kal ekpo£g: AEN, ekmopmég NOX, ekmopmeg SOX Kol EKTIOUTIEC aepiwv Tou
Beppoknmiov yla ta £tn 2008, 2010, 2012, 2014 kot 2016. Ta amoteAéopata Seiyvouv OTL oL
TIEPLOCOTEPEG XWPEC Slatnpolv Ta emineda OMOTEAECUATIKOTNTAC TOUC, evw TapAAAnAa ot
TIEPLOCOTEPEG ATOTEAECUATIKOTNTEG LELWVOVTOL HETA TO 2012.

Me BAon QUTEG TIG ATTOTEAECUATIKOTNTEG, CUVLOTATAL VO TIPOXWPNCOUUE TIPOC TNV TOPAYyWYN
EVEPYELNG HEOW amoPANTwv pe SU0 KUPLOUCG OTOXOUC, SnNAadr TNV €mapKA Kal BLWOLUN Topaywyn
EVEPYELOG KAL TNV OTTOTEAECUATLKA AVILLETWILON TwV AZA. Mo Tétola emhoyr) Ba eVioXUE TNV KUKALKN
owkovopia, evw Tmpénet va SoBel mpotepaldtnTa. otnv  MPOANYn, TPOEsTolHAcia Yyl
ETAVAXPNOLIOTOLNCN, TNV VaKUKAWGN KaL TNV 0VAKTNoN evépyelag Twv AZA. Madll pe Tn otpatnytkn
ovTaywviopoU tne Eupwmaikng Emitpomng, outég ol moAwtikég Ba efaodoahicouv aflomioto
EVEPYELAKO £DOSLAOUO O£ AOYLKEG TIUEG KOl E TLG ALyOTEPEC EPIBAANOVTIKEG EMUMTWOELS. ETumA£oy,
Ol ATOTEAECLATIKOTNTEC TIPETIEL VAL EEETAOTOUV KOl CUYKPLTIKA UE TN XPNUOTOOLKOVOULKN Kpion Ttou
TANTTeL TV EE amo to 2008, 6mou daivetal Kol LElwon TWV OMOTEAECUATIKOTATWY HETA To 2012 Kot
TNV IO ETUKELPEVN Kpion.

TéNog, n eknaidevon €xel amodelxBel OTL CUVSEETAL OTEVA E TO TTOCOO TIAPAYWYNG Twv AZA.
To teleutaio HéEPOG TNC apouoag dLatpLpng xpnotpomnolel Sedopéva mou amoktnOnkav yla 25 Ywpeg
naykooulwg yia ta €tn 1995-2016 kot ol e€etalopeves PetaBAntec meplhappavouy ta AZA, to AEN
Kol to eninedo sknaibeuong. MEow OLKOVOUETPIKWY LeBOSWY, n mapoloa avaluon Tpoomabel va
avakoAUPeL ePIKTEG OXEOELG ouoxetong. Emlong, deixvel évtova tnv aAAnAefdptnon Hetall AZA,
OLKOVOULKAG QVATTUENG Kol eTLMESOU ekmaideuong. BAoel autwy emaAnBeVeTaL n eykupoOTNTA TNG
umoBeong TN mepBaANovTIKAG KAUTTUANG Kuznets. JUYKEKPLUEVA, TIOPOTNPELTOL L0l OVECTPAUUEVN
oxéon oxnuotog U TG00 OTIC OTATLKEC 000 KL OTLC SUVOLKEG avaAUoelg yia to AZA. Ta urtoAoylopeva
onueia KaUmAg v Kot apketd uPnAd sival os OAEC TIC MEPUTTWOELG HECH OTO Selypo. e ONEC TIC

OVAAUOELC TO TPOCNLO TOU EMUMESOU ekTadevong ival apvnNTkd OMwe avapevotayv. Q¢ ek ToUTou,
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amodelkVUETAL OTL N eKMaAidevucon UMopel va AEITOUPYNOEL WG QTTOTEAECUATIKO £pYOAEio yla Thv
evioyuon twv meplBarloviikwyv cupmnepldopwy Tou odnyolv UE Tn OELpd Toug Ot Pelwon tng
napaywyng AzA.

Quoika, dedopévou OtL Ta Sedopéva kal n peBodoloyia mou XpNOLLOTIOLOUVTOL OE AUTEG TLG
avaAuoelg eival Stadopetikad, ta dla ta anoteAéopata v pmopolv va cuykplBouyv, aAld sival
davepod OTL N TPEXOUCA OLKOVOLKN KaL TIOALTLKN KATtAotaon T0oo otnv EE 600 Kol MayKooUiwg €XeL
EMNPEAOCEL TNV OVATITUEN TOU TOPE TwV AZA Kal TNG cUMEPLOPAC TwV avBpwWNwV. AUTO KATEDTH
eudaveég og OAEC TIG TPooeyyloeLg, elte To emikevipo adopouaoe ta idla to AZA €iTE TIC TIOALTIOTLKEG

SLOOTAOELC 1 TNV EVEPYELAKN aOd0oao, €lTe TNV ekmaildeuan.
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Executive Summary

Nowadays waste has become a vital part of our economy, as a by-product of economic
activity. It originates from businesses, the government and households and following appropriate
management techniques, it can be used as an input to economic activity for instance through material
or energy recovery. Waste is produced by all activities and although it is a locally arising problem it
has both local and global effects.

According to the European Union (EU) Waste Framework Directive 2008/98/EC, ‘any
substance or object which the holder discards or intends or is required to discard is defined as waste’.
In addition municipal waste consists of waste collected by or on behalf of municipal authorities and
disposed of via established waste management systems. Waste arisings have been increasing over the
past few years, hence their management has proved to be a rather challenging issue in the 21 century
and a lot of research is being conducted in this field.

This Thesis will deal with the issue of Municipal Solid Waste (MSW) and will evaluate potential
and current waste management options as well as examine various aspects around this topic. Both EU
and worldwide data will be employed in those regards and both at regional and country levels in order
to better reflect today’s situation. Also the cultural characteristics of EU Member States as well as
energy efficiency are assessed in relation to MSW. Finally the relationship between MSW arisings and
education is examined. All these attributes are evaluated taking the financial crisis into account that
has affected the EU and the world severely especially since 2008, which obviously has influenced
people’s attitudes and treatment options.

Sustainable waste management requires the combination of skills and knowledge of physical
sciences and engineering together with economics, ecology, human behaviour, entrepreneurship and
good governance. The policy framework and the legislative background around MSW is discussed in
this Thesis under the Circular Economy approach having in mind the idea of closing the loop and hence
achieving a more efficient use of resources.

With regards to the regional level EU analysis, this is conducted with the use of Data
Envelopment Analysis (DEA). DEA is a non-parametric approach that is used to measure the efficiency
of certain Decision Making Units (DMUs) by employing linear programming techniques. With DEA one

can measure the efficiency performances of comparable DMUs which have multiple (usually) inputs
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and likewise outputs in conditions where there is accurate information on their values and no
knowledge about their relationship.

In this specific analysis both good and bad outputs are taken into account and different
frameworks are designed. Five parameters (waste generation, employment rate, capital formation,
Gross Domestic Product (GDP) and population density) are used for 172 EU regions and for the years
2009, 2011 and 2013. In this way four frameworks have been designed, each with different inputs and
outputs. The results show the most efficient EU regions according to each framework, but it should be
noted that results from different frameworks should not be compared with each other.

Results suggest that the highest performers are regions in Belgium, Italy, Portugal and the UK.
Finally, the efficiency results from DEA are reviewed against the treatment options employed in the
relevant regions to assess overall sustainability of the regions examined. Findings show that, although
a country might be efficient according to DEA and by taking various factors into consideration, this
does not necessarily mean that regions within a country use sustainable waste treatment options, as
itis essential to account for trade and shipment of waste between regions and countries as well. These
findings may prove valuable for the planning of environmental policies, especially on an EU regional
level.

A further part of this Thesis deals with the efficiency of the 28 EU Member States for the years
2008, 2010, 2012 and 2014 by DEA. Eight parameters are used, namely MSW generation, employment
rate, capital formation, GDP, population density and for the first time sulphur oxide (SOx), nitrogen
oxide (NOx) and greenhouse gases (GHG) emissions from the waste sector for the relevant countries.
The empirical results obtained were bias corrected in order to get the correct efficiency scores for
each country studied. Overall the most efficient countries were shown to be Germany, Ireland and the
UK. These results were then reviewed against the recycling rate of each country for the examined time
periods. The recycling rate actually depicts the DEA results, namely more efficient countries seem to
have a higher recycling rate too. Moreover the DEA efficiency results were contrasted to the overall
treatment options used in the countries under consideration.

It is noticed that countries employing all four treatment options with high use of more
sustainable ones and decrease in the use of landfill are the ones that also proved to be efficient
according to DEA. These results resemble the image of a financial crisis hit Europe which tried to take

advantage of the more sustainable treatment options in order to achieve a transition to a circular
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economy, whereas the value of products, materials and resources needs to be maintained in the
economy for as long as possible and the generation of waste minimised. This can be a valuable lesson
for policy makers in the design and application of national and EU legislations and directives in order
to achieve also the targets towards a circular economy driven Europe.

Furthermore MSW is assessed through the lense of cultural dimensions and the formation of
a ‘waste culture’. This analysis first evaluates environmental efficiency with DEA based on five
parameters: waste, GDP, labour, capital and population density for 22 EU Member States and for the
years 2005, 2010 and 2015 in order to evaluate which Member States are more efficient. Then the
efficiency results are contrasted to Hofstede’s and Schwartz’s cultural dimensions on STATA with the
use of regression modelling. Results show that for year 2005 no significant relationship is noticed for
both cultural models, whereas for years 2010 and 2015 there appears to be a significant connection.

The above-mentioned findings can again be associated with the financial crisis that has hit
Europe after 2008 making people more sceptical, while EU legislations have laid out some important
directives in the field of waste management. Finally, along with the factors above, EU has faced severe
environmental challenges due to waste arisings, as well as accidents and injuries for people working
in this sector, which in turn have widely modified EU’s waste culture as supported by this analysis’
results.

Moreover this Thesis examines energy efficiency across 28 selected EU Member States and
reviews the potential for energy recovery from waste according to the efficiency scores obtained. The
efficiencies are assessed through DEA and the following variables are used, inputs: final energy
consumption, labour, capital, population density and outputs: GDP, NOx emissions, SOx emissions and
GHG emissions for the years 2008, 2010, 2012, 2014 and 2016. Results show that most countries
maintain their efficiency scores with only a few marginally improving theirs and at the same time, it is
noticed that most are decreasing after 2012.

Based on these efficiency scores, it is recommended to move towards waste-to-energy with
two main objectives, namely sufficient and sustainable energy production and effective treatment of
MSW. This option would enhance the circular economy, whereas prioritization needs to be given to
prevention, preparation for reuse, recycling and energy recovery through to disposal. Together with
the EU Commission’s competition strategy, these would ensure reliable energy supplies at rational

prices and with the least environmental impacts. Moreover the efficiency scores need to be examined
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along the financial crisis which has been affecting the EU since 2008, showing a decrease in those
efficiency scores after 2012 under a more imminent crisis.

Finally education has been shown to be closely related to the amount of MSW generated. The
last part of this Thesis uses panel data obtained for 25 world counties for the years 1995-2016 and the
examined variables include MSW, GDP and education level. Through econometric methods, the
present analysis accounts for the presence of cross section dependence and uses appropriate panel
unit root tests to discover feasible cointegrated relationships. Also it strongly accounts for the
interdependence between MSW, economic growth and education level. Based on these, the validity
of the Environmental Kuznets Curve (EKC) hypothesis is redefined. Specifically, an inverted U-shape
relationship is observed both in the static and dynamic analyses for MSW. The calculated turning
points although quite high they are in all cases within the sample. In all specifications the sign of
education level is negative as expected. Therefore it is shown that education can act as an effective
tool to enhance pro-environmental behaviours leading in turn to lower MSW arisings.

Of course as the data and methodology used in these analyses are different the results
themselves cannot be contrasted, but it is apparent that the current financial and political situation
both in EU and worldwide has affected the development of the MSW sector and people’s attitudes as
well. This was evident through all approaches whether the focus was on MSW itself or cultural

dimensions or energy efficiency or even education.
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Main contributions
e This Thesis examined the issue of Municipal Solid Waste (MSW) management and potential
management implications under the notion of the circular economy for EU and worldwide
data, taking in each case different parameters and years into consideration. Specifically the
focus was:

O
O
(@)

Efficiency of MSW arisings for EU regions.

Efficiency of MSW arisings for EU countries.

Cultural indicators (based on Hofstede’s and Schwartz’ models) and correlation to
MSW arisings for EU countries.

Energy efficiency of EU countries and potential use of waste-to-energy options.
Relationship between education and MSW for OECD countries with the use of panel
data.

e Employing Data Envelopment Analysis (DEA) for four out of the five cases, this Thesis
accounted for the existence of Constant Returns vs Variable Returns of Scale, bias in the
estimators and the treatment of undesirable outputs of our data.

O

@)

Results from the DEA efficiency analysis for EU countries and regions were contrasted
to the treatment options of MSW and the recycling rate of the examined units and it
was found that those ones that employ more sustainable treatment options (such as
composting, incineration, recycling) have higher efficiency scores as well.

The correlation between the DEA results for the third case and the cultural indicators
was examined and it was found that there is no significant relationship for 2005, but
for 2010 and 2015 these are highly correlated. This can be linked to the financial crisis
which has affected the EU especially since 2008 making people more skeptical on
environmental issues.

For the fourth case, it was found that energy efficiency scores across EU were quite
low overall, thus the use of waste-to-energy treatment options seems like a feasible
potential especially under the new EU directives for a climate neutral Europe.

Finally the relationship between education and MSW was examined for OECD panel
data and it was found that education highly affects the production of MSW. Therefore
education can act as an effective tool to enhance pro-environmental behaviours
leading in turn to lower MSW arisings. Also the existence of an Environmental Kuznets
Curve (EKC) is validated in this analysis.

e Qverall all this research showed that the financial crisis has undoubtedly affected people’s
attitudes and behaviour towards MSW management.

e Under the circular economy, resources need to be maintained into the economy for as long
as possible to create more value and this in turn would also enhance the use of more
sustainable treatment options for MSW and increase energy reuse and production.
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KUpleg ouvelodopég

e H mapouoa Sibaktopikr Statplpry eotiace oto Béua tnG SLaXEIPLONG TWV AOTIKWV OTEPEWV
arnoPAntwy (AZA) Kol TIG EVOEXOUEVEG EMUTTWOELG TNG Slaxeiplong Toug, umo To MPloua TNG
KUKALKAC olkovopiag yia dedopéva amd tnv EE aAld kot maykooula, Aappavovrag umoyn
Sl OPETIKEC TMOPAPETPOUG KAl £TN. ZUYKEKPLUEVO EEETOIOE TO TIAPOAKATW:

o AnoteheopatikdtnTa TnG dnpoupyiag AZA yla tig epldépeteg tng EE.

o AnoteAeopatikdtnta TnG dnpoupyiag AZA yia Tig xwpeg tng EE.

o NoAttotikol¢ Seikteg (Ue Baon Ta povtéAa tou Hofstede kat Schwartz) kal ta cuoyétios
UE TNV Snuwoupyia AZA yia Tic xwpeg tng EE.

o Evepyelokn anddoon Twv xwpwv tng EE kot duvatotnta mapaywyns EVEPYELOG Ao To
anopAnta.

o Xx€on petafl ekmaidevong kot AZA yLa Tic xwpeg tou OOZA pe Tn Xpnon SLacTpWUOTIKWY
Seboptvwv.

e Xpnolpomowvtag tn HEBodo Data Envelopment Analysis (DEA) yla TECOEPLC QO TIG TEVTE
TMEPUTTWOEL, N mapouca Oidaktopikny Slatplfry e€etalel tnv Umapén otabespwv £vavtl
peTaPANTWY amodooswv KALHaKkag, Tn pepoAnyia OTOUC EKTIUNTEG KOL TN XPHoN avermBuuntwv
£Kpowv ota deSopéva o XpnoLponollénkav.

o Amo TNV avaluon ylo TIG XWPESG Kal TG TepLPEpeleg TNG EE, ol amoTEAEOUATIKOTNTEG
ouykpiBnkav pe tIg pebodoug dlaxeiplong Twv AIA Kol TO TOCOOTO OVAKUKAWONG KoL
SlamotwBnke OTL OUTEG TOU XPNOLUOToWUV Tilo  PBlwolpeg peBodoug  (Omwg
KoumooTtonoinon, anotédbpwon, oavakukAwon) £xouv kal uPnAoTEpO  OKOP
OMOTEAEOATLKOTNTOG.

o H ouoxétion petafl Twv amotelecudtwv tng DEA Kol TwV TOATIOTIKWY SEKTWV
g€etaotnke Kal SlamotwOnke OtL Sev UTIAPXEL onUAVTIKA ox€on yla to 2005, aA\d yLa To
2010 koL to 2015 UTIGPXEL LOXUPN OUGCYETION. TO OUYKEKPLUEVO EUPNUO UTOPEL val
ouvSeBEel Pe TN XPNUATOMIOTWTIKY Kpion mou emnpéace tnv EE 18iaitepa and to 2008,
KOOLOTWVTOC TOUG OVBPWTOUC TILO OKETITIKOUG TAVW Ot ePLBallovTika Intrpata.

o [a tnv TéTaptn Mepimtwon, SlamoTtwbnke OTL T OKOP EVEPYELOKNG OMOSOTIKOTNTOG O
oAOKAnpn tnv EE ATavV OUVOALKA XOUNAQ, OMOTE n Xpnon HeBOdwv yla mapaywyn
EVEPYELAG Ao Ta anmoPAnTa paivetal va amoteAel pia KaAr evaAlaktikn, 16lwg cuudwva
ME TIG VEEG 08nyleg TG EE yLa pio oudétepn KALLATIKA EupwTn.

o TéNog, efetdotnke n oxéon Hetafl ekmaideuong kat AZA Kal Slamotwdnke OTL n
eknaidevon ennpedlel Wlaitepa tnv mopaywyn AIA. Q¢ ek TOUTOU, MMOpPel va
AELTOUPYNOEL WG OMOTEAECUATIKO €pyaAeio yla TNV evioxuon twv MePLBAAAOVTLIKWV
ouuTEPLPOPWVY TIOU 08NyolV LE TN OElpd TOUG o€ pelwon Twv amofAntwy. Eniong, otnv
napovoa avaluon ermuPefalwvetal n Tapen neptBaAAoVTIKAC KAUTUANG Kuznets (EKC).

®  JUVOALKA OAeC auTEG oL avaAloslg €6si€ov OTL N XPNUOTOTIOTWTIKA Kplon £€xel emnpedosl
avaudlofAtnta Th cuunepLdopa KL TIC OTACELS TWV AVOPWIWY WG TPOG tn dlaxelplon Twv AZA.

e >to mAaiolo TNG KUKALKNAG olkovopiag, oL topol mpénel va StatnpnBolv otnv olkovopia 660 To
SUVOTOV MEPLOCOTEPO YLa VA £XOUV TIEPLOCOTEPN afla KAl aUTO HE TN Oslpd Tou Ba evioyUosl
emiong t xpAon 1o BLWolHwY eVOANAKTIKWY TPOMwV enefepyaciag yia ta AZA kal Ba auvénost
TNV EMOVAXPNOLUOTIOINCN KoL TNV TApaywyr EVEPYELAG Ao Ta amoBANnTa.
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1. Introduction

Nowadays waste has become a vital part of our economy, being a by-product of economic
activity and originating from businesses, the government and households; at the same time it can be
used as an input to the economic activity for instance through material or energy recovery (Defra,
2011a). More than one billion metric tons of Municipal Solid Waste (MSW) are currently thrown away
worldwide annually and it is predicted that this number will reach 2.2 billion by 2025 (Hoornweg and
Bhada-Tata, 2012).Waste arisings have been increasing over the past few years, hence their
management has proved to be a rather challenging issue in the 21 century and a lot of research is
being conducted in this field.

First of all, it is important to define waste in order to be able to manage it successfully.
According to the European Union (EU) Waste Framework Directive 2008/98/EC, ‘any substance or
object which the holder discards or intends or is required to discard is defined as waste’. In addition
municipal waste consists of waste collected by or on behalf of municipal authorities and disposed of
via established waste management systems. The waste sector has conventionally referred to MSW
excluding “wastewater”, which is considered under the water or industry sectors (UNEP, 2011).
Therefore it is important to note that MSW excludes the following waste streams: waste from sewage
treatment, construction and demolition activities. MSW consists primarily of waste generated by
households, although it also includes waste from sources (and of similar composition) such as
commercial and industrial waste (Eurostat, 2014a).

The production of MSW is unavoidable due to human activity and its management affects
human and environmental health (Vergara and Tchobanoglous, 2012). Rapid population growth and
urbanization are noticed in recent years with an estimated 66% of the world’s population living in
cities by 2025 (Troschinetz and Mihelcic, 2009). These two trends also lead to the increase of waste
around the world and consequently tend to concentrate more waste in the cities (Vergara and
Tchobanoglous, 2012).

Every country produces different amounts of MSW and with different composition. This is
because waste generated is influenced by the degree of urbanisation, patterns of consumption,
household revenue and lifestyles in each country (Eurostat, 2014a). For instance there is a strong link
between affluence and waste generation, despite of improvements in efficiency nowadays (World

Bank, 1999). The amount of MSW generated per inhabitant (waste per capita) can prove valuable in
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capturing the potential environmental and health impacts, for example through soil and water
contamination or poor air quality (Eurostat, 2014b).

Diverse technologies, policies and behaviours are being employed worldwide to control the
negative effects of waste and find ways to reuse it efficiently; this combination of methods constitutes
waste management (Vergara and Tchobanoglous, 2012). Waste management practices differ in
developed and developing nations, in urban and rural areas and in residential and industrial producers
(Magutu and Onsongo, 2011). Not only does the composition of waste vary between cities, it varies
within a city over time (Vergara and Tchobanoglous, 2012). The four main drivers towards the
development of waste management plans are: public health, environmental protection, resource
recovery and climate change (Wilson, 2007).

Market failures exist in the economic markets and these prevent economic agents from
making optimal choices, ultimately leading to an overproduction of waste; environmental externalities
are one of the primary market failures — whereas economic decisions do not account for the
environmental impacts of waste generated (Defra, 2011a). Further market failures and obstacles in
the market are: imperfect information, imperfect competition or other barriers relating to efficiency
such as excess planning costs, lack of access to credit and long payback periods (Defra, 2011a).

The treatment options of MSW can be classified in broad terms as: landfill, incineration,
recycling and composting (Kungolos, 2016). Sustainable Waste Management is one of the most
challenging issues faced by both developed and developing countries which are now trying to meet
pressure from national and international communities to reduce their environmental impacts overall
(Aravossis et al., 2001). Developed countries are examining how to avoid waste going to landfill and
increase the recycling and recovery of materials. An important driver to this notion is the Waste
Hierarchy (Figure 1). This gives top priority in preventing waste in the first place. Even when waste is
finally created, priority is given in preparing it for re-use, then recycling, then recovery and as a last

resort disposal (i.e. landfill) (Defra, 2011b).
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Figure 1: Waste hierarchy (Defra, 2011b)

Member States of the EU are bound by a number of Directives to not only reduce the amount
of MSW going to landfill but also to increase its recoverability through recycling. Namely the European
Commission Landfill Directive (99/31/EC) states that Member States need to reduce the amount of
biodegradable municipal waste (BMW) sent to landfill to 35% of the 1995 levels, whereas the revised
Waste Framework Directive (2008/98/EC) requires a 50% recycling rate for household waste and
waste of similar nature to household by 2020.

Moreover in 2011, the European Commission launched an important initiative entitled ‘A
resource-efficient Europe’ which supports the shift towards a resource-efficient, low-carbon economy
with the ultimate goal to achieve sustainable growth (Eurostat, 2014a). Whether it is re-used, recycled,
incinerated or put into landfills, the management of MSW brings in financial and environmental costs
(European Commission, 2010a). The main issue around waste is that one cannot manage it, unless one
measures it appropriately.

Nowadays the waste sector has been facing four major challenges: 1) increasing amounts and
complexity of waste streams, 2) increasing risk of human health and ecosystems’ impacts, 3)
economic unpleasantness to use the 3Rs (Reduce, Recycle, Reuse) and 4) the sector’s overall influence

on climate change (UNEP, 2011).
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At the same time the following opportunities arise: 1) growth of the waste market, including
demand for better waste management and use of recycled products 2) increasing scarcity of natural
resources and the resulting rise in commaodity prices and 3) emergence of new and improved waste
management technologies (UNEP, 2011). Therefore this sector provides a great pool of research and
is already creating a new business area worth investigating and developing further.

Therefore this Thesis focuses on MSW and presents the case for EU and worldwide data. On
the EU level both the regional and country level data are taken into account in order to examine the
relevant environmental efficiencies. Also the cultural characteristics of EU Member States as well as
energy efficiency are assessed in relation to MSW. Finally the relationship between MSW arisings and
education is examined. All these attributes are evaluated taking the financial crisis that has affected
the EU and the world severely especially since 2008, which obviously has influenced people’s attitudes
and treatment options used as well.

Based on the examined literature, the aim of this Thesis is to identify the current situation of
MSW arisings and their management under the notion of the circular economy. In achieving this aim
the following objectives will be met as well:

o Assessment of the current situation regarding MSW management and relevant
environmental efficiency.

o Identification of existing and potential waste management options.

o The results of this analysis are analysed taking the financial crisis into consideration and
possible societal and policy implications.

o Suggestions are provided for the fulfilment of a real circular economy in EU Member States
in accordance to the EU regulations and programmes, as well as potential policy
implications for worldwide data.

The flowchart below (Figure 2) presents the main steps of the methodology that will be

analysed further in Section 3 as well as how this research fulfilled the objectives mentioned above.
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Results

Conclusions

Figure 2: Flowchart of the present Thesis

Thus this Thesis contributes to the current literature by analysing the current situation and
providing the relevant policy implications as well. Through this approach it is then possible to evaluate
where its country/region is at present and what could be done to improve the situation on an
environmental level. This is especially important considering the circular economy where all materials
ought to be reused and reintroduced into the economy thus avoiding the loss of valuable resources.

The present Thesis is structured as follows, Section 2 presents the current state of the art and
a solid background on the various aspects of the topic of the Thesis. In more detail Section 2.1 presents
the policy framework and legislative background around MSW. Section 2.2 refers to the MSW arisings
themselves and their composition while Section 2.3 presents the main treatment options of MSW.
Additionally Section 2.4 shows the main aspects of MSW under the circular economy with Section 2.5
specialising on energy efficiency and MSW under the latter concept. Section 2.6 examines another
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feature of MSW and waste management, namely the importance of culture and cultural
characteristics in the formulation of a ‘waste culture’, therefore this section presents the main models
depicting cultural dimensions. Finally Section 2.7 examines the possible relationship between MSW
and education. Additionally Section 3 presents the proposed methodology, with Section 3.1 dealing
with Data Envelopment Analysis (DEA) and Section 3.2 with econometric methods and panel data.
Then Section 3.3 introduces the data of the present research.

Moreover Section 4 analyses the results of the present work, with Section 4.1 presenting the
case of the EU regional analysis and Section 4.2 the case of the EU country level analysis. In addition
Section 4.3 focuses on cultural dimensions and the formulation of ‘waste culture’ with Section 4.4
dealing with energy efficiency and MSW. Finally Section 4.5 presents the results of the research on
MSW and education through panel data.

In relation to those results Section 5 discusses the implications of those on an EU and
worldwide level as well as relevant policy implications. To conclude the work, Section 6 presents the
main findings of the research (Section 6.1) as well as its limitations and suggestions for future work

(Section 6.2).
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2. Background

As mentioned previously and to start with the policy framework and legislative background
are outlined (Section 2.1). At the same time, this section provides an overview of the waste sector
both in terms of its composition (Section 2.2) and infrastructure (Section 2.3). Moreover the notion of
the circular economy is introduced in Section 2.4, as well as the energy efficiency of the sector in terms
of the circular economy (Section 2.5). Cultural dimensions that affect the formulation of a ‘waste
culture’ are analysed and the main models dealing with these are presented in Section 2.6. Finally

Section 2.7 presents the main points around education level and MSW.

2.1 Policy framework and legislative background

From its founding in 1957 until today, the European Union has managed to develop the most
integrated environmental policy framework in the world through the six Environmental Action
Programmes (EAP), under which several strategies and policies have been deployed (ISWM-Tinos,
2012). The 6 EAP and the thematic strategies on waste prevention and recycling and on natural
resources particularly, evolves around the notion of ‘to become a recycling society that seeks to avoid
waste and uses waste as a resource’ (ISWM-Tinos, 2012).

The main legislation in the EU environmental policy is the Waste Framework Directive (WFD)
which provides the legal framework on how to treat waste within the Community with the aim to
protect the environment and human health through the prevention of the harmful effects of waste
generation and waste management (European Commission, 2008). As stated in Article 2 of the
Directive called ‘Exclusions from the scope’, it applies to waste excluding the following: gaseous
effluents, radioactive elements, decommissioned explosives, faecal matter, waste waters, animal by-
products, carcasses of animals that have died other than by being slaughtered, elements resulting
from mineral resources (European Commission, 2008). Apart from this, the main elements forming
the waste legislative background in the EU include the following (European Commission, 2015a):

e Directive 2006/12/EC on waste has been revised in order to be more up-to-date and restructure
its provisions, therefore in the revised Directive 2008/98/EC (WFD) the basic concepts and
definitions related to waste management are established and new waste management principles
such as the "polluter pays principle" or the "waste hierarchy" are outlined as well (European
Commission, 2015b). WFD or Directive 2008/98/EC of the European Parliament and of the Council

of 19 November 2008 on waste. It provides the general context of the waste management
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requirements and establishes the basic definitions around waste management for the EU. Within
the WFD there are specific provisions for each waste stream and how it should be managed.

e European Union legislation on waste management operations, which includes Directive
2000/76/EC of the European Parliament and of the Council of 4 December 2000 on the
incineration of waste and Directive 2000/59/EC of the European Parliament and of the Council of
27 November 2000 on port reception facilities for ship-generated waste and cargo residues.

e Regulation (EC) No 1013/2006 of the European Parliament and of the Council of 14 June 2006 on
shipments of waste. This one specifies the details regarding the shipment of waste between
countries.

e Decision 2000/532/EC which sets a list of wastes. This Decision establishes the classification
system for waste, including but not limited to a distinction between hazardous and non-hazardous
wastes.

All relevant EU regulations in relation to waste management are presented schematically in

Figure 3.
- . Product
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+ 3
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Figure 3: Waste laws (Eurometrec, 2015)
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Sustainable growth is an important part of the Europe 2020 growth strategy to become a
‘smart, sustainable and inclusive economy’, with the aim to lower greenhouse gas emissions by 20%
(or even 30% if the conditions are right) compared to levels of 1990, to generate 20% of its energy
from renewable sources and to increase energy efficiency by 20% (European Commission, 2010b).
These measures could bring net savings to EU Member States, while increasing resource productivity
by 30% by 2030, enhancing GDP by nearly 1% and creating 2 million additional jobs while also reducing
EU carbon emissions by 450 million tonnes by 2030 (European Commission, 2016a). The framework
of measures for the promotion of energy efficiency is set out by Directive 2012/27/EU of the European
Parliament and of the Council of 25 October 2012 on energy efficiency addressing the achievement of
the 20% target on energy efficiency in 2020.

In addition to those, the 2030 climate and energy framework covers EU-wide targets and
policy objectives for the period 2021 to 2030, with the main targets being: at least 40% cuts in
greenhouse gas (GHG) emissions (from 1990 levels), at least 32% share for renewable energy and at
least 32.5% improvement in energy efficiency (European Commission, 2019). Moreover the 2050 EU
long-term strategy stresses the opportunities that a climate neutral Europe may bring as well as
challenges that may appear, without revising the 2030 targets nor launching new policies (European
Commission, 2018). Overall this strategy is meant to provide a framework for the EU to achieve the
Paris Agreement objectives and tackle climate change by limiting global warming to below 2°C and
attempting to limit it to 1.5°C (European Commission, 2018).

Despite those regulations, not all Member States have to date implemented waste prevention
as part of their environmental policies and hence implemented the regulations set out by WFD (FhG-
IBP, 2014). Countries in Central and Northern Europe perform above average but have problems in
decoupling waste production from growing consumption; average performing countries are mainly
located in Southern and Central to Eastern Europe, whereas these have deficits in collection coverage
and in the planning of future treatment capacity (FhG-IBP, 2014). The largest implementation gaps
can be found in member states in Southern and Eastern Europe in all key elements for good waste

management systems (FhG-IBP, 2014). These performances can be seen also in Figure 4.
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Figure 4: Waste management performance across Europe (FhG-IBP, 2014)

The regulations and Directives presented above are the ones that formulate the legislative
background in Europe. Over the last years (2014 onwards) the EU has proposed some measures to
enhance Europe’s transition to a more circular economy, thus creating a new policy background
(European Commission, 2016a). By providing greater resource efficiency and ultimately turning waste
into a resource, this approach entails benefits for competitiveness, growth and employment, as well
as the environment in whole (European Commission, 2016a). Moreover and based on these
regulations, waste prevention programmes are running in European countries to tackle the issue of
effective waste management. Figure 5 presents the status and duration of 36 waste prevention
programmes in Europe by 1 December 2015. As expected the status of implementation differs widely
among European countries of the North and South.

Waste prevention policy solutions are more difficult to be put in practice, because the change
is differently perceived and because interventions are usually on a global scale; non-pricing options,
such as product standards, information policies and voluntary agreements will most probably not

deliver efficient consumption and production decisions by themselves (Defra, 2011a).
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Figure 5: Status and duration of 36 European waste prevention programmes (European Environment

Agency, 2015a)

To that end and to enhance these approaches, the European Commission has adopted an
ambitious Circular Economy Package, with aims to accelerate Europe's transition towards a circular
economy by certain legislative proposals (European Commission, 2016a). To make sure this plan is
implemented effectively, along with the waste reduction targets there are concrete measures to

overcome obstacles on the ground and smooth the different situations across EU Member States
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(European Commission, 2016a). The main elements of the revised waste proposal include (European

Commission, 2016a):

A common EU target to recycle 65% of MSW by 2030 and 75% of packaging waste by 2030.

A compulsory landfill target to reduce landfill to maximum of 10% of all waste by 2030.

A ban on landfilling of separately collected waste.

Promotion of economic instruments to avoid landfilling .

Better established definitions and similar calculation methods for recycling rates throughout the
EU.

Stringent measures to promote re-use and stimulate industrial symbiosis (turning one industry's
by-product into another industry's raw material).

Economic incentives for producers to support recovery and recycling schemes (e.g. for packaging,
batteries, electric and electronic equipment, vehicles).

As mentioned the new proposals come along a review of the EU’s current waste targets and

stress that waste policy has been and should continue to be a powerful driver for recycling and re-use,

but there is more work to be done before being able to close the loop, as presented in Figure 6

(European Commission, 2016b). The elements provide a holistic framework, including all the steps

from raw materials, design, production, distribution, consumption, collection and recycling — back to

the reuse of materials.
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Figure 6: EU Circular Economy — Closing the loop (European Commission, 2016b)

All these measures mentioned above, could bring net savings to EU businesses of up to €600
billion, while also reducing greenhouse gas emissions. These along with further measures to increase
resource productivity by 30% by 2030, could enhance GDP by nearly 1% and create 2 million additional
jobs (European Commission, 2016b). In addition to this, a report by Imperial College London (ICL,
2015), stresses the business case for adopting a circular economy and it is shown that using resources
in a closed loop system has the potential to contribute £29 billion (1.8%) of GDP and create 175,000
new jobs in the UK alone. The numbers are quite astonishing and therefore the circular economy
demands further research all over Europe.

In those lines it is essential to establish an EU indicator to account for resource productivity
which will help Member States enhance their policies and at the same time promote synergies across
EU policy areas such as employment, enterprise and research; for instance resource productivity could
be measured against a target which would combine raw material consumption and GDP, suggesting
an improvement of 30% in this measure by 2030 (European Commission, 2016b). Overall it is very
clear that coordinated action among Member States is needed to achieve the Circular Economy in the

EU and the associated targets.
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2.2 MSW arisings and composition

Finding data on waste management and waste treatment has shown to be a challenge in the
past years, as the available data is diverse and sometimes (most often) outdated. It is important to
have accurate data of municipal solid waste generation amount in order to be able to effectively plan
a waste management system (Sukholthaman et al., 2017; Pongrdcz, 2009). In order to be able to plan
and assess waste and its management it is important to have accurate and reliable data on waste
(Edjabou et al., 2015). So far there are no international standards for solid waste characterisation,
which has led to various sampling and sorting approaches that in turn make comparisons of results
from different studies challenging (Dahlén and Lagerkvist, 2008).

One way to overcome this obstacle and manage to ensure uniform coverage of the
geographical area under study, is stratification sampling, which involves dividing the study area into
non-overlapping sub-areas with similar characteristics (Dahlén and Lagerkvist, 2008; Sharma and
McBean, 2007; European Commission, 2004). Thus far the inconsistencies in the definitions provided,
may cause confusion and limit comparability of waste composition data between studies (Dahlén and
Lagerkvist, 2008). According to a United Nations Environment Programme (UNEP) report (2015) some
of the major areas of concern are:

e lack of standard definitions and classifications — definitions used so far for the different waste
streams vary widely among countries, even within the EU.

e Absence of measurement and of standard methodologies for measurement - thus activities
outside of that system, including uncontrolled (and often illegal) dumping or burning are not
accounted for. Data on waste composition are unclear and uncertain, even in high-income
countries, as measurement tends to be irregular and carried out without a consistent basis.

e Lack of standard reporting systems - statutory reporting systems for waste management in a
standard format still are not the case. National data collection systems usually do exist for MSW
but this is not the case for other waste streams such Commercial and Industrial (C&I) and
Construction and Demolition (C&D). Although there are some coherent data from Eurostat and
the Organisation for Economic Co-operation and Development (OECD), there are many gaps which
hinder comparability between different countries. Double counting is also very common, as in
many cases when waste is processed, the output from the treatment facility is counted again as

‘new’ waste.
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Based on the information presented above, it comes to reason that waste composition differs
not only across countries, but also by region according to but not limited to the following factors
(Eunomia, 2015; Yamaguchi and Managi, 2017; UNESCO/UNU-IHDP and UNEP, 2014): socioeconomic
status, consumption habits, season, whether or not households have gardens and presence (or not)
of tourists. There is also a connection between buying capacity of the population in urban centres and
amount of MSW generated (Ojeda-Benitez et al., 2003). From a recent study conducted in Denmark it
was found that the waste composition from single-family and multi-family houses were different
showing that differences in housing types cannot be ignored either (Edjabou et al., 2015). Moreover
the statistics depend on the methodology that is employed and should account for other factors
related to waste as well for instance the physical characteristics of waste such as moisture (Eunomia,
2015).

The Waste Atlas Partnership has evaluated the world’s 50 biggest active dumpsites (Figure 7)
most of which are located in Africa, Asia and Latin America/Caribbean and two in Europe (UNEP, 2015).
These differ in size, in the waste they handle and accommodate different numbers of people either
working at the dumps or living in the surroundings; however these 50 sites all have in common that
they are dangerous to human health and the environment (UNEP, 2015).

A close interrelationship between waste quantity/quality and socio-economic status of
households in developing countries have not been proven by many researchers thus far (Qu et al.,

2009; Sujauddin et al., 2008; Thanh et al., 2010).
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Figure 7: World’s 50 biggest dumpsites (UNEP, 2015)

In all parts of the world, an increase in income can affect the consumption patterns of
households and therefore the composition and quantity of MSW (Ogwueleka, 2013). At the same time
and as shown in Figure 8 there is also a strong relationship between waste per capita and income
levels per capita; namely there is a strong positive correlation, with the average generation in high-
income countries being about six-fold greater than in low income countries (UNEP, 2015). At the same

time, there is also considerable variation within countries.
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Figure 8: Waste generation versus gross national income (GNI) level by country for 82 countries (UNEP,

2015)

As already mentioned MSW consists of everyday items we use and throw away, such as
product packaging, grass clippings, furniture, clothing, bottles, food scraps, newspapers, appliances,
paint, and batteries — it originates from homes, schools, hospitals, and businesses (EPA, 2015). The
definition of municipal waste varies across countries; however, for most countries MSW includes
waste collected by local authorities in the form of household waste) as well as commercial waste and
also waste originating from maintenance of public areas (Eunomia, 2015).

In urban cities of developing countries, management of MSW is highly neglected (Zhen-shan
et al., 2009; Batool and Ch, 2009; Chung and Lo, 2008; Imam et al., 2008; Berkun et al., 2005; Metin
et al., 2003; Ahmeda and Alib, 2004) and there is limited space for further development because
government budgets are limited and more than often collection is disregarded (McBean et al., 2005).
The main issue is not the absence of environmental legislation, but rather the lack of enforcement
and/ or the availability of viable alternatives in place (Fourie, 2006). At the same time, there is also
considerable variation within countries themselves. There are also some other concepts around waste
which need to be further defined. For instance biodegradable waste includes waste capable of being
decomposed by the action of biological processes. This category is often neglected and includes

garden, kitchen and food waste accounting for about 1/3 of the waste that is thrown away at home —
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translating to around 88 million tonnes across Europe each year (European Commission, 2010b). The
amount of MSW should be rather well known today as Member States in the EU are required to
provide this information under the Waste Framework Directive (Eunomia, 2015). Figure 9 presents
the MSW generated per Member State in 2003 and 2013 sorted by 2013 waste per capita. Generation
of municipal waste per capita has declined slightly over the years with better management techniques
in place as well, whereas the number of countries recycling and composting increased from 11 to 17
out of 35, and those landfilling more than 75% of their municipal waste declined from 11 to 8

(European Environment Agency, 2015a).
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Figure 9: Municipal waste generated by country in 2003 and 2013, sorted by 2013 level (kg per capita)
(Eurostat data) (blue: 2003 and purple: 2013)

Apart from the exact amount of waste produced in a country, understanding the composition
of waste is also important which in most cases is not straightforward, because waste composition is
very different across the world (Eunomia, 2015). Moreover in Figure 10 the aggregated data on the
amount of waste fractions (tonnes per annum - t/a) for EU Member States and associated countries

are shown, presenting the varying composition of waste among EU countries.
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Figure 10: Aggregated data on amount of MSW (t/a) in EU Member States (2010 Data) (FhG-IBP, 2014)

In relation to Figure 8, Figure 11 presents the variation of MSW composition grouped by
country income levels from data on 97 countries. Organic material takes most space in all income
levels, but obvious differences can be noticed among different income levels which are associated

with the living conditions and lifestyle of the people there.
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Figure 11:Variation in MSW composition (%) grouped by country income levels (UNEP, 2015)

At the same time, Figure 12 presents a comparison between 2010 and 2020 waste arisings.
The amount of MSW calculated has been allocated equally between all countries, provided that the
requirements of the Landfill Directive were fulfilled (green bar) and the data for 2020 arisings (yellow

bar) have been extrapolated on data basis of 2004, 2006 and 2008 (Eunomia, 2015).
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Figure 12: Generation of MSW in 2020 compared with data of 2010 (Eunomia, 2015)

As has been presented already, there are waste prevention programmes already in practice
all over Europe. At the same time it is useful to have a clear picture of the waste prevention

programmes by sector and not just by country, as presented in Figure 13.

Figure 13: Waste prevention programmes by sector (European Environment Agency, 2015a)
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It is important to note that waste prevention does not only take place during collection but it

starts even from production and under a life-cycle thinking approach includes preventative steps

during production (including production and transport), consumption and collection. These in

summary can be seen schematically in Figure 14.

Life-cycle
stage

Key
stakeholder

Qualitative
prevention

Quantitative
prevention

Figure 14: Waste prevention at different stages in product life-cycle (UNEP, 2015)
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governments
Design for Product-service| | Purchasing Reuse; Reverse logistics
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Remanufacturs also online swap events

Sustainable consumption and production (SCP) thinking has gained a lot of attention recently

and one important pillar of this, is waste prevention as at the same time awareness is increasing that

our society is reaching the limits of a finite planet in terms of resources and resource use (UNEP, 2015).

These waste prevention programmes need to be more stringent and put in place as waste arisings are

projected to further increase by 2100 as shown in Figure 15.
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Figure 15: Projection of MSW generation in 2100 by world region (UNEP, 2015)

2.3 Waste infrastructure and treatment options for MSW

Despite these regulations, the countries within the EU employ different treatment options in
their areas with some already moving towards materials recovery systems while for others this is still
a virgin territory (Eunomia, 2015). Based on the Waste Hierarchy, Table 1 includes a short description
the options that are available from most preferred to least preferred. A well-planned waste
management system includes all activities that aim to minimize the health, environmental and
aesthetic impacts of MSW (Suthar and Singh, 2015; Kungolos, 2016); as the uncontrolled waste
disposal can pose serious threats to urban surface water resources and significant environmental

health risks to those living in the vicinity (Bhuiyan, 2010).

Table 1: Waste hierarchy options explained (Adapted from European Commission, 2010b)

Prevention

Preventing waste being produced in the first place is essential. One of the key tools being used to encourage waste

prevention is eco-design, focusoing on environmental aspects during the conception and design phase of a product.

Re-use

Re-use inlcudes the repeated use of products and/or components for the same purpose for which they were produced

originally (i.e. refrigerators, ink cartridges and computer printers).

Recycling

Recycling provides EU industries with essential supplies recovered from waste such as paper, glass, plastic and metals, as

well as precious metals from used electronic devices. These systems include Extended Producer Responsibility, which
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makes producers responsible for the entire life cycle of the products and packaging they produce, including the last stage
of the product life cycle, when it becomes waste. Individuals also play a crucial role, as in many cases they are asked to

separate their waste into different material types (paper, glass, plastics, metal, garden waste and so on).

Energy recovery

Waste incineration plants can be used to produce electricity, steam and heating for buildings. Waste can also be used as
fuel in certain industrial processes.

Landfill

Landfill is the least desirable option because of the many potential adverse impacts it can have, such as the production

and release into the air of methane, a powerful greenhouse gas 25 times stronger than carbon dioxide. In addition to

methane, the breakdown of biodegradable waste in landfill sites can release chemicals such as heavy metals resulting in

run-off called leachate. This liquid can contaminate local groundwater and surface water and soil, which could pose a risk

to public health and the environment. Alternative actions to get benefits from landfills include:

- The methane produced by an average municipal landfill site, if converted to energy, could provide electricity to
approximately 20,000 households for a year.

- It is estimated that the materials sent to landfill could have an annual commercial value of around €5.25 billion.

The following flowchart (Figure 16) presents the most common municipal waste treatment
operations which are broken down into these categories (European Commission, 2012a): mechanical

biological treatment (MBT), incineration, recycling, composting and landfilling.

Figure 16: Municipal waste treatment options (European Commission, 2012a)
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All these treatment options are used in every country and to a different extent. Furthermore
the following sections present the main points around the most used waste management treatment

options used worldwide and in the EU.

2.3.1 Mechanical Biological Treatment

MBT is a process designed to optimise the use of resources by recovering materials for one or
more purposes and stabilising the organic fraction of residual waste (Eunomia, 2015). Through MBT
the so-called Refuse Derived Fuel (RDF) or Solid Recovered Fuel (SRF) can be produced. RDF generally
includes sewage sludge, waste wood, calorific fractions of household and commercial waste, shredder
lightweight fractions, scrap tyres, food byproducts (Sarc and Lorber, 2013). MBT is a residual waste
treatment process that involves both mechanical and biological treatment (Defra, 2013a).

Some of the benefits of MBT include the fact that materials and energy can be recovered,
space requirements are reduced and gas and leachate emissions from landfill are reduced at the same
time (Eunomia, 2015). MBT systems basically comprise two simple ideas: either to separate the waste
and then treat or to treat the waste and then separate (Defra, 2013a). Aerobic biological unit
processes are used to ‘stabilise’ the organic fraction, to reduce its biodegradability and therefore its
ability to generate methane, whereas anaerobic biological unit processes can help produce biogas
from the organic portion of MSW (UNEP, 2015).

In those regards RDF must fulfill general quality requirements in order to be safely and

efficiently used such as (Sarc and Lorber, 2013):

. well defined calorific value,

o low chlorine content

. quality controlled composition (few impurities)

. defined grain size

. defined bulk density

. availability of sufficient quantities with required specifications.

Figure 17 presents a schematic representation of the MBT inputs and outputs.
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Rejects to landfil

Figure 17: Schematic representation of MBT inputs and outputs (Eunomia, 2015)

The main outlets for outputs from MBT systems for MSW include (Defra, 2013a):

e Materials recycling: recyclables from the various MBT processes are typically of a lower quality
and therefore have a lower potential for high value markets, but generally contribute to enhancing
the overall recycling levels.

e Use of Compost-like output (CLO): the processing of mechanically separated organics can produce
CLO or digestate material.

e Production of biogas: an MBT plant with Anaerobic Digestion (AD) as its biological process will be

able to produce biogas.
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e Materials recovered for Energy: where the MSW is sorted to produce a high calorific value waste
stream for instance including mixed paper, plastics and card, this stream may be known as Refuse

Derived Fuel (RDF).

2.3.2 Incineration

The combustion of waste for recovering energy, is called incineration, where under conditions
of high temperature these waste treatments are recognised as thermal treatments (WMR, 2009).
Eunomia (2015) report provides a detailed analysis of how incinerators work as presented below in
short: ‘in mass burn incinerators, waste is first fed into a feed chute where a ram pushes the waste on
to the first section of the incinerator grate, which includes a series of rocking sections, rotating rollers
or alternate fixed and moving sections. At every step there is presence of oxygen at very high
temperatures. The carbonaceous/hydrogenous waste is dried and oxidised (combusted) with air
supplied through the grate. Energy recovery can be obtained by the combustion gases transferring
their heat to refractory-lined water tube sections and convective heat exchangers both of which feed
the boiler. Steam from the boiler can be used for district heating or in a turbine for power production
to an electricity grid.’

Incineration reduces the form of the waste from 95 to 96% and this reduction depends on the
recovery degree and composition of materials; this means that incineration does not replace the need
for landfilling but reduces the amount to be disposed that way (WMR, 2009). Figure 18 presents the

main outputs and inputs from Incineration.
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Figure 18: Schematic Representation of Incineration Inputs and Outputs (Eunomia, 2015)

The table below summarises the key outputs from incineration processes (Table 2).

Table 2: Main output of incineration (Adapted from Defra, 2013b)

Quantity by weight of
Outputs State Comment
original waste

Potential use as

aggregate replacement
Incinerator Bottom Ash

Solid residue 20-30% or non-biodegradable,
(IBA)
non-hazardous waste for
disposal
Metals (ferrous and non- Requires separation
2-5% Sold for re-smelting
ferrous) from MSW or IBA
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Air Pollution Control
(APC) residues (including
fly ash, reagents and

waste water)

Solid residue / liquid

2-6%

Hazardous waste for

disposal

Emissions to

atmosphere

Gaseous

Represents 70-75%

Cleaned combustion

products

In 2009 there were 449 Incineration plants operating across 20 Western and Central European
countries with a total throughput of around 69.4 million tonnes of waste for 2009 (Defra, 2013b). In
2016 there were 512 plants in Europe alone providing a total incineration capacity of 93 million tonnes
(Scarlat et al., 2018). In many countries such as Germany and Japan, incinerators are widely used to
treat both MSW and industrial waste (Chen et al., 2010). Incineration is a quite controversial
technology and opinions are separated as to where and if it should be used. Generally public
disagreement can affect political willingness to support incineration, which has been the case
especially for Spain and Greece (de Beer et al., 2017). WMR (2009) provides a summary of the main
points against and in favour of incineration. Specifically some of the arguments supporting
incineration are:

Arguments supporting incineration:

e Despite concerns on the health effects of incineration processes, emission can be controlled by
developing modern plants and more stingent regulations.

e Incineration plants can produce energy and thus substitute other power generation plants.

o The bottom ash is considered non-injurious and still capable of being landfilled and recycled.

e Fine particles are removable through filters and scrubbers.

e Finally teating and processing of medical and sewage waste produces non-injurious ash as end
product.

Arguments against incineration:

e Many consider the products of incinerations as extremely injurious matter which require
adequate disposing of, meaning additional miles and special locations for landfilling this.
o There are still many concerns about the emission of furans and dioxins.

e Incinerating plants are producers of heavy metals, which are injurious even in minute quantities.
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e |nitial investment costs are only recovered under longterm contracts.
e Local communities always have and probably will be opposed to the presence of incinerating plant
in their vicinity.

e The supported view is to recycle, reuse and reduce waste instead of using incineration.

At the same time likewise relatively new technologies include pyrolysis and gasification but
these still remain fairly unproven in European usage (Eunomia, 2015).

Pyrolysis is the thermal decomposition of materials in the absence of oxygen (Bridgwater,
2012). The pyrolysis of biomass results in the production of char, liquid and gaseous products (Figure
19) (Maschio et al., 1992). It can be divided into three main parts: conventional pyrolysis, fast pyrolysis
and flash pyrolysis (Derimbas and Arin, 2002). More recently research has focused on fast pyrolysis in
which case waste is decomposed quickly under high temperatures and produces bio-oil. The main

features of a fast pyrolysis process are (Bridgwater and Peacocke, 2000):

o very high heating and heat transfer rates
. carefully controlled temperature of around 500°C
o rapid cooling of the pyrolysis vapours.

Bio-oil that is produced through pyrolysis can substitute fuel oil or diesel for instance in
boilers, furnaces, engines and turbines for electricity (Bridgwater, 2012). Even though the production
of crude bio-oils has been researched extensively, little progress has been made to produce additives
or transportation fuel extenders from these oils, therefore this is an area that has to be further

examined (Garcia-Perez et al., 2010).
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Figure 19: Schematic representation of single pyrolysis process inputs and outputs (Eunomia, 2015)

Gasification is considered as a process between pyrolysis and combustion because it entails
the partial oxidation of a substance (Defra, 2013b). It involves heating carbon rich waste in almost
anaerobic conditions, whereas the majority of carbon is converted to a gaseous material leaving an
inert residue from the breakdown of organic molecules (Eunomia, 2015). In gasification (Figure 20)
carbon based wastes are heated in the absence of oxygen to produce a solid, low in carbon and energy
from syngas which is a fuel gas mixture consisting of hydrogen and carbon monoxide (Defra, 2013b),
and can therefore be considered as a thermochemical process. Gasification is highly efficient and has
low environmental emission rates therefore it is a quite desirable technology (Higman, 2008). It is a
viable alternative to incineration specifically for thermal treatment of homogeneous carbon-based

waste and for pre-treated heterogeneous waste (Belgiorno et al., 2003).
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Figure 20: Schematic representation of gasification inputs and outputs (Eunomia, 2015)

Incineration, pyrolysis and gasification are all considered thermal treatment but differ in the

levels of air used in those as shown in figure 21.

Figure 21: Levels of air (oxygen) present during pyrolysis, gasification and incineration for MSW (Defra,

2013b)
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2.3.3 Composting

Composting is a term used to describe the biodegredation of organic matter through an
aerobic process which converts organic matter into a stable humic substance (Eunomia, 2015). In most
developing countries an astonishing 50 to 70% of the MSW is organic materials which are therefore
suitable for composting, so the process can usually be furthered through separation at source (UNEP,
2015). More specifically for this process, the microorganisms employed are part of three main
categories; bacteria, fungi and actinomycetes.

The key factors that need to be accounted for to achieve effective composting rates include:
temperature, air supply, moisture content, the porosity of the material and its carbon to nitrogen ratio
(Eunomia, 2015). There are many different technologies available for composting which include simple
open-air systems (windrow composting and aerated static pile composting) to more sophisticated
contained systems (Environment Agency, 2002). Figure 22 presents a schematic representation of

composting inputs and outputs.

Figure 22: Schematic representation of composting inputs and outputs (Eunomia, 2015)
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Composting facilities can only operate economically if they function at or near maximum
design capacity. Therefore this implies that for every composting facility one needs to secure sufficient
waste (Environment Agency, 2002). The quality of the compost produced depends mainly on the
quality of the feedstock used to make it; as compost will only be of beneficial use, and of commercial
value, if itis made to the highest quality possible with sufficient quality control. Based on their quality,
waste-derived composts can be used for land reclamation and as a soil improver in landscaping,
agriculture and horticulture due to its ability to improve the biological and physical properties of soil

in particular of use in arid regions (Environment Agency, 2002; UNEP, 2015).

2.3.4 Anaerobic Digestion (AD)

In addition to the methods presented in Figure 16, a further treatment method is anaerobic
digestion (AD) which is the bacterial decomposition of organic material in almost anaerobic conditions
whose by-products include biogas, and digestate (Eunomia, 2015). There are two main types of
anaerobic digestion called thermophilic and mesophilic — the primary difference between them is the
temperatures used in the process; thermophilic processes reach temperatures of up to 60° C and
mesophilic normally run at about 35-40° C (WRAP, 2016).

The high degree of flexibility associated with AD is considered one of the most important
advantages of the method, since it can treat several types of waste, ranging from wet to dry and from
clean organics to grey waste (Eunomia, 2015). AD (Figure 23) can in comparison to composting better
treat waste with a higher moisture content and can occur usually between 60% and 99% moisture
content (Eunomia, 2015). Hence kitchen waste and other putrescible wastes which are high in
moisture can be an excellent feedstock for AD, whereas woody wastes including a higher proportion

of lignocellulosic materials are better suited to composting.
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Figure 23: Schematic representation of AD inputs and outputs (Eunomia, 2015)

The process of AD provides a source of renewable energy, since the food waste is broken
down to produce biogas (a mixture of methane and carbon dioxide), which can be used to produce
energy. The biogas can be used threefold: to generate electricity, to power on-site equipment and any
excess electricity can be exported to the National Grid. Biogas is a mixture of around 60% methane,
40% carbon dioxide and some other traces of other contaminant gases but its exact composition will
depend on the type of feedstock being digested. Possible uses its potential to provide heat, electricity
or both. Alternatively, the biogas can be 'upgraded' to pure methane, often called biomethane, by
removing other gases. One cubic metre of biogas at 60% methane content converts to 6.7 kWh energy
(Defra et al., 2016).

A further by-product of the process is the digestate, which is rich in nutrients such as nitrogen,
phosphorus and other elements essential for healthy plant growth and fertile soil (WRAP, 2016). The
digestate produced is usually stored until it's needed, and can be separated into liquid and solid

segments. The biogas produced will be stored before being either developed further into biomethane
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for vehicle fuel or for injection into the gas grid or burned in a combined heat and power engine to
produce electricity and heat (WRAP, 2016).

Digestate is a nutrient-rich substance that can be used as a fertiliser, consisting of leftover
materials and decomposed micro-organisms - the volume of digestate usually comes out to be around
90-95% of what was fed into the digester initially (Defra et al., 2016). It must be noted that digestate
is not compost although it has some similar features; compost is produced by aerobic micro-

organisms, meaning they require oxygen from the air (Defra et al., 2016).

2.3.5 Recycling
Recycling refers to the systematic collection, processing and reuse of materials, which include
the following categories: paper, glass, plastic, wood, aluminium products and iron (Halkos, 2013a).
Recycling entails many benefits which include amongst others the following (EPA, 2016):
e Reduces the amount of waste sent to landfills and incinerators
e Conserves natural resources such as timber, water, and minerals
e Prevents pollution by reducing the need to collect new raw materials
e Saves energy
e Reduces greenhouse gas emissions that contribute to global climate change
e Helps sustain the environment for future generations
o Helps create new well-paying jobs in the recycling and manufacturing industries.
Figure 24 presents the MSW recycling in 35 European countries in 2004 and 2012. It is obvious

that recycling is being used more and more in recent years with high rates of development.
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Figure 24: MSW recycling in 35 European countries (European Environment Agency, 2015b)

Also there is clearly a correlation between increasing recycling rates and declining rates of
landfilling, as in countries with high MSW recycling rates, landfilling seems to be declining much faster
than recycling is growing, because waste management strategies usually move from landfill towards
a combination of recycling and incineration, and in some cases also MBT (European Environment

Agency, 2015b).

2.3.6 Landfill

Landfilling is being considered in the past years as inappropriate because it poses great risks
to human and environmental health (Kungolos et al., 2006). Still there are uncertainties as to how
landfills affect human health; for instance research in the UK points out the possibility of landfills being
responsible for birth defects in the vicinity (Elliott et al, 2000). A modern landfill includes a waste

containment liner system to separate waste from subsurface environment, systems for the collection
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and management of leachate and gas, and placement of a final cover after deposition is complete

(Laner et al., 2012). There are two broad types of landfills:

e Traditional landfills which are uncontrolled and may allow leachate to be released into the soil
and

e Modern MSW landfills which are controlled and operated using the principle of ‘containment’
(Eunomia, 2015), meaning that landfilled waste is separated from the environment and both
leachate and landfill gas are collected and treated, including after the closure of the landfill.

Containment has been put forward, and involves operating the landfill in a condition that
accelerates the decomposition processes, so that the production of leachate and landfill gas occur at
the beginning and when the collection and treatment systems are in working order (Bramryd et al.,
1999).

One of the main outputs of landfill is methane, which is produced through the decomposition
of organic wastes under anaerobic conditions. Landfill gas which originates from the landfill operation,
can be used either in a gas engine to generate electricity and/or heat, or it may be used into a natural
gas grid or for direct utilisation as a transport fuel (UNEP, 2015).

Moreover a common technique to pre-treat waste before it can be disposed in landfill is
mechanical biological treatment as this option can lead to the material to be landfilled being relatively
harmless and not so potent to generate methane and leachate (Eunomia, 2015). A schematic

representation of the process is shown in Figure 25 below.
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Figure 25: Landfill option (Eunomia, 2015)

An important point in relation to landfill is aftercare management which typically includes
monitoring of emissions (e.g. leachate and gas) and receiving systems (e.g. groundwater, surface
water, soil, and air) and maintenance of the cover and leachate and gas collection systems (Laner et
al., 2012). Regulations specify a minimum period of aftercare for which funding must be accrued; for
example, the European Landfill Directive (European Commission, 1999) specifies a period of at least
30 years of aftercare as a basis.

Summarising an overall picture of the treatment options across Europe expresses in kg/capita
can be seen in Figure 26. As it is obvious there is a strong difference between countries in the North

and South of Europe.
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Figure 26: Treatment of MSW across Europe — kg per capita in 2011 (FhG-IBP, 2014)

2.4 Circular economy and closing the loop

As it has been presented in the previous sections, waste is an issue that has been raising
awareness in the past years. Relevant regulations and directives are trying to find new and effective
ways to manage it appropriately and efficiently. Yet implementation of these rules differs by country
and sometimes even by region. The fact is that waste arisings continue to rise and our world cannot
sustain the uncontrolled disposal of waste anymore. New and improved technologies are emerging
which can help manage waste in a more efficient way which is more beneficial in the long run as well.
The model that used to run up until today is that of the linear economy when it comes to waste
management whereas natural resources were extracted and used and then disposed of usually at

landfills (Figure 27).
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Figure 27: The linear economy and waste management (UNEP, 2015)

Lately systems analysis techniques have been applied to handle MSW streams through a range
of integrative methodologies, with a total of five system engineering models and nine system
assessment tools in this field (Chang et al., 2011). These models contain, among others, systems
engineering models like Cost Benefit Analysis (CBA), prediction and simulation models and
optimization models (OM). Similarly, they may comprise system assessment tools embracing
management information and decision support/expert systems, the development of scenarios, life
cycle assessment or inventory, risk and environmental impact assessments, strategic environmental
and socioeconomic assessments and sustainable assessment (Pires et al., 2011).

Thus with these techniques, nowadays the focus has moved upstream, addressing the
problem from the beginning; this starts at the designing of waste, preventing it, reducing both the
qguantities and the uses of hazardous substances, minimising and reusing resources and where
residuals still occur, keeping them concentrated and separated to preserve their potential value for
recycling and recovery and prevent them from contaminating anything else with economic value after
recovery (UNEP, 2015).

The main idea is to move away from ‘waste disposal’ to ‘waste management’ and from ‘waste’
to ‘resources’ (UNEP, 2015). Moving towards a circular economy as presented in Figure 28 creates a
challenge of its own, as it demands changing our way of thinking and managing waste. Landfill is and
need to be considered as the last possible resort for waste. As the figure illustrates the biological and
technical nutrients should be kept in separate loops in order to maintain high quality and make it
possible to circulate effectively; the smaller the cascading loop the higher the value kept in the
resource and with less need for adding energy and other resources to keep it circulating (Berndtsson,

2015).
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Figure 28: Moving towards a circular economy (UNEP, 2015)

Regulations already exist in the EU on those regards, the only thing left to do is put them in
practice. As it has been presented in the previous sections, prevention and resource efficiency are two
of the main drivers towards the circular economy. However the uniqueness of the Circular Economy
comes from two interrelated ideas, the closed-loop economy and ‘design to re-design’ approaches,
demonstrating new concepts of system, economy, value, production, and consumption (Murray et al.,
2015). Therefore the idea of the circular economy is highly related to waste management under the
umbrella of resources management at the same time and demands further research. Moreover in
relation to the circular economy an important area that needs to be taken into account is the energy

sector and more specifically energy efficiency with regards to MSW arisings.
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2.5 Energy efficiency and MSW in the circular economy

Energy efficiency improvement can provide many benefits apart from cost efficiency such as
energy savings, air pollution control and GHG emission reduction as well as energy security and health
benefits (Zhou et al., 2018). It is essential to combine technological options and implementation
approaches to improve the energy recovery efficiency of the urban and industrial system and thus
achieve low-carbon cities (Ohnishi et al., 2018).

Generally it is noticed that the global economy is highly reliant on fossil fuels such as oil, gas,
and coal resulting in higher GHG emissions (Halkos and Tzeremes, 2013a; Fruergaard and Astrup,
2011). Due to the volatile price of oil and the environmental degradation occurring due to fossil fuels’
use, a turn towards renewable energy sources has been noticed (Apergis and Payne, 2010). Along
those lines the public has become more sensitive to environmental issues, therefore most countries
will be forced to make real changes in their energy mix (Halkos and Tzeremes, 2012).

MSW can act as a source of energy through waste incineration; for instance in Denmark waste
incineration currently supplies about 5% of the electricity demand and about 20% of the district
heating demand (Fruergaard and Astrup, 2011). MSW can be grouped into three fractions: (1) mixed
high calorific waste materials suitable for SRF production, (2) organic waste materials suitable for
biological treatment and (3) mixed waste materials not fitting into the former two fractions
(Fruergaard and Astrup, 2011).

Thus each fraction may require different treatment. At the same time it is noticed that the
share of energy from renewable sources is also on the rise in the EU Member States as shown in Figure
29, showing also how far those countries are from achieving their 2020 target. So far Sweden, Finland,
Denmark, Estonia, Croatia, Lithuania, Romania, Bulgaria, Italy, Czech Republic and Hungary have

managed to accomplish this.
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Figure 29: Share of energy from renewable sources 2004-2016 (in % of gross final energy

consumption) (Eurostat data)

2.6 Cultural dimensions and waste management

As mentioned one main issue with waste generation nowadays is that although the
legislations are in place in order to help get resources back, these tend to be overlooked as not much
importance is given to the protection of the environment despite the financial contribution it may
have. In those regards, the word “waste” can either be seen as a noun or a verb, whereas the noun
“waste” attributes the fault to the item itself, the verb “to waste” attributes the fault to the party who
neglects to appreciate the value of the item (Lee, 2017). Figure 30 presents the schematic life cycle of
waste generation, which is composed of three main parts: 1. how and what kind of waste is generated
in the economy, 2. society’s management of any purchased good and 3. units and connections of the

MSW management and treatment systems.
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Figure 30: Schematic life cycle of waste generation (De Feo and Napoli, 2005)

Arguments prioritising culture as a prominent development factor exist for many years now,
namely in 1905 Max Weber was the first one to raise awareness on the importance of a set of values
to explain the success of industrial capitalism vis-a-vis pre-capitalist agrarian societies across Europe
(El Leithy, 2017). The main focus of the present analysis is cultural formation and especially the current
picture of ‘waste culture’ and public perception across EU member states. At this point it is essential

to make the distinction between culture and society.

Culture is defined as the way of life, especially the general customs and beliefs, of a particular
group of people at a particular time based on the Cambridge Dictionary. Cultural values are shared
and constitute the broad goals that members of a society are encouraged to pursue (Williams, 1970;
Schwartz, 1999). Hofstede (1980) defined culture as ‘the collective programming of the mind which
distinguishes the members of one human group from another’. Society on the other hand is a group

of people sharing a common culture and social system (Parsons, 1951).
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There are three sources of influence in those regards: the value culture in the surrounding
society, the personal value priorities of organisational members and the nature of the organisation’s
primary tasks (Sagiv and Schwartz, 2007). Hence it stands to reason that people’s perceptions, beliefs
and values regarding the environment will be different among countries based on national culture
characteristics which will result to different levels of countries’ environmental performance as well
(Hofstede et al., 2010). In relation to that there are different environmental policies which are
reflected on their environmental performance levels (Halkos and Tzeremes, 2013b). The need for a

convincing categorisation is obvious as it will enable (Lewis, 1990):

. The prediction of a culture’s behaviour.

. The clarification as to why people did what they did.
. The avoidance of giving offence.

. The search for some kind of unity.

. The standardisation of policies.

. The perception of neatness.

Culture maintains a balance between humans, society and the physical environment and
provides the context within which human activities take place (Roberts and Okereke, 2017). It is
essential to integrate culture within the sustainability programmes as culture can greatly impact most
societal functions, including waste management (Schneider, 1972). Many studies suggest that cultural
values mainly influence the formation of green purchase intentions (Chekima et al., 2016). Therefore,
the above mentioned cultural dimensions can serve as a valuable tool to analyse and evaluate the
public’s approach towards certain societal issues and in this case towards waste arisings in order to
get the complete picture of the waste culture across these 22 EU Member States.

Waste could be considered as the final product of a specific production chain: wealth,
consumption, waste (De Feo and De Gisi, 2010). ‘Waste culture’ can be examined through various
perspectives such as moral, philosophical, societal etc., but what is important to note is that waste is
everywhere and it is essential to understand people’s mentality towards it (Lee, 2017). What is
generally noticed is that in today’s fast moving consumer — especially western — societies an

unsustainable convenience culture has been formed (Hall, 2017).
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What is more this convenience culture is mainly output-oriented and brings with it waste
arisings from all production processes (Lee, 2017). To overcome this culture of waste it would be
appropriate to move towards an input-oriented approach, therefore in this production process one
would start with the resources available, appreciate them and work forward to use them most
effectively to generate value (Lee, 2017).

An important part of ‘waste culture’ formation also has to do with the availability of
environmental information and the use of information as a policy tool. Thus this information will
increase environmental awareness and concern leading to more sustainable consumption practices
(Aini et al., 2002). Information also has the potential to persuade and create positive attitudes towards
for instance the recycling system among the public (Petty and Cacioppo, 1986; Bator and Cialdini,
2000). Moreover environmental psychologists stress the fact that personal norms serve as moral
obligations in environmental behaviour, which may be internalised social norms or norms deriving
from higher order values (Schwartz, 1977; Hopper and Nielsen, 1991; Bratt, 1999).

Many studies of cultural values have focused extensively on nations. These include but are
not limited to the following: 1. Hofstede’s dimensions of national cultures (Section 2.6.1), 2.
Trompenaars’ and Hampden-Turner’s cultural factors (Section 2.6.2), 3. Schwartz’s cultural values
(Section 2.6.3), 4. Inglehart’s World Values Survey (Section 2.6.4), 5. GLOBE’S (Global Leadership and
Organizational Behavior Effectiveness) cultural dimensions (Section 2.6.5) and 6. Lewis Model (Section
2.6.6). The empirical analysis will focus on cultural dimensions’ data from the Hofstede and Schwartz
models, these will be analysed in greater detail below. Furthermore a comparison between these two

models is presented (Section 2.6.7).

2.6.1 Hofstede’s cultural dimensions

Hofstede's cultural dimensions’ theory is a framework for cross-cultural communication,
developed by Geert Hofstede. Hofstede (1980) conducted an employee attitude survey from 1967 to
1973 within IBM’s subsidiaries in 66 countries. The responses comprise of 117,000 questionnaires
trying to investigate the respondents' ‘values’, which he defines as ‘broad tendencies to prefer certain
states of affairs over others’ and which are according to him the ‘core element in culture’ (Hofstede,
1980; Halkos and Tzeremes, 2013c). Then he statistically analysed the collected data and constructed

four national cultural indexes and found that there are four central and ‘largely independent’
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(Hofstede, 1983) dimensions of a national culture. Then he gave a comparative score on each of these

dimensions.

As mentioned the original theory proposed four dimensions along which cultural values could
be analysed: power distance (strength of social hierarchy). individualism-collectivism, uncertainty
avoidance and masculinity-femininity (task orientation versus person-orientation) (Hofstede, 1980).
Furthermore a fifth dimension was added by research conducted in Hong Kong, long-term orientation,
this would then cover aspects of values not included in the original paradigm, then in 2010, Hofstede
added a sixth dimension, indulgence versus self-restraint. In more detail the dimensions of national

cultures are presented below (Hofstede, 1980; 1991; 2011):

a. Power distance index (PDI): presents the extent to which the less powerful members
of organisations and institutions believe that power is distributed unequally. Countries with a
higher degree of the Index are more hierarchical, whereas a lower degree of the Index shows a
guestioning towards authority figures and those who want the redistribution of power. As it is
expected power distance is perceived differently across nations and Figure 31 presents the world

image of this index.

Figure 31: Power distance world map (Hofstede, 2018)
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b. Individualism vs. collectivism (IDV): shows the integration of people in each culture

Illﬂ

into groups. Individualistic societies have loose ties and emphasize the “I” versus the “we.” On the
contrary collective societies show a close tie in extended families and into groups. Similarly to
power distance, nations across the world view individualism and collectivism differently as well,

Figure 32 presents the world image of this index.

Figure 32: Individualism vs. collectivism world map (Hofstede, 2018)

c. Uncertainty avoidance index (UAI): shows a society's tolerance for ambiguity and the
degree to which people embrace or avert an event of something unexpected, unknown or away
from the status quo. Societies with a high degree of this index show great value in guidelines, laws,
and generally rely on absolute truth. A lower degree in this index shows more acceptance of
differing thoughts/ideas. Graphically these different attitudes can be seen in Figure 33 presenting

the world image of this index.
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Figure 33: Uncertainty avoidance index world map (Hofstede, 2018)

d. Masculinity vs. femininity (MAS): masculinity in a society means preference for
achievement, heroism, assertiveness and material rewards for success. In feminine societies the
same ideas are shared between men and women. In more masculine societies, women are more
emphatic and competitive, but notably less emphatic than men, meaning there is still a gap
between how men and women are perceived. As it is expected masculinity vs. femininity is

perceived in a different way across nations and Figure 34 presents the world image of this index.
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Figure 34: Masculinity vs. femininity world map (Hofstede, 2018)

e. Long-term orientation vs. short-term orientation (LTO): has to do with the connection
of the past with the current and future actions. A lower degree of this index is present in societies
which value traditions. Societies with a high degree in this index are more adaptive and
circumstantial. Again a nation’s orientation differs to others worldwide, Figure 35 presents the

world image of this index.
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Figure 35: Long-term(flexhumble) vs. short term (monumentalist) orientation world map (Hofstede,

2018)

f. Indulgence vs. restraint (IND): is a measure of happiness; whether or not simple joys
are fulfilled. In indulgent societies natural desires are related to human satisfaction and joy,
whereas in restraint focused cultures, people control the satisfaction of needs and regulate it by
means of strict social norms. Figure 36 presents the world image of this final index and obviously

since it’s the latest index added, data are limited in relation to the other dimensions.
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Figure 36: Indulgence vs. restraint world map (Hofstede, 2018)

Even though Hofstede’s work has been widely criticised, the size of the sample and the
dimensions’ stability over time have provided credibility and reliability (Hofstede, 2001; Kogut and
Singh, 1988). His theory has been widely used in several fields as a paradigm for research, particularly
in cross-cultural psychology, international management and cross-cultural communication. It
continues to be a major resource in cross-cultural fields and has inspired a number of other major
cross-cultural studies of values, as well as research on other aspects of culture, such as social beliefs

(Halkos and Tzeremes, 2010).

A lot of criticism has been done on the empirical validity of Hofstede’s framework (Shackleton
and Ali, 1990; Sondergaard, 1994; Triandis, 1982; Yoo and Donthu, 1998). Based on the generalisation
of the research findings the main disadvantage presented is the fact that the sample used, only
focused on one large multinational company (Triandis, 1982; Yoo and Donthu, 1998). Furthermore
Yoo and Donthu (1998) suggest that the dimensions of national culture could only refer to that period
of study. Despite this criticism Hofstede’s framework is generally accepted as the most inclusive
framework of national cultural values (Kogut and Singh, 1988; Sondergaard, 1994; Yoo and Donthu,
1998). Thus it is of great value and shows significant correlations with economic, social and geographic

indicators (Kogut and Singh, 1988). Furthermore, Hofstede’s dimensions of national culture have been
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found to be valid, reliable and stable over time (Bond, 1988; Kogut and Singh, 1988; Yoo and Donthu,
1998).

2.6.2 Trompenaars’ and Hampden-Turner’s seven dimensions

Trompenaars Hampden-Turner (THT) is a research driven consulting firm that was founded
about 25 years ago by Fons Trompenaars and Charles Hampden-Turner (Trompenaars and Hampden-
Turner, 2010). The seven dimensions of Trompenaars’ and Hampden-Turner’s cultural factors are
(Trompenaars and Hampden-Turner, 1997; 2010):

1. Universalism vs. particularism: The dimension universalism-particularism concerns
the standards by which relationships are measured. Universalist societies tend to feel that general
rules and obligations are a strong source of moral reference. Universalists are inclined to follow
the rules - even when friends are involved - and look for "the one best way" of dealing equally and
fairly with all cases. They assume that their standards are the right standards and they attempt to
change the attitudes of others to match theirs.

2. Individualism vs. collectivism: The dimension individualism versus collectivism is
about the conflict between an individual's desire and the interests of the group he/she belongs
to. In a predominantly individualistic culture, people are expected to make their own decisions
and to only take care of themselves and their immediate family. Such societies assume that quality
of life results from personal freedom and individual development.

3. Analysing vs. integrating: Generally, people from specifically oriented cultures begin
by looking at each element of a situation. They analyse the elements separately, then put them
back together again - viewing the whole is the sum of its parts. Specifically oriented individuals
concentrate on hard facts. People from diffusely oriented cultures see each element in the
perspective of the complete picture.

4. Inner-directed vs. out-directed: The internal versus external control dimension
concerns the meaning people assign to their environment. People who have an internally
controlled mechanistic view of nature - a belief that one can dominate nature — usually view
themselves as the point of departure for determining the right action. In contrast to this, cultures

with an externally controlled (or organic) view of nature - which assumes that man is controlled
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by nature - orient their actions towards others. They focus on the environment rather than on
themselves.

5. Time as sequence vs. time as synchronisation: The time orientation dimension has
two aspects: the relative importance cultures give to the past, present and future, and their
approach to structuring time. If a culture is predominantly oriented towards the past, the future
is often seen as a repetition of past experiences. In a culture predominantly oriented towards the
present, day-by-day experiences tend to direct people's lives. In a future-oriented culture, most
human activities are directed toward future prospects. In this case, the past is not considered to
be vitally significant to the future.

6. Sequentialism and synchronism form the different approaches achieved status vs.
ascribed status: The dimension achievement-ascription focuses on how personal status is
assigned. While some societies accord status to people on the basis of their performance, others
attribute it to them by virtue of age, class, gender, education etc. While achieved status refers to
action and what you do, ascribed status refers to being and who you are.

7. Equality vs. hierarchy: This dimension focuses on the degree to which people express
emotions, and the interplay between reason and emotion in human relationships. Every culture
has strong norms about how readily emotions should be revealed. In cultures high on affectivity,
people freely express their emotions: they attempt to find immediate outlets for their feelings. In
emotionally neutral cultures, one carefully controls emotions and is reluctant to show feelings.
Reason dominates one's interaction with others. In a neutrally oriented culture, people are taught
thatitisincorrect to overtly show feelings. In an affectively oriented culture, it is accepted to show

one's feelings spontaneously.

2.6.3 Schwartz’s cultural dimensions

Schwartz (1994) was actually one of those researchers who raised several serious concerns
regarding Hofstede’s cultural dimensions. First, he suggests that Hofstede’s dimensions are not
thorough enough as the original survey’s goal was not to analyse societies’ cultures and thus may not
show the complete picture. Secondly Hofstede’s sample of countries is not a complete reflection of

national cultures and if more were added to the sample results could have been different. Finally as
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the sample was drawn from IBM employees it is not representative of the population of the relevant

country in terms of education and background for instance.

According to Schwartz (1999) cultural dimensions need to be analysed and clarified in order
to understand the value people place on them. Many scholars support Schwartz’s opinion and
approach, but for instance Steenkamp (2001) although recognising the value of Schwartz’s model, he

still doesn’t give up on using Hofstede’s model as it is not fully tested like Hofstede’s one.

Schwartz (1992) created a comprehensive set of 56 individual values recognised across
cultures, thus covering all value dimensions. He also examined the relevant meaning of these values
across different countries and reduced them to 45. Following that he surveyed school teachers and
college students from 67 countries as of 1988, averaged the scores on each of the 45 value items for
each country, and used smallest-space analysis to find out if these values differ in the various countries

(Drogendijka and Slangen, 2006).

This procedure concluded with the creation of seven dimensions, namely ‘conservatism’,
‘intellectual autonomy’, ‘affective autonomy’, ‘hierarchy’, ‘egalitarian commitment’, ‘mastery’, and
‘harmony’ (Schwartz, 1994, 1999). As explained by Schwartz (1999), certain pairs of cultural value
orientations share relevant assumptions. The conflicts and compatibilities among the orientations
yield the following coherent circular order of orientations: embeddedness, hierarchy, mastery,

autonomy, egalitarianism, harmony and return to embeddedness.

Schwartz’s value dimensions offer several potential advantages compared to Hofstede’s

dimensions (Ng et al., 2006):

e Schwartz’s values are theoretically derived.

e They are more comprehensive.

e They have been tested with more recent data (collected between 1988 and 1992) with two
samples (student and teacher samples).

e The samples were obtained from more diverse regions, including socialist countries (e.g.
former Eastern European countries).

Schwartz’s cultural values are presented in Figure 37.
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Figure 37: Schwartz’s cultural values (Schwartz, 1994)

2.6.4 Inglehart’s model

Political scientists Ronald Inglehart of the University of Michigan and Christian Welzel of
Luephana University in Germany put forth their best effort by analysing data and plotting countries
on a culture map (Sterbenz, 2014). Their system stems from the World Values Survey (WVS), the
largest "non-commercial, cross-national, time series investigation of human beliefs and values ever
executed," which dates to 1981 and includes nearly 400,000 respondents from 100 countries. The
WVS has over the years demonstrated that people’s beliefs play a key role in economic development,
the emergence and flourishing of democratic institutions, the rise of gender equality, and the extent

to which societies have effective government (WVS, 2015). The cultural map is presented in Figure 38.
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Figure 38: WVS wave 5 (WVS, 2008)

On the y-axis, traditional values emphasize the importance of religion, parent-child
relationships, and authority, according to WVS. People who embrace these tend to reject divorce,
abortion, euthanasia, and suicide. These societies usually exhibit high levels of nationalism and
national pride, too. In the US, these values would likely align more with conservative ideologies. On
the x-axis, survival values revere economic and physical security and safety and are linked to low levels
of trust and tolerance. On the other side, self-expression values give high priority to protecting the
environment, promoting gender equality, and tolerating foreigners and gays and lesbians.

However, the attitudes among the population are also highly correlated with the
philosophical, political and religious ideas that have been dominating in the country. Secular-rational
values and materialism were formulated by philosophers and the left-wing politics side in the French
revolution and can consequenlty be observed especially in countries with a long history of social

democratic or socialistic policy, and in countries where a large portion of the population have studied
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philisophy and science at universities. Survival values are characteristic for eastern-world countries

and self-expression values for western-world countries. In a liberal post-industrial economy, an

increasing share of the population has grown up taking survival and freedom of thought for granted,

resulting in that self-expression is highly valued. Examples include (VWS, 2015):

e Societies that have high scores in Traditional and Survival values: Zimbabwe, Morocco, Jordan,
Bangladesh.

e Societies with high scores in Traditional and Self-expression values: the US, most of Latin America,
Ireland.

e Societies with high scores in Secular-rational and Survival values: Russia, Bulgaria, Ukraine,
Estonia.

e Societies with high scores in Secular-rational and Self-expression values: Sweden, Norway, Japan,
Benelux, Germany, France, Switzerland, Czech Republic, Slovenia, and some English speaking

countries.

2.6.5 GLOBE’S dimensions

GLOBE is the acronym for “Global Leadership and Organizational Behavior Effectiveness,” a
62-nation, 11-year study involving 170 researchers worldwide (Grove, 2015a). Conceived in 1991 by
Robert J. House of the Wharton School of the University of Pennsylvania, the GLOBE Project directly
involved 170 “country co-investigators” based in 62 of the world’s cultures as well as a 14-member
group of coordinators and research associates. This international team collected data from 17,300
middle managers in 951 organizations. They used qualitative methods to assist their development of
guantitative instruments. In order to accurately and sensitively record the nuances of local meanings,
all instruments were developed in consultation with members of each target culture, and instrument
translation was done with enormous care.

Specific attention also was paid to the effect of "response bias" on data-gathering and -
analysis. Relevant previous literature was exhaustively reviewed and, as appropriate, applied (making
the book being overviewed here a veritable bibliographic goldmine). Ultimately, 27 research
hypotheses were tested (Grove, 2015b). The Nine Units of Measurement or "Cultural Dimensions"

are: Performance Orientation, Uncertainty Avoidance, In-Group Collectivism, Power Distance, Gender

87| Page

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:00:48 EEST - 167.114.118.212



Egalitarianism, Humane Orientation, Institutional Collectivism, Future Orientation and Assertiveness
and these are further presented below (House et al., 2004).

1. The cultural dimension named "performance orientation" emerged from the research
as exceptionally important. It “reflects the extent to which a community encourages and rewards
innovation, high standards, excellence, and performance improvement”.

2. The cultural dimension named "uncertainty avoidance" also emerged from the
research as very important. It is "the extent to which a society, organization, or group relies on social
norms, rules, and procedures to alleviate the unpredictability of future events”. An alternative way of
thinking about uncertainty avoidance is, that it’s about the extent to which ambiguous situations are
felt as threatening —i.e., about the extent to which deliberate measures (such as making and enforcing
rules and procedures) are taken to reduce ambiguity.

3. The findings about "in-group collectivism" are important because this cultural
dimension emerges as a strong predictor of the two most widely admired characteristics of successful
leaders. In-group collectivism is “the degree to which individuals express pride, loyalty, and
cohesiveness in their organizations or families”.

4, The findings concerning "power distance" are interesting primarily because they
failed to confirm a relationship expected by the researchers. Power distance as “the extent to which
a community accepts and endorses authority, power differences, and status privileges”.

5. The findings for "gender egalitarianism" also are significant because it is one of the
predictors of the most widely admired characteristic of successful leaders. Gender egalitarianism is
“the degree to which a collective minimizes gender inequality”.

6. "Humane orientation" is defined as “the degree to which an organization or society
encourages and rewards individuals for being fair, altruistic, friendly, generous, caring, and kind to
others".

7. Characteristics of societies that have high and low humane orientation include the
following "Institutional collectivism" is defined as “the degree to which organizational and societal
institutional practices encourage and reward collective distribution of resources and collective
action”.

8. "Future orientation" is “the degree to which a collectivity encourages and rewards

future-oriented behaviors such as planning and delaying gratification”.
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9. "Assertiveness" is “the degree to which individuals are assertive, confrontational, and

aggressive in their relationships with others”.

In summary these are presented inTable 3.

Table 3: Globe’s dimensions

Dimensions Definitions
Performance Level at which a society values and rewards individual performance and
Orientation excellence.

Uncertainty

The extent to which members of collectives seek orderliness, consistency,

Avoidance structure, formalised procedures and laws to cover situations in their daily
lives.

In-group Level at which a society values cohesiveness, loyalty and pride in their

Collectivism families and organisations.

Power Distance

The degree to which members of an organisation or society expect and

agree that power should be shared unequally.

Gender

Egalitarianism

Level at which a society values gender equality and lessens role differences

based gender.

Institutional Level at which a society values and rewards ‘collective action and resource
Collectivism distribution’.

Humane Ideas, values and prescriptions for behaviour associated with the dimension
Orientation of culture at which a society values and rewards altruism, caring, fairness,

friendliness, generosity and kindness.

Future Orientation

The extent to which members of a society organisation believe that their
current actions will influence their future, focus on investment in their
future, believe that they will have a future that matters, believe in planning
for developing their future and look far into the future for assessing the

effects of their current actions.

Assertiveness

A set of social skills or a style of responding amendable to training or as a

facet of personality.
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This first step allowed GLOBE (Figure 39) to place 60 of the 62 countries into country clusters.
Cultural similarity is greatest among societies that constitute a cluster; cultural difference increases
the farther clusters are apart. For example, the Nordic cluster is the most dissimilar from the Eastern

European.

Figure 39: Country Clusters According to GLOBE (House et al., 2004)

2.6.6 Lewis’ model

The Lewis Model is a cross-century tool which defines and simplifies the blueprint for cultural
analysis. It was conducted to 50,000 executives taking residential courses and more than 150,000
online questionnaires to 68 different nationalities (Lewis, 1990). The main categories of this model
are: Linear-Active, Multi-Active and Reactive cultures, which can be seen graphically on Figure 40,

where countries are placed according to their dominant characteristics.
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Figure 40: The Lewis Model (Lewis, 1990)

According to Lewis (1990) people in linear-active cultures generally demonstrate task
orientation. They look for technical competence, place facts before sentiment, logic before emotion;
they are deal-orientated, focusing their own attention and that of their colleagues on immediate
achievements and results. They are orderly, stick to agendas and inspire people with their careful
planning.

Multi-active cultures have people that are much more extrovert, rely on their eloquence and
ability to persuade and use human force as an inspirational factor. They often complete human
transactions emotionally, investing the time to developing the contact to the limit. Such people are
great networkers, working according to people-time rather than clock-time.

People in reactive cultures are equally people-orientated but dominate with knowledge,
patience and quiet control. They display modesty and courtesy, despite their accepted seniority. They
create a harmonious atmosphere for teamwork. Subtle body language replaces excessive words. They
know their companies well, giving them balance and the ability to react to a web of pressures. They

are also paternalistic.
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2.6.7 Comparisons and similarities between some of the models

It is rather difficult to compare and constrast the above mentioned models as these are based
on different assumptions and have taken into account different groups of people and in diverse
settings. Also only a few researchers have attempted to deal with this topic. The Hofstede and
Schwartz models have been contrasted by some researchers and both have been criticised as well. In
those regards Schwartz (1994) argued that his value types were different to Hofstede dimensions, as

they were:
“... based on different theoretical reasoning, different methods, a different set of nations,
different types of respondents, data from a later historical period, a more comprehensive set
of values, and value items screened to be reasonably equivalent in meaning across cultures”.

He also suggested that his framework included Hofstede’s dimensions either way. Both
Hofstede (1980) and Schwartz (1994) identified national cultural dimensions that could be used to
compare cultures. Hofstede prepared his framework empirically, while Schwartz developed his
theoretically while both scholars empirically examining their frameworks using large-scale multi-
country samples and finding greater cultural differences between countries than within countries,

suggesting the frameworks could be used to compare countries (Ng et al., 2006).

Brett and Okumura (1998) believe that Schwartz’s framework is superior to Hofstede’s
because it is based on a conceptualisation of values, it was developed with systematic sampling and
analysis techniques and its data are more recent. In addition to that the strong theoretical foundations
of Schwartz’s model are stressed by Steenkamp (2001), although he raises some concerns with regards
to its few empirical applications. Furthermore, correlations have been examined between Schwartz’s

cultural domains and Hofstede’s cultural dimensions as can be seen in Table 4.

92| Page

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:00:48 EEST - 167.114.118.212



Table 4: Correlations between Hofstede’s and Schwartz’s models (Schwartz, 1994)

Hofstede’s cultural
Positive correlations Negative correlations
dimensions
Affective autonomy (0.43)
Conservatism (-0.56)
Individualism vs. collectivism Intellectual autonomy (0.53)
Hierarchy (-0.51)
Egalitarian commitment (0.51)
Power distance index Conservatism (0.45) Affective autonomy (-0.45)
Uncertainty avoidance index Harmony (0.43)
Masculinity vs. femininity Mastery (0.56)

Moreover Smith et al. (2002) also found significant correlations between three of Schwartz’s
dimensions and Hofstede’s dimensions, namely Hofstede’s individualism, power distance and
uncertainty avoidance indexes. Also Steenkamp (2001) used factor analysis to assess a potential
overlap between these dimensions and concluded with four dimensions, which were named
autonomy versus collectivism, egalitarian versus hierarchy, mastery versus nurturance and
uncertainty avoidance; therefore three of the four factors were related to dimensions from both
frameworks. While the evidence presented above illustrates some overlap, there also appears to be
many differences between these two frameworks that demand closer investigation for future research

as well (Ng et al., 2006).

2.7 MSW and education
As it comes forward, MSW management is more than a technical issue and it is necessary to
understand the relationship between demographic variables and environmental attitudes and
behaviours (Zelezny et al., 2000; Bakopoulou and Kungolos, 2004). Therefore more space is given to
public participation in decision making, as waste management is more than just a technical issue
(Vergara and Tchobanoglous, 2012). Education has been shown to be closely related with the
challenges associated with environmental degradation (Rickinson, 2001) and more specifically with

the waste households throw away which is called as already mentioned MSW. Consequently, society’s
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awareness needs to be raised and it is essential to evaluate the level of knowledge and understanding
of MSW practices as well as actions undertaken (Grodzinska-Jurczak, 2002).

The first environmental education approach has to do with the promotion of nature and
outdoor study, essentially in primary schools and consequently with the conservation movement
(Stevenson, 2007). Nature study evolved with the publication of Wilbur Jackman’s Nature Study for
the Common Schools in the United States of America in 1891 (Stapp, 1974) as well as rural studies in
Britain (Wheeler, 1975).

Education includes both the formal options through the school system as well informal ones
(such as demonstration projects for citizens and seminars) in order to enhance environmental
knowledge and lead to pro-environmental attitudes (Grodzinska-Jurczak, 2002). Education is
described as the mechanism for teaching people how to think, rather than what to think (Andrews,
2008). Some researchers have attempted to examine whether education actually affects
environmental attitudes and behaviour, i.e. in relation to waste sorting and generally higher attention
to the environment and health implications (Abrate and Ferraris, 2010).

To start with Duggal et al. (1991), Judge and Becker (1993), Reschovsky and Stone (1994) and
Callan and Thomas (1997) show that education increases recycling practices. In relation to that
Fullerton and Kinnaman (1999) found that households with higher educational levels generated less
waste. Chen (2010) supports regional inequalities in socio-economical characteristics such as income,
population density, age composition, unemployment rate and the education level can lead to
differences in waste arisings.

Leppédnen’s et al. (2012) study in Finland concluded that the educational background had an
influence on the environmental attitudes of mothers (those with a university education had the most
positive environmental attitudes) but this had no effect on the environmental attitudes of fathers.
Also neither parent’s education background affected the environmental attitudes of their children.
The researchers do note that the Finnish education system is open to all despite the financial situation
or social class (Leppénen et al., 2012) which may explain these results.

On the other hand Tsai (2008) shows that based on his research education plays an essential
part to the waste-recycling rate. Moreover Peer et al. (2007) find that the mother’s level of education
influences their children’s’ environmental attitudes. Fredrick et al. (2018) investigated influence of

public education on solid waste management in Kampala city, Uganda and found that public education

94 |Page

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:00:48 EEST - 167.114.118.212



is improving waste management in the city. Finally Kinnman and Fullerton (2000) argue that as people
become more educated, the more aware they are of sustainable development and what it entails.
Chen (2010) also identifies that education plays an important role in motivating pro-environmental
behaviours such as recycling. Overall a more educated society tends to present higher learning and
innovation capacity (Tsai, 2008).

All'in all this Section tackled the main issues that will be the focus of the present Thesis. Firstly
the main parts of MSW including relevant regulations, composition and infrastructure have been
examined. Then the circular economy idea is introduced both in relations to MSW and energy.
Following that the main parts comprising culture and more specifically ‘waste culture’ were analysed,
as well as the educational level in relation to MSW. Based on this extensive literature review, the
following section will provide the methodology that will be used in this Thesis and relevant studies

that have used similar approaches as well.

95| Page

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:00:48 EEST - 167.114.118.212



3. Methodology and data

The methodological approach is critical as the potential of the findings to support decision
making will depend on the validity of the assumptions and the calculations used. Therefore this work
will employ the following techniques. Firstly a literature review has been conducted to evaluate the
current situation and identify the challenges that need to be addressed. Further data analysis on
current conditions will be performed in order to evaluate the performance indicators and map the
present waste landscape through different approaches. The tools that will be used include Data
Envelopment Analysis (DEA) and statistical programmes, i.e. Stata in combination with DEA. To start
with the main elements of DEA are outlined in Section 3.1, whereas Section 3.2 presents the panel
data econometric methods that will be employed. Finally the data that have been used in this Thesis

are presented in Section 3.3.

3.1 Data Envelopment Analysis (DEA)

Section 3.1.1 introduces the topic of DEA with its main characteristics and then Section 3.1.2
addresses the issue of treating undesirable outputs in DEA. Moreover the issue of bias correction in
DEA estimators is analysed in Section 3.1.3, along with the tests regarding the existence of constant
or variable returns of scale (Section 3.1.4). Then case studies using DEA are presented in Section 3.1.5

regarding MSW efficiency and in Section 3.1.6 regarding energy efficiency.

3.1.1 Introduction
Most methods used in economic efficiency analysis are mainly quantitative, although
qualitative approaches (such as brainstorming, SWOT analysis, the Delphi method) can be used too,
usually to support quantitative findings attained through either (Soukopov4d, 2011; Kumar and Managi,
2009):
a) single-criterion techniques: integrating several indicators into one (e.g. multiple
input-to-output ratios into a single efficiency score in the case of DEA) or
b) multi-criteria analysis: keeping individual criteria separate to obtain a wider angle for
assessment, often including non-economic perspectives.
Environmental efficiency has been gaining a lot of attention and has both theoretical value
and practical meaning (Song et al., 2012). According to Rovere et al. (2010) an approach is needed

that considers the technical, socioeconomic, environmental and technological factors of the various
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alternatives and also suggested that multi-criteria analysis could be employed as well. Although there
is a practical value in this approach, it only drew a few researchers’ attention (Angelis-Dimakis et al.,
2011).

In evaluating environmental efficiency, life-cycle approaches have been used. In those regards
life-cycle thinking comes handy, which means examining all stages of a product’s life and determine
where there is room for improvement for instance to reduce environmental impacts and use of
resources and generally avoid situations that create negative consequences (European Commission,
2010b).

With Life Cycle Assessment (LCA) one can estimate the environmental impacts of a process or
product, based on the efficiency of the operations; if data is available for comparable settings, then
performances can be benchmarked and relevant links can be established (Lozano et al., 2009).
Inventory data are converted to a reduced number of environmental indicators which help identify
hotspots and the relevant environmental improvement actions (Baumann and Tillman, 2004). LCA has
also been employed to assess eco-efficiency of processes and products (Kuosmanen and Kortelainen,
2005; Kortelainen and Kuosmanen, 2007; Barba-Gutiérrez et al., 2008).

In addition to LCA, the majority of the parametric studies was aiming to analyse background
variables such as the costs rather than the cost efficiency of waste collection and management (Rogge
and De Jaeger, 2012). One exception to those studies, is the one conducted by Sim&es and Marques
(2011) whose use of the parametric approach of the Stochastic Frontier Analysis (SFA) was employed
to assess how the operational environment affects cost efficiency of waste management.

Data Envelopment Analysis (DEA) is a non-parametric approach that is used to measure the
efficiency of certain Decision Making Units (DMUs) by employing linear programming techniques
(Boussofiane et al., 1991). Generally the number of DMUs should be at least twice the number of
inputs and output together, as this relationship may diminish the power of DEA (Golany and Roll,
1989). On the other hand, other researchers argue that the number of DMUs should be at least three
times this number (Banker et al., 1989). But this kind of rules are not overbearing, meaning that in
certain conditions there might be a significant number of DMUs and the model could still be efficient
(Cook et al., 2014).

With DEA one can measure the efficiency performances of comparable DMUs which have

multiple (usually) inputs and likewise outputs in conditions where there is accurate information on
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their values and no knowledge about the production or cost function (Rogge and De Jaeger, 2012).
DEA models can be divided into input-oriented ones, which minimise inputs while at least achieving
the given output levels and output-oriented models, which maximise outputs without requiring more
inputs (Ji and Lee, 2010).

DEA compares each DMU with all other and shows the ones that are operating inefficiently
compared with the others by identifying best practice scenarios (Sherman and Zhu, 2006). One DMU
is considered efficient, if there is no other operating point that is above this one; therefore if there is
a point where less input is consumed or more output produced then the DMU is considered inefficient
(Lozano et al., 2009).

Charnes et al. (1978) were the first to propose to measure the efficiency of DMUs under
constant returns to scale (CRS), provided that all DMUs operate at their optimal level. Then Banker et
al. (1984) employed variable returns to scale (VRS) in their model, thus accounting for the use of
technical and scale efficiencies in DEA. One important benefit of DEA is that one doesn’t need to make
any assumptions regarding the relationship between inputs and outputs (Seiford and Thrall, 1990).

At this point it is essential to define efficiency, which is the ratio of output to input; a state of
absolute efficiency is achieved if the greatest possible output per unit of input is accomplished and it
is not possible to create any better conditions without altering technology or anything else in the
production process (Sherman and Zhu, 2006). The total efficiency measure can be broken down into
two distinctive layers:

a) allocative (or price) efficiency: an assessment of inputs and outputs being combined
in an optimal proportion once prices are taken into account, usually defined by the first theorem
of welfare economics and the Pareto efficiency criterion (Spacek et al., 2011).

b) technical efficiency (also X-efficiency): as put forward by Farrell (1957) and Koopmans
(1951), measuring the pure relation between inputs and outputs while focusing on the
minimisation of waste and the application of the best technologies (Mandl et al., 2008). The idea
of Pareto optimality applies here too (Koopmans, 1951).

The DEA approach basically projects each DMU onto an efficient frontier and produces an
optimisation model which in turn produces lower values for the inputs and higher values for the

outputs (Lozano et al., 2009). The DEA frontier can act as the production frontier, but it must be noted
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that DEA is a method for performance evaluation and benchmarking against best-practice (Cook et al.,
2014). DEA models are divided into three main categories which are the following:

1. Those taking undesirable outputs as inputs for processing (Berg et al., 1992; Hailu and
Veeman, 2001), but this does not reflect the actual production process (Seiford and Zhu, 2002);

2. Those in which data for undesirable outputs are transformed and those are used in
evaluating environmental efficiency (Seiford and Zhu, 2002; Hua et al., 2007)

3. Those considering the disposability of the production technology, which is suggested
by Fare et al. (1989; 1993; 2004; 2005) and further developed through other researchers too
(Tyteca, 1996; Zhou et al., 2008; Tone, 2001; 2004).

In DEA the DMUs that are efficient are defined by a rating of 1 (or 100%) and these ratings
then form the efficiency frontier including the rest (not so efficient) DMUs; this rating provides a
realistic and practical value of what a certain DMU has achieved and what can be further achieved by
the other DMUs (Dostalova, 2014). Thus DEA disregards the ideal of efficiency according to the
economic theory and focuses mostly on real and so far-from-ideal DMUs (Jablonsky and Dlouhy, 2000).

With time, extensions and additions have been done to DEA modelling techniques. One of
those that shows a good potential is Network DEA which accounts for the relative efficiency of a
system, by taking into account its whole structure thus providing more informative and useful results
(Kao, 2014).

DEA models are either input-oriented minimizing inputs or output-oriented models
maximizing outputs without the use of more inputs (Seiford and Thrall, 1990). The relevant
formulations of those two models are as follows (De Alencar Bezerra et al., 2017):

Input-oriented
Min 6,

Subject to:

n

HOxiO - Z xl-k/lk > 0.Vi
k=0

n
—y]'o + z yjklk = OV]

k=0
Ax = 0.Vk
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Output oriented
Max (1/8,)

Subject to:

n

Xio — Z xiklk =>0.Vi
k=0

y’°+Zka/1k>0v]

Ae = 0.Vk

where 69 is DMU 0’s efficiency score, A« is DMU k’s contribution on the targets of DMU 0, yjo
is output j quantity for DMU 0, xi is output i quantity for DMU 0 and n is the quantity of DMUs used
on the model. Moreover the decision variables are 6 and A.

Farrell’s (1957) input measure operationalization of efficiency for multiple inputs /outputs
assuming free disposability and convexity of the production set was introduced via linear
programming estimators by Charnes et al. (1978). Therefore for a given DMU operating at a point (x,

y) it can be defined as:

‘i’DEA { qu‘y<27/Y X>27IX for 71,...,7/n)

St =Ly, >0, =1,...,n}.
i=1

whereas x and y are the input and output vectors.

(1)

To estimate the frontier under the assumption of variable returns to scale (VRS) (Banker et al.,
1984) input efficiency score of a DMU operating at a point under the assumption of VRS can be

calculated as:
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éDEA (Xm yo) =inf {0|(9X0’ yo) € \ijDEA,VRS}

A

t9DEA(X01 yO) = min{9| Yo < Z%Yi;exo Zz7ixi10>0;
i-1 i-1

> 7i=Ly, 20, :1,...,n}.
i=1

(2)

Similarly the output efficiency score of a DMU operating at a point under the assumption of

VRS can be calculated as:

j:DEA(XO’ yo) :SUP{M(Xovﬂyo) € lilDEA,VRS}

A

Aoen (X1 Yo ) = mMax {2 Ay, <" 7Y% =Y 7, X, A >0; (3)
i=1 i=1

anﬂ/i =Ly 20,i :1,...,n}.

i=1

DEA has been proven to have the following advantages (Vyas and Jha, 2017):

1. It considers the use of multiple inputs and outputs.
2. It is not required to use weights on inputs and outputs.
3. Efficiency is compared to the best operating unit rather an average performance.

At the same time the main drawback of DEA is that it creates a separate linear program for
each DMU, which can be computationally exhaustive when the number of DMUs is large. Furthermore
and to tackle some of the disadvantages of DEA, a recent study by Gavido et al. (2017), which proposed
a combinatorial and probabilistic approach based on a hybrid model using LCA and DEA and with the
use of a Probabilistic Composition of Preferences method (CPP), showed how it is possible to extend

the discriminating power of DEA models.

3.1.2 Treating undesirable outputs in DEA
A common issue that has occurred in DEA is how to account for undesirable outputs in the
production process. The current understanding is that researchers should praise DMUs for their

provision of desirable or marketable outputs and penalise them for their provision of undesirable
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outputs (Yang and Pollitt, 2010). If inefficiency exists in the production, the undesirable pollutants
should be reduced to improve the inefficiency and should be treated differently (Seiford and Zhu,

2001).

Many approaches have been put forward to account for this which are divided into direct and
indirect ones; direct approaches refer to approaches that treat the undesirable output in its original
form such as parametric output and input distance functions (Fare et al., 1993; Coggins and Swinton,
1996; Hailu and Veeman, 2001; Ho et al., 2017) and DEA methods (Skevas et al., 2012; Serra et al.,
2014; Kabata, 2011; Yang et al., 2008; Skevas et al., 2014; Ramli et al., 2013).

On the other hand indirect approaches refer to treating the undesirable output as a classical
input, whereas the undesirable output is moved to the input side of the model after some
transformation and treated as one of the inputs (Mohd et al., 2015), as both inputs and undesirable
outputs are the values that need to be minimised and therefore it is acceptable to treat both in the
same manner. However, Seiford and Zhu (2001) highlighted that treating undesirable outputs as
inputs will distort the actual production process since the relationship between inputs and outputs in

the actual production process will be lost.

Researchers have focused on treating undesirable outputs, some of the most commonly cited
works include: Fare et al (1989, 2000), Yaisawarng and Klein (1994), Lovell et al (1995), Fare and
Grosskopf (1995, 2003, 2004), Thanassoulis (1995), Tyteca (1996), Rheinhard et al (1999, 2000), Scheel
(2001), Hailu and Veeman (2001), Zofio and Prieto (2001), Dyckhoff and Allen (2001), Sun (2002),
Seiford and Zhu (2002); Murtough et al. (2002), Kumar and Khanna (2002), Korhonen and Luptacik
(2003), and Gomes (2003).

Dealing with undesirable outputs will ultimately affect DMUs' efficiencies. A production
function shows strong disposability of undesirable outputs if these are freely disposable; whereas
weak disposability links pollutants' reductions with lower production of desirable outputs, such as for
instance CO, emissions which cannot be reduced using the existing available technologies (Halkos and

Polemis, 2018).

The most common methods for treating undesirable outputs in DEA and the relevant

production function are presented below.
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3.1.2.1 Ignoring undesirable outputs

The first option to treat undesirable outputs is to simply disregard them from the production
function. Ignoring the undesirable implies that they have no value in the final evaluation and may thus
provide misleading results (Yang and Pollitt, 2009). Environmental undesirable outputs cannot be
separated from the associated desirable output and a reduction in an undesirable output brings also
a reduction in the relevant desirable outputs (Halkos and Polemis, 2018). Table 5 presents some

studies that have ignored undesirable outputs from their analysis and the relevant outcomes.

Table 5: Examples of studies ignoring undesirable outputs

Hailu and Veeman (2001) This paper assesses productivity improvement
in the Canadian pulp and paper industry and
found that conventional measures ignoring
undesirable outputs underestimate true

productivity growth.

Pathomsiri et al. (2008) This paper assesses productivity of 56 US
airports during the period 2000-2003
comparing their obtained results with those
from models that do not include undesirable

outputs.

Yang and Pollitt (2009) The paper uses a sample of 582 base-load
Chinese coal-fired power plants in 2002,
showing that imposing the technically correct
disposability features on undesirable outputs
makes a significant difference to the final

efficiency evaluation.

He et al. (2013) This paper uses data from 50 enterprises in

China’s iron and steel industry to evaluate their
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energy efficiency and productivity change and
concluded that omitting undesirable outputs
would result in biased efficiency change and

technical change.

3.1.2.2 Treating undesirable outputs as inputs

Another option is to treat undesirable outputs as normal inputs in the production function.
For example Korhonen and Luptacik (2004) measured the eco-efficiency of 24 coal-fired power plants
in a European country and their modelling methods resembled those used in Tyteca (1996, 1997) who
treated emissions directly as inputs in the sense that both inputs and undesirable outputs should be

decreased.

In addition Reinhard et al. (2000) calculated the environmental efficiency for Dutch dairy
farms in the presence of multiple environmentally damaging inputs and compared two methods of
SFA and DEA. Furthermore this approach has been used for Canadian pulp and paper industry (Hailu
and Veeman, 2001), Dutch sugar beet growers (De Koeijer et al. 2002) and greenhouse firms in the
Netherlands (Lansink and Bezlepkin, 2003). The extent of Japanese banking inefficiency and the
shadow price of problem loans were studied by Hirofumi and William (2008) in which case they
modelled those loans as a jointly produced undesirable by-product of the loan production process.
Yang and Michael (2010) stressed that these approaches inevitably assume undesirable outputs are

strongly disposable.

Amirteimoori et al. (2006) extended the standard CCR (Charnes et al., 1978) model to a DEA
like model dealing with the relative efficiency via increasing undesirable inputs and decreasing
undesirable outputs. Also Jahanshahloo et al. (2005) presented an approach to treat both undesirable
inputs and outputs at the same time in non-radial DEA models. More recently Farzipoor Saen (2010)
proposed a model for supplier selection in the presence of both undesirable outputs and imprecise

data. Table 6 presents some studies that have followed this approach.
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Table 6: Examples of studies treating undesirable outputs as inputs

Reinhard et al. (2000) This paper estimates comprehensive environmental
efficiency measures for Dutch dairy farms, based on the
nitrogen surplus, phosphate surplus and the total (direct and

indirect) energy use of an unbalanced panel of dairy farm.

Lansink and Bezlepkin (2003) This paper uses measures for the efficiency of greenhouse
firms in the Netherlands over the period 1991-1995, using all
possible inputs as well as single inputs like CO, and energy,
indicating that firms using energy quite efficiently and are

less efficient in terms of CO, emissions.

Korhonen and Luptacik (2004) This paper measures eco-efficiency of 24 coal-fired power

plants in which case they treated emissions as an input.

Gomes and Lins (2008) In this case population, energy consumption, and GDP are
modelled as outputs, and the undesirable output CO,
emissions is modelled as input to assess the fair allocation of
the carbon dioxide emission (undesirable output),
contributing to the Kyoto Protocol and Carbon Market

objectives.

Zhang et al. (2008) This paper conducts an eco-efficiency analysis for regional

industrial systems in China.

3.1.2.3 Treating the undesirable outputs in the non-linear model

A further approach simply treats the undesirable outputs as outputs in the production
function. Fare et al. (1989) applied the nonparametric approach on a 1976 data set of 30 US mills
which use pulp and three other inputs in order to produce paper and four pollutants, whereas they
assumed weak disposability for undesirable outputs. Their results showed that depending on the use
or not of undesirable outputs, the performance rankings of the DMUs were quite sensitive. Therefore

traditional DEA models might show a biased indication of the current situation. Other studies present
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similar results (Pittman, 1983; Tyteca, 1996, 1997). All these studies employ a direct approach in which
both desirable and undesirable outputs are treated in their actual format. In those cases it is assumed
that desirable outputs are strongly disposable, while the undesirable outputs are assumed to be
weakly disposable because their values cannot be augmented without affecting the values of other

desirable outputs (Fare et al., 1989).

Chung et al. (1997) and Ball et al. (2004) extended the idea of Fare et al. (1989) and proposed
the use of directional distance functions (DDF) to evaluate efficiency of DMUs when the production
function also produces some undesirable outputs. In this approach the desirable outputs can be
expanded and the desirable inputs and undesirable outputs can be reduced based on a given direction

vector (Chung et al., 1997).

The directional output distance function which aims to increase the desirable outputs and

decrease the undesirable ones and the inputs directionally, is defined as shown below:

D(x,y,b; g) = sup{p: (x — pgx,y + pgy.b — pgp) € T} (4)
where inputs are represented as x € RY, good outputs as y € RY and bad outputs as b €

Ri and the non-zero vector g = -gy, gy, -gb) determines the directions in which the inputs, desirable

outputs and undesirable outputs are scales.

Many researchers have pointed that a DDF approach (suggested by Fare and Grosskopf, 2004)
is the best solution as it allows for simultaneous increase in desirable outputs and reduction of
undesirable outputs (Mohd et al., 2015). It helps avoid making a random choice between input and
output technical efficiency measures by incorporating two sets of linear programmes, one of profit
maximising and a second one in which technical efficiency is measured as a simultaneous reduction in

the input vector and expansion of the output vector (Coelli et al., 2005).

Some examples of this use of undesirable outputs are presented in Table 7.
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Table 7: Examples of studies treating the undesirable outputs in the non-linear model

Study / authors

Approach

Arcelus and Arocena (2005)

DDF approach to evaluate the efficiency of 14

OECD countries.

Picazo-Tadeo et al. (2005)

Environmental efficiency of Spanish producers
of ceramic pavements using weak disposability

and DDF.

Fare and Grosskopf (2010)

Slacks based DDF approach.

Fukuyama and Weber (2009)

Slacks-based DDF approach to study Japanese
bank.

Fukuyama et al. (2011)

Evaluate three Japanese railway companies.

Choi et al. (2012)

A non-radial slacks-based measure to study the

energy related CO; emissions in China.

Mahlberg and Sahoo (2011)

Radial and non-radial Luenberger productivity

indicators.

Barros et al. (2012)

Utilised Russell DDF to evaluate Japanese

banks.

Zhou et al. (2012)

Non-radial DDF to evaluate the electricity

generation in OECD and non-OECD countries.

Zhang et al. (2013)

Meta-frontier non-radial DDF in order to study

electricity generation in Korea.

Cheng and Zervopoulos (2014)

Generalized DDF approach to measure the
efficiency of health care systems in 171

countries.

Chen et al. (2014)

Providing a comprehensive efficiency
measurement to estimate the performances of

OECD and non-OECD countries.

Chen et al. (2015)

Proposes an enhanced directional distance

measure model for dealing with desirable and
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undesirable outputs while allowing some inputs
and outputs to be zero through the assessment

of CO; emissions in 111 countries.

Alfredsson et al. (2016) This paper investigates the efficiency in the
Swedish pulp and paper industry using national
account data while using a directional distance

function approach.

Lee et al. (2017) Productivity measurement in the airline
industry and examination of the determinants

of productivity change.

Tamaki et al. (2019) Efficiency measurement of public transport in

world cities.

Moreover following those lines Haynes et al. (1993) measured the relative efficiency in
pollution prevention activities. By assuming free disposability of all inputs and outputs they used
chemicals and chemical residues as inputs and outputs along with traditional inputs and outputs and
measured technical efficiency (Halkos and Tzeremes, 2009). Yaisawarng and Klein (1994) followed
Fare et al. (1989) modelling strategy and examined the effect of SO, control on productivity change in

US coal-fired power plants by imposing weak disposability on SO, emissions.

Lozano et al. (2013) put forward a DDF approach to deal with network DEA problems in which
the processes may generate not only desirable outputs but also undesirable outputs. Kordrostami and
Amirteimoori (2005) consider a multistage system and take into account the undesirable factors with
a minus sign in the computation of the virtual inputs and virtual outputs of a multiplier formulation.

Hua and Bian (2008) extend this approach to a more general network of processes.

There have been some objections to the weak disposability model such as those raised by
Hailu and Veeman (2001) that “the weakly disposable approach leaves the impact of undesirable
outputs on efficiency undetermined”, whereas Fare and Grosskopf (2003) responded that they
disagree as the weakly disposable DEA model is consistent with physical laws and it allows the

treatment of undesirable outputs showing the opportunity cost of reducing them.
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Zhou et al. (2012) proposed a non-radial slacks-based measure (SBM) model extended with
the incorporation of undesirable outputs. This model is an extension of Tone’s (2001) original SBM
model and uses a ratio approach to strike a balance between undesirable output reduction and
desirable output increase. It combines environmental and economic inefficiencies and provides a
composite index for modeling economic environmental performance. Skevas et al. (2012; 2014) used
DDF approach to propose a risk adjusted DEA model to determine the efficiency of Dutch arable

farmers in the presence of undesirable outputs.

Moreover Sueyoshi and Goto (2012a; b) introduced the concept of natural and managerial
disposability in DEA analysis. Natural disposability shows that firms reduce their inputs in order to
reduce their undesirable outputs, whereas managerial disposability shows that a firm increases its
inputs in order to take advantage of the business opportunity after a change in environmental
regulation. Finally Guo and Wu (2013) also treat the undesirable outputs as inputs, as from the

perspective of profit, more undesirable outputs usually mean more inputs consumed and more costs.

3.1.2.4 Applying necessary transformations

Another approach is to apply a monotone decreasing transformation. Koopmans (1951)
mentioned that some undesirable outputs like pollutant emissions and waste disposal affect
negatively the environment and should be reduced. As such a first reaction is to apply some

transformations as presented below:

a. (U)=-U; the so called ADD approach suggested by Koopmans (1951), in which case the
undesirable inputs or outputs will become desirable. Though then some data may become negative

and it is not straightforward to define efficiency scores for negative data.

b. (U)=-U + B is another option (Ali and Seiford, 1990; Scheel, 2001; Seiford and Zhu,

2001), but this classification may depend on B.
C. The multiplicative inverse: f (U) = 1/U (Golany and Roll, 1989; Lovell et al., 1995).

Related to ADD, there are several works dealing with negative data (but desirable) with

directional distance functions, such as Fare and Grosskopf (2004), Silva Portela et al. (2004) and Yu
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(2004). Those approaches are related to the weighted additive models so it is important to realise that

the additive models are able to handle negative data (Seiford and Zhu, 2005).

In addition to the above mentioned approaches Cherchye et al. (2007) perform a
transformation in the measurement scale based on a normalisation procedure, which can be applied
both to desirable and undesirable outputs. This procedure provides indicators between 0 and 1. As
data normalisation can lead to loss of information, this method is not commonly used in DEA studies

(zanella, 2004).

Halkos and Papageorgiou (2014) cover the gap in literature by providing a typical radial DEA
model in three different settings in order to model regional environmental efficiency. More
analytically based on Seiford and Zhu (2001, 2005) they use a linear transformation of bad output in
order to model the pollutant as a regular output in a DEA formulation setting. Secondly it follows
several other studies (Pittman 1981; Cropper and Oates 1992; Reinhard et al. 2000; Dyckhoff and Allen
2001; Hailu and Veeman 2001; Korhonen and Luptacik 2003; Mandal and Madheswaran 2010) treating
the pollutant as a regular input. Finally the study uses the DEA formulation as proposed by Kuosmanen
and Kortelainen (2005) and Kortlainen (2008) and the notion of eco-efficiency, therefore measuring
regions’ eco-efficiency levels in municipality waste generation. Table 8 presents relevant studies that

have done this.

Table 8: Examples of studies applying necessary transformations to undesirable outputs

Adler and Golany (2001) In this study deregulated airline networks are assessed in

Western Europe.

Kortelainen (2008) The environmental performance of 20 member states of the

European Union in 1990-2003 is examined in this case study.

Amado et al. (2012) This study uses DEA and transformation process to and the

assess enhanced performance levels of businesses.

Halkos and Papageorgiou (2014) This paper assess environmental efficiency of waste

generation of 160 European regions in NUTS 2 level in seven
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European countries by applying the Seiford and Zhu
methodology (2005)

3.1.2.5 New models

Recently some new models for treating undesirable outputs have come forward. Gomes and
Lins (2008) propose a new approach to modelling undesirable outputs, based on the zero sum gains
DEA models (ZSG-DEA). These models consider the production dependence among the DMUs (Gomes,
2003; Gomes et al, 2003, 2005; Lins et al, 2003) including as an additional restriction, the zero sum
game property, in which whatever lost (or gained) by one of the players must be gained (or lost) by
the others, that is the net sum of gains must be zero. This means that any DMU that wants to reach
the efficient frontier by increasing the output (or decreasing the input) will make the others reduce
(or increase) their values by this amount, in order not to change the total. In the case of pollutants,

ZSGDEA models can be useful for the ecological economy (Sachs, 2000).

Huang et al. (2014) proposed a model named US-SBM which combines super efficiency,
undesirable outputs and slacks-based measure (SBM) together. Fukuyama and Weber (2010) propose
a slacks-based inefficiency measure for a two-stage system with bad outputs and analyse the source

of inefficiency, which also does not consider the super efficiency.

Mohd et al. (2015) proposed an enhanced risk adjusted efficiency model based on the DDF
DEA approach developed by Skevas et al. (2014) that also includes climatic variability and used interval
data approach to represent uncertainty data will be developed, called “Risk Adjusted Interval DEA

Model with Undesirable Outputs and Climatic Variability Conditions”.

Furthermore through using an environmental intensity index, the economy can expand
without compromising the environment (Wursthorn et al. 2011). The general concept of Halkos et al.
(2015) model is similar to Zaim’s (2004) who applied directional distance functions and constructed
two indices. The first index is an economic one in which inputs are used to produce economic outputs
while the second environmental index uses economic output to produce undesirable environmental

outputs. The ratio of these two indices is used in order to acquire the pollution intensity index. Chen
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et al. (2012) also constructed a sustainability index consisting of ‘industrial design module’ and ‘bio

design module’ in their study of sustainable product design in the automobile industry.

3.1.2.6 Evaluation of the different strategies to treat undesirable outputs

As described in the previous sections, researchers have widely focused on how they can treat
undesirable outputs in DEA in order to take them into consideration in the production function. The
methods presented above show that researchers are divided in their approaches and under different
scenarios different techniques might seem more appropriate than others. The first approach of simply
ignoring undesirable outputs is disregarded by most authors as it does not make sense to simply ignore

those and pretend they don't exist.

The second approach of treating undesirable outputs as inputs has been widely used in
research. Even so these perspectives have been criticised by academics (Hailu and Veeman, 2001; Fare
and Grosskopf, 2003; Hailu, 2003). The central theme of this critique is the ‘operationalization of weak
disposability in empirical production analysis’ (Kuosmanen, 2005). In those regards Kuosmanen (2005)
pointed out that the common specification of weak disposability implicitly assumes that all DMUs in
the sample apply a uniform abatement factor. Moreover Fare and Grosskopf (2003) mention some
drawbacks but at the same time acknowledge that this approach is quite appealing and useful. The
first is the free disposability assumption, since in reality unlimited increases in an undesirable output
are not technically possible. Secondly when assessing power plants or energy sectors from a
microeconomic perspective, the linkage between fuels, power and emissions should hold, as

emphasised by Fare and Grosskopf (2005).

A further approach is treating those undesirable outputs as normal outputs in the production
function. In those regards a direct approach is applied whereas both desirable and undesirable outputs
are treated in their actual format. With the use of DDF it is possible to reduce the undesirable outputs
based on a given direction vector (Chung et al., 1997). This type of DEA approaches has been widely
used in environmental efficiency assessments (Arcelus and Arocena, 2015; Lozano and Gutierrez,

2008).
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There have been some objections to the weak disposability model such as those raised by
Hailu and Veeman (2001) that “the weakly disposable approach leaves the impact of undesirable
outputs on efficiency undetermined”, whereas Fare and Grosskopf (2003) responded that they
disagree as the weakly disposable DEA model is consistent with physical laws and it allows the

treatment of undesirable outputs showing the opportunity cost of reducing them.

Finally another option is to transform the undesirable outputs and several methods can be
used to do this. By using the outputs’ reciprocals another transformation is possible as suggested by
Lovell et al. (1995). This approach has also been used by Ramanathan (2006) who used the reciprocal
of the CO; outputs in his study. A further transformation has been proposed by Seiford and Zhu (2001,
2005) which assumes strong disposability for all the variables including the transformed undesirable
outputs. Data translation has also been used by Lu and Lo (2007) in their study of regional
development in China and by Wang et al. (2014) for the needs of their two-stage DEA model. New
models have also been put forward recently in treating undesirable outputs. These have not been

widely tested yet, so it is not possible to ascertain their value.

As it has come forward from the previous analysis the decision to use each method depends
on the user and each analysis he/she intends to perform. There is no straightforward answer in which
method to use as each one has its advantages and disadvantages. Therefore every researcher should

consider first what he/she wants to achieve from their analysis.

3.1.3 Bias correction using bootstrap technique

Another important topic related to DEA is that of bias correction. Simar and Wilson (1998,
2000, 2002) stress that DEA estimators are shown to be biased by construction, thus they developed
an approach based on bootstrap techniques to correct and estimate the bias of the DEA efficiency
indicators. Bootstrap is based on the idea of simulating the data generating process (DGP) and
applying the original estimator to copy the sampling distribution of the original estimator (Efron,
1979). In simple terms bootstrap involves randomly selecting thousands of ‘pseudo samples’ from the
observed dataset (Coelli et al., 2005). It is an easy way to analyse the sensitivity of efficiency scores

relative to the sampling variations of the estimated frontier (Simar and Wilson, 1998). Moreover
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bootstrap procedures produce confidence limits on the efficiencies of the units in order to capture the
true efficient frontier within the specified interval (Dyson and Shale, 2010).
Then the bootstrap bias estimate for the original DEA estimator Bpea (X, y) can be calculated

as:

BIASp (éDEA (x,y) = B7! Zg:l é[*)EA,b xy) — éDEA xy) (5)

whereas B stands for bootstrap replications performed.

Then a biased corrected estimator of (x, y) can be calculated as:

éDEA xy) = gDEA (xy) — mza (éDEA (x,y)) =2 éDEA (xy) — B! Zg:l éBEA,b (x,y) (6)

Finally, the (1-a) x 100 - percent bootstrap confidence intervals can be obtained for 6(x, y) as:

— 1 <oy — (7)

SpEa X, Y)- nc‘i_a/z SpEa X, Y)- nc;‘l/z

3.1.4 Testing for the existence of constant or variable returns of scale

In DEA the use of CRS models requires the assumption of full proportionality between all
inputs and outputs, though most often such proportionality cannot be assumed (Podinovski, 2004).
This assumption is appropriate when firms operate at an optimal level (Coelli et al., 2005). One way
to disregard such information is to use VRS.

It helps to estimate efficiencies without acknowledging whether an increase or decrease in
input or outputs results in a proportional change in the outputs or inputs respectively (Cooper et al.,
2011). This method includes both increasing and decreasing returns to scale. Charnes et al. (1978)
were the first to propose the measurement of DMUs’ efficiency under CRS, provided that all DMUs
operate at their optimal level. Then Banker et al. (1984) employed VRS in their model, thus accounting
for the use of technical and scale efficiencies in DEA. Table 9 presents the main differences between

CRS and VRS.
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Table 9: Differences between VRS and CRS in DEA

VRS CRS
No proportional change for input variables Proportional change for input and output
(Reddy, 2015). variables.

Based on increasing or decreasing returns to
Based on constant input or output variable.
scale (Tsai and Mar Molinero, 2002).

Based on model described by Banker, Charnes Based on model described by Charnes, Cooper

and Cooper. and Rhodes.

To test this approach and following Simar and Wilson (2002) bootstrap approach we compare
between CRS and VRS according to these hypotheses: H,: W8is globally CRS against Hi: W8is VRS. The

test statistic mean of the ratios of the efficiency scores is then provided by:

_1yn Ocrsn(X1¥i)
T (Xn) = n =1 Bypsn (X1LY0) N

Then the p-value of the null-hypothesis can be obtained:
p —value = prob (T (X,,) < T,ps | Hy is true) (9)

where Tops is the value of T computed on the original observed sample X, and B is the number
of bootstrap reputations. Then the p-value can be approximated by the proportion of bootstrap values

of T" less the original observed value of Tps such as:

*b
B I(T sTobs)
—value =~ g
p b=1 B

(10)
In the case of CRS or CCR model, the efficiency frontier is a straight line crossing the point of
origin and the best performers (efficient DMUs) (Banker et al., 1984). Figure 41 presents the graphical

representation of the efficient and inefficient DMUs along the frontier, in which case DMU; is the best
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performer and is used as a reference for all other DMUs. In those regards further improvement of
efficiency scores for inefficient DMUs can be achieved through the implementation of good practices

of the efficient ones (Laso et al., 2018).

Figure 41: Graphical representation of the efficiency frontier of CCR model (Vlontzos et al., 2017)

3.1.5 DEA in use: MSW management studies

The first application of DEA in this Thesis has to do with waste management. A few studies
recently have also used DEA to evaluate the efficiency of waste management (Bosch et al., 2000;
Worthington and Dollery, 2001; Moore et al., 2005; Marques and Simdes, 2009; Simdes et al., 2010;
Benito et al.,, 2010; Chen et al., 2010; De Jaeger et al., 2011; Chen and Chen, 2012;). Further
modifications are being made to DEA so that it can better capture the full complexity of the process,
for instance Rogge and De Jaeger (2012; 2013) suggested a way to differentiate performance efficiency
by the main municipal solid waste components. Some regulating bodies and governments are using
DEA also in their waste management policies, such as Spain and Australia (Simdes et al., 2010).

DEA can be used in waste management studies, in order to assess the efficiency of the waste
collection programs that are inefficient and need to be improved for instance through studying the

collection methods, transportation ways, collection vehicles, and collection times of the waste
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collection programs of the efficient DMUs (Ylksel, 2012). One study conducted in the Flemish
municipalities aimed at those activities where the municipality under-performed and therefore cost
efficiency gains are possible; results prove that the average cost efficiency score is quite low for those
waste fractions which have the lower cost share, hence it is obvious that the municipalities focus those
activities that have the biggest cost share such as residual MSW collection and processing services
(Rogge and De Jaeger, 2012). In another study conducted in large cities in Turkey, the efficiency of
waste collection programs in those cities was benchmarked and it was found that apart from two cities
the rest could improve their outputs (Yiksel, 2012).

Moreover research conducted in Spain found that per capita income and population density
can explain differences in regional efficiencies (Exposito and Velasco, 2018). In these regards for
instance one basic application is the amount of waste that can be reduced without worsening any
input or output (Cooper et al., 2011), as it requires only minimal information and assumptions, but
also because other types assume that technical efficiency has been achieved (Fgrsund and Sarafoglou,
2005). Most waste-related studies which employ DEA focus on waste or pollution as an undesirable
output (Scheel, 2001; Seiford and Zhu, 2002).

DEA has been also applied to measure the environmental performance at both micro and
macro levels: measurement of companies’ ecological efficiency (Dyckhoff and Allen, 2001);
environmentally conscious manufacturing programs (Sarkis, 1999; Zaim, 2004; Sueyoshi and Goto,
2014); investment into waste treatment technologies (Sarkis and Weinrach, 2001); waste prevention
versus ecological treatment and recycling (Sarkis and Cordeiro, 2001); carbon dioxide emissions on a
national level (Ramanathan, 2002, 2005; Kumar, 2006; Wang et al., 2012).

In more detail regarding previous DEA works, Bosch et al. (2000) assessed MSW collection
services in Spain by using as inputs containers, vehicles and workers and as output waste collected.
The same output was used by Benito et al. (2010) and municipal solid waste management (MSWM)
costs as input again in Spain. Similarly waste treated and waste recycled were used as outputs and
MSWM costs as inputs for Czech Republic (Fiala, 2007) and Portugal (Marques and Simoes, 2009).

Worthington and Dollery (2001) studied solid waste management by local governments,
including municipalities taking into account as input collection and expenditures and as output
garbage and recyclables collected. MSWM costs were used as inputs in further studies as well, for

instance De Jaeger et al. (2011) with a focus on Belgium and Simoes et al. (2010) on Portugal. Moore
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et al. (2005) examined municipal waste management using as inputs staff and MSWM budget and as
output citizens served in the 46 US largest cities. Finally Huang et al. (2011) studied local MSW
collection services in Taiwan using a dummy input and five key performance indicators (KPIs) as
outputs.

As is evident from the studies mentioned above DEA has been widely used in assessing waste
management practices and has proved to be a valuable tool for researchers and policy makers
likewise.

In those regards, the concept of technical efficiency, for instance one basic application is the
amount of waste that can be reduced without worsening any input or output (Cooper et al., 2011), as
it requires only minimal information and assumptions, but also because other types assume that
technical efficiency has been achieved (Fgrsund and Sarafoglou, 2005). Most waste-related studies
which employ DEA simply focus on waste or pollution as an undesirable output within the standard
DEA framework (Scheel, 2001; Seiford and Zhu, 2002). DEA has been also applied to measure the
environmental performance at both micro and macro levels (Kortelainen and Kuosmanen, 2005;
frameworks by Sarkis, 1999; Zaim, 2004; chemical and pharmaceutical firms in Sueyoshi and Goto,
2014):

e investment into waste treatment technologies (Sarkis and Weinrach, 2001),
e waste prevention versus ecological treatment and recycling (Sarkis and Cordeiro, 2001),
e carbon dioxide emissions on a national level (Ramanathan, 2002; 2005; Kumar,2006; Wang et

al., 2012).

3.1.6 DEA in use: energy efficiency studies

A lot of research has been conducted in the field of energy and environmental efficiency with
the use of DEA. Mardani et al. (2017) and Sueyoshi et al. (2017) have composed a list of the main
studies working on this topic. Mardani et al. (2017) identified a total of 144 papers between 2006 and

2015, the specific focus of those studies can be seen in Table 10.
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Table 10: Distribution papers based on application areas (Mardani et al., 2017)

Application fields Number of papers Percentage (%)
Environmental efficiency 23 15.97
Economic and eco-efficiency 14 9.72
Energy efficiency 35 24.31
Renewable and sustainable energy 23 15.97
Water efficiency 4 2.78
Energy performance 8 5.56
Energy saving 6 4.17
Integrated energy efficiency 6 4.17
Other application areas 25 17.36
Total 144 100

Sueyoshi et al. (2017) present DEA applications from 1980 to 2010 (693 studies) and a
considerable increase in research has been noticed after 2000. The first research work on energy
efficiency was by Fare et al. (1983). Further studies focused both on developed (Hailu and Veeman,
2001; Mukherjee, 2008, Zhou et al., 2007, Halkos and Tzeremes, 2009) and developing countries (Lee
et al., 2002; Mukherjee, 2010).

These studies have focused on different aspects of energy efficiency. For instance Zhou et al.
(2008) by using DEA measured the carbon emissions’ performance of eight regions worldwide in 2002,
while they examined the environmental efficiency of 26 OECD countries from 1995 to 1997 (Zhou et
al.,, 2007). Halkos and Tzeremes (2013a) examine energy consumption on countries’ economic
efficiency levels and DEA in that case presents economic efficiency variations among the examined
countries. Additionally the effects of renewable energy on the technical efficiency of 45 economies
during 2001-2002 is studied by Chen and Hu (2007) showing that increasing the use of renewable
energy improves an economy’s technical efficiency.

Chen et al. (2010) evaluate the performance-based efficiencies of 19 largescale municipal
incinerators in Taiwan with different operational conditions for 2002-2005, leading to optimal
management strategies for promoting the quality of solid waste incineration. Moreover the

renewable energy sector in Greece is examined through DEA for 78 firms for 2006-2008 showing that
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the majority of the firms operating in the Greek renewable sector are based on the production of wind
energy (Halkos and Tzeremes, 2012).

Hu and Wang (2006) measure the energy efficiency of 29 regions in China and propose a total
factor energy efficiency evaluation method. The technical efficiency of energy utilities in China and
Taiwan is also studied by Yeh et al. (2010). The same approach but with the incorporation of
environmental efficiency as well is followed by Bian and Yang (2010). Furthermore Zhou and Ang
(2008) measure energy efficiency using both energy and non-energy inputs.

Wang et al. (2012) create a mixed efficiency model which includes both economic and
environmental efficiency attempting to proportionally increase desirable outputs and decrease
undesirable outputs. Wang et al. (2013) evaluate energy and environmental efficiency of 29 regions
in China with an improved DEA model. Finally Song et al. (2018) developed an improved method by
which to evaluate resource and environmental efficiency with the evaluation of resource inputs into
the objective function and focus on resource inputs, undesirable outputs and desirable outputs

simultaneously.

3.2 Panel data and proposed econometric methods

Apart from DEA as presented in Section 3.1, Section 3.2.1 introduces the econometric
methods that will be used and then Section 3.2.2 presents examples of studies using panel data in
relation to MSW. Finally Section 3.2.3 presents the main points around Environmental Kuznets Curve

(EKC) which will also be examined.

3.2.1 Econometric methods

Panel data (also known as longitudinal or cross-sectional time-series data) constitute a dataset
in which the behaviour of individual entities is observed across time (entities may be for instance
countries, individuals, companies) (Torres-Reyna, 2007; Hsiao, 2003; Hsiao, 2007). In the present part
of the Thesis, MSW is analysed under the OECD framework and its relationship to the education level
is evaluated. To ascertain the relationship between MSW/capita (MSW/c) and GDP/capita (GDP/c),
Box-Cox specifications have been used testing linearity against logarithmic forms. The following

proposed model specification is constructed:
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(MSW/c)it = Bo+ai+Vt+Bl(GDP/C)it+Bz(GDP/C)Zit*'Bg(GDP/C)ait+B4EdUC + g, (11)

where MSW/c is the municipal solid waste per capita, GDP/c is Gross Domestic Product per capita,
Educ refers to the education level. Countries are indexed by i and time by t while aj’s corresponds to
country specific and y¢'s to time specific intercepts. Finally, € is the stochastic error term with the usual
properties.

Panel data methods have been applied in estimating the above specification. First, fixed
effects (FE) are applied permitting each separate country to have a different intercept and by treating
aiand y: as regression parameters (Halkos, 2011a). Secondly the random effects (RE) are applied where
individual effects are treated as random and a;and y: are considered as components of the random
disturbances (Torres-Reyna, 2007). A Hausman (1978) test is performed for inconsistency in the RE
estimate. The advantages of the RE are (Hsiao, 2007):

a) The number of parameters stays constant when sample size increases.
b) It allows the derivation of efficient estimators that make use of both within and between

(group) variation.

c) It allows the estimation of the impact of time-invariant variables.

The advantages of FE are that it can allow the individual and/or time specific effects to be
correlated. Neither does it require an investigator to model their correlation patterns. The
disadvantages of the FE specification are (Neyman and Scott, 1948):

a) The number of unknown parameters increases with the number of sample observations. In
the case when T (or N) is finite, it introduces the classical incidental parameter problem.
b) The FE estimator does not allow the estimation of the coefficients that are time-invariant.

Additionally, the proposed Generalized Method of Moments (GMM) in the dynamic

specifications minimizes the following expression regarding

M (ﬂ){i‘?; U, (ﬂ)}W(iNZl\P; U, (ﬂ)j=§(ﬂ)'WC(ﬁ) (12)
121 |Page

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:00:48 EEST - 167.114.118.212



where W is a pxp weighting matrix, ¥, is a T,Xp instruments matrix for cross section iand
u (B)=(Y,— f(X,.B)). The weighting of matrix Wis calculated using the White robust

covariances the coefficient covariance estimates are given as:

M* -1 A A N
| B0 (B i )
t

t t

where M is the total number of stacked observations and K the number of estimated
parameters. Orthogonal deviations as proposed by Arellano and Bond (1988) state each observation
as deviation from the average of future observations in the sample and weigh each deviation to

standardize the variance:

*

X = [xit = (Xigagy +o X)) 1 (T —t)]\/(T —t) /T —t+1 t=1,.T-1 (14)
The (Ti—q) equations for individual unit i can be written as:
Y, = dw, +d;m +v, (15)

with & a parameter vector including ok's, B's and A' s; and wi is a data matrix containing the
time series of the lagged endogenous variables, the x' s, and the time dummies and d; is a (Ti-q) x1
vector of ones.

One difficulty that is usual when working with panel data is the possibility that variables or
random disturbances are correlated across the panel dimension (Bollen and Brand, 2011). For this
reason cross-sectional dependence is tested using the Pesaran’s (2004) cross-sectional dependence
(CD) test to assess if the time series in the panel dataset are cross-sectional independent. If not,
Ordinary Least Squares (OLS) Dummy estimator allowing for individual fixed effects with Driscoll-Kraay
standard errors are used to correct the variance-covariance matrix in cases of serial and spatial

correlation after testing for cross-sectional dependence. According to Pesaran (2004) the necessity of
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unit root tests taking into consideration errors cross-section dependence are required. Additionally
and in the case of using REs robust standard errors are demanded after applying a Breusch-Pagan test
for individual effects.

In case of CD unit roots are tested using robust tests. Thus the typical Dickey-Fuller (DF) and
Augmented Dickey-Fuller (ADF) tests are extended in panel data analysis with the main issue of
homogeneity in the autoregressive parameter (Dickey and Fuller, 1981). The proposed tests by Levin
et al. (2002), Harris and Tzavalis (1999), Hadri (2000), Breitung (2000) and Breitung and Das (2005)
presume homogeneity for the autoregressive parameter and demand strongly balanced panels. Im et
al. (2003) and Fisher (1932) type tests relax this restrictive assumption and even more they do not
necessitate strongly balanced panels.

In terms of the asymptotic behavior of the unit root tests both of the time series, T, and the
cross section N dimensions then when N — coandT — oo Levin et al. (2002) and Fisher (1932) type
tests may be used although for the latter the number of panels not having a unit root must raise at
the same rate as N. In the tests proposed by Hadri (2000), Breitung (2000) and Breitung and Das (2005)
first T tends to infinity for fixed N and subsequently N tends to infinity. But in Fisher type tests N is
fixed making these tests consistent against the alternative of one panel being stationary. Harris and
Tzavalis (1999) and Im et al. (2003) tests are asymptotically normal for N — oo and fixed T. Exception
is the t-bar statistic of Im et al. (2003) test where N may also be presumed fixed with no gaps in the
data.

Similarly, panel co-integration tests are performed using tests based on Westerlund (2007)
and Pedroni (1999; 2000; 2004). The Westerlund test checks for co-integration based on the
significance of the error correction term in the error correction model with the null hypothesis of no
error correction and acceptance implying no co-integration (Westerlund, 2007). Specifically four panel
cointegration tests as proposed by Westerlund (2007) are used. The G:and G, statistics test the null
hypothesis of no-cointegration of all cross sectional units (rejection implies cointegration for at least
one unit) and the P;and P, statistics testing the null hypothesis of no cointegration for all cross
sectional units with rejection implying cointegration for the panel in total. Pedroni's (1999; 2000;
2004) cointegration tests suggest seven test statistics for the null of no-cointegration, with four panel
statistics and three group statistics test for testing either panel co-integration or cointegration across

cross-sections.
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3.2.2 Panel data in MSW studies

The first published paper on panel data analysis was that of Balestra and Nerlove (1966).
Following that one, of the first to study panel data was Hsiao (1986) who found there were only 29
studies focusing on panel data at that time. This number increased to 687 by 2004 and 773 by 2005
(Hsiao, 2007). This increase of research using panel data is mainly due to the increase of available data,
the more sophisticated modelling techniques and the challenging methodology (Hsiao, 2007).

Some recent research conducted in the field of panel data and MSW is presented below. To
start with Johnstone and Labonne (2004) use a panel dataset of MSW in OECD countries to show the
economic and demographic determinants of generation rates of MSW over consumption
expenditures, urbanisation and population density. Two disaggregated panel datasets on lItalian
Regions and Provinces (1996-2004 data for the 20 regions, 2000-2004 data for 103 provinces) are used
to estimate the extent to which delinking between waste production and economic drivers is actually
occurring (Mazzanti et al., 2005).

The main trends of MSW generation, disposal and recycling are studied by Karousakis (2006)
using a panel data of 30 OECD countries over a period of 30 years. Tsai (2008) uses Taiwan as a case
study to estimate the impact of social capital on the regional recycling rate. Waste generation,
incineration and landfill dynamics are assessed through panel data for 25 EU countries to examine the
effects of different drivers and potential differences among Western and Eastern EU countries
(Mazzanti and Zoboli, 2009). Prefecture-level panel data on illegal dumping in Japan from 1996 to
2005 are studied by Ichinose and Yamamoto (2011).

Moreover the long-term effect of unit-based pricing on waste generation and recycling is
studied by Usui and Takeuchi (2014) using panel data for 665 Japanese cities over the course of 8
years. The potential impact of economic and political factors on the provision of waste management
services is studied through panel data for 2002-2010 by Plata-Diaz et al. (2014). Policy effectiveness
from an EKC test in China is examined through panel data analysis by Wu et al. (2015).

Furthermore Lakhan (2016) uses panel data collected from 223 Ontario municipalities for
years 2003-2014 along with semi structured interviews with recycling stakeholders to examine
whether municipalities respond to financial incentivization by increasing total recycling or decreasing

costs. Han and Zhang (2017) use panel data for 1998-2012 to assess the impact on MSW per capita
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when employing the source separation method. Finally Droste et al. (2017) employ an econometric
analysis of panel data for two decades to estimate the correlation of the introduction of ecological

fiscal transfers in Brazilian states with protected area coverage.

3.2.3 Environmental Kuznets Curve (EKC) and MSW studies

Kuznets (1955) hypothesized an inverted-U shape for the relationship between a measure of
inequality in the distribution and the level of income. Because of its similarities to the pattern of
income inequality described by Kuznets, the environmental pattern is called an Environmental Kuznets
Curve (EKC) (Halkos, 2003). The EKC presents a hypothesised relationship between chosen indicators
of environmental degradation and income per capita (Stern, 2003). It suggests that despite
environmental pollution initially increases with GDP per capita at some point GDP and emissions
become decoupled, thus further increases in GDP are then associated with decreases in
environmental pollution as production and treatment technologies improve with national incomes
(Kinnaman, 2009).

The existing empirical evidence suggest that EKCs occur for pollutants with semi-local and
medium-term impacts (Arrow et al., 1995; Cole et al., 1997; Ansuategi et al., 1998; Halkos, 2003). The
use and study of EKCs goes back at least 25 years. Grossman and Krueger (1991) produced the first
EKC study on the potential environmental impacts of NAFTA. They estimated EKCs for SO,, dark matter
(fine smoke) and suspended particles (SPM). While Shafik and Bandyopadhyay’s (1992) study was
influential as the results were used in the 1992 World Development Report, they estimated EKCs for
ten different indicators using three different functional forms; their results show that lack of clean
water and lack of urban sanitation declined uniformly with increasing income and over time.

In the case of MSW and as the income increases advances in technology regarding recycling
and green design are present as well (Mazzanti and Zoboli, 2009). In more detail, in the early stages
of economic growth, degradation and pollution increase, but beyond a certain level of income per
capita (which will vary for different indicators) the trend reverses, so that at high-income levels
economic growth leads to environmental improvement, thus the result is an inverted U-shaped

function of income per capita (Stern, 2003; Stern et al., 1996), as presented in Figure 42.

125 | Page

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:00:48 EEST - 167.114.118.212



Figure 42: The Environmental Kuznets Curve (Khajuria et al., 2010)

MSW quantities are expected to decrease with the increase of income at income levels
exceeding three times their current levels (Kinnaman, 2009). There are few EKC analyses on waste and
material flows. No evidence of U-shape EKC curve was identified by Cole et al. (1997). On the other
hand, Leigh (2004) provides evidence for EKC regarding a waste/consumption indicator deriving from
the environmental sustainability indexes. Generally it is noticed that strict EKC evidence has been rare,
but most researchers support the opinion that waste indicators tend to increase with income or other
economic drivers (Mazzanti and Zoboli, 2005a). Table 11 provides a summary of empirical studies

which have examined the relationship between MSW and income.
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Table 11: Summary of empirical studies regarding relationship between MSW and income (adapted

from Gnonlonfin et al., 2017)

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:00:48 EEST - 167.114.118.212

Study Sample Estimator Income indicator Income Turning
effect Point
Within country level
Lim (1997) South Korea Time series GDP/capita Positive n.a.
Song et al. (2008) 29 Chinese province Panel GDP/capita (real Positive 31,668
(1985-2005) yuan 2000)
Mazzanti et al. Italian regions (1996- Panel GDP/capita (Euro) Positive -
(2009a) 2005)
Mazzanti et al. Italian cities (2000- Panel Value added/capital Positive 22,8-25,9
(2009b) 2004) (const. Euro 2000)
Ichinose et al. Japanese Cross-section Taxable income Positive 4.25
(2011) municipalities (million yen)
Khajiuria et al. India (1947-2004) Time series Gross domestic Positive 26.7%
(2012) saving (% GDP)
Cross-country level
Shafik and 39 countries (1985) Cross-section GDP/capita (S ppa) Positive -
Bandyopadhyay
(1992)
Shafik (1994) 39 countries (1985) Cross-section GDP/capita (S ppa) Positive -
Cole et al. (1997) 13 countries OECD Panel GDP/capita (S ppa) Positive -
(1975-1990)
lafolla et al. EU 15 (1997-2007) Panel Household final Positive -
(2010) consumption
spending/capita
(Euro)
Mazzanti and EU 25 (1995-2005) Panel Household final Positive -
Zoboli (2009) consumption
spending/capita
(Euro 1995)
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3.3 Data used in this Thesis

In the present Thesis DEA analysis was used in relation to waste management through four
different aspects, first MSW data was assessed regarding both EU regions (Section 3.3.1) and EU
countries (Section 3.3.2), then cultural dimensions and MSW data were analysed (Section 3.3.3) and
energy and MSW related data have been taken into account as well (Section 3.3.4). Finally Section

3.3.5 shows the data for the OECD panel analysis which was performed with econometric methods.

3.3.1 EU regional data (focus MSW efficiency)

First regional EU data (NUTS level 2) was evaluated for 172 regions from 17 countries and for
the years 2009, 2011 and 2013. According to the 1961 Brussels Conference on Regional Economies,
NUTS 2 regional classification * is the most common framework used by Member States to apply their
regional policies and therefore is the most appropriate level for analysing regional environmental
problems (Eurostat, 2007). The parameters used, are counted as presented below:

e Regional Gross Domestic product (GDP): current prices (million €)

Regional waste arisings: waste generated (thousand tonnes)

Regional employment rate: thousand number of people

Regional gross fixed capital formation (capital investment): current prices (million €)

Regional population density: persons per km?
In more detail regarding each country, Table 12 presents the number of regions examined in

this Thesis.

Table 12: Regions examined divided by country

Belgium 11 Bulgaria 6
Czech Republic 9 Germany 36
Estonia 1 Italy 21
Latvia 1 Lithuania 1
Luxembourg 1 Hungary 6
Malta 1 Netherlands 12

1 Further information on NUTS classification : http://ec.europa.eu/eurostat/web/nuts/overview
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Austria 7 Poland 16
Portugal 7 Slovakia 4
UK 33

Table 13 presents the descriptive statistics of the inputs and outputs used in the different DEA

model formulations and for all the years in question for the 172 regions.

Table 13: Descriptive statistics for all years and regions

Population
Waste Employment Capital
density
GDP (million €) (thousand rate investment
(persons per
tonnes) (thousand) (million €)
km2)
2009
Mean 44,368.44 847.95 81.13 8,937.98 387.05
St. dev 49,191.21 672.81 58.43 9,941.54 758.27
Min 2,816.00 79.37 3.00 455.06 11.40
Max 347,444.00 4,925.13 291.50 74,342.44 6,702.10
2011
Mean 48,075.32 827.83 76.03 9,645.91 389.68
St. dev 52,355.63 662.81 55.53 10,506.05 778.63
Min 2,948.00 78.42 2.7 428.36 11.50
Max 367,536.00 4,824.17 266.70 74,588.87 7,131.10
2013
Mean 49,583.85 801.78 72.58 9,405.29 393.90
St. dev 52,647.66 632.13 54.61 9,834.63 796.81
Min 2,951.00 72.59 2.5 501.18 11.50
Max 362,494.00 4,594.69 264.00 66,607.77 7,324.40

3.3.2 EU country data (focus MSW efficiency)

In the second DEA application the following variables are used: waste, GDP, labour, capital

(investment), population density, ), SOx emissions (from waste), NOx emissions (from waste) and GHG
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emissions (from waste) with data obtained from Eurostat?. In total 28 EU Member States are studied

for the years 2008, 2010, 2012 and 2014. The parameters are counted in the following units for this

analysis:

Waste: waste generated by households (tonnes)

GDP: current prices (million €)

Labour: number of people (in thousand)

Gross fixed capital formation (investment): current prices (million €)

Population density: persons per km?

SOx emissions: tonnes from waste sector

NOx emissions: tonnes from waste sector

GHG emissions: million tonnes of CO; equivalent.

Following the collection of all the relevant data from Eurostat, Table 14 presents the

descriptive statistics of the inputs and outputs used in the different DEA model formulations and for

all the years in question.?

Table 14: Descriptive statistics for all years and countries

GHG
SOx NOx
Populatio emissions
Labor Investme emissions | emissions
Waste GDP n density from
(thousand | nt (million from from
(tonnes) (millon €) (persons waste
) €) waste waste
per km?2) (million
(tonnnes) (tonnes)
tonnes)
2008
7,921,692.
Mean 5 433,181.5 | 7,986.4 106,864.2 | 167.5 143.5 403.9 6.6
11,152,43
St. dev 4.5 660,359.2 10,180.0 147,510.1 2443 312.1 717.1 9.3
Min 145,817.0 | 5,468.5 158.6 1,203.1 15.6 0.0 0.0 0.0

2 Data used for Norway’s capital and GDP for 2014 are the same as 2012 due to lack of data from Eurostat for
that year.
3 The empirical results were derived using MaxDEA.
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35,754,99 | 2,407,913.
Max 6.0 0 38,541.5 | 520,809.0 | 1,295.5 1,362.0 2,707.0 41.1
2010
7,950,260.
Mean 5 422,196.1 | 7,774.2 94,052.4 | 169.2 92.3 385.7 6.0
10,880,32
St. dev 5.9 645,277.5 | 10,076.9 | 136,172.4 | 247.5 201.1 673.4 7.7
Min 149,564.0 | 5,541.5 162.6 1,4116 16.0 0.0 0.0 0.0
36,311,61 | 2,375,659.
Max 1.0 2 38,737.8 | 501,449.0 | 1,311.7 890.0 2,433.0 29.9
2012
7,666,294.
Mean 2 427,893.0 | 7,743.8 97,806.3 | 170.5 91.9 399.3 5.6
10,571,66
St. dev 6.9 658,959.0 | 10,134.9 | 144,453.6 | 250.7 191.3 675.2 7.0
Min 155,147.0 | 5,680.2 170.3 1,306.0 16.5 0.0 0.0 0.0
36,471,81 | 2,471,753.
Max 0.0 3 39,126.5 | 555,866.0 | 1,327.4 825.0 2,355.0 24.8
2014
7,491,376. | 2,055,588.
Mean 3 6 8,535.6 99,952.0 | 173.0 104.7 392.8 5.2
10,481,34 | 6,105,822.
St. dev 6.3 7 11,0404 | 149,253.3 | 259.3 232.7 647.3 6.1
Min 154,456.0 | 8,467.1 189.0 1,465.4 16.9 0.0 0.0 0.0
36,887,63 | 32,591,71
Max 4.0 3.0 40,990.0 | 586,555.0 | 1,375.2 923.0 2,193.0 19.5

3.3.3 Cultural dimesnions data and EU country data (focus MSW efficiency and waste culture)

In the third DEA application the following variables are used: waste, GDP, labour, capital,

population density with data obtained from Eurostat*. In total 22 EU Member States are studied for

the years 2005, 2010 and 2015. The parameters are counted in the following units for this analysis:

*1n cases where data was not available for a variable for the specific years chosen, the data from the previous
year was used.
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. Waste: waste generated by households (tonnes)

. GDP: current prices (million €)

. Labour: number of people (in thousand)

. Gross fixed capital formation: current prices (million €)
. Population density: persons per km?

Following the DEA analysis, the efficiency scores are contrasted to Hofstede’s cultural
dimensions, which include as already mentioned: Power distance index, Invidualism vs Collectivism,
Masculinity vs Feminity, Uncertainty Avoidance index, Long term vs short term orientation and
Indulgence versus Restraint. Moreover they are contrasted to Schwartz’s cultural dimensions which
are comprised of: Harmony, Conservatism, Hierarchy, Mastery, Affective autonomy, Intellectual
autonomy and Egalitarianism. According to Hofstede (1983) individualism is positively related to
economic development and some of the psychological features that define modern society, such as
low integration of relatives, independence and future orientation, etc. (Yang, 1988). In this analysis it
is assumed that cultural dimensions’ data do not change over this examined period as it takes a longer
time for a change of behaviour to be established.

The efficiency scores obtained through the DEA analysis as described above have then been
analysed in comparison to Hofstede’s and Schwartz’s cultural dimensions. This has been done on
STATA with the use of multiple regression models. Multiple regression is used to predict the value of
a dependent variable based on the value of two or more independent variables. Therefore, regression
analysis is a mathematical and statistical tool used to sort out which of the independent variables in
guestion do have an impact on the dependent variable (Gallo, 2015). The regression model that is
formed, is as follows:

y(efficiency score) = f(cultural indexes)

The below main assumptions need to be accounted for before using linear regression models
(Nau, 2018):

a. Linearity and additivity of the relationship between the variables: (1) the expected
value of the dependent variable is a straight-line function of each independent variable, (2) the slope
of that line does not depend on the values of the other variables and (3) the effects of different

independent variables on the expected value of the dependent variable are additive.
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b. Statistical independence of the errors (in particular, no correlation between
consecutive errors in the case of time series data)

C. Homoscedasticity (constant variance) of the errors: (1) versus time (in the case of time
series data), (2) versus the predictions, (3) versus any independent variable and (4) normality of the
error distribution.

Some of the main outputs that are taken into account in the regression output are (The
Trustees of Princeton University, 2007):

1. R?: it’s the proportion of the variance in the dependent variable explained by the
independent variables, though it does not reflect the extent to which any particular independent
variable is associated with the dependent variable.

2. The standard error: is an estimate of the standard deviation of the coefficient showing
the amount it varies across cases. If a coefficient is large compared to its standard error, then it is
probably different from 0.

3. The coefficient: its size provides the size of the effect that variable is having on the
dependent variable and the sign on the coefficient (positive or negative) shows the direction of the
effect. In multiple regression models the coefficient shows how much the dependent variable is
expected to increase when that independent variable increases by one, holding all the other
independent variables constant.

4, The t statistic: is the coefficient divided by its standard error.

5. P-value (F statistic of the model): if this is 0.05 or less, the null hypothesis is rejected.

3.3.4 EU country data (focus energy efficiency)

Finally DEA was used to assess energy efficiency across selected EU member states. In this
DEA application the following variables are used: final energy consumption, GDP, labour, capital,
population density, SOx emissions (from energy), NOx emissions (from energy) and GHG emissions
(from energy) with data obtained from Eurostat. In total 28 EU Member States are studied for the
years 2008, 2010, 2012, 2014 and 2016. The parameters are counted in the following units for this

analysis:
e Final energy consumption: million tonnes equivalent
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GDP: current prices (million Euro)

Labor: number of people (thousand people)

Capital: gross fixed capital formation - current prices, million Euro

Population density: person per km?

SOx emissions: tonnes (from energy production and distribution)

NOx emissions: tonnes (from energy production and distribution)

GHG emissions: thousand tonnes of CO, equivalent (from energy production and

distribution)

Table 15 presents the descriptive statistics of the inputs and outputs used in the different DEA

model formulations and for all the years and for all the examined countries.

Table 15: Descriptive statistics for all DEA models
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Final energy GDP (million €) Labor Capital Population SOx NOx GHG
consumption (thousan | (million €)) Density emissions emissions emissions
(million d (persons (tonnes) (tonnes) from energy
tonnes persons) per km?) (thousand
equivalent) tonees of
Co;
equivalent)
2008
Mean 42.1 1,781,373.4 7,986.4 104,801.4 169.6 130,041.6 74,443.1 142,163.4
St. dev 56.0 5,096,821.3 10,180.0 148,216.2 243.2 176,282.2 100,320.9 197,222.1
Min 0.5 6,128.7 158.6 1,203.1 17.5 12.0 783.0 2,833.4
Max 217.6 27,193,630.0 38,541.5 520,809.0 1,295.5 628,644.0 382,978.0 820,242.4
2010
Mean 41.5 1,787,110.4 7,774.2 91,911.8 171.4 96,084.9 66,404.0 135,553.4
St. dev 55.5 5,103,808.5 10,076.9 136,804.0 246.3 132,887.3 94,477.9 189,697.4
Min 0.5 6,599.5 162.6 1,411.6 17.6 11.0 863.0 2,598.1
Max 219.7 27,224,599.0 38,737.8 501,449.0 1,311.7 545,404.0 334,748.0 802,121.3
2012
Mean 39.6 1,878,639.0 7,548.8 94,847.8 172.7 84,384.5 65,251.6 128,695.0
St. dev 53.3 5,394,392.0 9,951.5 145,091.9 249.9 119,172.7 97,298.8 183,709.8
Min 0.5 7,168.4 170.7 1,299.8 17.8 10.0 779.0 2,818.9
Max 212.1 28,781,064.0 38,320.6 554,746.0 1,329.2 485,523.0 366,449.0 785,284.2
2014
Mean 38.0 2,058,682.8 7,622.2 97,341.0 175.1 62,735.0 55,019.0 119,113.9
St. dev 51.3 6,103,555.2 10,096.1 150,749.6 258.2 94,256.0 85,032.2 173,002.8
Min 0.5 8,505.4 186.8 1,465.4 18.0 15.0 728.0 2,470.1
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Max 208.9 32,583,424.0 38,907.7 587,549.0 1,375.2 425,649.0 300,824.0 762,351.1
2016

Mean 39.6 2,235,599.6 7,819.9 106,622.6 178.8 43,531.1 46,821.9 119,581.1

St. dev 53.1 6,647,143.6 10,365.3 160,493.8 271.3 67,884.9 72,540.6 173,095.0

Min 0.6 10,343.0 204.6 2,435.6 18.1 17.0 612.0 1,426.9

Max 216.4 35,474,186.0 40,165.1 634,029.0 1,450.2 296,757.0 295,747.0 771,900.6

Based on these data, Figure 43 presents the trend of energy consumption levels, GHG, NOx
and SOx emissions for all examined years on an average EU basis for the 28 countries taken into
account. It is noticed that all indicators have dropped since 2008 especially SOx and NOx emissions,

whereas energy consumption and GHG emissions are on the rise again after 2014.
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Figure 43: Trend of the main components of the present analysis
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3.3.5 OECD country panel data (econometric analysis)
The present research uses panel data obtained from OECD regarding 25 world counties for
the years 1995-2016. These parameters are counted in the following units:
e Municipal waste/capita: Kilograms/capita
e  GDP/capita: US dollars/capita
e Education level: tertiary, % of 25-64 year olds
The database used has 550 observations per variable. Looking at the raw data it can be easily
noticed that MSW increases with income, having some sign of a decrease at high-income levels. In the
case of missing values, adequate interpolations were applied with moving average and single and
double exponential smoothing techniques employed to predict these missing values of the variables
considered for the examined time period.
The determination of the appropriate method was chosen relying on the measures of accuracy
like Mean Absolute Percentage Error (MAPE), Mean Absolute Deviation (MAD) and Mean Squared

Deviation (MSD). Finally Table 16 presents the descriptive statistics for the variables considered.

Table 16: Summary statistics of examined variables

Standard
Variable Observations Mean Minimum Maximum
deviation
MSW/capita
550 482.3122 128.7479 255.6 40.59
(MSW/c)
GDP/capita (GDP/c) 550 30,034.2 14,887.16 6,302 104,702
Education Level 550 26.14075 9.66314 7.45 50.5

Following the methodology presented in this Section and the data outlined above, the

following section will present the results of the current analysis in greater detail.
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4. Results

For the main part of the analysis in this Thesis, the MaxDEA for Data Envelopment Analysis
programme was used (MaxDEA Basic 6.6 — 2015 edition). Section 4.1 focuses on EU regions, while
Section 4.2 focuses on EU countries. Moreover Section 4.3 presents the results of the analysis on MSW
and cultural dimensions, while Section 4.4 reviews the case of energy efficiency in relation to MSW.
Finally Section 4.5 presents the empirical results of the panel data analysis which were conducted with

econometric methods on STATA.

4.1 EU regional analysis

The present analysis builds on the work by Halkos and Papageorgiou (2014, 2015) and expands
it by using more inputs and outputs and more recent EU data for EU regions. The frameworks that
have been designed (Figures 44-47) are also based on their analysis with new additions in the inputs
taken into account. More specifically in terms of methodology, first one of the pollutants in question,
MSW generation is modelled as a regular output by applying the transformation introduced by Seiford
and Zhu (2002, 2005). This is done in the first framework (M1).

Then the pollutant is treated as a regular input following studies treating pollutants as costs
which the main goal is its minimisation, which is performed in M2 and M3 each time with slightly
different inputs. In Framework M4 the idea of eco-efficiency is used as introduced by Kuosmanen and
Kortelainen (2005) and Kortelainen (2008). For all the regions in the DEA analysis a radial model was

used, which is output oriented and with variable returns to scale.

Regional labor

M1 Regional GDP
_—
Regional investment Regional waste
generation
_— >

Figure 44: Description of environmental production framework (M1)
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Regional Labor
force

_ >
M2
Regional GDP

Regional Investment
-_—
_—

Regional Waste
generation

—_

Figure 45: Description of environmental production framework (M2)

Regional labor force

_—
Regional investment

— > Regional GDP
Regional waste _ >

generation
_

Regional population density

—_

M3

Figure 46: Description of environmental production framework (M3)

Regional waste M4
generation Regional GDP

_
_— >

Figure 47: Description of environmental production framework (M4)

Under the M1 framework the highest performers over the years 2009-2013 are: Région de
Bruxelles-Capitale (Belgium), Yuzhen tsentralen (Bulgaria), Disseldorf (Germany), Valle d'Aosta (Italy),
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Liguria (Italy), Lombardia (ltaly), Nord-Est (Italy), Lazio (Italy), Sicilia (Italy), Luxembourg (Luxembourg),
Algarve (Portugal), Greater Manchester (UK), Surrey, East and West Sussex (UK); whereas the areas
with the lowest performers are: Flevoland (Netherlands), North Eastern Scotland (UK), Severozapad
(Bulgaria), Zeeland (Netherlands), Trier (Germany), Jihozapad (Czech Republic), Stredni Cechy (Czech
Republic), Eesti (Estonia), Highlands and Islands (UK), Moravskoslezsko (Czech Republic), Prague
(Czech Republic).

When using framework M2 and by treating the bad output as input, the highest performers
are: Bremen (Germany), Greater Manchester (UK), Luxembourg (Luxembourg), Région de Bruxelles-
Capitale (Belgium), Disseldorf (Germany), Valle d'Aosta (Italy), Lombardia (Italy), Nord-Est (Italy),
Lazio (Italy), Surrey, East and West Sussex (UK). The lowest performers are: Yugoiztochen (Bulgaria),
Stredni Cechy (Czech Republic), Severozapad (Czech Republic), Highlands and Islands (UK), Dél-
Dunéntul (Hungary), Zeeland (Netherlands), North Eastern Scotland (UK), Eszak-Alféld (Hungary),
Yugozapadna i yuzhna tsentralna (Bulgaria) and Flevoland (Netherlands).

Framework M3 is similar to M2 but with the addition of an extra input, population density. In
this one the highest performers are: Region de Bruxelles-Capitale (Belgium), Severozapaden
(Bulgaria), Dusseldorf (Germany), Valle d'Aosta/Vallée d'Aoste (Italy), Lombardia (Italy), Nord-Est
(Italy), Emilia-Romagna (Italy), Toscana (Italy), Lazio (Italy), Luxembourg (Luxembourg), Zuid-
Nederland (Nerherlands), Regido Autdnoma dos Acores (Portugal), Surrey, East and West Sussex and
Highlands and Islands (both UK). Under this framework the worse performers are: Flevoland
(Netherlands), Severozapad (Czech Republic), Stredni Cechy (Czech Republic), Zeeland (Netherlands),
Moravskoslezsko (Czech Republic), Yugoiztochen (Bulgaria), Dél-Dunantul (Hungary), Eszak-Alféld
(Hungary), Podkarpackie (Poland), Nyugat-Dunantul (Hungary) and Praha (Czech Republic).

From framework M4, the highest performers are: Lombardia (Italy), Valle d'Aosta (ltaly), Nord-
Est (ltaly), whereas the lowest ones are: Severozapaden (Bulgaria), Severen tsentralen (Bulgaria),
Severoiztochen (Bulgaria), Yugoiztochen (Bulgaria), Yuzhen tsentralen (Bulgaria), Dél-Dunantul
(Hungary), Malta (Malta), Eszak-Magyarorszag (Hungary), Algarve (Portugal), Opolskie (Poland).

As it is evident from this analysis, different frameworks return different results, namely the
results from M1 are much different to M2, M3 and M4 which show a kind of similar picture overall.
This difference can be explained by the fact that in M1 the bad output (waste generation) is actually

considered as output, whereas in the other three frameworks it is considered as a normal input. Table
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1.1. (Appendix 1) below presents in detail the efficiency scores of M1, M2, M3 and M4 framework for
all regions for years 2009, 2011 and 2013. Moreover Table 1.2 (Appendix 1) shows the average scores
of each region for all the years per framework option.

The results of each framework cannot be compared to each other though as different
assumptions are taken into account under each modelling framework. According to EEA (European
Environment Agency, 2015b) and other researchers, there are fluctuations in waste generation not
only among the countries but also among regions within a country, which is due to the fact that there
are separate waste management strategies among the regions themselves as well. This study’s results
are in agreement with this idea, as it was shown that certain regions from one country can be at the
top environmental performers whereas other regions from the same one can be among the lowest
ones.

Furthermore Table 1.3 (Appendix 1) presents the descriptive statistics per country of the
different environmental frameworks over the examined period. The results show that on average
terms the environmental efficiency scores regarding waste arising on a regional level are higher in
framework M1 compared to the environmental efficiency scores from M2, M3 and M4. Overall the
results obtained (on average terms) from M1 suggest that Belgium has higher environmental efficient

regions followed by the regions in Italy, Portugal and the UK.

4.2 EU Country level analysis

For all 28 EU countries in this DEA analysis a radial model was used, which is output oriented.
A main gap identified in the literature studied was that previous studies have not focused enough on
counties’ environmental efficiency in terms of MSW generation and treatment especially under the
concept of the circular economy.

In terms of methodology and the frameworks designed, first one of the bad outputs
(pollutant) in question, MSW generation, is modelled as a regular bad output by applying the
transformation introduced by Seiford and Zhu (2002, 2005). This is done in the first two frameworks
(M1 and M2), in which different inputs are taken into account and MSW (bad output) and GDP (good
output) form the two outputs examined. Then in model M3 labor, capital, population density and also

waste are considered as inputs, whereas GDP and the gas emissions from the waste sector (NOx, SOx
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and GHGs) are being treated as good and bad outputs respectively. In this framework waste (which is
generally a bad output) is being treated as a regular input.

Many researchers have pointed that a DDF approach (suggested by Fare and Grosskopf, 2004)
is the best solution as it allows for simultaneous increase in desirable outputs and reduction of
undesirable outputs (Mohd et al., 2015). This also helps avoid making a random choice between input
and output technical efficiency measures. Such an approach includes two sets of linear programmes,
namely one of profit maximising and a second one in which technical efficiency is measured as a
simultaneous reduction in the input vector and expansion of the output vector (Coelli et al., 2005).
Additional advantages of this model include monotonicity, units’ invariance and output translation
invariance (Lin and Chen, 2017).

Several studies propose that MSW is affected by population’s income as economic activities
are very much related to waste generation and there is no strong evidence of decoupling MSW
generation from GDP and subsequently consumption (Mazzanti 2008; Mazzanti and Zoboli 2005b,
2008). Moreover the works of Sjostrom and Ostblom (2010) and Halkos and Papageorgiou (2015)
focus also on waste generation and its economic impacts. Based on these studies among a few
relevant ones, the variables used in our proposed model formulations are justified (MSW generation,
GDP, labour force, capital investment, population density and aerial gases in the form of NOx, SOx,
GHGs emissions).

All the above described frameworks of inputs/outputs are presented in Figures 48-50.

Labor force
GDP
_ > —_—
M1
Investment Waste
e —_—

Figure 48: Description of environmental production framework (M1)
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Labor force
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_
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GDP
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Figure 49: Description of environmental production framework (M2)

Labor force
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Population density
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Figure 50: Description of environmental production framework (M3)

For frameworks M1 and M2, CRS was used, whereas the analysis was performed with VRS for

framework M3 and all done according to the model by Simar and Wilson (1998), as shown in Table 17.

Table 17: Stata results on testing CRS vs VRS in this study’s three models for all examined years

Institutional Repository - Library & Information Centre - University of Thessaly
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Frameworks 2008 2010 2012 2014
M1 0.8589 0.9740 0.9850 0.7007
M2 0.9590 0.9900 0.9960 0.7307
M3 0.0000 0.0000 0.0000 0.0000
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The CRS model overestimates the true technical inefficiency by projecting to a technically
infeasible point if the relevant technically efficient benchmark is characterised by either increasing or
decreasing returns to scale (Ruggiero, 2011). Due to imperfect market information, government
regulations and constraints on finance the use of VRS seems appropriate in most cases.

Under the M1 framework the highest performers are: Finland, Ireland, Luxembourg, Norway
and the UK, whereas the least performing countries are: Bulgaria, Estonia, Latvia and Romania. For
framework M2 the highest performing countries are: Finland, Ireland Luxembourg, Norway and
Sweden. The lowest performers are: Bulgaria, Czech Republic, Latvia, Romania, and Slovakia. Finally
under framework M3 the most efficient countries are: Cyprus, Estonia, Greece, Finland, Latvia,
Luxembourg, Malta and Norway, whereas the least efficient are: Bulgaria, Czech Republic, Romania
and Slovakia.

Table 1.4 (Appendix 1) presents the efficiency scores over the years for the three different
frameworks. Also Table 1.5 (Appendix 1) presents the average scores (year-wise) per country per
modelling framework.

However, the results obtained are biased and therefore following the bootstrap technique
presented in Section 3.1.3, the biased corrected results need to be adopted in our analysis. Table 1.6
(Appendix 1) presents the efficiency scores of the 28 countries, the biased corrected efficiency scores,
the standard deviation -std and the 95-percent confidence intervals: lower and upper bound obtained
by B=999 bootstrap replications using the algorithm described in Section 3.1.3.

According to the biased corrected efficiency measures the countries with the higher

environmental efficiency scores (i.e. > 0.70) over the years are reported to be:

. Framework M1: Finland, Germany, Ireland, Norway and the UK.
. Framework M2: Austria, Belgium, France, Germany, Ireland, Netherlands, Sweden and the UK.
. Framework M3: Austria, Belgium, Denmark, France, Ireland, Italy, Lithuania, Netherlands,

Portugal, Slovenia, Spain, Sweden and the UK.
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As it is evident these different frameworks extract different results. This difference can be
explained by the fact that in M1 and M2 the bad output (MSW generation) is considered as output,
whereas in framework M3 it is considered as a regular input

Different modelling techniques are not comparable among them since they take into account
diverse assumptions. It can be clearly observed that the lack of a uniform environmental policy among
the European countries is reflected upon their environmental efficiency levels regarding MSW
generation and treatment.

Regarding changes over the years in all models, there is not much difference showing that
probably not many alterations have been implemented in these countries and possibly also a lack of
coherent EU environmental policy in place. What is also strangely noticed is that the environmental
efficiency scores in all models tend to be lower in 2014 under all modelling frameworks and again this
shows the lack of policies’ implementation in the EU member states examined and seems to be highly

related to the worsening of the financial crisis that has hit Europe severely especially in the last 7 years.

4.3 Cultural dimensions and ‘waste culture’ (EU countries)

For this part of the analysis, it is identified that the Charnes et al. model is more appropriate
which allows constant returns to scale as the results obtained are higher than 0.05 thus accepting the
null hypothesis (B = 999). In more detail in this application two models were used as shown in Table

18.

Table 18: Stata results on testing CRS vs VRS in this study’s two models for all examined years

Frameworks 2005 2010 2015
M1 0.2442 0.1051 0.4124
M2 0.7157 0.4164 0.8418

In terms of methodology, the bad output (pollutant) in question, MSW generation, is modelled
as a regular bad output by applying the transformation introduced by Seiford and Zhu (2002, 2005).
In the two proposed models, different inputs are taken into account and MSW (bad output) and GDP

(good output) form the two outputs examined.
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For all 22 countries in the DEA analysis a radial model was used, which is output oriented and

under CRS as mentioned above. The above described frameworks of inputs/outputs are presented in

Figures 51 and 52.

Labor force
e
Capital

>

M1

GDP

Waste

Figure 51: Description of environmental production framework (M1)
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M2
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Waste

Figure 52: Description of environmental production framework (M2)

According to the bias corrected efficiency measures the countries with the higher

environmental efficiency scores (i.e. > 0.80) over the years are reported to be:

. Framework M1: Denmark, Greece, Italy, Netherlands and Poland.

. Framework M2: Denmark, Finland, Greece, Italy, Netherlands, Poland and Sweden.

Tables 1.7 and 1.8 (Appendix 1) present the efficiency scores of the 22 countries, the bias

corrected efficiency scores and the 95-percent confidence intervals: lower and upper bound obtained

by B=999 bootstrap replications using the algorithm described in Section 3.1.
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Additionally multiple regression analysis was used to test if the bias corrected efficiency scores
can significantly be predicted by Hofstede’s and Schwartz’s cultural dimensions for both frameworks
and for all the years examined. The regression results are presented and explained in Table 19 for

Hofstede’s cultural dimensions and Table 20 for Schwartz’s ones.

Table 19: Multiple regression analysis results for Hofstede’s cultural dimensions

Results per year/

modelling framework

M1

M2

e R?=0.3551-Low
predictability indicating
only 35.51% of variation in

efficiency scores is

e R?=0.2930 - Low
predictability indicating
only 29.3% of variation in

efficiency scores is

p-value of F stat = 0.0006
statistically significant
suggesting that changes in
predictors affect the

response variable

explained explained
2005
p-value of F stat = 0.2862 p-value of F stat = 0.4406
indicating no significant indicating no significant
overall statistical overall statistical
relationship between the relationship between the
variables variables
e R2=0.7426 - High e R2=0.7845 - High
predictability indicating predictability indicating
that 74.26% of variation in that 78.45% of variation in
efficiency scores is efficiency scores is
explained model explained model
2010

p-value of F stat = 0.0003
statistically significant
suggesting that changes in
predictors affect the

response variable
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2015

R?=0.5828 — Moderate
predictability indicating
that 58.28% of variation in
efficiency scores is
explained
p-value of F stat = 0.023 <
0.05 statistically significant
suggesting that changes in
predictors affect the

response variable

e R2=0.5086 - Moderate
predictability indicating
that 50.86% of variation in
efficiency scores is
explained model
p-value of F stat = 0.00633
statistically significant
suggesting changes in
predictors affect the

response variable

Table 20: Multiple regression analysis results for Schwartz’s cultural dimensions

Results per year/

modelling framework

M1

M2

2005

e R?=0.1472 - Low
predictability indicating
that only 14.72% of
variation in efficiency
scores is explained
p-value of F stat = 0.9191,
indicating no significant
overall statistical
relationship between the

variables

e R?=0.1363 - Low
predictability indicating
only that only 13.63% of
variation in efficiency
scores is explained
p-value of F stat = 0.9347
indicating no significant
overall statistical
relationship between the

variables

2010

R?=0.5463 - Moderate
predictability indicating
54.63% of variation in
efficiency scores is

explained

e R?=0.5624 - Moderate
predictability indicating

56.24% of variation in
efficiency scores can be

explained
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e p-value of F stat = 0.0766 e p-value of F stat = 0.0629

<0,10 significant at 0,10 <0,10 significant at 0,10
significance level significance level
suggesting changes in suggesting changes in
predictors affect the predictors affect the
response variable response variable
e R?=0.7160 - High e R?=0.5764 - High
predictability indicating predictability indicating
that 71.6% of variation in that 57.6% of variation in
efficiency scores is efficiency scores is
explained explained
2015
e p-value of Fstat=0.0050 | e p-value of F stat =0.00526
showing an overall showing an overall
statistically significant statistically significant
relationship between the relationship between the
variables variables

Results show that for the year 2005 no significant relationship is noticed between the
efficiency scores and the cultural dimensions’ data from both models, whereas for years 2010 and
2015 there appears to be a significant connection with changes in the predictors also affecting the
response variable. Moreover for years 2010 and 2015, the R? provides support for the assumed

relationship between culture and environmental efficiency in the examined EU member states.

4.4 Energy efficiency and MSW (EU countries)

This analysis of the Thesis deals with energy efficiency and it identifies that for the problem in
hand CRS is more appropriate following the Charnes et al. (1978) model as the results obtained are
higher than 0.05 thus accepting the null hypothesis (B = 999). The specific results are shown in Table
21.
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Table 21: Stata results on testing CRS vs VRS in this study’s two models for all examined years

Frameworks 2008 2010 2012 2014 2016
M1 0.6507 0.8809 0.2252 0.5075 0.4795
M2 0.6016 0.8138 0.3393 0.5736 0.5816

Following studies such as Wang et al. (2013) and Chien and Hu (2007) where capital, labor and

energy consumption are used as inputs and GDP (desirable output), carbon dioxide and sulphur

dioxide (undesirable outputs), this analysis produces two production frameworks as presented in

Figures 53 and 54. In both frameworks a radial model is used, which is output oriented.

Labor force

_
Capital

_— >
Final energy

consumption
_

Figure 53: Description of environmental production framework (M1)
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Figure 54: Description of environmental production framework (M2)

Under the M1 framework the highest performers are: Hungary, Luxembourg, Sweden;
whereas the lowest performers are: Estonia, Bulgaria, Greece and Slovenia. For framework M2 the
picture is quite similar.

Table 1.9 (Appendix 1) presents the efficiency scores over the years for the two frameworks.
Also Table 1.10 (Appendix 1) presents the average scores (year-wise) per country per modelling
framework.

However, the results obtained are biased and therefore following the bootstrap technique
presented in Section 3, the bias corrected results need to be adopted in our analysis. Table 1.11
(Appendix 1) presents the efficiency scores of the 28 countries, the bias corrected efficiency scores
and the 95-percent confidence intervals: lower and upper bound obtained by B=999 bootstrap
replications using the algorithm described in Section 3.

According to the bias corrected efficiency measures the countries with the higher
environmental efficiency scores (i.e. > 0.497) over the years are reported to be:

e Framework M1: Bulgaria, Cyprus, Estonia, Greece, Lithuania, Malta and Slovenia.
e Framework M2: Bulgaria, Cyprus, Estonia, Greece, Lithuania and Slovenia.

Different modelling techniques are not comparable among them since they take into account
diverse assumptions and inputs/outputs. It can be clearly observed that the lack of a common
environmental policy among European countries is reflected upon their environmental efficiency
levels regarding energy consumption and the relevant emissions.
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Regarding changes over the years and as can be seen in Figure 55, most countries seem to
maintain their efficiency scores with only Czech Republic, Finland, Ireland, Malta, Romania and
Slovenia marginally improving theirs. At the same time, it can be noticed that most countries have

higher environmental efficiency scores over 2010 and 2012 with a decrease after that.
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Figure 55: Bias corrected efficiency scores for all countries for all examined years
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4.5 Empirical results from panel data analysis (OECD countries)

Relying on the above described methodology, the current empirical analysis tests the
existence of cross section dependence (CD). Test results strongly reject the null hypothesis of cross-
section independence (P-value = 0.000) in all cases, providing evidence of cross-section dependence
in the data given the statistical significance of the CD statistics (Table 22).

Such a dependence may be occurring due to a number of reasons: i.e. selecting individuals
non-randomly, unobserved common shocks, due to a single currency and common policies (Basak and
Das, 2018) or even due to spatial and spillover effects or unobserved common factors (Baltagi and
Pesaran, 2007). Moreover in the case of social data it is expected that groups and their characteristics

are interrelated and not independent (Stephan, 1934).

Table 22: Cross-section dependence (Pesaran CD test)

Correlation
Variable CD test P-value Correlation
(absolute)
MSW/c 5.60"" 0.000 0.069 0.412
GDP/c 78.15™ 0.000 0.962 0.962
(GDP/c)? 76.55"" 0.000 0.942 0.942
(GDP/c)? 74.96™" 0.000 0.923 0.923
Education Level 74.52"" 0.000 0.917 0.917

Note: Under the null hypothesis of CD [CD~N(0,1)].
Correlation and Absolute (correlation) are the average (absolute) value of the off-diagonal elements

of the cross-sectional correlation matrix of residuals obtained. Significance at " 1%.

Starting with the panel unit root tests a graphical examination showed the inclusion of a trend
and a constant term existed in the model formulation with the lags determined by the use of Akaike
(1974) and Schwarz (1978) information criteria. Table 23 presents the tests applied to the variables
considered. It can be seen that there is evidence against non-stationarity in levels as in all cases the

examined variables are I(1).
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Table 23: ADF Fisher panel unit root tests

Variables ADF Fisher PP - Fisher
inverse inverse modified
inverse x?
normal logit inversed x2 X’ statistic
statistic
statistic statistic statistic
Levels
MSW/c 37.0234 1.2913 1.2974 -1.2977 54.5756
(0.9135) (0.9017) (0.9016) (0.9028) [0.3048]
GDP/c 69.2476"" -0.6319 -1.0323 1.9248"" 50.208
(0.0370) (0.2637) (0.1519) (0.0271) [0.4651]
(GDP/c)? 32.5562 1.7938 1.7414 -1.7444 63.8222
(0.9734) (0.9636) (0.9579) (0.9595) [0.9505]
(GDP/c)? 24.2221 5.9824 6.5488 -2.5778 71.7032
(0.9992) (1.0000) (1.0000) (0.9950) [0.9334]
Education 36.8732 1.2376 1.3660 -1.3127 78.2909
Level (0.9163) (0.8921) (0.9128) (0.9054) [0.0052]
First Differences
123.7869"" -3.2775™ -4.7087"" 7.3787"" 257.084""
A(MSW/c)
(0.0000) (0.0005) (0.0000) (0.0000) [0.0000]
123.4616™" -5.0654""" -5.5120"" 7.3462™" 244967
A(GDP/c)
(0.0000) (0.0000) (0.0000) (0.0000) [0.0000]
128.4535™" -5.0596""" -5.6494"" 7.8454™ 418.576™
A(GDP/c)?
(0.0000) (0.0000) (0.0000) (0.0000) [0.0000]
132.4456"" -4.7306™ -5.4094"*" 8.2446™" 525.321""
A(GDP/c)?
(0.0000) (0.0000) (0.0000) (0.0000) [0.0000]
A(Education | 79.5404™" -2.9762" -2.9353" 2.9540™" 312.518
Level) (0.0049) (0.0015) (0.0020) (0.0016) [0.0000]

Note: The null hypothesis assumes that the variable contains unit root. Numbers in parentheses

denote P-values. Significance at “""1%, 5% and "10%.
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Table 24 presents the Westerlund co-integration test values. From the G:and G, statistics Ho

is rejected only in the former, implying cointegration for at least one unit. From the P:and P, statistics,

Ho is rejected implying cointegration for the panel in total.

Table 24: Westerlund ECM panel cointegration tests

Statistic

Equation

G'L' GC( Pt PC(

-3.411™ -6.529 -11.186"" -3.384™"
MSW/c = f (GDP/c)

(0.0000) (0.7770) (0.0040) (0.0000)

3.512™" -8.432 -12.550"" -2.998""
MSW/c = f (GDP/c)?

(0.0000) (0.9950) (0.0100) (0.0000)

3.668""" -9.294 -13.637"" -3.214™
MSW/c = f (GDP/c)?

(0.0000) (0.975) (0.0000) (0.0000)
MSW/c = f (Educatiom 3.349™" -11.647 -13.996"" -9.679
level) (0.0000) (0.575) ( 0.0000) (0.2720)

Note: Test regression fitted on a constant and trend with one lag and lead. Kernel bandwidth was set

following Demetriades and James (2011). The null hypothesis assumes that there is no co-integration.

Numbers in parentheses are P-values. Significance at *"1%, 5% and *10%.

Similarly, Table 25 presents the Pedroni Cointegration tests with eight of the eleven cases

rejecting the null hypothesis of no-cointegration at the conventional statistical significance levels.

Table 25: Pedroni Residual Cointegration Test
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15/10/2023 21:00:48 EEST - 167.114.118.212

Weighted
Statistic Prob. Prob.

Statistics
Panel v-Statistic 0.700791 0.0000 0.565726 0.2992
Panel rho-Statistic -1.773241 0.0299 -1.275758 0.1042
Panel PP-Statistic -2.144834 0.0160 -2.009076 0.0223
Panel ADF-Statistic -1.449334 0.0029 -1.998793 0.0068
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Statistic Prob.
Group rho-Statistic 3.109888 0.9660
Group PP-Statistic -1.946870 0.0258
Group ADF-Statistic -2.251362 0.0122

Table 26 presents the results of both FE and RE model specifications for the static analysis (2"
and 3™ columns) and then for the dynamic formulation (4" and 5™ columns) for the best quadratic
and cubic formulations respectively. The Hausman test implies the use of FE model specifications.
According to the Pesaran CD test the null hypothesis that errors are independently distributed across
countries is rejected and this is the justification for estimating FE with Driscoll-Kraay standard errors
with the variance-covariance matrix corrected for the presence of serial and spatial correlation
(Camarero et al., 2011).

Moreover, Table 26 shows various diagnostic tests with three tests for heteroskedasticity and
two for specification errors. In the case of the static formulations all tests indicate no problem of
heteroskedasticity and specification errors especially in the full model (column 3™). In the case of the
dynamic formulations it seems that problems of both hetroskedasticity and misspecification are
noticed for 10% levels of significance in the first model (column 4") and no problem in the second
specification (column 5%). Finally, for the dynamic specifications none of the first- and second-order
serial correlation tests shows verification that serially uncorrelated errors hypothesis is inappropriate.

A number of random coefficients models were also analysed with the variables in logs or levels
and with quadratic and cubic GDP/c terms. In all cases both GDP/c and GDP/c squared were

statistically insignificant showing vast cross-country variation in f,’s and that even if an inverted ‘U’

shape relationship exists its parameters are extremely heterogeneous across countries with any
aggregation being useless. The magnitude of education ranges from 1.7 to 2.5 with negative effect in
any instance. This negative coefficient of education coincides with the expectation of the present
analysis, namely as education increases, MSW tends to decrease.

Concerning the static specifications in all cases all variables are statistically significant and
properly signed in all levels of significance. The calculated turning points are quite high but within the
sample. Specifically, they are high in the static specifications having values of 91,5605 in the simple
model and 98,098S$ in the full model. Looking at the dynamic model specifications and in the case of
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System-GMM GDP and its powers, education and the lag of MSW are statistically significant in all
significance levels with a valid inverted U-shape relationship and lower turning points compared to
the static specifications within the sample ranging from 26,894S$ to 64,364S.°

In the dynamic models much lower turning points are found equal to 64815$ and 66184S for
the one- and two step GMM system specifications respectively. Moreover in Table 26, the system
GMM estimates indicate the presence of an inverted U-shape relationship between countries’ MSW/c,
economic growth and education with statistically significant parameter estimates. Figure 56 presents

the extracted relationships for the static (a) and dynamic (b) specifications.

Y FE Driskoll-Kraay (b) Y SYS-GMM Two step
900 100
90 (]
800 - 0000 0 00 ¢ 'o..
700 80 o
o
600 70 o
60 %
500
50
400
40
300
30
200 2
100 10
0 0
0 20000 40000 60000 80000 100000 120000 0 0000 40000 60000 80000 100000 120,000
(a) (b)

Figure 56: Derived relationships (x axis represents GDP levels (US dollars/capita), whereas y axis

represents MSW levels (kilograms/capita))

The use of the lags of the dependent variable refer to the autoregressive-distributed lag
specification ending up to an AD (1,0) formulation omitting insignificant dynamics. It is assumed that
variables except the lagged dependent are strictly exogenous. The adjustment coefficients are quite

low for MSW equal to 0.113 and 0.142 in the cases of one and two step system GMM respectively.

5 Regarding the theoretical underpinnings justifying the existence of an inverted U-shape and N-shape
relationships see Halkos (2013b) and Halkos (2012).
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Table 26: Empirical findings with different specifications

Static Dynamic
FE Driskoll-Kraay| FE Driskoll-Kraays.e| SYS-GMM SYS-GMM
Model
s.e. (a) (b) One-step Two-step
266.2972" 62.588
Constant 274.2088 " [0.0000]
[0.0000]
0.0088877"" 0.00175 0.00274
GDP/c 0.010914 " '[0.0000]
[0.0000]
-4.53e-08""" -5.96E-08""" -1.35e-08 -2.07e-08
(GDP/c)2
[0.002413] [0.002413]
-2.0175 -1.6587"" -2.4994™
Education
[0.0000] [0.0807] [0.0807]
0.8867"" 0.8577°"
(MSW/c)1
[0.0000] [0.0000]
10.75 0.55 0.55
Hausman Test
[0.0010] [0.4603] [0.4603]
Pesaran’s cross-sectional 48.549 27.483 1.959 0.761
dependence [0.0000] [0.0000] [0.0501] [0.4469]
1929.29™ 1872.55™
Wald test
[0.0000] [0.0000]
-3.78™
AR(1) -3.54 [0.0010]
[0.0000]
0.77 0.79
AR(2)
[0.4436] [0.4971]
31.11
Hansen test 31.72 [1.0000]
[1.0000]
Test 1 1.14 1.08 1.06 0.31
(heteroskedasticity) [0.3308] [0.3411] [0.289] [0.753]
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Test 2 2.90 0.82 0.29 1.41
(heteroskedasticity) [0.0338] [0.4423] [0.775] [0.159]
Test3 2.77 2.01 0.86 1.46
(heteroskedasticity) [0.0962] [0.1561] [0.391] [0.144]
Test 4 3.12 1.30 2.97 0.43
(RESET 1) [0.078] [0.2730] [0.0516] [0.67]
Test5 2.40 1.42 5.66 0.11
(RESET 2) [0.0962] [0.2411] [0.0000] [0.912]
Inverted Inverted Inverted Inverted
Shape of curve
U-shape U-shape U-shape U-shape
Turning Points 91560 98098 64815 66184
Observations 550 550 519 519

Test 1: Regression of the squared residuals on X. That is, u? = Xy, + v,

Test 2: Regression of absolute residuals on X. That is, | U, |= X{y, + V,, (a Glejser test)

Test 3: Regression of the squared residuals on Y
Test 4: Regression of residuals on Y?

Test 5: Regression of residuals on ?3

P-values in brackets. SYS-GMM is the system GMM estimator.

The numbers in square brackets denote P-values.

AR(1) and AR(2) are tests for first and second order serial autocorrelation.
The Likelihood Ratio (LR) test denotes joint significance of all the covariates.
Hansen denotes the test of over identifying restrictions of the instruments.

Significance at *"1%, 5% and “10%.

Apart from the main results, it is worth mentioning that the rate of adjustment with which
efficiencies adjust to their equilibrium values is slow. The lag coefficient in the estimated equation
shows that the adjustment of economic efficiency proceeds at a rate of around 33% per annum. This
implies that 14% of the discrepancy between the desired and the actual levels of economic efficiencies
are adjusted in a year.
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It can also be inferred that the adjustment of economic efficiency is effected within almost
seven periods. The causes of this very slow adjustment of economic efficiency should be sought mainly
in countries’” MSW management policies, education level and in their differences on their growth
processes overall.

Following the results’ analysis of all parts of this Thesis in this Section, the following section
(Section 5) will discuss these in relation to the EU’s and worldwide current trends in order to

understand what these mean and their potential implications.
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5. Discussion

The present section considers the main findings of the analysis and firstly discusses the main
findings of the DEA analysis both on a regional (Section 5.1) and country level (Section 5.2). Then the
findings of the cultural dimensions and MSW management are discussed in Section 5.3, while Section
5.4 reviews the implications of the energy efficiency research in relation to MSW. Finally Section 5.5

evaluates the econometric results from the panel data OECD country analysis.

5.1 DEA EU regional level analysis

The efficiency scores obtained through DEA from the EU regional level analysis, have been
reviewed against the treatment options that have been employed in each region and which for this
analysis include landfill, incineration, material recycling and composting. Data for the treatment
options have been obtained from Eurostat as well. First of all it is worth mentioning that overall in the
EU a decrease in the use of landfill and an increase in the use of more sustainable treatment options

has been noticed over the period 1995-2015 (Figure 57).

Figure 57: Municipal waste treatment per treatment option (1995-2015) (Eurostat, 2017)

The aim of the comparison in this analysis was to investigate whether regions with the use of
more sustainable treatment options are the ones that are the highest performers regarding efficiency
based on the DEA analysis. Table 27 presents the treatment options that have been used for the

highest performing regions, whereas Table 28 presents those options for the lowest performers.

161 |Page

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:00:48 EEST - 167.114.118.212



Table 27: Treatment options for highest performers overall (Y — yes, N — no)

Most frameworks — Material
Landfill Incineration Composting
high performers Recycling
Brussels N Y — most treated Y Y
Yuzhen tsentralen Y No data No data No data
Dusseldorf No data Y —most treated Y Y
Valle d'Aosta Y — most treated N No data Y
Liguria Y N No data Y
Lombardia Y Y No data Y
Lazio Y Y No data Y
Sicilia Y N No data Yes
Luxembourg Y Y —most treated Y Y
Algarve Y N Y Y
Manchester Y Y Y Y
Surrey etc. Y Y Y Y
Table 28: Treatment options for lowest performers overall (Y —yes, N — no)
Most
frameworks — Material
Landfill Incineration Composting
lowest Recycling
performers
Severozapaden Y No data No data No data
Zeeland Y Y — most treated Y Y
Flevoland Y Y — most treated Y y
Stredni Cechy No data No data No data No data
Dél-Dunantul Y — most treated N Y Y
North Eastern
Y — most treated N Y Y
Scotland
Eszak-Alféld Y — most treated N Y Y
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It was noticed that higher performing regions generally employ all four treatment options and
for some landfill is still in extensive use for the majority of the waste treated. In Brussels and
Luxembourg metropolitan regions incineration is mostly used instead.

On the other hand for the lowest performing regions generally landfill is used mostly in those
ones with a small mix of other more sustainable options and with the exceptions of Flevoland and
Zeeland, both regions of the Netherlands, which use mostly incineration.

These results are not unexpected because we need to account for the transport of waste
between regions within a country and also the general trade of waste between countries. Regulation
(EC) No 1013/2006 of the European Parliament and of the Council of 14 June 2006 on shipments of
waste aims at managing all the procedures around controlling waste shipments and to improve
environmental protection in whole (Municipal Waste Europe, 2017).

In those regards the principles of self-sufficiency, proximity of waste for disposal and prior
informed consent need to be considered (Municipal Waste Europe, 2017). The growth in exports of
waste in the EU can be attributed to a number of factors, mainly the recycling targets set in the waste
directives, disparities in recycling infrastructure between EU Member States, increasing prices for
secondary materials and increasing demand for materials, especially in Asian countries (European
Environment Agency, 2012). For instance Table 29 presents the main export and import countries for

the top 10 non-hazardous wastes for 2013.

Table 29: Imports and exports of non-hazardous waste in the EU (Eurostat, 2016)

Recovery of
Low Quantity in Exporting Quantity in Importing Quantity in
LoW description disposal
code tonnes country tonnes country tonnes
code®
United
Combustible 191210 R1 2,383,688 1,697,597 Netherlands 1,080,122
Kingdom
waste (refuse
Mix 79,838 Netherlands 220,628 Germany 508,908
derived fuel)
R13 5,490 Belgium 146,565 Sweden 264,772

6 The recovery and disposal codes could refer to the operations included in Annex IA of the WashipR and Annexes | and Il
of the Waste Framework Directive.
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Total
of 2,477,061 2,477,061 2,477,061
191210
Other wastes United
191212 R1 913,253 265,580 Netherlands 467,386
(including Kingdom
mixtures of Mix 106,213 Netherlands 240,722 Germany 334,678
materials) from D10 84,810 Austria 198,289 Slovakia 136,194
mechanical
treatment of
Total
wastes other
of 1,243,649 1,243,649 1,243,649
than those
191212
mentioned in 19
1211
United
191207 R1 871,483 504,649 Germany 419,984
Kingdom
Wood other than R3 329,897 Netherlands 420,344 Sweden 382.731
mentioned on 19 R12 15,912 Germany 171,643 Netherlands 155,813
12 06 Total
of 1,227,070 1,227,070 1,227,070
191207
200301 D10 424,959 Netherlands 269,891 Germany 278,264
R1 142,949 Germany 170,590 Switzerland 157,509
Mixed municipal R3 13,930 Ireland 112,379 Netherlands 100,022
waste Total
of 583,493 583,493 583,493
200301
190112 R5 365,037 Germany 266,395 Netherlands 364,442
Bottom ash and R12 157,827 Belgium 219,702 Germany 110,821
slag other than R4 24,780 Denmark 51,962 France 72,592
those mentioned Total
in190111 of 569,322 569,322 569,322
190112
190805 D10 161,865 Netherlands 95,385 Germany 187,424
Sludges from
R3 48,199 Belgium 60,140 Hungary 32,326
treatment of
R1 42,593 Slovenia 35,768 France 13,813
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urban waste Total

water of 266,815 266,815 266,815
190805

170504 R5 172,963 Luxembourg 93,263 Germany 187,342

Soil and stones D1 35,408 Austria 50,392 Netherlands 35,408

other than those Mix 19,875 Netherlands 43,715 Spain 19,155

mentioned in 17 Total

0503 of 245,743 245,743 245,743
170504
Czech
030310 R5 97,814 Germany 81,986 72,136
Fibre rejects, Republic
fibre-, filler and R3 90,533 Austria 55,452 Belgium 53,882
coating sludges R1 17,073 Netherlands 42,183 Germany 34,469
from mechanical Total
separation of 216,511 216,511 216,511
03010
Mixtures of 170107 R5 143,466 Germany 143,466 France 90,427
concrete, bricks, Netherlands 53,040
tiles and
ceramics other Total
than those of 143,466 143,466 143,46

mentioned in 17 | 170107

0106
17 05
R5 135,655 Belgium 136,300 Netherlands 136,300
Dredging spoil 06
other than those D5 645
mentioned in 17 Total
05 05 of 136,300 136,300 136,300

170506

This means that despite the fact that a region uses mostly landfill for example, it can also be
very efficient in DEA while taking many parameters into account (population density, GDP, labor,
investment). This is due to the fact that it is possible that waste produced in that area is actually
treated elsewhere. The Eurostat data for the treatment options refer only to a certain region and

cannot reflect waste movement in that sense, therefore it is not possible to match this waste treated
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with the efficiency scores of DEA on the regional level. This would make more sense in a country level

analysis.

5.2 DEA EU country level analysis

The DEA results regarding the efficiency of EU countries with the parameters taken into
account were contrasted to both the recycling rate of those countries and the treatment options used
overall. At the moment only around 40% of the waste produced by EU households is recycled
(European Commission, 2015a). Table 30 presents the recycling rates of municipal waste (as %) for the

countries of our analysis.

As can be noticed from this table, the countries that have the highest recycling rates overall
are Austria, Belgium, Germany, Netherlands and Sweden. Moreover Czech Republic, Estonia, Hungary,
Italy, Lithuania, Poland, Portugal and the UK show an increase in their recycling rates over the years
with very big increases of this share in most of these countries. These recycling rates are in agreement
with the efficiency results from the DEA analysis, namely the countries that are more efficient

according to DEA generally present a higher recycling rate than those inefficient ones.

Table 30: Recycling rate of municipal waste (%) (higher performers in green color) (Eurostat data)

2008 2010 2012 2014
Austria 63.2 59.4 57.7 56.3
Belgium 56.2 57.7 55.7 55.1
Bulgaria 19.4 24.5 25 23.1
Cyprus 7.3 10.7 13.6 17.7
Czech Republic 10.4 15.8 23.2 254
Denmark 42 423 41 44.3
Estonia 20.2 18.2 19.1 31.3
Finland 343 32.8 33.3 325
France 33.3 349 36.8 39.2
Germany 63.8 62.5 65.2 63.8
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Greece 17.7 17.1 19.3 19.3
Hungary 15.2 19.6 25.5 30.5
Ireland 33.6 35.7 36.6 36.6
Italy 23.8 31 384 42.5
Latvia 6.4 9.4 15.8 20.5
Lithuania 8.5 4.9 235 30.5
Luxembourg 46 46.5 47.4 46.6
Malta 2.9 5.2 12.1 10.9
Netherlands 48.4 49.2 49.4 50.9
Norway 43.6 42.1 39.8 42.2
Poland 10.5 21.4 19.6 32.3
Portugal 17.3 18.7 26.1 304
Romania 0.9 12.8 14.8 13

Slovakia 7.4 9.1 13.3 10.3
Slovenia 18.9 22.4 41.9 36

Spain 39.7 29.2 29.8 32,6
Sweden 45.8 48.1 47.2 49.9
United Kingdom | 36.4 40.2 42.6 43.7

Overall to raise levels of high-quality recycling, waste collection and sorting methods need to
be improved, for instance by financing extended producer responsibility schemes, where
manufacturers contribute to product collection and treatment costs (European Commission, 2015a).
Under a circular economy approach, recycling plays a crucial role by increasing the availability of
resources for the industry, by reducing the associated environmental impact and by promoting job
creation and investment in the recycling sector (Exposito and Velasco, 2018). Furthermore the DEA
efficiency results were contrasted to the overall treatment options (as shown in Table 31) used in the

countries into consideration.

Germany is efficient under most DEA frameworks and is actually one of the countries in EU
with the most incineration, material recycling and composting of waste and treats only a small amount
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of waste at landfills. France, Italy, the Netherlands, Spain and Sweden generally employ all treatment
options with Sweden almost without any landfill treated waste, at the same time Sweden is efficient
in all DEA frameworks too. The surprising result is the UK which is efficient under all frameworks but

still highly relies on landfill for the year 2008 especially, but this decreases with the passing of time.

Overall though it is noticed that countries which employ all four treatment options with a
higher use of more sustainable ones and a decrease in the use of landfill are the ones that also proved
to be efficient according to DEA. Therefore it is possible to infer that when a country uses sustainable
treatment options, it is also efficient under DEA by means of the parameters taken into account in this

analysis.

These results also need to be considered under the fact that after 2010 the financial crisis has
hit Europe severely. In those regards most EU countries have explored a transition to more sustainable
treatment options with a high decrease in the use of landfills. This would make more sense
economically as countries would be able to get back more resources which could then be used in the

production process as raw material/input again.

Waste management holds a critical role in the circular economy: it determines how the EU
waste hierarchy will be enforced giving priority to prevention, preparation for reuse, recycling and
energy recovery through to disposal, such as landfilling (European Commission, 2015a). In the
European context, the EU 2020 strategy sets out a guidance for the sustainable use of resources, which
is based on a new growth model where waste is reintroduced into the production process for the

production of new products or raw materials (Exposito and Velasco, 2018).

Therefore the treatment options employed by each country are very much related to the
European Commission’s Circular Economy Package, which aims to accelerate Europe's transition
towards a circular economy by certain legislative proposals, along with the waste reduction targets
across EU member states (European Commission, 2016a). To achieve the transition to a circular
economy, the value of products, materials and resources needs to be maintained in the economy for

as long as possible and the generation of waste minimised (European Commission, 2017a).
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Table 31: Municipal waste by waste operations (thousand tonnes)

Landfill Incineration Material recycling Composting
GEO/TIME 2008 2010} 2012 2014 GEO/TIME 2008 2010} 2012} 2014 GEO/TIME 2008 2010 2012 2014} GEO/TIME 2008 2010 2012 2014
Austria 373 153 207 194 Austria 1,357 1,636 1,693 1,756 Austria 1,476 1,272 1,168 1,231 Austria 1,683 1,520 1,650 1,492
Belgium 371 84 51 46 Belgium 1,956 2,028 2,108 2,090 Belgium 1,784 1,807 1,736 1,663 Belgium 1,103 1,060 1,033 1,027
Bulgaria 3,359 3,041/ 2,323 2,217 Bulgaria 0 0 0 51, Bulgaria 871 1,003 749 677 Bulgaria 0 0 92, 59
Cyprus 531 490 451 398 Cyprus 0 0 0 4 Cyprus 42 61] 70| 71 Cyprus 0 0 7 22
Czech Republic 2,057 2,162, 1,828 1,827 Czech Republic 369 497 654 604 Czech Republic 280) 452 665 736) Czech Republic 50 76| 85 93
Denmark 175 130 89 56/ Denmark 2,186 2,025 2,387 2,385 Denmark 1,106 857 1,081 1,153 Denmark 606 720 639 743
Estonia 333 267 129 30 Estonia 1 0 47, 222 Estonia 78] 41 52| 125 Estonia 28, 33 19| 22
Finland 1,406 1,136 901 458| Finland 478 556 925 1,316 Finland 715 495 589 474 Finland 234 332 323 382
France 10,995| 10,745 9,120] 8,467 France 12,166 11,730 12,141 12,222 France 5,972 6,143 7,217| 7,436 France 5,581/ 5,917 5,720 5,782
Germany 286 206 107, 682 Germany 17,247 18,256 17,192 16,318 Germany 22,752 22,476 23,596 23,323 Germany 8,082/ 8,298 8,864 8,614
Greece 4,181 4,903 4,507 4,470 Greece 0 0 0 25 Greece 797 872 869 869 Greece 100 142 209 209
Hungary 3,341]  2,838) 2,609 2,181 Hungary 393 406 364 373 Hungary 607 641 832 923 Hungary 85 148 183 236
Ireland 1,939 1,496 1,028 537 Ireland 82 109 427 893 Ireland 977 910 829 829 Ireland 107 107 156 156
Italy 16,069 15,015 11,720 9,332 Italy 4,372 5,440 5,529 5,868 Italy 4,631 6,107 7,177 7,732 Italy 3,106 3,943 4,339 4,865
Latvia 705 617 516 515 Latvia 3 0 0 0 Latvia 43 60 84 107 Latvia ) 4 13 26
Lithuania 1,237, 1,079 971] 748| Lithuania 0) 1 0) 113 Lithuania 101 43| 261 268| Lithuania 15 19 51 119
Luxembourg 60 62 61 62 Luxembourg 124 123 121 119 Luxembourg 89 93 96 97 Luxembourg 68 67 68 63
Malta 266 226 203 218 Malta 0 0 1 1 Malta 8 13| 20| 19| Malta 0 0 10| 9
Netherlands 154 145 138 128 Netherlands 4,936 4,675 4,515 4,238 Netherlands 2,450 2,354 2,196 2,111 Netherlands 2,330 2,310, 2,353 2,411
Norway 415 137 44 60| Norway 873 1,154 1,346 1,148 Norway 670 609 620 567 Norway 343 358 333 351
Poland 8,716 7,428 7,158| 5,437 Poland 40| 39 51 1,560 Poland 895 1,783 1,244 2,180 Poland 386 790 1,128 1,154
Portugal 3,530 3,381 2,593 2,307 Portugal 993 1,058 930 974 Portugal 567 619 549 765 Portugal 382 399 694 665
Romania 6,486 4,813 3,427, 3,558 Romania 0| 21 89 133 Romania 72| 162 165 253 Romania 3 650 580 391
Slovakia 1,276 1,325 1,211 1,158 Slovakia 157 183 168 190 Slovakia 60 98 140 88 Slovakia 64 59 81 91
Slovenia 685 571 316 208] Slovenia 13 9| 10| 2 Slovenia 190 203] 270] 259 Slovenia 17| 22/ 42 62
Spain 13,091| 14,789| 13,263 12,023 Spain 2,170 2,044 2,112 2,394 Spain 3,898 4,175 4,277 3,138 Spain 6,158 2,767 2,245 3,446
Sweden 140 38| 27| 27| Sweden 2,272 2,099 2,233 2,102 Sweden 1,520 1,414 1,403 1,418 Sweden 522 564/ 621 699
United Kingdom 17,590 14,686 11,277 8,656 United Kingdom 3,448 4,124 5,698 8,263 United Kingdom 7,775] 8,069 8,173 8,503 United Kingdom 4,402 4,786 4,788 5,091
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5.3 DEA cultural dimensions and waste culture (EU countries)

Sometimes factors may be correlated but it’s not obvious to see the cause and effect

relationship between them, so it’s important to evaluate also what is happening in the real world

(Redman, 2008). Sustainability requires substantial change in our conception of natural resources (de

Kadt, 1994). The analysis results presented above show that although in 2005 the cultural

characteristics do not seem to have a significant relationship with the efficiency scores of each

country, in 2010 and 2015 the picture is completely different.

Thus this implies that people’s attitudes towards waste management have changed based on

the cultural dimensions’ data provided. In more detail it is possible to evaluate which specific cultural

dimensions influence people’s attitudes more (p-value from regression analysis < 0.05), which can be

seen in summary in Table 32 for Hofstede’s dimensions and Table 33 for Schwartz’s ones.

Table 32: Hofstede’s cultural dimensions — p value analysis

Hofstede’s cultural
M1 M2
dimensions
2005 None None
e Individualism vs. Individualism vs.
Collectivism Collectivism
e Uncertainty avoidance Uncertainty avoidance
index index
2010
e Longterm vs. short Long term vs. short
term term
e Indulgence vs. Indulgence vs.
Restraint Restraint
e Individualism vs.
Collectivism Individualism vs.
e Uncertainty avoidance Collectivism
2015
index Long term vs. short
e Longterm vs. short term
term
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Table 33: Schwartz’s cultural dimensions — p value analysis

Schwartz’s cultural
[k M2
dimensions

2005 None None
2010 None None

e Conservatism
2015 o Affective autonomy None

e Egalitarianism

Among Hofstede’s dimensions, individualism, uncertainty avoidance, long term orientation
and indulgence were positively associated with the efficiency scores regarding waste arisings for 2010
and 2015. The relationship between Schwartz’s cultural values and the DEA efficiency scores was not
found to be significant apart from conservatism, affective autonomy and egalitarianism but only for
year 2015. Overall findings suggest that Hofstede’s cultural dimensions would be best to be

considered when developing national level strategies and campaigns to manage waste arisings.

A complete cultural change towards waste management of course won’t be achieved very
quickly, but behavioural change can be achieved when faced with an imminent crisis (Oosthuizen,
2018). In those regards the above mentioned findings can be associated with the financial crisis that
has hit Europe after 2008 making people more skeptical on environmental issues and how waste is

best to be managed that will make sense financially but also environmentally.

At the same time EU jurisdiction has laid out some important Directives in the field of waste
management with regards to ways of disposal, special requirements, restrictions and potential
sustainable solutions (Oosthuizen, 2018). Finally along with the factors above, EU has been faced with
severe environmental challenges due to waste arisings, as well as accidents and injuries for people
working in this sector. In the table below (Table 34) the most important waste incidents in Europe for

years after 2000 are presented.
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Table 34: Waste incidents in Europe

Incident Description Year Location

Spodden Valley Land
2004 United Kingdom
asbestos casel contamination

Ndrangheta’s own

Radioactive

‘waste 2005 Italy
waste dumping

management’

Naples waste
Overfilled

management 2007 Italy
landfills

crisis

Ajka alumina plant | Caustic waste
2010 Hungary
accident spill

1. Bulgaria: 113 non complaint.

2. Cyprus: six landfills breaching Directive.

3. Greece: Kiato landfill operating without
permit since 2002 plus 78 illegal landfills and
lack of management.

4. Italy: 255 landfills (16 hazardous) remaining
to be cleaned up and the Malagrotta landfill in
Based
Non-compliant Rome and others in the region are accepting
No compliance on 2015
landfills” waste that has not undergone the treatment
data
required.

5. Slovakia: no conditioning plan for landfill in
Povazsky Chime.

6. Slovenia: 2 illegal landfills for hazardous
waste.

7. Spain: 28 non-complaint landfills remain to

be closed.

7 Watkins (2015)
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All in all, it comes forward that the current economic and environmental situation across
Europe has affected culture among those member states and along with the industrial symbiosis laid

out in EU legislation, have led to fostering innovation and long-term culture change.

5.4 DEA and energy efficiency (EU countries)

The efficiency scores obtained and presented in Section 4.4 show that EU wise environmental
efficiency levels regarding energy consumption and emissions tend to be quite low overall. The world’s
tension level of energy supply is worsened over the years and efforts are being made to replace
traditional fossil fuels with more sustainable options achieving a good balance between economic
development and environmental protection (Song et al., 2013). Energy from waste is the largest
source of renewable energy today in the EU and is expected to hold this place until 2030, reaching a

share of 60—-70% (UNEP, 2015).

The ‘International Energy Efficiency Scorecard’ published in 2014 by the American Council for
an Energy-Efficient Economy stresses that countries can maintain their resources, address global
warming, stabilize their economies and reduce the costs of their economic outputs by using energy
more efficiently (Suzuki and Nijkamp, 2016). This can be seen graphically also in Figure 43 where a
decrease in emissions’ level is generally noticed. The results obtained from the current analysis are

also in connection with the EU’s targets for energy and climate as presented in Figure 58.

¢ -20% GHG emissions h
® 20% renewable energy

* 20% energy efficiency )
* >-40% GHG emissions h
* >27% renewable energy

* >30% energy efficiency )

Figure 58: EU’s framework for energy and climate for 2020 and 2030 (European Commission, 2017b)
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In connection to that, nations have been moving towards waste-to-energy with two main
objectives, namely sufficient and sustainable energy production and effective treatment of MSW by
reducing its volume by about 87% (Miranda and Hale, 1997). Both these two factors need to be taken

into account when considering this option (Miranda and Hale, 2005).

A major issue to make sure this option is viable both from an economic and an environmental
perspective is to take into consideration the resource characteristics, such as their location, amount
and quality (Milbrandt et al., 2018). Energy efficiency should be considered to avoid unnecessary
entropy production but also to make processes more cost effective and ecofriendly (Krajacic et al.,

2016). The main benefits from waste-to-energy include (WWF, 2012):

e It transforms waste from a problem into a resource.
e Energy generated contributes to primary energy savings from other energy sources.
e It can reduce greenhouse-gas emissions when it replaces more carbon-intensive energy sources.
e Waste to landfill is reduced heavily.
e Waste treatment time is extremely short compared with landfills.
e [talso enables treatment of hazardous waste.

At the same time, the main associated risk is that those systems become highly dependent on
and justify societies' increasingly uneconomical consumption levels, while also having unintended
negative effects (such as higher levels of energy and material use throughout a society, increasing

upstream environmental impacts) (WWF, 2012).

Moreover it is essential to create a network of the waste by-products, electricity and heat
between multiple sectors throughout the world (Geng et al., 2016). Figure 59 presents a map of waste-
to-energy plants in Europe for 2017, whereas capacity is seen to be overall stable compared to 2016,

with only the UK increasing its capacity.
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Figure 59: Waste-to-Energy in Europe in 2017 (with red: waste thermally treated (in million tonnes)

and with blue: plants operating in Europe) (CEWEP, 2017)

The necessary treatment that is to be used depends highly on the nature and volume of the
waste stream with the main factor taken into account its energy content (calorific value) and as a rule
of thumb waste-to-energy option should be considered when the incoming waste has an average

calorific value of at least 7 MJ/kg (World Energy Council, 2016).

Table 35 presents the average net calorific values for most common MSW waste streams.
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Table 35: Approximate net calorific value (MJ/kg) (ISWA, 2013)

Fraction Value
Paper 16
Organic material 4
Plastics 35
Glass 0
Metals 0
Textiles 19
Other material 11

Overall the European Commission recommends the main technologies that could be used

(Malinauskaite et al., 2017):

o co-incineration in combustion plants: with gasification of SRF and co-incineration of the
resulting syngas in the combustion plant.
o co-incineration in cement kilns.
o incineration in dedicated facilities:
o the use of super heaters and heat pumps
o the utilisation of the energy contained in flue gas
o distributing chilled water through district cooling networks.

. bio-methane for further distribution and utilisation.

In those regards Scarlat et al. (2018) perform a suitability analysis as to where waste-to-energy
plants are best to be built, which can be seen graphically on Figure 60. The potential plants (shown in
green) are interrelated with the results of the current analysis, as according to their analysis, there is
great potential to build plants for instance in Czech Republic, Croatia, France, Hungary, Italy, Spain and

UK.

For those countries the current analysis found that energy efficiency scores are overall quite

low in comparison to other countries. Also Greece and Bulgaria show a great potential for building
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waste-to-energy plants which makes sense according to this analysis as for these countries efficiency

scores are quite low as well.

Figure 60: Suitability map for waste-to-energy plant location (Scarlat et al., 2018)

Energy efficiency levels across the 28 EU examined countries are quite low overall with only a
few countries differentiating. As it stands, waste management holds a crucial part in the context of
the circular economy whereas prioritization needs to be given to prevention, preparation for reuse,
recycling and energy recovery through to disposal, such as landfilling (European Commission, 2015a).
The circular economy aims to accomplish the optimum production through the 3R principle — reduce,
reuse and recycle — while minimizing resource utilization, pollution emissions and waste discarded

(Wu et al., 2014).
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Therefore the treatment options employed by EU Member States are very much related to
the European Commission’s Circular Economy Package, which aims to accelerate Europe's transition
towards a circular economy by certain legislative proposals, along with the waste reduction targets
across EU Member States (European Commission, 2016a). To do so, the value of products, materials
and resources needs to be maintained in the economy for as long as possible and the generation of
waste minimized (European Commission, 2015b). Hence waste to energy addresses the problems of
energy demand, waste management and GHG emissions at the same time, achieving a circular
economy system (Trindade et al., 2018). By 2020 196 billion kWh of sustainable energy could be
produced through waste-to-energy plants which makes an equivalent of the energy produced by 6-9
nuclear stations or 25 coal power plants (Kleppmann, 2013).

At the same time one of the EU Commission’s priorities is also a European Energy Union which
ensures reliable energy supplies at rational prices for businesses and consumers and with the least
environmental impacts (European Commission, 2012b). This union would enhance the economy and
attract investments thus creating new jobs opportunities (European Commission, 2017b).
Competition policy in the EU is essential for the internal market with the first liberalisation
directives established in 1996 (electricity) and 1998 (gas) and the second liberalisation
directives adopted in 2003 (European Commission, 2012b). This competition policy aims mainly to
ensure that companies compete fairly, creating a wider choice for consumers and helping reduce

prices and improve quality (European Commission, 2015c).

Despite these regulations, markets seem to be largely national and with relatively few cross-
border trade, therefore the EU Commission has paid great attention into controlling potential mergers
(such as the proposed merger between EDP and GDP in Portugal), into setting up rules for mergers
and in controlling state aid to energy companies across the EU (European Commission, 2012b). In
more detail, it is essential to have an EU competition policy, mainly to achieve (European Commission,

2015¢c):

e Low prices for all: thus more people can afford to buy products and businesses are encouraged to
produce.
e Better quality: competition encourages businesses to improve the quality of goods and services

they sell and to attract more customers and expand their market share.
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e More choice: businesses will try to make their products unique.
e Innovation: in their product concepts, design, production techniques, services, etc.
e Better competitors in global markets: competition would enhance European companies’ strength
outside the EU and enable them to hold their own against global competitors.

Also waste-to-energy could relief the EU from foreign imports, for instance in 2012 it imported
4 million TJ of natural gas from Russia, whereas waste-to-energy could substitute 19% of Russian gas
imports (Kleppmann, 2013). Unfair competition will hinder the clean energy transition as far as
Member States continue to provide fossil fuel subsidies, such as direct subsidies to uneconomical coal
mines, capacity mechanisms for emission intensive power plants, tax relief for company cars or diesel

fuel and similar measures (European Commission, 2017b).

One important and unexpected issue that needs to be taken into account and has
undoubtedly affected energy efficiency in EU Member States is the financial crisis from which the EU
has suffered severely after 2008. This can also be noticed in the efficiency scores obtained through
the present analysis, whereas efficiencies have decreased after 2012 when the crisis became more

imminent.

As for the future steps, the EU plans for a climate-neutral Europe by 2050 through investments
to realistic technological solutions, the empowering of citizens and aligning action in key areas such
as industrial policy, finance, or research (European Commission, 2018). In those regards studies
suggest that the potential for using heat from waste could be an equivalent to 200 billion kWh per
year by 2050 (Kleppmann, 2013). Therefore it is essential to already arrange meetings with young
people, citizens affected by the energy transition, inventors, social partners and civil society, mayors
and other politicians to provide positive examples of how the energy transition is achievable in

practice (European Commission, 2017b).

5.5 Panel data results analysis (OECD countries)
The present analysis’ empirical findings indicate the existence of an inverted U-shaped curve in
both cases of the OECD and EU countries. A number of possible explanations exist for this inverted U-

shape relationship. EKC may be decomposed into three effects: scale of economic activity, structure
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of the production and income effect on demand and supply of mitigation efforts (Panayotou, 1997).
Specifically, natural progression of economic growth goes from clean agricultural to polluting
industrial and to clean service economies (Dinda, 2004).

Some studies have evaluated the factors which cause an inverted U-shape pattern which
include among others the following:

e Improvement in environmental quality due to changes in the technological mode of production
(de Bruyn, 1997; Han and Chatterjee, 1997).
e Role of preferences and regulation on emissions (Lopez, 1994; McConnell, 1997; Stokey, 1998).

Furthermore the inverted U-shape in the present analysis can be explained by the fact that
demand for environmental quality increases with income (Halkos, 2011b), hence in this case leading
to lower MSW arisings with income increase. Overall a more organised institutional background
through property rights, regulations and good governance can raise public awareness against
environmental damages (Dinda et al., 2000).

At the same time the increasing size of the economy through trade and exports leads to stricter
regulations to reduce pollution which may increase due to scale effects (Halkos, 2011b). Also
environmental damage increases linearly with income until a certain point is reached in which cleaner
technologies can be employed (Stokey, 1998).

By accepting the EKC hypothesis in this analysis, one also accepts that there is an unavoidable
level of environmental degradation following a country’s development at earlier stages, followed by
significant progress at later stages of a country’s economic development (Aydin and Esen, 2017).
Overall a government’s willingness to impose and establish environmental regulations is essential to
increase environmental quality (Panayotou, 1997). Kaika and Zervas (2013) stress that as an economy
grows, governments need to respond quickly to raise public awareness and overcome market failures
by imposing appropriate regulations. However this process can be time consuming, hence not desired
by many governments but is key in reducing environmental degradation (Dasgupta et al., 2002).

The present analysis’ results also illustrate that accepting the presence of an EKC, seems as a
temporary phenomenon and it is suggested to seek ways to stimulate sustainable growth in the form
of stricter regulations, price reforms and economic restructuring. In Figure 61 the upper curve refers

to the dynamic while the lower one to the static specifications of the analysis’ results.
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A part of the steepness of the inverted U-shaped relationship between economic growth and
MSW may be due to policy distortions. Governments can flatten out their EKC by reducing or
eliminating these policy distortions, defining and applying stricter regulations of waste treatment and

internalizing environmental costs to sources generating them (Wu et al., 2018).

Pollution
Deep EKC
Critical
Loads
Flattened EKC
GDP/c

Figure 61: Environmental Kuznets Curve and critical loads

As mentioned some of the steepness of an inverted U-shaped relationship can be explained
by various policy distortions, as current regulations seem to bring with them complexities and
distortions leading to efficiency losses (Nicolaisen et al., 1991). At the same time moving towards more
sustainable waste management options such as recycling may bring with it direct and indirect costs
which need to be accounted for, such as (Naess-Schmidt and Jensen, 2015):

e Net production cost.
e Potential environmental damages.
e Potential impact on public revenue (labour market distortion).

e Impact on product markets from higher recycling rates (product market distortion).
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As it stands all policy measures can cause market distortions. Table 36 presents the main

policy instrument categories and the associated implications for product and labour market

distortions.

Table 36: Policy measures and distortions (Adapted from Naess-Schmidt and Jensen, 2015)

Environmental policy

measures

Labour market distortion

Product market distortion

Command and Control

(v)

Environmental taxes

Support new technologies

User fees

< < <<

To address these market distortions, Table 37 presents some relevant macroeconomic level

interventions that could be undertaken (Rentschler et al., 2018).

Table 37: Complementary policy measures and interventions (Adapted from Rentschler et al., 2018)

Technical assistance and

policy reform

Development lending

Addressing the symptoms of

market distortions

» Building strategies for
greater material recovery

from waste.

Addressing the structural

causes

» Institution building.
Fiscal policy reforms.
Legal requirements for
monitoring.

» Strengthening of financial
sector.

» More competition.

Developing markets and
infrastructure.

Strengthen macro-
economy.

Institution building.

Direct support of Research
and Innovation.

Green growth strategies.
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It needs to be pointed out that an EKC is the result of structural change that follows economic
growth, but may not be optimal if environmental critical loads are crossed permanently. The positively
sloped part of an EKC may last for a long time, which means that present value of higher future growth
may be balanced by high current rates of environmental degradation; also it may be cheaper to abate
today than in the future (Halkos, 2003). All these points should be taken into account by policy makers
worldwide.

Overall Section 5 discussed the main findings of the Thesis analysis and aimed at identifying
the potential policy implications of each case. Of course as the data and methodology used were
different the results themselves cannot be contrasted, but it is apparent that the current financial and
political situation both in EU and worldwide has affected the development of the MSW sector and
people’s attitudes as well. This was evident through all approaches whether the focus was on MSW

itself or cultural dimensions or energy efficiency or even education.

The following and last section (Section 6) will summarise the main points of the Thesis as well

as outline the limitations of this study and potential areas for future research.
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6. Conclusions
This Section summarises the main points that were raised through the various parts of the
current research in Section 6.1, whereas Section 6.2 outlines the limitations of the Thesis as well as

areas for future research.

6.1 Summary of the main points raised
This sub section summarises the main points for all analyses. As mentioned already, the aim
of this Thesis was to identify the current situation of MSW arisings and their management under the

notion of the circular economy. In achieving this aim the following objectives have been met as well:

o Assessment of current situation regarding MSW management and relevant environmental
efficiency.

. Identification of existing and potential waste management options.

. The results of this analysis were analysed taking the financial crisis into consideration and

possible societal and policy implications.

o Suggestions were provided for the fulfilment of a real circular economy in EU Member States
in accordance to the EU regulations and programmes, as well as potential policy implications
for worldwide data.

In more detail Section 6.1.1 summarises the main points around the EU regional level analysis,

Section 6.1.2 the EU country level analysis, Section 6.1.3 deals with the cultural dimensions and EU

countries analysis, Section 6.1.4 with energy efficiency for EU countries and finally Section 6.1.5 with

the OECD country analysis.

6.1.1 DEA EU regional level anaylsis

This analysis focused on the efficiency of 172 EU regions for the years 2009, 2011 and 2013 by
employing DEA analysis and by using five parameters, namely waste generation, employment rate,
capital formation, GDP and population density for the relevant regions. Therefore four frameworks

were designed, each with different inputs and outputs.
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Overall results show that the highest performers are regions in Belgium, Italy, Portugal and
the UK. The efficiency results from DEA were reviewed against the treatment options employed in the
relevant regions.

This demonstrated that, although high performers generally employ a mix of all treatment
options, landfill is still in extensive use in these regions. This can be attributed to the fact that, although
waste is produced in the region, it may actually be treated elsewhere. Therefore, although a country
might be efficient according to DEA and by taking many factors into consideration, this does not
necessarily mean that this region uses sustainable waste treatment options, as it is essential to

account for the trade of waste between regions and countries as well.

6.1.2 DEA EU country level analysis

This part of the Thesis dealt with the efficiency of 28 EU Member States for the years 2008,
2010, 2012 and 2014. For this, it employs DEA and uses eight parameters, namely waste generation,
employment rate, capital formation, GDP, population density and for the first time SOx, NOx and GHG
emissions for the relevant countries. The obtained results present the more efficient EU countries
according to each framework, but it should be stressed once again that results from different
frameworks should not be compared to each other due to the different inputs/outputs used.

These results were then reviewed against the recycling rate of each country for the examined
period. The recycling rate actually depicts the DEA results, namely more efficient countries seem to
have higher recycling rates too. Moreover the DEA efficiency results were compared to overall
treatment options used in the countries in question.

Germany is efficient under all DEA frameworks and is actually one of the countries in EU with
the most incineration, material recycling and composting of waste and treats only a small amount of
waste at landfills. France, Italy, the Netherlands and Spain and Sweden employ all treatment options
with Sweden almost without any landfill treated waste, at the same time Sweden is efficient in all DEA
frameworks too. The surprising result is the UK which is efficient under all frameworks but still highly
relies on landfill for the year 2008, but this decreases with the passing of time.

Overall it is noticed that countries which employ all four treatment options with high use of
more sustainable ones and decrease in the use of landfill are the ones that also proved to be efficient

according to DEA and under a circular economy approach. This can be a valuable tool for policy makers
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in the design and application of national and EU legislations and directives in order to achieve also the

targets towards a circular economy driven Europe until 2020 and 2030.

6.1.3 DEA cultural dimensions and waste culture (EU countries)

This analysis evaluated environmental efficiency with DEA based on the following five
parameters: waste, GDP, labour, capital, and population density for 22 EU Member States and for the
years 2005, 2010 and 2015 in order to evaluate which Member States are more efficient. It showed
that overall Denmark, Greece, Italy, Netherlands and Poland are efficient under both designed
frameworks. Then the results from the efficiency analysis are contrasted to Hofstede’s and Schwartz’s
cultural dimensions with the use of regression modelling.

Results show that for year 2005 no significant relationship is noticed between the efficiency
scores and the cultural dimensions’ data from both researchers (R? shows a low predictability
indicating that only a small percentage of variation in efficiency scores is explained and the p-value of
the F-stat indicates no significant overall statistical relationship between the variables), whereas for
years 2010 and 2015 there appears to be a significant connection with changes in the predictors also
affecting the response variable.

Among Hofstede’s dimensions, individualism, uncertainty avoidance, long-term orientation
and indulgence were positively associated with the efficiency scores regarding waste arisings for 2010
and 2015. The relationship between Schwartz’s cultural values and the DEA efficiency scores was not
found to be significant. Findings suggest that Hofstede’s cultural dimensions would be best to be
considered when developing national level strategies and campaigns to manage waste arisings.

These findings can also be associated with the financial crisis that has hit Europe after 2008
making people more sceptical on environmental issues and how waste is best to be managed making
sense financially but also environmentally.

At the same time, EU legislations have laid out some important Directives in the field of waste
management. Finally, along with the factors above, EU has been faced with severe environmental
challenges due to waste arisings, as well as accidents and injuries for people working in this sector. All
these factors have widely modified waste culture and public’s approach toward waste as represented

by the Thesis’ results as well.
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6.1.4 DEA and energy efficiency (EU countries)

The current analysis examined energy efficiency across 28 selected EU Member States and
reviews the potential for energy recovery from waste according to the efficiency scores obtained for
the examined Member States. The efficiencies were assessed through DEA under CRS and the
following variables are examined: final energy consumption, GDP, labour, capital, population density,
NOx emissions (from energy), SOx emissions (from energy) and GHG emissions (from energy) from
Eurostat data and for the years 2008, 2010, 2012, 2014 and 2016. The two models that were designed
use two outputs one desirable (GDP) and one undesirable (aerial gas emissions — GHG, SOx and NOXx)
with different inputs in each case.

The bias corrected efficiency scores show that overall Bulgaria, Cyprus, Estonia, Greece,
Lithuania and Slovenia are efficient under both frameworks. Also most countries seem to maintain
their efficiency scores with only Czech Republic, Finland, Ireland, Malta, Romania and Slovenia
marginally improving theirs. At the same time, it can be noticed that most countries have higher
environmental efficiency scores over 2010 and 2012 with a decrease after those years.

These efficiency scores show that EU wise environmental efficiency levels regarding energy
consumption and emissions tend to be quite low overall, therefore it is suggestible to move towards
waste-to-energy with two main objectives, namely sufficient and sustainable energy production and
effective treatment of MSW. This option would enhance the circular economy, whereas prioritization
needs to give to prevention, preparation for reuse, recycling and energy recovery through to disposal,
such as landfilling. Waste to energy tackles the problems of energy demand, waste management and
GHG emissions simultaneously.

Together with the EU Commission’s competition strategy, these options would ensure reliable
energy supplies at rational prices for businesses and consumers and with the least environmental
impacts. Along with these and taking into account the current analysis’ results, it is essential to account
for the financial crisis which affects EU since 2008. Namely the efficiency scores show a decrease after
2012 when the crisis became more imminent. Regarding future steps towards a climate neutral
Europe, investments into technology along with the empowering of citizens and industry need to be

considered.
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6.1.5 Panel data analysis (OECD countries)

The last part of this Thesis used panel data obtained for 25 world counties for the years 1995-
2016 and the examined variables included MSW, GDP and education level. The contribution of this
analysis is twofold. First, it strongly accounts for the presence of cross section dependence and uses
appropriate panel unit root tests to discover feasible cointegrated relationships especially in the
existing limited literature concerning MSW. Secondly, it is strongly accounted for the interdependence
between MSW, economic growth and education level.

From the empirical perspective the validity of the EKC hypothesis is redefined by accounting
for the presence of education. Moreover, it is evident that the shape of the relationship between
growth and financial development on environmental degradation remains robust. Specifically, an
inverted U-shape relationship is observed both in the static and dynamic analyses for MSW. The
calculated turning points although quite high they are in all cases within the sample. The adjustment
coefficients are very low ranging equal to 0.113 and 0.142. In all specifications the sign of education
level is negative as expected.

Based on this analysis education is shown to be able to act as an effective tool to enhance pro-
environmental behaviours leading to lower MSW arisings. Thus environmental education should be a
fundamental and integral part of education. Modern societies, both developed and developing, need

environmental education in their formal and informal aspects.

6.2 Limitations of Thesis & suggestions for future research

One limitation of this Thesis is that the models generated among the different approaches
cannot be compared to each other due to conceptual as well as methodological reasons. Specifically
for the DEA models, one such reason is that in some models ‘bad’ outputs are modelled as ‘good’
outputs and in other models ‘bad’ outputs are modelled as inputs. Also results of the different models
cannot be compared as the number of inputs/outputs in all models is not equal. Therefore as expected

the average efficiency is higher in models with more inputs/outputs.

Moreover another limitation of this Thesis’ DEA analysis is the sample size, which may be
representative for the EU total but would benefit with the addition of countries worldwide to get more

robust results. More specifically for the waste culture analysis and cultural dimensions, this analysis
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used these two models (Hofstede and Schwartz) due to lack of data for further models as the ones
mentioned briefly in Section 2.6. If data from other models were made available, further implications
of this research could be drawn. Findings of this research though could form the basis for further work

on the topic and more data could be analysed as well to enhance this approach.

Moreover regarding the OECD panel data analysis the models of the present research could
be enriched with additional control variables which could incorporate specific characteristics of EU
countries, such as their technological level regarding waste management especially and their

institutional background to name a few.

Also although the results of this analysis show evidence of an EKC, further analysis should be
conducted with the addition of more countries due to the high turning points which are nevertheless
within the examined income range. Moreover it would be beneficial to also conduct this research with
regional data which would allow more in-depth analysis and could account for the heterogeneity

among the examined countries.

Finally this Thesis would benefit from the collection of primary data through questionnaires
to the public and potential interviews with relevant stakeholders to gain a better understanding of the
current situation. Once data become available it would be useful to expand this research with more

recent data to better reflect today’s conditions.
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Appendix 1

Table 1.1:Results of M1, M2, M3 and M4 framework for 17 countries for 2009, 2011 and 2013

M1 M2 M3 M4

Region 2009 2011 2013 2009 2011 2013 2009 2011 2013 2009 2011 2013
Région de Bruxelles-Capitale / Brussels Hoofdstedelijk Gewest 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.187 0.193 0.199
Prov. Antwerpen 0.690 0.698 0.695 0.729 0.710 0.731 0.784 0.781 0.761 0.188 0.195 0.206
Prov. Limburg (BE) 0.660 0.646 0.602 0.631 0.602 0.634 0.686 0.664 0.665 0.062 0.065 0.068
Prov. Oost-Vlaanderen 0.643 0.644 0.572 0.659 0.621 0.600 0.704 0.698 0.634 0.120 0.123 0.130
Prov. Vlaams-Brabant 0.809 0.704 0.672 0.805 0.682 0.701 0.879 0.795 0.744 0.107 0.107 0.116
Prov. West-Vlaanderen 0.628 0.611 0.567 0.634 0.583 0.594 0.682 0.662 0.631 0.102 0.104 0.110
Prov. Brabant Wallon 0.795 0.724 0.608 0.805 0.696 0.643 0.853 0.778 0.675 0.078 0.080 0.075
Prov. Hainaut 0.776 0.763 0.709 0.744 0.698 0.722 0.788 0.768 0.758 0.079 0.081 0.084
Prov. Liege 0.784 0.689 0.664 0.763 0.648 0.698 0.835 0.717 0.736 0.073 0.075 0.078
Prov. Luxembourg (BE) 0.866 0.733 0.567 0.828 0.650 0.585 0.873 0.725 0.738 0.029 0.031 0.034
Prov. Namur 0.715 0.666 0.665 0.698 0.659 0.690 0.770 0.725 0.768 0.043 0.044 0.045
Severozapaden 1.000 1.000 0.804 1.000 1.000 0.661 1.000 1.000 1.000 0.008 0.008 0.008
Severen tsentralen 1.000 0.974 1.000 0.975 0.868 0.817 0.975 0.868 1.000 0.009 0.009 0.009
Severoiztochen 0.849 0.768 1.000 0.487 0.604 0.672 0.517 0.661 0.789 0.012 0.012 0.013
Yugoiztochen 0.749 0.877 0.920 0.439 0.583 0.414 0.508 0.705 0.517 0.013 0.013 0.014
Yugozapadna i yuzhna tsentralna Bulgaria 0.767 0.700 0.720 0.452 0.572 0.574 0.558 0.728 0.689 0.066 0.070 0.071
Yuzhen tsentralen 1.000 1.000 1.000 0.658 0.620 0.540 0.698 0.714 0.649 0.015 0.016 0.016
Praha 0.573 0.584 0.553 0.621 0.609 0.585 0.643 0.655 0.602 0.109 0.111 0.107
Stredni Cechy 0.562 0.622 0.466 0.514 0.473 0.476 0.605 0.548 0.535 0.046 0.049 0.048
Jihozépad 0.552 0.573 0.516 0.532 0.538 0.565 0.686 0.759 0.688 0.043 0.045 0.044
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Severozapad 0.583 0.511 0.492 0.563 0.452 0.496 0.626 0.524 0.539 0.037 0.037 0.035
Severovychod 0.632 0.651 0.633 0.628 0.596 0.636 0.717 0.724 0.726 0.050 0.053 0.051
Jihovychod 0.566 0.573 0.590 0.540 0.530 0.616 0.634 0.652 0.711 0.061 0.064 0.066
Stredni Morava 0.590 0.618 0.591 0.541 0.565 0.601 0.613 0.639 0.655 0.040 0.042 0.041
Moravskoslezsko 0.592 0.575 0.525 0.553 0.529 0.538 0.606 0.562 0.560 0.041 0.045 0.042
Stuttgart 0.739 0.778 0.701 0.786 0.803 0.725 0.838 0.861 0.768 0.415 0.458 0.489
Karlsruhe 0.753 0.774 0.730 0.815 0.809 0.760 0.852 0.852 0.794 0.267 0.279 0.290
Freiburg 0.688 0.709 0.632 0.766 0.747 0.668 0.839 0.841 0.749 0.180 0.192 0.203
Tiibingen 0.652 0.658 0.581 0.743 0.707 0.643 0.812 0.797 0.706 0.160 0.175 0.184
Oberbayern 0.737 0.686 0.638 0.751 0.698 0.665 0.906 0.926 0.947 0.530 0.563 0.613
Niederbayern 0.748 0.715 0.618 0.799 0.741 0.706 0.939 0.928 0.822 0.097 0.106 0.111
Oberpfalz 0.692 0.606 0.614 0.767 0.627 0.710 0.894 0.778 0.817 0.093 0.100 0.106
Oberfranken 0.796 0.738 0.699 0.780 0.721 0.739 0.899 0.875 0.839 0.084 0.088 0.092
Mittelfranken 0.654 0.623 0.584 0.707 0.646 0.624 0.766 0.718 0.679 0.160 0.166 0.177
Unterfranken 0.794 0.760 0.703 0.829 0.767 0.766 0.946 0.921 0.881 0.112 0.120 0.126
Schwaben 0.675 0.645 0.609 0.744 0.668 0.651 0.831 0.773 0.743 0.151 0.161 0.173
Berlin 0.829 0.897 0.770 0.870 0.905 0.798 0.870 0.905 0.798 0.285 0.295 0.311
Brandenburg 0.660 0.702 0.630 0.712 0.695 0.662 0.901 0.887 0.798 0.155 0.157 0.167
Bremen 1.000 0.960 0.820 1.000 0.969 0.928 1.000 0.969 0.928 0.073 0.076 0.081
Hamburg 0.726 0.768 0.708 0.814 0.800 0.761 0.835 0.830 0.771 0.263 0.261 0.276
Darmstadt 0.910 0.845 0.838 0.966 0.871 0.869 1.000 0.902 0.874 0.451 0.457 0.478
GieBen 0.797 0.652 0.659 0.788 0.642 0.726 0.877 0.730 0.758 0.080 0.082 0.085
Kassel 0.790 0.684 0.687 0.801 0.680 0.750 0.917 0.818 0.850 0.100 0.102 0.108
Mecklenburg-Vorpommern 0.656 0.596 0.599 0.690 0.585 0.648 0.902 0.778 0.802 0.099 0.099 0.103
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Braunschweig 0.648 0.670 0.665 0.678 0.671 0.710 0.750 0.769 0.783 0.132 0.150 0.165
Hannover 0.851 0.839 0.736 0.848 0.819 0.762 0.910 0.917 0.835 0.180 0.187 0.196
Liineburg 0.696 0.653 0.549 0.676 0.623 0.582 0.810 0.783 0.707 0.103 0.106 0.114
Weser-Ems 0.640 0.648 0.599 0.672 0.654 0.622 0.772 0.766 0.721 0.189 0.198 0.209
Diisseldorf 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.504 0.501 0.525
Koln 0.920 0.871 0.875 0.928 0.884 0.887 0.972 0.924 0.902 0.418 0.421 0.440
Miinster 0.822 0.815 0.729 0.837 0.803 0.744 0.879 0.854 0.785 0.200 0.206 0.215
Detmold 0.810 0.810 0.785 0.875 0.826 0.846 0.919 0.882 0.875 0.173 0.179 0.190
Arnsberg 0.894 0.923 0.868 0.904 0.935 0.877 0.945 0.983 0.904 0.286 0.296 0.308
Koblenz 0.723 0.757 0.639 0.730 0.738 0.681 0.817 0.856 0.771 0.111 0.116 0.121
Trier 0.596 0.530 0.487 0.618 0.531 0.561 0.735 0.636 0.615 0.036 0.037 0.040
Rheinhessen-Pfalz 0.723 0.714 0.653 0.732 0.703 0.681 0.786 0.766 0.724 0.166 0.174 0.184
Saarland 0.964 0.804 0.739 0.940 0.780 0.797 1.000 0.826 0.820 0.083 0.087 0.090
Dresden 0.609 0.526 0.601 0.683 0.551 0.686 0.740 0.621 0.723 0.105 0.106 0.115
Chemnitz 0.694 0.655 0.655 0.767 0.666 0.743 0.835 0.724 0.767 0.091 0.094 0.097
Leipzig 0.705 0.643 0.579 0.773 0.687 0.684 0.872 0.687 0.701 0.067 0.070 0.078
Thiiringen 0.628 0.677 0.640 0.676 0.679 0.672 0.780 0.830 0.793 0.131 0.139 0.146
Eesti 0.641 0.547 0.473 0.626 0.484 0.530 0.997 0.884 0.738 0.041 0.045 0.052
Piemonte 0.808 0.786 0.739 0.824 0.798 0.762 0.956 0.905 0.945 0.347 0.349 0.338
Valle d'Aosta/Vallée d'Aoste 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Liguria 1.000 1.000 1.000 0.885 0.771 0.998 0.912 0.889 1.000 0.135 0.130 0.125
Lombardia 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.953 0.962 0.960
Nord-Est 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Provincia Autonoma di Bolzano/Bozen 0.682 0.591 0.573 0.674 0.593 0.618 0.813 0.760 0.714 0.053 0.054 0.057
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Veneto 0.790 0.839 0.902 0.829 0.856 0916 0.872 0.898 0.941 0.409 0.406 0.402
Friuli-Venezia Giulia 0.767 0.821 0.821 0.751 0.745 0.820 0.799 0.864 0.889 0.098 0.098 0.095
Emilia-Romagna 0.951 0.966 0.941 0.805 0.941 0.915 1.000 1.000 1.000 0.390 0.393 0396
Toscana 1.000 1.000 0.963 0.924 0.931 0.967 1.000 1.000 1.000 0.300 0.293 0.298
Umbria 0.877 0.881 0.866 0.802 0.769 0.862 0.838 0.875 0.937 0.062 0.060 0.060
Marche 0.910 0.901 0.880 0.875 0.792 0.878 0916 0.901 0.934 0.115 0.110 0.107
Lazio 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.525 0.511 0.502
Abruzzo 0.807 0.774 0.650 0.660 0.665 0.633 0.692 0771 0.696 0.086 0.087 0.087
Molise 0.951 0.936 0.910 0.924 0.885 0.873 0.951 0.943 0.934 0.051 0.056 0.056
Campania 0.984 1.000 1.000 0.853 0.922 0.993 0.856 0.943 0.993 0.296 0.276 0.274
Puglia 0.932 0.926 0.907 0777 0.810 0.898 0.812 0.875 0.920 0.198 0.194 0.196
Basilicata 0.849 0.846 0.938 0.817 0.762 0.880 0.850 0.863 0.949 0.034 0.038 0.038
Calabria 0.892 0.948 0.827 0.696 0.637 0.755 0.720 0.732 0.799 0.095 0.091 0.088
sicilia 1.000 1.000 1,000 0.871 0.885 1.000 0.906 0.958 1.000 0.255 0.241 0.241
Sardegna 0.888 0.879 0.909 0.647 0.750 0.903 0.910 0.950 1.000 0.095 0.091 0.091
Latvija 0716 0.730 0.575 0.597 0555 0.534 0.910 0.978 0.780 0.054 0.055 0.063
Lietuva 1.000 1.000 0.885 0.750 0.693 0.662 1.000 1.000 0.936 0.078 0.085 0.096
Luxembourg 1.000 1.000 1.000 0.968 1.000 1.000 1.000 1.000 1.000 0.104 0.115 0.128
Ké2zép-Magyarorszag 0.800 1.000 0.860 0.793 0.958 0.836 0.828 0.980 0.868 0.133 0.132 0.135
Nyugat-Dunsntdil 0.979 0.893 0.480 0.648 0.527 0.477 0.714 0.596 0.568 0.025 0.028 0.028
Dél-Dunéntdl 1.000 0.849 0.550 0512 0.548 0.485 0.562 0.632 0.623 0.018 0.017 0.018
Eszak-Magyarorszag 0.999 0.808 0.664 0.682 0.548 0.524 0.741 0.605 0.603 0.020 0.020 0.020
Eszak-Alfsld 0.787 0.817 0.932 0.566 0.542 0.477 0.615 0.667 0.548 0.026 0.026 0.027
Dél-Alfld 1.000 0.753 0.559 0.608 0531 0.510 0.672 0.634 0.655 0.024 0.024 0.025
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Malta 0.854 0716 0.731 0.993 0771 0.707 0.993 0771 0.707 0.018 0.020 0.021
Groningen 0.827 1.000 0.778 0.865 1.000 0.901 0.967 1.000 0916 0.076 0.080 0.090
Friesland (NL) 0.608 0.702 0.728 0.592 0.628 0.722 0.652 0.662 0.747 0.049 0.049 0.050
Drenthe 0.687 0.749 0.759 0.667 0.695 0.746 0.726 0.705 0.773 0.038 0.036 0.038
Overijssel 0.627 0.645 0.703 0.691 0.653 0.762 0.727 0.661 0.767 0.100 0.099 0.098
Gelderland 0.680 0.702 0.690 0.620 0.641 0.661 0.655 0.679 0.691 0.181 0.179 0.179
Flevoland 0478 0.437 0.484 0.545 0.490 0.580 0.585 0.490 0.590 0.037 0.046 0.044
Utrecht 0.689 0.701 0.694 0.776 0732 0.791 0.792 0.747 0.791 0.160 0.153 0.157
Noord-Holland 0.768 0.885 0.896 0.852 0931 0.933 0.856 0931 0.933 0348 0.344 0358
Zuid-Holland 0.726 0.725 0.771 0.757 0.748 0.795 0.757 0.748 0.795 0.389 0371 0.380
Zeeland 0535 0531 0.530 0.504 0.497 0.575 0.586 0.524 0.597 0.030 0.031 0.031
Zuid-Nederland 0.693 0778 0.762 0.778 0.836 0.810 1.000 1.000 1.000 0.355 0.359 0.366
Limburg (NL) 0.665 0713 0.668 0.699 0.706 0.734 0.729 0.713 0.734 0.097 0.097 0.098
Wien 0719 0.727 0.695 0.743 0.729 0.729 0.749 0.738 0.732 0218 0.218 0.229
Karnten 0.740 0.643 0.587 0.767 0.626 0.666 1.000 0.881 0.820 0.046 0.047 0.049
Steiermark 0.661 0.639 0.577 0.703 0.646 0.641 0.898 0.847 0.787 0.105 0.107 0.114
Oberésterreich 0.658 0.710 0.626 0716 0.720 0.669 0.843 0.889 0.802 0.138 0.143 0.152
salzburg 0.659 0.640 0.575 0.676 0.660 0.671 0.849 0.862 0.786 0.059 0.062 0.066
Tirol 0.630 0.583 0.535 0.641 0.592 0.614 0.870 0.830 0.756 0.072 0.073 0.080
Vorarlberg 0.755 0.725 0.600 0.994 0.938 0.751 1.000 0.938 0.787 0.095 0.087 0.080
Lédzkie 0.790 0771 0.655 0.638 0.563 0.565 0.711 0.686 0.667 0.055 0.063 0.066
Mazowieckie 0.831 0.885 0.777 0.678 0.785 0.758 0.810 0.949 0.909 0.192 0.225 0.241
Malopolskie 0.846 0.821 0.731 0714 0.632 0.642 0.734 0.705 0.700 0.069 0.080 0.084
slaskie 1.000 0.908 0.890 0.657 0.702 0.706 0.675 0.734 0.729 0.117 0.134 0.136
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Lubelskie 0.697 0.645 0.652 0.691 0514 0.596 0.776 0.697 0.748 0.035 0.041 0.043
Podkarpackie 0.651 0532 0.560 0.680 0.435 0.525 0.704 0.560 0.606 0.035 0.040 0.043
Swietokrzyskie 0.619 0.568 0.723 0.730 0.601 0.768 0.769 0.692 0.883 0.024 0.028 0.032
Podlaskie 0.673 0.595 0.634 0.726 0.467 0.583 0.829 0.697 0.784 0.021 0.024 0.025
Wielkopolskie 0.857 0.823 0.833 0.696 0.675 0.713 0.840 0.846 0.866 0.087 0.097 0.105
Zachodniopomorskie 0.802 0.836 0.637 0.659 0.636 0.541 0.766 0.815 0.642 0.035 0.039 0.041
Lubuskie 0.768 0.569 0.683 0.788 0.457 0.626 0.821 0.575 0.776 0.021 0.023 0.024
Dolnoslaskie 0.829 0.852 0.691 0.627 0671 0.649 0.727 0.813 0.742 0.075 0.089 0.092
Opolskie 0.683 0.688 0.690 0778 0.639 0.645 0.800 0.702 0.756 0.020 0.022 0.023
Kujawsko-Pomorskie 0.680 0741 0.787 0575 0551 0.678 0.644 0.698 0.776 0.041 0.046 0.049
Warminsko-Mazurskie 0.688 0.672 0.701 0.696 0.495 0.625 0.830 0.706 0.810 0.025 0.028 0.029
Pomorskie 0.629 0.779 0.715 0.468 0593 0.627 0.544 0.739 0.714 0.052 0.059 0.062
Norte 0.869 0.927 0.869 0.630 0.726 0.762 0.750 0.860 0.844 0.142 0.136 0.136
Algarve 1.000 1.000 1,000 0.662 0.729 0.891 0.717 0.810 1.000 0.021 0.020 0.020
Centro (PT) 0.758 0.914 0916 0.658 0.761 0.865 0.817 0.978 1.000 0.095 0.090 0.089
Area Metropolitana de Lisboa 0.906 1.000 1.000 0.837 0.939 1.000 0.838 0.959 1.000 0.191 0.180 0.173
Alentejo 0.739 0.690 0.760 0.612 0.544 0.714 0.929 1.000 1.000 0.033 0.031 0.030
Regido Auténoma dos Acores (PT) 0.937 1.000 0.859 1.000 1.000 0.839 1.000 1.000 1.000 0.026 0.021 0.030
Regido Auténoma da Madeira (PT) 0.874 0.907 1.000 0.828 0.896 1.000 0.828 0.896 1.000 0.022 0.042 0.051
Bratislavsky kraj 0.764 0.562 0.484 0.759 0536 0.502 0.862 0.618 0.530 0.052 0.053 0.057
Zspadné Slovensko 0711 0.762 0.821 0.657 0.634 0.787 0.748 0.769 0.877 0.059 0.062 0.065
Stredné Slovensko 0.670 0.621 0.766 0.665 0535 0.741 0.757 0.722 0.924 0.037 0.038 0.040
Vychodné Slovensko 0.586 0.684 0.843 0.614 0.594 0.820 0.685 0.749 0.953 0.036 0.039 0.041
Tees Valley and Durham 0.799 0.783 0.711 0.762 0.681 0.693 0.766 0.681 0.696 0.063 0.065 0.071
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Northumberland and Tyne and Wear 0.845 0.827 0.721 0.828 0.772 0.714 0.832 0.818 0.745 0.084 0.089 0.097
Cumbria 0.895 0.757 0.757 0.966 0.732 0.787 1.000 0.965 0.982 0.032 0.033 0.038
Greater Manchester 1.000 1.000 1.000 0.974 0.986 1.000 0.974 0.986 1.000 0.177 0.179 0.203
Lancashire 0.924 1.000 0.886 0.916 0.940 0.873 0.916 0.940 0.896 0.086 0.088 0.099
East Yorkshire and Northern Lincolnshire 0.939 0.943 0.736 0.964 0.876 0.724 0.980 0.876 0.737 0.061 0.058 0.062
North Yorkshire 0.823 0.885 0.826 0.831 0.835 0.829 0.943 1.000 1.000 0.055 0.058 0.064
South Yorkshire 0.806 0.814 0.770 0.826 0.774 0.791 0.826 0.774 0.791 0.074 0.076 0.083
West Yorkshire 0.977 0.993 0.871 0.971 0.978 0.878 0.971 0.978 0.878 0.149 0.153 0.167
Derbyshire and Nottinghamshire 0.869 0.911 0.765 0.809 0.862 0.766 0.809 0.862 0.769 0.125 0.137 0.151
Leicestershire, Rutland and Northamptonshire 0.757 0.906 0.794 0.746 0.885 0.817 0.772 0.885 0.823 0.115 0.121 0.135
Lincolnshire 0.637 0.652 0.662 0.645 0.586 0.696 0.721 0.745 0.772 0.039 0.042 0.048
Herefordshire, Worcestershire and Warwickshire 0.859 0.794 0.718 0.851 0.758 0.750 0.869 0.816 0.794 0.083 0.091 0.103
Shropshire and Staffordshire 0.974 0.896 0.761 0.960 0.838 0.753 0.960 0.888 0.795 0.089 0.096 0.105
West Midlands 0.924 0.985 0.972 0.848 0.948 0.971 0.848 0.948 0.971 0.167 0.177 0.197
East Anglia 0.649 0.730 0.656 0.664 0.740 0.678 0.751 0.870 0.800 0.167 0.178 0.197
Bedfordshire and Hertfordshire 0.935 0.912 0.812 0.954 0.899 0.853 0.975 0.906 0.867 0.141 0.142 0.159
Essex 0.920 0.903 0.868 0.928 0.874 0.868 0.929 0.874 0.877 0.109 0.115 0.124
Berkshire, Buckinghamshire and Oxfordshire 0.807 0.885 0.823 0.877 0.915 0.862 0.909 0.951 0.884 0.229 0.249 0.280
Surrey, East and West Sussex 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.215 0.225 0.261
Hampshire and Isle of Wight 0.647 0.746 0.755 0.712 0.769 0.805 0.730 0.778 0.806 0.146 0.156 0.174
Kent 0.876 0.824 0.921 0.870 0.781 0.917 0.870 0.781 0.943 0.106 0.113 0.125
Gloucestershire, Wiltshire and Bristol/Bath area 0.852 0.848 0.753 0.887 0.852 0.779 0.951 0.930 0.850 0.187 0.196 0.216
Dorset and Somerset 0.893 0.855 0.765 0.909 0.821 0.774 0.924 0.903 0.828 0.082 0.085 0.093
Cornwall and Isles of Scilly 0.742 0.682 0.693 0.784 0.640 0.692 0.813 0.659 0.735 0.029 0.030 0.034
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Devon 0.877 0.809 0.676 0.896 0.739 0.699 0.927 0.856 0.769 0.069 0.071 0.080
West Wales and The Valleys 0.943 0.894 0.723 0.830 0.764 0.663 0.954 0.923 0.801 0.094 0.098 0.109
East Wales 0.854 0.792 0.727 0.861 0732 0.743 0.938 0.885 0.850 0.073 0.077 0.085
Eastern Scotland 0.742 0.880 0.713 0.692 0.798 0.707 0.861 1.000 0.890 0.148 0.147 0.163
South Western Scotland 0.842 0.794 0.635 0718 0.720 0.623 0.865 0.858 0.744 0.155 0.154 0.168
North Eastern Scotland 0.764 0359 0.315 0.814 0.403 0.361 1.000 0510 0.565 0.052 0.056 0.064
Highlands and Islands 0.710 0.526 0.429 0.613 0.462 0.461 1.000 1.000 1.000 0.031 0.032 0.035
Northern Ireland (UK) 0.586 0.781 0.676 0537 0713 0.680 0.628 0.866 0.815 0.109 0.112 0.122
Average 0.789 0778 | 0.736 0.758 0.722 0.731 0.830 0.816 0.808 0.135 0138 |  0.144

197 |Page

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:00:48 EEST - 167.114.118.212



Table 1.2: Average scores of each region for all the years per framework

M1 M2 M3 M4
Region Average Average Average Average
Région de Bruxelles-Capitale / Brussels Hoofdstedelijk Gewest 1.000 1.000 1.000 0.193
Prov. Antwerpen 0.694 0.723 0.775 0.196
Prov. Limburg (BE) 0.636 0.622 0.672 0.065
Prov. Oost-Vlaanderen 0.620 0.627 0.679 0.125
Prov. Vlaams-Brabant 0.729 0.729 0.806 0.110
Prov. West-Vlaanderen 0.602 0.604 0.658 0.105
Prov. Brabant Wallon 0.709 0.715 0.769 0.078
Prov. Hainaut 0.749 0.721 0.772 0.081
Prov. Liege 0.712 0.703 0.763 0.075
Prov. Luxembourg (BE) 0.722 0.687 0.779 0.032
Prov. Namur 0.682 0.682 0.754 0.044
Severozapaden 0.935 0.887 1.000 0.008
Severen tsentralen 0.991 0.887 0.948 0.009
Severoiztochen 0.872 0.587 0.656 0.012
Yugoiztochen 0.848 0.479 0.577 0.014
Yugozapadna i yuzhna tsentralna Bulgaria 0.729 0.533 0.658 0.069
Yuzhen tsentralen 1.000 0.606 0.687 0.016
Praha 0.570 0.605 0.634 0.109
Stredni Cechy 0.550 0.488 0.563 0.047
Jihozapad 0.547 0.545 0.711 0.044
Severozapad 0.528 0.503 0.563 0.036
Severovychod 0.638 0.620 0.722 0.051
Jihovychod 0.576 0.562 0.666 0.064
Stredni Morava 0.600 0.569 0.636 0.041
Moravskoslezsko 0.564 0.540 0.576 0.043
Stuttgart 0.740 0.771 0.822 0.454
Karlsruhe 0.752 0.794 0.833 0.279
Freiburg 0.676 0.727 0.810 0.191
Tlbingen 0.630 0.698 0.772 0.173
Oberbayern 0.687 0.705 0.926 0.569
Niederbayern 0.694 0.748 0.896 0.104
Oberpfalz 0.637 0.701 0.829 0.099
Oberfranken 0.744 0.747 0.871 0.088
Mittelfranken 0.620 0.659 0.721 0.168
Unterfranken 0.752 0.787 0.916 0.119
Schwaben 0.643 0.688 0.782 0.162
Berlin 0.832 0.857 0.857 0.297
Brandenburg 0.664 0.689 0.862 0.160
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Bremen 0.927 0.965 0.965 0.077
Hamburg 0.734 0.792 0.812 0.267
Darmstadt 0.864 0.902 0.925 0.462
GieRen 0.703 0.719 0.789 0.083
Kassel 0.720 0.744 0.862 0.103
Mecklenburg-Vorpommern 0.617 0.641 0.827 0.101
Braunschweig 0.661 0.686 0.767 0.149
Hannover 0.808 0.810 0.887 0.188
Liineburg 0.633 0.627 0.767 0.108
Weser-Ems 0.629 0.649 0.753 0.199
Diisseldorf 1.000 1.000 1.000 0.510
KoIn 0.889 0.900 0.932 0.426
Miinster 0.788 0.795 0.839 0.207
Detmold 0.801 0.849 0.892 0.181
Arnsberg 0.895 0.905 0.944 0.297
Koblenz 0.706 0.716 0.815 0.116
Trier 0.538 0.570 0.662 0.037
Rheinhessen-Pfalz 0.697 0.705 0.758 0.175
Saarland 0.836 0.839 0.882 0.087
Dresden 0.579 0.640 0.695 0.109
Chemnitz 0.668 0.725 0.775 0.094
Leipzig 0.642 0.715 0.753 0.072
Thiiringen 0.649 0.676 0.801 0.138
Eesti 0.553 0.547 0.873 0.046
Piemonte 0.778 0.795 0.936 0.345
Valle d'Aosta/Vallée d'Aoste 1.000 1.000 1.000 1.000
Liguria 1.000 0.884 0.933 0.130
Lombardia 1.000 1.000 1.000 0.958
Nord-Est 1.000 1.000 1.000 1.000
Provincia Autonoma di Bolzano/Bozen 0.616 0.629 0.763 0.055
Veneto 0.844 0.867 0.904 0.406
Friuli-Venezia Giulia 0.803 0.772 0.851 0.097
Emilia-Romagna 0.953 0.887 1.000 0.393
Toscana 0.988 0.941 1.000 0.297
Umbria 0.875 0.811 0.883 0.061
Marche 0.897 0.849 0.917 0.111
Lazio 1.000 1.000 1.000 0.513
Abruzzo 0.744 0.653 0.720 0.087
Molise 0.932 0.894 0.943 0.054
Campania 0.995 0.923 0.931 0.282
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Puglia 0.922 0.828 0.869 0.196
Basilicata 0.877 0.819 0.887 0.036
Calabria 0.889 0.696 0.750 0.091
Sicilia 1.000 0.919 0.955 0.246
Sardegna 0.892 0.767 0.954 0.093
Latvija 0.674 0.562 0.889 0.057
Lietuva 0.962 0.702 0.979 0.086
Luxembourg 1.000 0.989 1.000 0.116
Ko6zép-Magyarorszag 0.887 0.863 0.892 0.133
Nyugat-Dunantul 0.784 0.551 0.626 0.027
Dél-Dunantul 0.800 0.515 0.606 0.018
Eszak-Magyarorszag 0.824 0.585 0.650 0.020
Eszak-Alfold 0.845 0.528 0.610 0.026
Dél-Alfold 0.771 0.549 0.654 0.024
Malta 0.767 0.824 0.824 0.020
Groningen 0.868 0.922 0.961 0.082
Friesland (NL) 0.679 0.647 0.687 0.049
Drenthe 0.732 0.702 0.735 0.037
Overijssel 0.658 0.702 0.718 0.099
Gelderland 0.691 0.640 0.675 0.180
Flevoland 0.466 0.539 0.555 0.042
Utrecht 0.694 0.766 0.777 0.157
Noord-Holland 0.850 0.906 0.907 0.350
Zuid-Holland 0.741 0.766 0.767 0.380
Zeeland 0.532 0.525 0.569 0.031
Zuid-Nederland 0.745 0.808 1.000 0.360
Limburg (NL) 0.682 0.713 0.726 0.097
Wien 0.713 0.734 0.739 0.221
Karnten 0.657 0.686 0.900 0.047
Steiermark 0.626 0.663 0.844 0.108
Oberosterreich 0.665 0.701 0.845 0.144
Salzburg 0.625 0.669 0.832 0.062
Tirol 0.583 0.615 0.819 0.075
Vorarlberg 0.693 0.894 0.909 0.087
Lédzkie 0.739 0.589 0.688 0.062
Mazowieckie 0.831 0.740 0.890 0.219
Malopolskie 0.800 0.663 0.713 0.078
Slaskie 0.932 0.688 0.713 0.129
Lubelskie 0.665 0.600 0.740 0.040
Podkarpackie 0.581 0.546 0.623 0.039
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Swietokrzyskie 0.636 0.700 0.781 0.028
Podlaskie 0.634 +0.592 0.770 0.023
Wielkopolskie 0.838 0.694 0.851 0.096
Zachodniopomorskie 0.758 0.612 0.741 0.038
Lubuskie 0.673 0.624 0.724 0.022
Dolnoslaskie 0.791 0.649 0.761 0.085
Opolskie 0.687 0.687 0.753 0.022
Kujawsko-Pomorskie 0.736 0.601 0.706 0.045
Warminsko-Mazurskie 0.687 0.605 0.782 0.027
Pomorskie 0.708 0.563 0.666 0.058
Norte 0.888 0.706 0.818 0.138
Algarve 1.000 0.761 0.843 0.020
Centro (PT) 0.863 0.761 0.932 0.091
Area Metropolitana de Lisboa 0.969 0.926 0.932 0.181
Alentejo 0.729 0.623 0.976 0.031
Regido Auténoma dos Agores (PT) 0.932 0.946 1.000 0.026
Regido Auténoma da Madeira (PT) 0.927 0.9F08 0.908 0.038
Bratislavsky kraj 0.603 0.599 0.670 0.054
Zapadné Slovensko 0.765 0.693 0.798 0.062
Stredné Slovensko 0.686 0.647 0.801 0.038
Vychodné Slovensko 0.705 0.676 0.796 0.039
Tees Valley and Durham 0.765 0.712 0.714 0.067
Northumberland and Tyne and Wear 0.798 0.772 0.798 0.090
Cumbria 0.803 0.828 0.983 0.034
Greater Manchester 1.000 0.986 0.986 0.186
Lancashire 0.937 0.910 0.917 0.091
East Yorkshire and Northern Lincolnshire 0.872 0.855 0.864 0.060
North Yorkshire 0.844 0.832 0.981 0.059
South Yorkshire 0.797 0.797 0.797 0.078
West Yorkshire 0.947 0.943 0.943 0.156
Derbyshire and Nottinghamshire 0.848 0.812 0.813 0.138
Leicestershire, Rutland and Northamptonshire 0.819 0.816 0.827 0.123
Lincolnshire 0.650 0.642 0.746 0.043
Herefordshire, Worcestershire and Warwickshire 0.790 0.786 0.826 0.092
Shropshire and Staffordshire 0.877 0.850 0.881 0.097
West Midlands 0.960 0.922 0.922 0.180
East Anglia 0.678 0.694 0.807 0.181
Bedfordshire and Hertfordshire 0.886 0.902 0.916 0.147
Essex 0.897 0.890 0.893 0.116
Berkshire, Buckinghamshire and Oxfordshire 0.839 0.885 0.915 0.253
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Surrey, East and West Sussex 1.000 1.000 1.000 0.234
Hampshire and Isle of Wight 0.716 0.762 0.771 0.159
Kent 0.874 0.856 0.865 0.115
Gloucestershire, Wiltshire and Bristol/Bath area 0.817 0.840 0.910 0.200
Dorset and Somerset 0.837 0.835 0.885 0.086
Cornwall and Isles of Scilly 0.706 0.705 0.735 0.031
Devon 0.787 0.778 0.851 0.073
West Wales and The Valleys 0.853 0.752 0.893 0.100
East Wales 0.791 0.779 0.891 0.078
Eastern Scotland 0.778 0.732 0.917 0.153
South Western Scotland 0.757 0.687 0.822 0.159
North Eastern Scotland 0.479 0.526 0.691 0.057
Highlands and Islands 0.555 0.512 1.000 0.032
Northern Ireland (UK) 0.681 0.643 0.770 0.114

Table 1.3: Descriptive statistics of regions’ environmental efficiency estimates grouped by country

Belgium (11 Bulgaria (6
2009 2011 2013 2009 2011 2013
regions) regions)
Model 1-M1 mean 0.761 0.716 0.666 Model 1-M1 mean 0.894 0.886 0.907
std 0.110 0.104 0.122 std 0.121 0.128 0.120
min 0.628 0.611 0.567 min 0.749 0.700 0.720
max 1.000 1.000 1.000 max 1.000 1.000 1.000
Model 2-M2 mean 0.754 0.686 0.691 Model 2-M2 mean 0.668 0.708 0.613
std 0.107 0.112 0.115 std 0.260 0.181 0.137
min 0.631 0.583 0.585 min 0.439 0.572 0.414
max 1.000 1.000 1.000 max 1.000 1.000 0.817
Model 3-M3 mean 0.805 0.756 0.737 Model 3-M3 mean 0.709 0.779 0.774
std 0.096 0.093 0.101 std 0.226 0.129 0.196
min 0.682 0.662 0.631 min 0.508 0.661 0.517
max 1.000 1.000 1.000 max 1.000 1.000 1.000
Model 4 -M4 mean 0.097 0.100 0.104 Model 4 -M4 mean 0.020 0.021 0.022
std 0.052 0.053 0.057 std 0.022 0.024 0.024
min 0.029 0.031 0.034 min 0.008 0.008 0.008
max 0.188 0.195 0.206 max 0.066 0.070 0.071
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Czech  Republic Germany (36

2009 2011 2013 2009 2011 2013
(8 regions) regions)
Model 1-M1 mean 0.581 0.588 0.546 Model 1-M1 mean 0.756 0.731 0.684
std 0.025 0.042 0.056 std 0.109 0.113 0.104
min 0.552 0.511 0.466 min 0.596 0.526 0.487
max 0.632 0.651 0.633 max 1.000 1.000 1.000
Model 2-M2 mean 0.561 0.536 0.564 Model 2-M2 mean 0.791 0.740 0.732
std 0.042 0.055 0.057 std 0.097 0.113 0.096
min 0.514 0.452 0.476 min 0.618 0.531 0.561
max 0.628 0.609 0.636 max 1.000 1.000 1.000
Model 3-M3 mean 0.641 0.633 0.627 Model 3-M3 mean 0.871 0.831 0.799
std 0.040 0.084 0.078 std 0.077 0.092 0.081
min 0.605 0.524 0.535 min 0.735 0.621 0.615
max 0.717 0.759 0.726 max 1.000 1.000 1.000
Model 4 -M4 mean 0.053 0.056 0.054 Model 4 -M4 mean 0.187 0.195 0.206
std 0.024 0.024 0.023 std 0.129 0.133 0.142
min 0.037 0.037 0.035 min 0.036 0.037 0.040
max 0.109 0.111 0.107 max 0.530 0.563 0.613
Italy (21 Hungary (6
2009 2011 2013 2009 2011 2013
regions) regions)
Model 1-M1 mean 0.909 0.909 0.896 Model 1-M1 mean 0.928 0.853 0.674
std 0.095 0.106 0.119 std 0.104 0.086 0.183
min 0.682 0591 0573 min 0.787  0.753 0.480
max 1.000 1.000 1.000 max 1.000 1.000 0.932
Model 2-M2 mean 0.839 0.834 0.889 Model 2-M2 mean 0.635 0.609 0.551
std 0.113 0.123 0.116 std 0.098 0.171 0.141
min 0.647 0.593 0.618 min 0.512 0.527 0.477
max 1.000 1.000 1.000 max 0.793 0.958 0.836
Model 3-M3 mean 0.895 0.911 0.936 Model 3-M3 mean 0.689 0.686 0.644
std 0.094 0.082 0.092 std 0.094 0.146 0.116
min 0.692 0.732 0.696 min 0.562 0.596 0.548
max 1.000 1.000 1.000 max 0.828 0.980 0.868
Model 4 -M4 mean 0.309 0.307 0.305 Model 4 -M4 mean 0.041 0.041 0.042
std 0.314 0.315 0.315 std 0.045 0.045 0.045
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min 0.034 0.038 0.038 min 0.018 0.017 0.018

max 1.000 1.000 1.000 max 0.133 0.132 0.135
Netherlands Austria (7
2009 2011 2013 2009 2011 2013
(12 regions) regions)
Model 1-M1 mean 0.665 0.714 0.705 Model 1-M1 mean 0.689 0.667 0.599
std 0.095 0.145 0.110 std 0.048 0.055 0.050
min 0.478 0.437 0.484 min 0.630 0.583 0.535
max 0.827 1.000 0.896 max 0.755 0.727 0.695
Model 2-M2 mean 0.695 0.713 0.751 Model 2-M2 mean 0.748 0.701 0.677
std 0.116 0.154 0.110 std 0.116 0.115 0.048
min 0.504 0.490 0.575 min 0.641 0.592 0.614
max 0.865 1.000 0.933 max 0.994 0.938 0.751
Model 3-M3 mean 0.753 0.738 0.778 Model 3-M3 mean 0.887 0.855 0.782
std 0.134 0.165 0.125 std 0.090 0.062 0.029
min 0.585 0.490 0.590 min 0.749 0.738 0.732
max 1.000 1.000 1.000 max 1.000 0.938 0.820
Model 4 -M4 mean 0.155 0.154 0.157 Model 4 -M4 mean 0.105 0.105 0.110
std 0.135 0.131 0.135 std 0.059 0.059 0.062
min 0.030 0.031 0.031 min 0.046 0.047 0.049
max 0.389 0.371 0.380 max 0.218 0.218 0.229
Poland (16 Portugal (7
2009 2011 2013 2009 2011 2013
regions) regions)
Model 1-M1 mean 0.753 0.730 0.710 Model 1-M1 mean 0.869 0.920 0.915
std 0.105 0.122 0.082 std 0.094 0.110 0.092
min 0.619 0.532 0.560 min 0.739 0.690 0.760
max 1.000 0.908 0.890 max 1.000 1.000 1.000
Model 2-M2 mean 0.675 0.589 0.641 Model 2-M2 mean 0.747 0.799 0.867
std 0.077 0.098 0.071 std 0.145 0.156 0.109
min 0.468 0.435 0.525 min 0.612 0.544 0.714
max 0.788 0.785 0.768 max 1.000 1.000 1.000
Model 3-M3 mean 0.749 0.726 0.757 Model 3-M3 mean 0.840 0.929 0.978
std 0.080 0.096 0.084 std 0.098 0.075 0.059
min 0.544 0.560 0.606 min 0.717 0.810 0.844
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max 0.840 0.949 0.909 max 1.000 1.000 1.000

Model 4 -M4 mean 0.057 0.065 0.068 Model 4 -M4 mean 0.076 0.074 0.076
std 0.046 0.053 0.056 std 0.068 0.063 0.060
min 0.020 0.022 0.023 min 0.021 0.020 0.020
max 0.192 0.225 0.241 max 0.191 0.180 0.173
Slovakia (4 UK (33
2009 2011 2013 2009 2011 2013
regions) regions)
Model 1-M1 mean 0.683 0.657 0.729 Model 1-M1 mean 0.838 0.829 0.754
std 0.075 0.086 0.166 std 0.109 0.136 0.138
min 0.586 0.562 0.484 min 0.586 0.359 0.315
max 0.764 0.762 0.843 max 1.000 1.000 1.000
Model 2-M2 mean 0.674 0.575 0.713 Model 2-M2 mean 0.831 0.790 0.764
std 0.061 0.048 0.144 std 0.116 0.136 0.133
min 0.614 0.535 0.502 min 0.537 0.403 0.361
max 0.759 0.634 0.820 max 1.000 1.000 1.000
Model 3-M3 mean 0.763 0.715 0.821 Model 3-M3 mean 0.885 0.870 0.839
std 0.073 0.067 0.196 std 0.096 0.110 0.101
min 0.685 0.618 0.530 min 0.628 0.510 0.565
max 0.862 0.769 0.953 max 1.000 1.000 1.000
Model 4 -M4 mean 0.046 0.048 0.051 Model 4 -M4 mean 0.107 0.112 0.125
std 0.011 0.012 0.012 std 0.054 0.057 0.064
min 0.036 0.038 0.040 min 0.029 0.030 0.034
max 0.059 0.062 0.065 max 0.229 0.249 0.280
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Table 1.4: Efficiency scores of M1, M2 and M3 frameworks for the EU countries for 2008, 2010, 2012 and 2014

Country M1 M2 M3
2008 2010 2012 2014 2008 2010 2012 2014 2008 2010 2012 2014

Austria 0.868 0.779 0.815 0.504 0.910 0.801 0.838 0.527 0.931 0.944 0.985 0.565
Belgium 0.862 0.811 0.805 0.503 0.902 0.836 0.814 0.514 0.898 0.875 0.908 0.510
Bulgaria 0.541 0.544 0.561 0.501 0.551 0.544 0.561 0.545 0.614 0.642 0.591 0.584
Cyprus 0.677 0.672 0.822 0.502 0.681 0.672 0.822 1.000 1.000 1.000 1.000 1.000
Czech

Republic 0.658 0.637 0.663 0.560 0.681 0.664 0.678 0.583 0.592 0.572 0.587 0.556
Denmark 0.901 0.857 0.865 0.526 0.957 0.865 0.865 0.551 0.948 0.943 0.959 0.598
Estonia 0.618 0.643 0.627 0.502 0.633 0.643 0.636 1.000 1.000 1.000 1.000 1.000
Finland 0.926 0.875 0.903 0.506 0.983 0.972 1.000 1.000 1.000 1.000 1.000 1.000
France 0.834 0.785 0.793 0.503 1.000 1.000 1.000 0.506 1.000 1.000 1.000 0.507
Germany 0.932 0.851 0.866 0.504 1.000 0.981 1.000 0.505 1.000 1.000 1.000 0.522
Greece 0.793 0.768 1.000 0.502 0.825 0.768 1.000 0.526 1.000 1.000 1.000 1.000
Hungary 0.696 0.709 0.768 1.000 0.698 0.709 0.768 1.000 0.832 0.790 0.746 1.000
Ireland 0.933 1.000 1.000 0.506 0.998 1.000 1.000 0.588 1.000 1.000 1.000 0.554
Italy 0.817 0.775 0.854 0.502 0.864 0.843 0.902 0.504 0.957 0.961 0.955 0.505
Latvia 0.604 0.612 0.551 0.502 0.608 0.612 0.554 0.757 1.000 1.000 1.000 1.000
Lithuania 0.616 0.715 0.689 0.501 0.622 0.715 0.689 0.625 1.000 1.000 1.000 0.972
Luxembourg 1.000 1.000 1.000 0.509 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Malta 0.798 0.702 0.756 0.502 0.798 0.702 0.756 1.000 1.000 1.000 1.000 1.000
Netherlands 0.841 0.812 0.854 0.504 0.868 0.813 0.854 0.510 1.000 1.000 1.000 0.528
Norway 0.975 0.935 0.906 0.505 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Poland 0.749 0.713 0.744 0.509 0.772 0.716 0.744 0.520 0.743 0.776 0.766 0.510
Portugal 0.719 0.697 0.877 0.502 0.722 0.697 0.877 0.522 0.858 0.795 0.855 0.509
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Romania 0.562 0.565 0.588 0.508 0.565 0.573 0.597 0.535 0.501 0.546 0.552 0.516
Slovakia 0.643 0.633 0.655 0.502 0.657 0.638 0.655 0.563 0.680 0.627 0.661 0.559
Slovenia 0.707 0.730 0.806 0.503 0.732 0.730 0.806 0.766 0.805 0.878 0.939 0.845
Spain 0.694 0.708 0.794 0.502 0.764 0.836 0.964 0.507 0.928 0.907 1.000 0.511
Sweden 0.852 0.830 0.838 0.543 0.959 0.972 0.999 1.000 0.978 0.986 1.000 1.000
United

Kingdom 1.000 1.000 1.000 0.503 1.000 1.000 1.000 0.505 1.000 1.000 1.000 0.506
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Table 1.5: Average efficiency scores per country and per modelling framework

Country M1 M2 M3

Austria 0.741 0.769 0.856
Belgium 0.745 0.766 0.798
Bulgaria 0.537 0.550 0.608
Cyprus 0.668 0.794 1.000
Czech Republic 0.629 0.652 0.577
Denmark 0.787 0.810 0.862
Estonia 0.597 0.728 1.000
Finland 0.802 0.989 1.000
France 0.729 0.877 0.877
Germany 0.788 0.871 0.880
Greece 0.766 0.779 1.000
Hungary 0.793 0.794 0.842
Ireland 0.860 0.897 0.888
Italy 0.737 0.779 0.845
Latvia 0.567 0.633 1.000
Lithuania 0.630 0.663 0.993
Luxembourg 0.877 1.000 1.000
Malta 0.690 0.814 1.000
Netherlands 0.753 0.761 0.882
Norway 0.830 1.000 1.000
Poland 0.679 0.688 0.699
Portugal 0.699 0.705 0.754
Romania 0.556 0.568 0.529
Slovakia 0.608 0.628 0.632
Slovenia 0.687 0.758 0.867
Spain 0.675 0.768 0.837
Sweden 0.766 0.983 0.991
United Kingdom 0.876 0.876 0.876
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Table 1.6: Biased corrected efficiency scores of countries’ by modelling framework

Framework M1

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:00:48 EEST - 167.114.118.212

Efficiency | Bias Efficiency | Bias
Country scores corrected bias std lower upper 2008 Country scores corrected bias std lower upper 2010
Austria 0.868 0.800 0.068 0.034 0.757 0.885 Austria 0.779 0.695 0.085 0.040 0.641 0.785
Belgium 0.862 0.788 0.074 0.038 0.738 0.882 Belgium 0.811 0.716 0.095 0.043 0.658 0.808
Bulgaria 0.541 0.527 0.014 0.006 0.519 0.541 Bulgaria 0.544 0.515 0.029 0.018 0.495 0.556
Cyprus 0.677 0.639 0.039 0.018 0.614 0.684 Cyprus 0.672 0.617 0.055 0.027 0.578 0.683
Czech Czech
Republic 0.658 0.620 0.038 0.023 0.590 0.668 Republic 0.637 0.585 0.051 0.028 0.544 0.632
Denmark | 0.901 0.820 0.081 0.043 0.760 0.923 Denmark | 0.857 0.747 0.110 0.054 0.670 0.866
Estonia 0.618 0.589 0.030 0.018 0.565 0.626 Estonia 0.643 0.594 0.049 0.022 0.563 0.656
Finland 0.926 0.832 0.094 0.059 0.758 0.961 Finland 0.875 0.744 0.131 0.071 0.642 0.872
France 0.834 0.760 0.074 0.036 0.709 0.845 France 0.785 0.698 0.088 0.041 0.640 0.785
Germany | 0.932 0.837 0.095 0.044 0.769 0.935 Germany | 0.851 0.754 0.097 0.046 0.683 0.862
Greece 0.793 0.738 0.054 0.025 0.703 0.797 Greece 0.768 0.643 0.125 0.059 0.544 0.769
Hungary 0.696 0.624 0.071 0.038 0.573 0.707 Hungary 0.709 0.625 0.084 0.039 0.566 0.704
Ireland 0.933 0.825 0.108 0.061 0.738 0.946 Ireland 1.000 0.856 0.144 0.062 0.747 0.994
Italy 0.817 0.693 0.124 0.051 0.601 0.800 Italy 0.775 0.670 0.105 0.048 0.603 0.783
Latvia 0.604 0.582 0.022 0.014 0.564 0.613 Latvia 0.612 0.560 0.051 0.025 0.527 0.615
Lithuania | 0.616 0.580 0.036 0.018 0.554 0.617 Lithuania | 0.715 0.609 0.106 0.050 0.531 0.699
Luxembo Luxembo
urg 1.000 0.667 0.333 0.250 0.359 1.191 urg 1.000 0.650 0.350 0.209 0.337 1.090
Malta 0.798 0.680 0.119 0.062 0.586 0.801 Malta 0.702 0.640 0.062 0.028 0.599 0.709
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Netherla Netherla
nds 0.841 0.768 0.073 0.036 0.717 0.845 nds 0.812 0.718 0.094 0.044 0.651 0.820
Norway 0.975 0.827 0.148 0.088 0.702 1.003 Norway 0.935 0.750 0.186 0.095 0.594 0.946
Poland 0.749 0.698 0.051 0.021 0.665 0.746 Poland 0.713 0.643 0.070 0.030 0.603 0.719
Portugal | 0.719 0.635 0.084 0.045 0.572 0.727 Portugal | 0.697 0.610 0.087 0.041 0.548 0.712
Romania | 0.562 0.549 0.013 0.009 0.538 0.568 Romania | 0.565 0.540 0.024 0.011 0.526 0.565
Slovakia 0.643 0.611 0.032 0.014 0.591 0.641 Slovakia 0.633 0.591 0.042 0.019 0.565 0.635
Slovenia | 0.707 0.657 0.050 0.023 0.624 0.712 Slovenia | 0.730 0.664 0.066 0.030 0.617 0.738
Spain 0.694 0.651 0.043 0.021 0.623 0.705 Spain 0.708 0.643 0.065 0.032 0.598 0.720
Sweden 0.852 0.782 0.069 0.036 0.734 0.877 Sweden 0.830 0.722 0.108 0.053 0.647 0.809
United United
Kingdom | 1.000 0.801 0.199 0.086 0.646 0.962 Kingdom | 1.000 0.793 0.207 0.084 0.627 0.967
Efficiency | Bias Efficiency | Bias
Country scores corrected bias std lower upper 2012 Country scores corrected bias std lower upper 2014
Austria 0.815 0.741 0.073 0.035 0.694 0.821 Austria 0.504 0.494 0.010 0.003 0.485 0.497
Belgium 0.805 0.723 0.082 0.038 0.669 0.809 Belgium 0.503 0.494 0.009 0.002 0.486 0.497
Bulgaria 0.561 0.540 0.021 0.011 0.525 0.565 Bulgaria 0.501 0.498 0.004 0.001 0.494 0.499
Cyprus 0.822 0.732 0.090 0.037 0.670 0.807 Cyprus 0.502 0.497 0.005 0.001 0.492 0.498
Czech Czech
Republic | 0.663 0.621 0.042 0.020 0.595 0.665 Republic | 0.560 0.397 0.163 0.042 0.243 0.449
Denmark | 0.865 0.772 0.093 0.049 0.704 0.890 Denmark | 0.526 0.455 0.071 0.018 0.388 0.478
Estonia 0.627 0.592 0.034 0.016 0.571 0.629 Estonia 0.502 0.497 0.005 0.001 0.492 0.498
Finland 0.903 0.806 0.097 0.050 0.733 0.914 Finland 0.506 0.490 0.016 0.004 0.475 0.495
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France 0.793 0.710 0.082 0.041 0.650 0.804
Germany | 0.866 0.782 0.084 0.038 0.728 0.875
Greece 1.000 0.815 0.185 0.083 0.653 0.955
Hungary 0.768 0.700 0.067 0.028 0.661 0.760
Ireland 1.000 0.872 0.128 0.061 0.775 0.998
Italy 0.854 0.768 0.086 0.042 0.711 0.870
Latvia 0.551 0.536 0.015 0.008 0.527 0.554
Lithuania | 0.689 0.631 0.058 0.027 0.596 0.687
Luxembo

urg 1.000 0.732 0.267 0.175 0.498 1.115
Malta 0.756 0.689 0.067 0.029 0.640 0.749
Netherla

nds 0.854 0.767 0.087 0.039 0.709 0.856
Norway 0.906 0.761 0.146 0.084 0.643 0.926
Poland 0.744 0.683 0.061 0.027 0.639 0.744
Portugal 0.877 0.769 0.108 0.051 0.691 0.867
Romania | 0.588 0.563 0.025 0.012 0.548 0.590
Slovakia 0.655 0.610 0.045 0.019 0.582 0.652
Slovenia 0.806 0.740 0.066 0.028 0.698 0.809
Spain 0.794 0.711 0.082 0.038 0.653 0.788
Sweden 0.838 0.751 0.086 0.040 0.692 0.841
United

Kingdom 1.000 0.876 0.124 0.054 0.776 0.974

France 0.503 0.494 0.009 0.002 0.485 0.497
Germany | 0.504 0.494 0.010 0.003 0.485 0.497
Greece 0.502 0.497 0.005 0.001 0.492 0.498
Hungary 1.000 -0.383 1.383 0.345 -1.699 0.024
Ireland 0.506 0.490 0.016 0.004 0.475 0.495
Italy 0.502 0.496 0.007 0.002 0.489 0.498
Latvia 0.502 0.497 0.004 0.001 0.494 0.499
Lithuania | 0.501 0.498 0.004 0.001 0.494 0.499
Luxembo

urg 0.509 0.484 0.025 0.007 0.460 0.492
Malta 0.502 0.496 0.007 0.002 0.489 0.498
Netherla

nds 0.504 0.494 0.010 0.002 0.485 0.497
Norway 0.505 0.491 0.014 0.004 0.478 0.496
Poland 0.509 0.484 0.026 0.007 0.460 0.492
Portugal 0.502 0.497 0.005 0.001 0.493 0.499
Romania | 0.508 0.486 0.021 0.006 0.466 0.493
Slovakia 0.502 0.497 0.005 0.001 0.491 0.498
Slovenia 0.503 0.495 0.008 0.002 0.487 0.497
Spain 0.502 0.496 0.006 0.002 0.490 0.498
Sweden 0.543 0.427 0.116 0.030 0.317 0.464
United

Kingdom | 0.503 0.495 0.008 0.002 0.487 0.497
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Framework M2

Efficiency | Bias Efficiency | Bias
Country scores corrected | bias std lower upper 2008 Country scores corrected | bias std lower upper 2010
Austria 0.910 0.836 0.074 0.035 0.786 0.906 Austria 0.801 0.700 0.101 0.049 0.633 0.792
Belgium 0.902 0.834 0.067 0.036 0.788 0.925 Belgium 0.836 0.751 0.085 0.048 0.690 0.878
Bulgaria 0.551 0.540 0.011 0.005 0.534 0.551 Bulgaria 0.544 0.523 0.021 0.013 0.510 0.557
Cyprus 0.681 0.637 0.045 0.017 0.608 0.675 Cyprus 0.672 0.626 0.047 0.025 0.590 0.691
Czech Czech
Republic 0.681 0.646 0.035 0.018 0.623 0.687 Republic 0.664 0.620 0.044 0.021 0.594 0.676
Denmark | 0.957 0.883 0.075 0.041 0.831 0.993 Denmark | 0.865 0.759 0.106 0.066 0.678 0.916
Estonia 0.633 0.604 0.029 0.012 0.588 0.630 Estonia 0.643 0.601 0.042 0.018 0.573 0.646
Finland 0.983 0.852 0.131 0.101 0.747 1.072 Finland 0.972 0.824 0.147 0.104 0.702 1.055
France 1.000 0.825 0.175 0.115 0.683 1.113 France 1.000 0.798 0.202 0.122 0.623 1.086
Germany | 1.000 0.875 0.125 0.082 0.768 1.101 Germany | 0.981 0.849 0.131 0.079 0.737 1.071
Greece 0.825 0.768 0.056 0.026 0.735 0.832 Greece 0.768 0.662 0.106 0.065 0.576 0.795
Hungary 0.698 0.631 0.067 0.040 0.575 0.728 Hungary 0.709 0.644 0.065 0.035 0.598 0.719
Ireland 0.998 0.885 0.114 0.071 0.792 1.064 Ireland 1.000 0.842 0.158 0.085 0.705 0.999
Italy 0.864 0.734 0.130 0.083 0.630 0.932 Italy 0.843 0.705 0.139 0.079 0.593 0.902
Latvia 0.608 0.582 0.026 0.013 0.565 0.611 Latvia 0.612 0.573 0.039 0.019 0.550 0.619
Lithuania | 0.622 0.588 0.034 0.016 0.564 0.628 Lithuania | 0.715 0.638 0.077 0.044 0.578 0.734
Luxembo Luxembo
urg 1.000 0.711 0.289 0.257 0.447 1.272 urg 1.000 0.700 0.300 0.233 0.430 1.174
Malta 0.798 0.704 0.094 0.059 0.625 0.849 Malta 0.702 0.650 0.051 0.024 0.616 0.715
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Netherla Netherla
nds 0.868 0.796 0.072 0.036 0.746 0.877 nds 0.813 0.728 0.085 0.050 0.662 0.838
Norway 1.000 0.691 0.309 0.198 0.415 1.027 Norway 1.000 0.663 0.337 0.193 0.362 1.008
Poland 0.772 0.720 0.052 0.024 0.687 0.784 Poland 0.716 0.636 0.080 0.040 0.587 0.744
Portugal 0.722 0.638 0.083 0.053 0.567 0.758 Portugal 0.697 0.626 0.071 0.040 0.576 0.723
Romania | 0.565 0.549 0.016 0.009 0.537 0.574 Romania | 0.573 0.552 0.022 0.011 0.538 0.578
Slovakia 0.657 0.628 0.029 0.011 0.612 0.655 Slovakia 0.638 0.601 0.038 0.018 0.577 0.640
Slovenia 0.732 0.689 0.042 0.017 0.665 0.726 Slovenia 0.730 0.672 0.058 0.028 0.629 0.736
Spain 0.764 0.683 0.081 0.057 0.622 0.836 Spain 0.836 0.730 0.106 0.070 0.647 0.903
Sweden 0.959 0.841 0.119 0.084 0.743 1.084 Sweden 0.972 0.817 0.155 0.110 0.681 1.084
United United
Kingdom | 1.000 0.775 0.225 0.144 0.572 1.077 Kingdom | 1.000 0.735 0.265 0.149 0.494 1.031
Efficiency | Bias Efficiency | Bias
Country scores corrected | bias std lower upper 2012 Country scores corrected | bias std lower upper 2014
Austria 0.838 0.753 0.085 0.044 0.692 0.846 Austria 0.527 0.514 0.013 0.007 0.504 0.528
Belgium 0.814 0.739 0.075 0.044 0.683 0.840 Belgium 0.514 0.502 0.011 0.005 0.493 0.511
Bulgaria 0.561 0.542 0.019 0.009 0.530 0.562 Bulgaria 0.545 0.525 0.020 0.013 0.509 0.551
Cyprus 0.822 0.754 0.067 0.036 0.705 0.838 Cyprus 1.000 -13.013 14.013 112.138 -27.026 -3.689
Czech Czech
Republic 0.678 0.641 0.037 0.017 0.617 0.676 Republic | 0.583 0.472 0.110 0.066 0.374 0.589
Denmark | 0.865 0.775 0.089 0.061 0.703 0.904 Denmark | 0.551 0.498 0.053 0.029 0.452 0.554
Estonia 0.636 0.607 0.029 0.013 0.588 0.635 Estonia 1.000 -4.939 5.939 16.289 -10.878 41.250
Finland 1.000 0.882 0.118 0.076 0.784 1.042 Finland 1.000 -4.485 5.485 13.213 -9.971 45.590
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France 1.000 0.815 0.185 0.126 0.645 1.082
Germany | 1.000 0.880 0.119 0.073 0.777 1.043
Greece 1.000 0.849 0.150 0.097 0.714 1.059
Hungary 0.768 0.711 0.056 0.026 0.675 0.766
Ireland 1.000 0.847 0.152 0.084 0.714 1.005
Italy 0.902 0.792 0.109 0.080 0.702 0.947
Latvia 0.554 0.541 0.013 0.007 0.532 0.555
Lithuania | 0.689 0.643 0.046 0.022 0.611 0.691
Luxembo

urg 1.000 0.765 0.235 0.208 0.550 1.202
Malta 0.756 0.704 0.052 0.025 0.666 0.753
Netherla

nds 0.854 0.780 0.074 0.042 0.730 0.864
Norway 1.000 0.724 0.276 0.190 0.480 1.078
Poland 0.744 0.669 0.075 0.047 0.609 0.784
Portugal 0.877 0.791 0.086 0.053 0.724 0.918
Romania 0.597 0.574 0.023 0.011 0.558 0.598
Slovakia 0.655 0.615 0.041 0.018 0.585 0.655
Slovenia 0.806 0.752 0.055 0.026 0.719 0.807
Spain 0.964 0.870 0.094 0.074 0.792 1.024
Sweden 0.999 0.875 0.124 0.090 0.770 1.109
United

Kingdom 1.000 0.827 0.172 0.113 0.674 1.052
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France 0.506 0.500 0.006 0.004 0.495 0.507
Germany | 0.505 0.498 0.007 0.004 0.492 0.505
Greece 0.526 0.515 0.011 0.006 0.506 0.527
Hungary 1.000 0.057 0.943 0.617 -0.845 1.147
Ireland 0.588 0.540 0.048 0.028 0.502 0.597
Italy 0.504 0.499 0.005 0.003 0.495 0.504
Latvia 0.757 0.470 0.286 0.269 0.211 0.972
Lithuania | 0.625 0.548 0.077 0.058 0.483 0.656
Luxembo
urg 1.000 -4.073 5.073 9.584 -9.145 29.940
Malta 1.000 -21.941 22.941 132.349 -44.883 17.668
Netherla
nds 0.510 0.500 0.009 0.004 0.493 0.508
Norway 1.000 -5.643 6.643 26.806 -12.286 24.464
Poland 0.520 0.501 0.019 0.010 0.485 0.521
Portugal 0.522 0.513 0.009 0.005 0.507 0.523
Romania 0.535 0.513 0.023 0.011 0.494 0.535
Slovakia 0.563 0.538 0.024 0.015 0.521 0.577
Slovenia 0.766 0.609 0.156 0.149 0.488 1.029
Spain 0.507 0.502 0.005 0.003 0.498 0.507
Sweden 1.000 0.344 0.656 0.424 -0.276 1.006
United
Kingdom 0.505 0.499 0.006 0.003 0.494 0.505
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Framework M3

Efficiency | Bias Efficiency | Bias
Country scores corrected | bias std lower upper 2008 Country scores corrected | bias std lower upper 2010
Austria 0.931 0.867 0.064 0.042 0.815 0.962 Austria 0.944 0.876 0.068 0.048 0.821 1.006
Belgium 0.898 0.839 0.060 0.035 0.788 0.912 Belgium 0.875 0.813 0.062 0.040 0.761 0.900
Bulgaria 0.614 0.570 0.044 0.017 0.539 0.606 Bulgaria 0.642 0.598 0.044 0.019 0.569 0.640
Cyprus 1.000 0.679 0.321 0.912 0.368 2.117 Cyprus 1.000 0.739 0.261 0.524 0.488 2.344
Czech Czech
Republic 0.592 0.548 0.043 0.023 0.512 0.585 Republic 0.572 0.542 0.030 0.018 0.519 0.587
Denmark | 0.948 0.886 0.061 0.039 0.834 0.979 Denmark | 0.943 0.878 0.065 0.044 0.821 0.980
Estonia 1.000 0.628 0.372 0.818 0.262 3.033 Estonia 1.000 0.443 0.557 2.085 -0.106 2.569
Finland 1.000 0.621 0.379 1.370 0.254 2.717 Finland 1.000 0.724 0.276 0.597 0.461 2.393
France 1.000 0.845 0.155 0.192 0.702 1.324 France 1.000 0.838 0.162 0.195 0.690 1.343
Germany | 1.000 0.726 0.274 0.319 0.463 1.571 Germany | 1.000 0.726 0.274 0.306 0.462 1.451
Greece 1.000 0.787 0.213 0.440 0.583 2.305 Greece 1.000 0.782 0.218 0.460 0.572 2.172
Hungary 0.832 0.794 0.038 0.019 0.766 0.840 Hungary 0.790 0.747 0.043 0.023 0.716 0.804
Ireland 1.000 0.910 0.090 0.090 0.833 1.218 Ireland 1.000 0.855 0.145 0.155 0.724 1.223
Italy 0.957 0.888 0.069 0.059 0.832 1.023 Italy 0.961 0.894 0.067 0.054 0.839 1.035
Latvia 1.000 0.797 0.203 0.332 0.608 2.017 Latvia 1.000 0.794 0.206 0.357 0.602 1.835
Lithuania 1.000 0.875 0.125 0.113 0.762 1.185 Lithuania | 1.000 0.884 0.116 0.100 0.779 1.137
Luxembo Luxembo
urg 1.000 -0.623 1.623 9.886 -2.235 8.182 urg 1.000 0.542 0.458 1.006 0.095 3.716
Malta 1.000 0.656 0.344 0.638 0.321 2.420 Malta 1.000 0.638 0.362 0.651 0.286 2.717
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Netherla Netherla
nds 1.000 0.726 0.274 0.316 0.467 1.468 nds 1.000 0.747 0.253 0.272 0.513 1.349
Norway 1.000 0.551 0.449 0.795 0.114 2.740 Norway 1.000 0.548 0.452 0.827 0.109 2.484
Poland 0.743 0.694 0.049 0.028 0.659 0.752 Poland 0.776 0.727 0.049 0.028 0.692 0.799
Portugal 0.858 0.814 0.045 0.026 0.780 0.874 Portugal 0.795 0.747 0.048 0.031 0.714 0.816
Romania | 0.501 0.478 0.023 0.019 0.455 0.511 Romania | 0.546 0.521 0.025 0.021 0.501 0.572
Slovakia 0.680 0.636 0.044 0.016 0.607 0.670 Slovakia 0.627 0.583 0.044 0.032 0.546 0.662
Slovenia 0.805 0.749 0.056 0.028 0.712 0.819 Slovenia 0.878 0.821 0.056 0.034 0.780 0.921
Spain 0.928 0.842 0.086 0.099 0.766 1.139 Spain 0.907 0.818 0.090 0.106 0.740 1.133
Sweden 0.978 0.900 0.078 0.077 0.834 1.149 Sweden 0.986 0.907 0.079 0.079 0.840 1.152
United United
Kingdom | 1.000 0.852 0.148 0.150 0.716 1.202 Kingdom | 1.000 0.842 0.158 0.169 0.696 1.291
Efficiency | Bias Efficiency | Bias
Country scores corrected | bias std lower upper 2012 Country scores corrected | bias std lower upper 2014
Austria 0.985 0.916 0.069 0.056 0.857 1.081 Austria 0.565 0.470 0.095 0.059 0.385 0.581
Belgium 0.908 0.853 0.055 0.033 0.807 0.921 Belgium 0.510 0.492 0.018 0.012 0.476 0.511
Bulgaria 0.591 0.565 0.026 0.017 0.546 0.611 Bulgaria 0.584 0.518 0.066 0.036 0.461 0.589
Cyprus 1.000 0.735 0.266 0.539 0.480 2.394 Cyprus 1.000 -2.532 3.532 14.966 -6.064 9.644
Czech Czech
Republic 0.587 0.557 0.029 0.019 0.536 0.607 Republic | 0.556 0.471 0.086 0.062 0.390 0.578
Denmark | 0.959 0.899 0.060 0.043 0.848 1.025 Denmark | 0.598 0.465 0.133 0.101 0.343 0.635
Estonia 1.000 0.511 0.489 1.552 0.031 2.830 Estonia 1.000 -2.921 3.921 7.314 -6.841 23.687
Finland 1.000 0.734 0.266 0.552 0.478 2.276 Finland 1.000 -2.141 3.141 6.856 -5.282 20.548
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France 1.000 0.847 0.153 0.198 0.704 1.324
Germany | 1.000 0.739 0.261 0.305 0.488 1.428
Greece 1.000 0.796 0.204 0.407 0.599 2.006
Hungary 0.746 0.705 0.041 0.021 0.680 0.750
Ireland 1.000 0.857 0.143 0.173 0.726 1.300
Italy 0.955 0.890 0.066 0.063 0.834 1.053
Latvia 1.000 0.786 0.214 0.414 0.585 2.312
Lithuania 1.000 0.870 0.129 0.140 0.751 1.157
Luxembo

urg 1.000 0.571 0.429 0.915 0.153 3.355
Malta 1.000 0.676 0.324 0.554 0.359 2.097
Netherla

nds 1.000 0.879 0.121 0.123 0.773 1.236
Norway 1.000 0.527 0.473 0.806 0.067 2.774
Poland 0.766 0.724 0.041 0.023 0.698 0.792
Portugal 0.855 0.809 0.046 0.042 0.773 0.878
Romania 0.552 0.532 0.019 0.018 0.516 0.582
Slovakia 0.661 0.619 0.042 0.027 0.587 0.698
Slovenia 0.939 0.884 0.055 0.044 0.844 0.964
Spain 1.000 0.920 0.080 0.089 0.850 1.161
Sweden 1.000 0.910 0.090 0.087 0.831 1.216
United

Kingdom 1.000 0.863 0.137 0.148 0.737 1.219
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France 0.507 0.496 0.011 0.008 0.486 0.507
Germany | 0.522 0.486 0.036 0.027 0.451 0.531
Greece 1.000 -1.866 2.866 6.563 -4.733 19.486
Hungary 1.000 0.159 0.841 0.639 -0.648 1.223
Ireland 0.554 0.491 0.062 0.034 0.439 0.561
Italy 0.505 0.497 0.009 0.006 0.489 0.506
Latvia 1.000 -1.829 2.829 5.112 -4.659 13.183
Lithuania | 0.972 0.423 0.548 0.727 -0.098 2.300
Luxembo
urg 1.000 -6.612 7.612 36.330 -14.225 11.209
Malta 1.000 -4.470 5.470 22.708 -9.941 29.307
Netherla
nds 0.528 0.483 0.045 0.033 0.440 0.541
Norway 1.000 -3.659 4.659 13.338 -8.317 28.346
Poland 0.510 0.494 0.015 0.011 0.480 0.511
Portugal 0.509 0.504 0.005 0.002 0.500 0.509
Romania 0.516 0.502 0.014 0.008 0.489 0.516
Slovakia 0.559 0.531 0.028 0.020 0.509 0.578
Slovenia 0.845 0.565 0.280 0.352 0.328 1.491
Spain 0.511 0.493 0.019 0.013 0.475 0.515
Sweden 1.000 0.500 0.500 0.385 0.035 1.206
United
Kingdom 0.506 0.496 0.010 0.007 0.487 0.507
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Table 1.7: Bias corrected efficiency scores of the 22 countries for modelling framework M1

DMU VRS Bias corrected bias std lower upper 2005
Austria 0.820 0.773 0.047 0.023 0.742 0.817
Belgium 0.855 0.798 0.057 0.026 0.760 0.854
Bulgaria 0.730 0.702 0.029 0.017 0.684 0.736
Croatia 0.744 0.713 0.030 0.017 0.695 0.748
Czech Rep 0.672 0.629 0.043 0.018 0.601 0.667
Denmark 0.892 0.849 0.043 0.022 0.819 0.897
Estonia 0.574 0.551 0.023 0.013 0.537 0.579
Finland 0.823 0.783 0.040 0.020 0.757 0.827
France 0.910 0.754 0.156 0.099 0.626 0.962
Germany 1.000 0.738 0.262 0.149 0.512 1.046
Greece 0.907 0.860 0.047 0.023 0.828 0.908
Hungary 0.795 0.760 0.035 0.019 0.737 0.796
Ireland 0.634 0.598 0.036 0.016 0.575 0.631
Italy 0.901 0.777 0.124 0.078 0.677 0.953
Netherlands 0.922 0.845 0.077 0.037 0.789 0.916
Poland 1.000 0.941 0.059 0.028 0.901 0.995
Portugal 0.818 0.778 0.040 0.020 0.752 0.820
Romania 0.778 0.744 0.034 0.018 0.722 0.778
Slovakia 0.691 0.662 0.029 0.016 0.643 0.692
Slovenia 0.709 0.681 0.028 0.016 0.663 0.714
Spain 0.694 0.624 0.070 0.041 0.567 0.709
Sweden 0.855 0.800 0.055 0.025 0.763 0.852
DMU VRS Bias corrected bias std lower upper 2010
Austria 0.843 0.811 0.032 0.014 0.793 0.847
Belgium 0.856 0.823 0.034 0.019 0.802 0.869
Bulgaria 0.656 0.611 0.044 0.026 0.576 0.658
Croatia 0.725 0.683 0.042 0.022 0.652 0.728
Czech Rep 0.698 0.675 0.024 0.013 0.660 0.709
Denmark 0.956 0.913 0.042 0.020 0.886 0.958
Estonia 0.633 0.582 0.050 0.033 0.539 0.651
Finland 0.817 0.789 0.028 0.012 0.774 0.822
France 0.937 0.823 0.114 0.096 0.725 1.081
Germany 1.000 0.826 0.174 0.125 0.673 1.134
Greece 0.993 0.949 0.045 0.020 0.920 0.992
Hungary 0.824 0.786 0.039 0.018 0.762 0.831
Ireland 0.952 0.903 0.050 0.025 0.867 0.957
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Italy 0.971 0.887 0.084 0.070 0.817 1.056
Netherlands 0.951 0.903 0.048 0.030 0.870 0.978
Poland 0.929 0.891 0.038 0.023 0.867 0.954
Portugal 0.849 0.813 0.036 0.016 0.793 0.851
Romania 0.711 0.689 0.022 0.010 0.677 0.719
Slovakia 0.764 0.733 0.031 0.014 0.716 0.771
Slovenia 1.000 0.812 0.188 0.129 0.639 1.039
Spain 0.839 0.780 0.060 0.049 0.733 0.896
Sweden 0.843 0.812 0.031 0.019 0.793 0.860
DMU VRS Bias corrected bias std lower upper 2015
Austria 0.713 0.656 0.057 0.031 0.618 0.736
Belgium 0.716 0.647 0.069 0.043 0.596 0.755
Bulgaria 0.615 0.545 0.070 0.038 0.488 0.639
Croatia 0.634 0.549 0.085 0.047 0.476 0.664
Czech Rep 0.625 0.580 0.045 0.028 0.548 0.653
Denmark 0.819 0.758 0.061 0.033 0.718 0.844
Estonia 0.557 0.510 0.047 0.030 0.470 0.590
Finland 0.739 0.678 0.061 0.027 0.638 0.741
France 0.941 0.711 0.229 0.171 0.514 1.092
Germany 1.000 0.668 0.332 0.207 0.373 1.080
Greece 1.000 0.735 0.265 0.121 0.495 0.922
Hungary 0.679 0.628 0.051 0.023 0.594 0.684
Ireland 0.748 0.680 0.068 0.030 0.633 0.742
Italy 1.000 0.768 0.232 0.146 0.576 1.069
Netherlands 0.846 0.752 0.094 0.057 0.681 0.877
Poland 0.827 0.744 0.083 0.055 0.680 0.880
Portugal 0.871 0.752 0.118 0.056 0.658 0.849
Romania 0.665 0.615 0.050 0.030 0.581 0.697
Slovakia 0.633 0.590 0.042 0.019 0.563 0.635
Slovenia 0.617 0.511 0.106 0.058 0.414 0.650
Spain 0.853 0.709 0.144 0.104 0.585 0.932
Sweden 0.707 0.639 0.068 0.043 0.588 0.744
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Table 1.8: Bias corrected efficiency scores of the 22 countries for modelling framework M2

DMU VRS Bias corrected bias std lower upper 2005
Austria 0.823 0.773 0.050 0.025 0.738 0.829
Belgium 0.855 0.805 0.050 0.025 0.772 0.857
Bulgaria 0.730 0.707 0.023 0.010 0.695 0.733
Croatia 0.744 0.718 0.026 0.012 0.704 0.745
Czech Rep 0.672 0.631 0.040 0.019 0.604 0.672
Denmark 0.892 0.851 0.041 0.018 0.825 0.890
Estonia 0.574 0.555 0.019 0.009 0.545 0.576
Finland 0.858 0.770 0.088 0.050 0.702 0.870
France 1.000 0.713 0.287 0.193 0.449 1.117
Germany 1.000 0.749 0.251 0.163 0.520 1.079
Greece 0.910 0.863 0.047 0.023 0.829 0.911
Hungary 0.795 0.765 0.030 0.013 0.748 0.797
Ireland 0.637 0.589 0.048 0.025 0.553 0.646
Italy 0.901 0.779 0.122 0.088 0.673 0.974
Netherlands 0.922 0.852 0.070 0.037 0.799 0.920
Poland 1.000 0.942 0.058 0.027 0.904 1.002
Portugal 0.818 0.781 0.037 0.017 0.759 0.819
Romania 0.778 0.748 0.029 0.013 0.731 0.780
Slovakia 0.691 0.666 0.025 0.011 0.651 0.695
Slovenia 0.709 0.686 0.023 0.011 0.673 0.712
Spain 0.726 0.610 0.116 0.078 0.514 0.773
Sweden 0.952 0.828 0.124 0.089 0.722 1.040
DMU VRS Bias corrected bias std lower upper 2010
Austria 0.846 0.805 0.041 0.020 0.775 0.852
Belgium 0.856 0.823 0.033 0.019 0.802 0.867
Bulgaria 0.656 0.615 0.041 0.024 0.580 0.665
Croatia 0.725 0.686 0.039 0.020 0.656 0.731
Czech Rep 0.698 0.672 0.026 0.015 0.654 0.705
Denmark 0.956 0.910 0.045 0.021 0.877 0.956
Estonia 0.633 0.587 0.046 0.031 0.546 0.654
Finland 0.901 0.848 0.053 0.032 0.807 0.922
France 1.000 0.802 0.198 0.180 0.621 1.226
Germany 1.000 0.837 0.163 0.134 0.688 1.165
Greece 1.000 0.947 0.053 0.021 0.914 0.997
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Hungary 0.824 0.787 0.038 0.017 0.761 0.820
Ireland 0.994 0.949 0.046 0.022 0.914 0.996
Italy 0.971 0.895 0.077 0.070 0.829 1.080
Netherlands 0.951 0.905 0.046 0.027 0.872 0.969
Poland 0.929 0.884 0.045 0.030 0.851 0.958
Portugal 0.849 0.810 0.038 0.017 0.784 0.844
Romania 0.711 0.685 0.026 0.013 0.668 0.717
Slovakia 0.764 0.734 0.030 0.014 0.715 0.761
Slovenia 1.000 0.830 0.170 0.126 0.669 1.067
Spain 0.883 0.801 0.082 0.060 0.736 0.942
Sweden 0.965 0.878 0.086 0.073 0.806 1.064
DMU VRS Bias corrected bias std lower upper 2015
Austria 0.713 0.642 0.071 0.036 0.596 0.731
Belgium 0.716 0.651 0.065 0.038 0.607 0.741
Bulgaria 0.615 0.560 0.055 0.031 0.516 0.633
Croatia 0.634 0.567 0.066 0.038 0.511 0.658
Czech Rep 0.625 0.581 0.044 0.023 0.552 0.639
Denmark 0.819 0.760 0.059 0.028 0.723 0.829
Estonia 0.557 0.519 0.038 0.026 0.487 0.587
Finland 0.953 0.869 0.084 0.069 0.802 1.045
France 1.000 0.675 0.325 0.256 0.377 1.225
Germany 1.000 0.714 0.286 0.222 0.450 1.153
Greece 1.000 0.767 0.233 0.129 0.556 0.972
Hungary 0.679 0.634 0.045 0.019 0.606 0.680
Ireland 0.770 0.684 0.086 0.045 0.620 0.796
Italy 1.000 0.781 0.219 0.148 0.598 1.123
Netherlands 0.846 0.758 0.089 0.052 0.692 0.866
Poland 0.827 0.737 0.090 0.054 0.670 0.856
Portugal 0.871 0.768 0.103 0.056 0.687 0.881
Romania 0.665 0.613 0.052 0.027 0.577 0.674
Slovakia 0.633 0.595 0.037 0.016 0.572 0.634
Slovenia 0.617 0.535 0.083 0.048 0.459 0.653
Spain 0.974 0.851 0.123 0.101 0.748 1.128
Sweden 0.912 0.750 0.163 0.155 0.609 1.113
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Table 1.9: Efficiency scores of M1 and M2 frameworks for the EU countries for 2008, 2010, 2012, 2014 and 2016
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M1 M2

Country 2008 2010 2012 2014 2016 2008 2010 2012 2014 2016
Austria 0.528 0523 0.529 0531 0,527 0528 0.523 0529 0531 0.527
Belgium 0.507 0.507 0.508 0.507 0.506 0507 0.507 0.508 0.507 0.506
Bulgaria 0.501 0501 0.501 0501 0501 0501 0.501 0501 0501 0.501
Croatia 0.515 0516 0.514 0513 0513 0515 0.516 0.514 0513 0.513
Cyprus 0.502 0502 0.502 0502 0502 0502 0.502 0.502 0.502 0.502
Czechia 0.534 0532 0.529 0.528 0530 0.534 0.532 0529 0.528 0.530
Denmark 0.567 0579 0.588 0.604 0572 0.567 0.579 0.588 0.604 0.572
Estonia 0.501 0501 0.501 0501 0501 0501 0.501 0.501 0.501 0.501
Finland 0.503 0503 0.503 0503 0503 0503 0.503 0.503 0503 0.503
France 0.510 0510 0.510 0512 0510 0510 0.510 0510 0.512 0.510
Germany 0.504 0.504 0.503 0503 0503 0.504 0.504 0.503 0.503 0.503
Greece 0.502 0502 0.502 0502 0502 0502 0.502 0.502 0.502 0.502
Hungary 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Ireland 0.504 0.506 0.506 0.506 0507 0.504 0.506 0.506 0.506 0.507
Italy 0.508 0508 0.507 0507 0.506 0508 0.508 0.507 0.507 0.506
Latvia 0.511 0.506 0.507 0507 0503 0511 0.506 0.507 0.507 0.503
Lithuania 0.502 0502 0.502 0502 0502 0502 0.502 0.502 0.502 0.502
Luxembourg 1.000 1.000 1.000 1.000 0.824 1.000 1.000 1.000 1.000 0.824
Malta 0.502 0.502 0.502 0502 0.505 0502 0.502 0.502 0.502 0.505
Netherlands 0.508 0508 0.507 0.506 0.505 0508 0.508 0.507 0.506 0.505
Poland 0.504 0.504 0.504 0503 0.504 0.504 0.504 0.504 0.503 0.504
Portugal 0.503 0503 0.503 0502 0502 0503 0.503 0.503 0.502 0.502
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Romania 0.505 0.506 0.505 0.505 0.506 0.505 0.506 0.505 0.505 0.506
Slovakia 0.502 0.502 0.502 0.502 0.502 0.502 0.502 0.502 0.502 0.502
Slovenia 0.502 0.502 0.502 0.502 0.502 0.502 0.502 0.502 0.502 0.502
Spain 0.503 0.504 0.503 0.503 0.503 0.503 0.504 0.503 0.503 0.503
Sweden 0.649 0.596 0.621 0.665 0.606 0.650 0.608 0.622 0.665 0.606
United Kingdom 0.503 0.503 0.503 0.503 0.503 0.503 0.503 0.503 0.503 0.503
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Table 1.10: Average scores per country and per modelling frameworks

Country M1 M2
Austria 0.528 0.528
Belgium 0.507 0.507
Bulgaria 0.501 0.501
Croatia 0.514 0.514
Cyprus 0.502 0.502
Czechia 0.530 0.530
Denmark 0.582 0.582
Estonia 0.501 0.501
Finland 0.503 0.503
France 0.510 0.510
Germany 0.503 0.503
Greece 0.502 0.502
Hungary 1.000 1.000
Ireland 0.506 0.506
Italy 0.507 0.507
Latvia 0.507 0.507
Lithuania 0.502 0.502
Luxembourg 0.965 0.965
Malta 0.503 0.503
Netherlands 0.507 0.507
Poland 0.504 0.504
Portugal 0.503 0.503
Romania 0.506 0.506
Slovakia 0.502 0.502
Slovenia 0.502 0.502
Spain 0.503 0.503
Sweden 0.628 0.630
United Kingdom 0.503 0.503
Table 1.11: Bias corrected efficiency scores of countries’ by modelling framework
Framework M1
Country Score original | Bias corrected bias std lower upper 2008
Austria 0.528 0.461 0.067 0.027 0.402 0.498
Belgium 0.507 0.490 0.017 0.006 0.475 0.499
Bulgaria 0.501 0.498 0.004 0.001 0.494 0.499
Croatia 0.515 0.475 0.040 0.012 0.439 0.493
Cyprus 0.502 0.496 0.006 0.002 0.491 0.499
Czechia 0.534 0.446 0.087 0.026 0.367 0.484
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Denmark 0.567 0.396 0.171 0.052 0.241 0.474
Estonia 0.501 0.499 0.002 0.001 0.496 0.500
Finland 0.503 0.495 0.009 0.003 0.486 0.499
France 0.510 0.486 0.023 0.008 0.465 0.498
Germany 0.504 0.494 0.010 0.003 0.485 0.499
Greece 0.502 0.496 0.006 0.002 0.491 0.499
Hungary 1.000 -0.304 1.304 0.385 -1.490 0.248
Ireland 0.504 0.494 0.010 0.003 0.484 0.498
Italy 0.508 0.487 0.021 0.006 0.468 0.496
Latvia 0.511 0.485 0.025 0.010 0.463 0.499
Lithuania 0.502 0.496 0.006 0.002 0.491 0.499
Luxembourg 1.000 -0.287 1.287 0.331 -1.037 0.255
Malta 0.502 0.497 0.005 0.002 0.492 0.499
Netherlands 0.508 0.489 0.019 0.007 0.472 0.498
Poland 0.504 0.494 0.010 0.003 0.485 0.498
Portugal 0.503 0.495 0.008 0.002 0.488 0.499
Romania 0.505 0.492 0.013 0.004 0.480 0.498
Slovakia 0.502 0.496 0.006 0.002 0.491 0.499
Slovenia 0.502 0.497 0.005 0.002 0.492 0.499
Spain 0.503 0.495 0.009 0.003 0.487 0.499
Sweden 0.649 0.294 0.355 0.142 -0.025 0.490
United Kingdom 0.503 0.495 0.007 0.002 0.489 0.499
Country Score original | Bias corrected bias std lower upper 2010
Austria 0.523 0.466 0.057 0.020 0.415 0.495
Belgium 0.507 0.489 0.018 0.006 0.472 0.498
Bulgaria 0.501 0.498 0.004 0.001 0.494 0.499
Croatia 0.516 0.475 0.042 0.013 0.437 0.494
Cyprus 0.502 0.496 0.006 0.002 0.491 0.499
Czechia 0.532 0.449 0.082 0.024 0.375 0.484
Denmark 0.579 0.376 0.203 0.061 0.192 0.466
Estonia 0.501 0.499 0.002 0.001 0.497 0.500
Finland 0.503 0.496 0.007 0.002 0.489 0.499
France 0.510 0.485 0.026 0.009 0.461 0.497
Germany 0.504 0.494 0.009 0.003 0.486 0.499
Greece 0.502 0.497 0.006 0.002 0.492 0.499
Hungary 1.000 -0.313 1.313 0.376 -1.508 0.229
Ireland 0.506 0.491 0.015 0.005 0.478 0.498
Italy 0.508 0.486 0.022 0.006 0.467 0.496
Latvia 0.506 0.492 0.014 0.005 0.479 0.499
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Lithuania 0.502 0.497 0.005 0.001 0.492 0.499
Luxembourg 1.000 -0.302 1.302 0.338 -1.195 0.226
Malta 0.502 0.496 0.006 0.002 0.491 0.499
Netherlands 0.508 0.488 0.020 0.007 0.470 0.498
Poland 0.504 0.494 0.010 0.003 0.485 0.498
Portugal 0.503 0.495 0.008 0.003 0.487 0.499
Romania 0.506 0.491 0.014 0.004 0.478 0.498
Slovakia 0.502 0.497 0.006 0.002 0.491 0.499
Slovenia 0.502 0.497 0.005 0.002 0.492 0.499
Spain 0.504 0.493 0.011 0.003 0.483 0.499
Sweden 0.596 0.359 0.237 0.084 0.144 0.479
United Kingdom 0.503 0.496 0.007 0.002 0.489 0.499
Country Score original | Bias corrected bias std lower upper 2012
Austria 0.529 0.459 0.070 0.027 0.397 0.497
Belgium 0.508 0.488 0.020 0.007 0.469 0.498
Bulgaria 0.501 0.498 0.003 0.001 0.495 0.499
Croatia 0.514 0.478 0.037 0.011 0.444 0.494
Cyprus 0.502 0.497 0.006 0.002 0.491 0.499
Czechia 0.529 0.454 0.076 0.022 0.385 0.486
Denmark 0.588 0.375 0.213 0.078 0.184 0.488
Estonia 0.501 0.499 0.002 0.001 0.497 0.500
Finland 0.503 0.495 0.008 0.002 0.488 0.499
France 0.510 0.485 0.025 0.008 0.462 0.497
Germany 0.503 0.495 0.008 0.003 0.488 0.499
Greece 0.502 0.497 0.004 0.001 0.494 0.499
Hungary 1.000 -0.306 1.306 0.383 -1.494 0.244
Ireland 0.506 0.492 0.014 0.005 0.479 0.498
Italy 0.507 0.489 0.018 0.006 0.472 0.498
Latvia 0.507 0.491 0.016 0.006 0.477 0.499
Lithuania 0.502 0.497 0.005 0.002 0.492 0.499
Luxembourg 1.000 -0.279 1.279 0.347 -1.133 0.273
Malta 0.502 0.497 0.005 0.001 0.492 0.499
Netherlands 0.507 0.489 0.018 0.006 0.472 0.498
Poland 0.504 0.494 0.010 0.003 0.485 0.498
Portugal 0.503 0.496 0.007 0.002 0.489 0.499
Romania 0.505 0.492 0.013 0.004 0.480 0.498
Slovakia 0.502 0.497 0.006 0.002 0.491 0.499
Slovenia 0.502 0.497 0.004 0.001 0.493 0.499
Spain 0.503 0.495 0.008 0.002 0.488 0.499
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Sweden 0.621 0.328 0.293 0.112 0.064 0.485
United Kingdom 0.503 0.496 0.007 0.002 0.490 0.499
Country Score original | Bias corrected bias std lower upper 2014
Austria 0.531 0.460 0.071 0.030 0.396 0.499
Belgium 0.507 0.489 0.018 0.006 0.472 0.497
Bulgaria 0.501 0.498 0.003 0.001 0.495 0.499
Croatia 0.513 0.480 0.033 0.010 0.450 0.494
Cyprus 0.502 0.497 0.005 0.001 0.493 0.499
Czechia 0.528 0.456 0.072 0.022 0.391 0.487
Denmark 0.604 0.358 0.246 0.097 0.138 0.492
Estonia 0.501 0.499 0.002 0.001 0.497 0.500
Finland 0.503 0.495 0.008 0.002 0.489 0.499
France 0.512 0.482 0.030 0.009 0.454 0.496
Germany 0.503 0.496 0.007 0.002 0.490 0.499
Greece 0.502 0.498 0.004 0.001 0.494 0.499
Hungary 1.000 -0.297 1.297 0.396 -1.475 0.270
Ireland 0.506 0.491 0.016 0.005 0.476 0.498
Italy 0.507 0.489 0.019 0.006 0.471 0.497
Latvia 0.507 0.491 0.015 0.007 0.477 0.500
Lithuania 0.502 0.496 0.006 0.002 0.491 0.499
Luxembourg 1.000 -0.117 1.117 0.458 -1.106 0.465
Malta 0.502 0.497 0.006 0.002 0.491 0.499
Netherlands 0.506 0.491 0.016 0.005 0.476 0.498
Poland 0.503 0.495 0.009 0.003 0.486 0.498
Portugal 0.502 0.496 0.006 0.002 0.490 0.499
Romania 0.505 0.492 0.014 0.004 0.479 0.498
Slovakia 0.502 0.496 0.006 0.002 0.491 0.499
Slovenia 0.502 0.497 0.005 0.001 0.493 0.499
Spain 0.503 0.496 0.007 0.002 0.489 0.499
Sweden 0.665 0.281 0.384 0.162 -0.064 0.496
United Kingdom 0.503 0.496 0.007 0.002 0.489 0.499
Country Score original | Bias corrected bias std lower upper 2016
Austria 0.527 0.456 0.071 0.022 0.402 0.488
Belgium 0.506 0.487 0.018 0.004 0.478 0.496
Bulgaria 0.501 0.498 0.003 0.001 0.495 0.499
Croatia 0.513 0.480 0.033 0.009 0.450 0.492
Cyprus 0.502 0.497 0.005 0.001 0.493 0.499
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Czechia 0.530 0.458 0.072 0.021 0.382 0.480
Denmark 0.572 0.326 0.246 0.056 0.236 0.469
Estonia 0.501 0.499 0.002 0.001 0.497 0.500
Finland 0.503 0.496 0.008 0.002 0.488 0.498
France 0.510 0.479 0.030 0.007 0.462 0.493
Germany 0.503 0.496 0.007 0.002 0.490 0.498
Greece 0.502 0.498 0.004 0.001 0.494 0.499
Hungary 1.000 -0.297 1.297 0.350 -1.482 0.148
Ireland 0.507 0.492 0.016 0.005 0.473 0.496
Italy 0.506 0.487 0.019 0.004 0.476 0.496
Latvia 0.503 0.488 0.015 0.003 0.488 0.499
Lithuania 0.502 0.496 0.006 0.002 0.492 0.499
Luxembourg 0.824 -0.293 1.117 0.258 -0.607 0.376
Malta 0.505 0.499 0.006 0.003 0.482 0.497
Netherlands 0.505 0.489 0.016 0.003 0.481 0.497
Poland 0.504 0.495 0.009 0.003 0.486 0.498
Portugal 0.502 0.496 0.006 0.002 0.490 0.499
Romania 0.506 0.493 0.014 0.005 0.475 0.496
Slovakia 0.502 0.497 0.006 0.002 0.491 0.498
Slovenia 0.502 0.498 0.005 0.002 0.491 0.499
Spain 0.503 0.496 0.007 0.002 0.489 0.498
Sweden 0.606 0.222 0.384 0.086 0.110 0.457
United Kingdom 0.503 0.496 0.007 0.002 0.488 0.498

Framework M2

Country Score original | Bias corrected bias std lower upper 2008
Austria 0.528 0.461 0.068 0.027 0.400 0.498
Belgium 0.507 0.490 0.017 0.006 0.475 0.499
Bulgaria 0.501 0.498 0.004 0.001 0.494 0.499
Croatia 0.515 0.475 0.040 0.012 0.439 0.493
Cyprus 0.502 0.496 0.006 0.002 0.491 0.499
Czechia 0.534 0.446 0.087 0.026 0.367 0.484
Denmark 0.567 0.396 0.171 0.052 0.241 0.474
Estonia 0.501 0.499 0.002 0.001 0.496 0.500
Finland 0.503 0.495 0.009 0.003 0.486 0.499
France 0.510 0.486 0.023 0.008 0.465 0.498
Germany 0.504 0.494 0.010 0.003 0.485 0.499
Greece 0.502 0.496 0.006 0.002 0.491 0.499
Hungary 1.000 -0.304 1.304 0.385 -1.490 0.249
Ireland 0.504 0.494 0.010 0.003 0.484 0.498
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Italy 0.508 0.487 0.021 0.006 0.468 0.496
Latvia 0.511 0.485 0.025 0.010 0.463 0.499
Lithuania 0.502 0.496 0.006 0.002 0.491 0.499
Luxembourg 1.000 -0.287 1.287 0.330 -1.037 0.255
Malta 0.502 0.497 0.005 0.002 0.492 0.499
Netherlands 0.508 0.489 0.019 0.007 0.472 0.498
Poland 0.504 0.494 0.010 0.003 0.485 0.498
Portugal 0.503 0.495 0.008 0.002 0.488 0.499
Romania 0.505 0.492 0.013 0.004 0.480 0.498
Slovakia 0.502 0.496 0.006 0.002 0.491 0.499
Slovenia 0.502 0.497 0.005 0.002 0.492 0.499
Spain 0.503 0.495 0.009 0.003 0.487 0.499
Sweden 0.650 0.218 0.431 0.173 -0.178 0.387
United Kingdom 0.503 0.495 0.007 0.002 0.489 0.499
Country Score original | Bias corrected bias std lower upper 2010
Austria 0.523 0.466 0.058 0.020 0.414 0.495
Belgium 0.507 0.489 0.019 0.006 0.472 0.498
Bulgaria 0.501 0.498 0.004 0.001 0.494 0.499
Croatia 0.516 0.475 0.042 0.013 0.436 0.494
Cyprus 0.502 0.496 0.006 0.002 0.491 0.499
Czechia 0.532 0.449 0.082 0.024 0.375 0.484
Denmark 0.579 0.376 0.203 0.062 0.192 0.467
Estonia 0.501 0.499 0.002 0.001 0.497 0.500
Finland 0.503 0.496 0.007 0.002 0.489 0.499
France 0.510 0.485 0.026 0.008 0.461 0.497
Germany 0.504 0.494 0.009 0.003 0.486 0.499
Greece 0.502 0.497 0.006 0.002 0.492 0.499
Hungary 1.000 -0.311 1.311 0.378 -1.504 0.233
Ireland 0.506 0.491 0.015 0.005 0.478 0.498
Italy 0.508 0.487 0.022 0.006 0.467 0.496
Latvia 0.506 0.491 0.014 0.005 0.479 0.499
Lithuania 0.502 0.497 0.005 0.001 0.492 0.499
Luxembourg 1.000 -0.306 1.306 0.337 -1.203 0.219
Malta 0.502 0.496 0.006 0.002 0.491 0.499
Netherlands 0.508 0.488 0.020 0.007 0.470 0.498
Poland 0.504 0.494 0.010 0.003 0.485 0.498
Portugal 0.503 0.495 0.008 0.003 0.487 0.499
Romania 0.506 0.491 0.014 0.004 0.478 0.498
Slovakia 0.502 0.496 0.006 0.002 0.491 0.499
229 |Page

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:00:48 EEST - 167.114.118.212



Slovenia 0.502 0.497 0.005 0.002 0.492 0.499
Spain 0.504 0.493 0.011 0.003 0.483 0.499
Sweden 0.608 0.139 0.468 0.176 -0.262 0.304
United Kingdom 0.503 0.496 0.007 0.002 0.489 0.499
Country Score original | Bias corrected bias std lower upper 2012
Austria 0.529 0.459 0.071 0.027 0.395 0.497
Belgium 0.508 0.488 0.020 0.007 0.469 0.498
Bulgaria 0.501 0.498 0.003 0.001 0.495 0.499
Croatia 0.514 0.478 0.037 0.011 0.444 0.494
Cyprus 0.502 0.497 0.006 0.002 0.491 0.499
Czechia 0.529 0.454 0.076 0.022 0.385 0.486
Denmark 0.588 0.375 0.213 0.079 0.183 0.488
Estonia 0.501 0.499 0.002 0.001 0.497 0.500
Finland 0.503 0.495 0.008 0.002 0.488 0.499
France 0.510 0.485 0.025 0.008 0.462 0.497
Germany 0.503 0.495 0.008 0.003 0.488 0.499
Greece 0.502 0.497 0.004 0.001 0.494 0.499
Hungary 1.000 -0.306 1.306 0.383 -1.494 0.244
Ireland 0.506 0.492 0.014 0.005 0.479 0.498
Italy 0.507 0.489 0.018 0.006 0.472 0.498
Latvia 0.507 0.491 0.016 0.006 0.477 0.499
Lithuania 0.502 0.497 0.005 0.002 0.492 0.499
Luxembourg 1.000 -0.279 1.279 0.347 -1.133 0.273
Malta 0.502 0.497 0.005 0.001 0.492 0.499
Netherlands 0.507 0.489 0.018 0.006 0.472 0.498
Poland 0.504 0.494 0.010 0.003 0.485 0.498
Portugal 0.503 0.496 0.007 0.002 0.489 0.499
Romania 0.505 0.492 0.013 0.004 0.480 0.498
Slovakia 0.502 0.497 0.006 0.002 0.491 0.499
Slovenia 0.502 0.497 0.004 0.001 0.493 0.499
Spain 0.503 0.495 0.008 0.002 0.488 0.499
Sweden 0.622 0.190 0.431 0.170 -0.212 0.349
United Kingdom 0.503 0.496 0.007 0.002 0.490 0.499
Country Score original | Bias corrected bias std lower upper 2014
Austria 0.531 0.459 0.072 0.031 0.395 0.500
Belgium 0.507 0.489 0.018 0.006 0.472 0.497
Bulgaria 0.501 0.498 0.003 0.001 0.495 0.499
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Croatia 0.513 0.480 0.033 0.010 0.450 0.494
Cyprus 0.502 0.497 0.005 0.001 0.493 0.499
Czechia 0.528 0.456 0.072 0.022 0.391 0.487
Denmark 0.604 0.358 0.246 0.098 0.136 0.491
Estonia 0.501 0.499 0.002 0.001 0.497 0.500
Finland 0.503 0.495 0.008 0.002 0.489 0.499
France 0.512 0.482 0.030 0.009 0.454 0.496
Germany 0.503 0.496 0.007 0.002 0.490 0.499
Greece 0.502 0.498 0.004 0.001 0.494 0.499
Hungary 1.000 -0.297 1.297 0.396 -1.475 0.270
Ireland 0.506 0.491 0.016 0.005 0.476 0.498
Italy 0.507 0.489 0.019 0.006 0.471 0.497
Latvia 0.507 0.491 0.015 0.007 0.477 0.500
Lithuania 0.502 0.496 0.006 0.002 0.491 0.499
Luxembourg 1.000 -0.117 1.117 0.458 -1.106 0.465
Malta 0.502 0.497 0.006 0.002 0.491 0.499
Netherlands 0.506 0.491 0.016 0.005 0.476 0.498
Poland 0.503 0.495 0.009 0.003 0.486 0.498
Portugal 0.502 0.496 0.006 0.002 0.490 0.499
Romania 0.505 0.492 0.014 0.004 0.479 0.498
Slovakia 0.502 0.496 0.006 0.002 0.491 0.499
Slovenia 0.502 0.497 0.005 0.001 0.493 0.499
Spain 0.503 0.496 0.007 0.002 0.489 0.499
Sweden 0.665 0.277 0.389 0.162 -0.073 0.489
United Kingdom 0.503 0.496 0.007 0.002 0.489 0.499
Country Score original | Bias corrected bias std lower upper 2016
Austria 0.527 0.460 0.067 0.022 0.401 0.489
Belgium 0.506 0.491 0.015 0.004 0.478 0.496
Bulgaria 0.501 0.498 0.004 0.001 0.495 0.499
Croatia 0.513 0.479 0.034 0.009 0.450 0.492
Cyprus 0.502 0.497 0.005 0.001 0.493 0.499
Czechia 0.530 0.451 0.079 0.021 0.382 0.480
Denmark 0.572 0.392 0.180 0.056 0.235 0.469
Estonia 0.501 0.499 0.002 0.001 0.497 0.500
Finland 0.503 0.495 0.008 0.002 0.488 0.498
France 0.510 0.484 0.025 0.007 0.462 0.493
Germany 0.503 0.496 0.007 0.002 0.490 0.498
Greece 0.502 0.497 0.004 0.001 0.494 0.499
Hungary 1.000 -0.322 1.322 0.350 -1.482 0.148
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Ireland 0.507 0.489 0.018 0.005 0473 0.496
Italy 0.506 0.490 0.016 0.004 0.476 0.496
Latvia 0503 0.495 0.008 0.003 0.488 0.499
Lithuania 0.502 0.497 0.006 0.002 0.492 0.499
Luxembourg 0.824 0.070 0.754 0.258 -0.607 0.376
Malta 0.505 0.493 0.012 0.003 0.482 0.497
Netherlands 0.505 0.492 0.013 0.003 0.481 0.497
Poland 0.504 0.494 0.009 0.003 0.486 0.498
Portugal 0.502 0.496 0.006 0.002 0.490 0.499
Romania 0.506 0.490 0.017 0.005 0.475 0.496
slovakia 0502 0.496 0.006 0.002 0.491 0.498
slovenia 0502 0.496 0.006 0.002 0.491 0.499
Spain 0503 0.495 0.007 0.002 0.489 0.498
Sweden 0.606 0.211 0395 0.140 -0.149 0.360
United Kingdom 0503 0.495 0.008 0.002 0.488 0.498
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Appendix 2

Table 2.1: Published journal research papers (Total 6) and citations (Total 21) (Data updated 12/11/2019)

Full title Times Cited and citations Year

Halkos, G. and Petrou, K.N. (2019) Analysing the Energy Efficiency of EU 1 citation: 2019
Member States: The Potential of Energy Recovery from Waste in the Circular | 1. Wang, Q., Li, D. and Chang, T.H. (2019) Energy and Health
Economy. Energies, 12(19), 3718. Efficiencies in China with the Inclusion of Technological
Innovation. International Journal of Environmental Research and

Public Health, 16.

Halkos, G. and Petrou, K.N. (2019) Evaluating 22 EU Member States’ ‘waste 2019
culture’ using Hofstede’s and Schwartz’s cultural dimensions. International

Journal of Sustainable Development & World Ecology, 26(4), 313-328.

Halkos, G. and Petrou, K.N. (2019) Treating undesirable outputs in DEA: A 5 citations: 2019

critical review. Economic Analysis and Policy, 62, 97-104. 1. Chen, L., Huang, Y., Li, M.-J. and Wang, Y.-M. (2020) Meta-
frontier analysis using cross-efficiency method for
performance evaluation. European Journal of Operational
Research, 280(1), 219-229.

2. Li, G.L. (2019) Spatiotemporal Dynamics of Ecological Total-

Factor Energy Efficiency and Their Drivers in China at the
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Prefecture Level. International Journal of Environmental
Research and Public Health, 16.

3. Afzalinejad, M. (2019) Reverse efficiency measures for
environmental assessment in data envelopment analysis.
Socio-Economic Planning Sciences, In Press.

4. Zhou, Z., Jin, Q., Peng, J., Xiao, H. and Wu, S. (2019) Further
Study of the DEA-Based Framework for Performance
Evaluation of Competing Crude Oil Prices’ Volatility
Forecasting Models. Mathematics, 7, 827.

5. Aranda Alba, A.J. (2019) Analisis dinamico de la eficiencia: una
aplicacion a la Superliga Europea. (Trabajo Fin de Grado

Inédito). Universidad de Sevilla, Sevilla.

Halkos, G. and Petrou, K.N. (2018) Assessing 28 EU member states' 9 citations: 2018
environmental efficiency in national waste generation with DEA. Journal of 1. Liu, X,, Guo, P. and Nie, L. (2020) Applying emergy and
Cleaner Production, 208, 509-521. decoupling analysis to assess the sustainability of China’s

coal mining area. Journal of Cleaner Production, 243.
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2. Sun,J, Ruze, N., Zhang, J., Zhao, H. and Shen, B. (2019)
Evaluating the Investment Efficiency of China’s Provincial
Power Grid Enterprises under New Electricity Market
Reform: Empirical Evidence Based on Three-Stage DEA
Model. Energies, 12(18), 3524.

3. Zinovyeva, .S, Savin, A.G., Brizhak, O0.V. and Shchinova, R.A.
(2019) Natural Management of a Modern Region:
assessment of Effectiveness and Perspectives of
Improvement. Growth Poles of the Global Economy:
Emergence, Changes and Future Perspectives, 73, 717-723.

4. Kiavi Mavi, N. and Kiavi Mavi, R. (2019) Energy and
environmental efficiency of OECD countries in the context of
the circular economy: Common weight analysis for
malmaquist productivity index. Journal of Environmental
Management, 247(1), 651-661.

5. Wang, X., Shao, Q., Nathwani, J. and Zhou, Q. (2019)

Measuring wellbeing performance of carbon emissions using
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hybrid measure and meta-frontier techniques: Empirical
tests for G20 countries and implications for China. Journal of
Cleaner Production, 237, 117758.

6. Wang, X., Zhang, M., Nathwani, J. and Yang, F. (2019)
Measuring Environmental Efficiency through the Lens of
Technology Heterogeneity: A Comparative Study between
China and the G20. Sustainability, 11, 461

7. Mesjasz-Lech, A. and Michelberger, P. (2019) Sustainable
Waste Logistics and the Development of Trade in Recyclable
Raw Materials in Poland and Hungary. Sustainability, 11,
4159.

8. Zhu, W., Xu, L., Tang, L. and Xiang, X. (2019) Eco-efficiency of
the Western Taiwan Straits Economic Zone: An evaluation
based on a novel eco-efficiency model and empirical analysis
of influencing factors. Journal of Cleaner Production, 234,

638-652.
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9. Zhou, A., Wy, S., Chu, Z. and Huang, W.-C. (2019) Regional
Differences in Municipal Solid Waste Collection Quantities in

China. Sustainability, 11, 4113.

Halkos, G. and Petrou, K.N. (2017) Assessing Waste Generation Efficiency in | 4 citations: 2017
EU Regions towards Sustainable Environmental Policies. Sustainable 1. Tan,Y., Shuai, C, Jiao, L. and Shen, L. (2018) Adaptive neuro-
Development, 26(3), 281-301. fuzzy inference system approach for urban sustainability

assessment: A China case study. Sustainable Development,
26(6), 749-764.

2. Callao, C., Martinez-Nunez, M. and Latorre, M.P. (2019)
European Countries: Does common legislation guarantee
better hazardous waste performance for European Union
member states? Waste Management, 84, 147-157.

3. Lin, F., Lin, SW. and Lu, W.M. (2019) Dynamic eco-efficiency
evaluation of the semiconductor industry: a sustainable
development perspective. Environmental Monitoring and

Assessment, 191-435.
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4. Macias Lam, L.M., Paez Bernal, M.A. and Torres Acosta, G.
(2018) La Gestion Integral de Residuos Sélidos Urbanos desde
una perspectiva territorial en el estado de Hidalgo y sus

municipios. Centro Publico de Investigacion CONACYTRMexico.

Halkos, G. and Petrou K.N. (2016) Moving Towards a Circular Economy: 2 citations: 2016
Rethinking Waste Management Practices. Journal of Economic and Social 1. Kaza, S., Yao, L., Bhada-Tata, P. and Van Woerden, F.
Thought, 3(2), 220-240. (2018) What a Waste 2.0: A Global Snapshot of Solid

Waste Management to 2050. World Bank, 115 — 140.

2. Skorupskaité, K. and Junevicius, A. (2017) Waste
Management Policy Development in Lithuania Applying
Circular Economy Model. Public Policy and Administration,

16(1), 91-107
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Table 2.2: MPRA published papers (Total 5) and citations (Total 5) (Data updated 12/11/2019)

Full title Times Cited and citations Year

Halkos, G. and Petrou, K.N. (2018) ‘Waste culture’ assessment using 2018
Hofstede’s and Schwartz’s cultural dimensions — an EU case study. MPRA

Paper No. 90506, Posted 13 December 2018.

Halkos, G. and Petrou, K.N. (2018) A critical review of the main methods to 2018
treat undesirable outputs in DEA. MPRA Paper No. 90374, Posted 5
December 2018.

Halkos, G. and Petrou, K.N. (2018) Assessment of national waste generation 1 citation: 2018
in EU Member States’ efficiency. MPRA Paper No. 84590, Posted 3 February 1. Margallo, M., Cobo, S., Laso, J., Fernandez, A., Munoz, E.,
2018. Santos, E., Alcado, R. and Irabien, A. (2019) Environmental
performance of alternatives to treat fly ash from a waste to

energy plant. Journal of Cleaner Production, 231, 1016-1026

Halkos, G. and Petrou, K.N. (2017) Regional environmental efficiency in waste 2017

generation. MPRA Paper No. 81237, Posted 9 September 2017.

Halkos, G. and Petrou, K.N. (2016) Efficient waste management practices: A 4 citations: 2016
review. MPRA Paper No. 71518, Posted: 21 May 2016.
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1. Wagas, M. (2019) The Current Status and Steps Towards
Sustainable Waste Management in the Developing Countries:
A Case Study of Peshawar-Pakistan. Indonesian Journal of
Urban and Environmental Technology, 3(1).

2. Li, M., Luo, N. and Lu, Y. (2017) Biomass Energy Technological
Paradigm (BETP): Trends in This Sector. Sustainability, 9, 567.

3. Charis, G., Danha, G. and Muzenda, E. (2019) Waste
valorisation opportunities for bush encroacher biomass in
savannah ecosystems: A comparative case analysis of
Botswana and Namibia. Procedia Manufacturing, 35, 974-979.

4. Gaol, M.L. (2017) Life Cycle Assessment (LCA) Pengelolaan
Sampah pada Tempat Pemrosesan Akhir (TPA) Sampah (Studi
Kasus: TPA Jabon, Kabupaten Sidoarjo). Undergraduate thesis,

Institut Teknologi Sepuluh Nopember.
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