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Abstract. The growth of modern societies with their scientific, economic and social achievements was 
made possible by the cheap availability of fossil fuels. Side effects of fossil energy resources were the 
development of unsustainable production and consumption patterns, the degradation of natural capital, and 
the release of airborne, waterborne and solid waste. Consumption and environmental loading are not only 
related to fuels, but also to other material resources, such as minerals in general and rare earths in particular. 
The increasing shortage of crucial resources affects and constrains important economic sectors (e.g., 
electronic sectors, renewable energies, food production), thus placing a limit on further development and 
wellbeing. Concepts of sustainable economies and communities, with focus on the social dimension of 
development and also on the ecological and economic aspects at the same time, are gaining the attention of 
policy makers, managers, and investors, as well as local stakeholders (organisations, small and medium 
enterprises, individual citizens) and encouraging new development and business models globally referred to 
as the “circular economy”. The circular economy (CE) is a production and consumption system that is 
restorative by intention and design. Although there has been a relative decoupling of economic growth from 
resource use in recent decades, the gains made so far have been eaten up by a combination of economic 
growth and the rebound effect. There are two questions: (i) why has it been so hard to move from theory 
(most often from rhetoric) to practice and implementation, and (ii) how is it possible to promote an 
innovative and effective CE strategy in urban systems where 60% of world population is concentrated. This 
shift (design, networking, organisation, implementation, community planning) and related monitoring tools 
constitute the skeleton of the transition that needs to occur within both urban systems and economies. The 
point we make is that a society without waste is not only desirable, but also possible and necessary. We 
cannot wait longer and we cannot just accept small adjustments, increased end-of-pipe technologies and the 
usual interplay of promises and conflicts. The time for a massive and successful effort towards a radical 
change of lifestyles and production/consumption patterns is now, where the term "waste" itself is considered 
a symptom of societal illness, an indicator of immature economies, poor science and old-fashioned 
technology. 

1 Introduction   
The gba trasiti t the circuar ecy has ust 
started but the effects f the trasiti are iited s far 
1 The iear de f prducti ad csupti 
thus sti diates i the gba ecy 2  

e f the st evidet effects f the 
usustaiabiity f the iear de 3 is the geerati 
f a erus aut f waste wrdwide 4 Ideed 
the ccept f waste is sethig ew i atura cyces 
where ray the waste discarded beces resurces 
fr ther users 2 Cversey hua activities are 
geeratig waste at a pace higher tha the capacity f the 
atura eviret r prducti prcesses ca reuse 
the 5  

Recety the accuuati f isaaged pastic 
waste (PW) has bee f particuar ccer regardig 
very fragie atura habitats such as ceas 6 where 
every year iis f tes f pastic waste are 

duped (abut 8 ii) 7 This ephasises hw 
strgy the ca ad gba scaes are itertwied ad 
the iprtace f taig respsibiity at the ca eve 
whie thiig at the gba eve 8 9  st PW is 
actuay trasprted via arger watersheds such as rivers 
t the ceas 6 

Pstcsupti waste is y the tip f a iceberg 
that ca be reaed the wasteberg cpared t the 
aut f waste cig fr upstrea aufacturig 
activities 10 

This highights the eed t redefie the apprach t 
waste aageet by taig a itegrated ad 
prevetive circuar perspective 4 taig it accut 
upstrea ad dwstrea surces f geerati fr the 
fia ga f swig the pace f prducti ad 
csupti activities ad csig resurce fws  

I this study we evauate waste geerati ad 
aageet i Itay withi the brader fraewr f 
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the treds ad practice f waste aageet perfred 
wrdwide 

2 The transition from a linear, wasteful, 
fossil-based society to resource 
efficiency and circular economy 
concepts  

The grwth f der scieties with their iprtat 
scietific ecic ad scia achieveets was ade 
pssibe by the cheap avaiabiity f fssi fues i the 
ast tw ceturies Ufrtuatey e f the 
csequeces f usig fssi eergy resurces was the 
devepet f usustaiabe prducti ad 
csupti patters based  arge eergy use the 
itesive degradati f atura capita ad the arge 
geerati f airbre waterbre ad sid waste st 
f which is barey degradabe The ad paced  
atura capita (cea air fresh water bidiversity 
tpsi etc) is the ew scarcity prbe faced by 
der scieties ad adds t the cy 
acwedged scarcity f eergy ieras ad ther 
crucia cdities 11 12 Csupti ad 
evireta adig are reated t y t fues but 
as t ther ateria resurces such as ieras i 
geera ad rare earths i particuar The icreasig 
shrtage f crucia resurces affects ad cstrais 
iprtat ecic sectrs (eg the eectric sectrs 
reewabe eergies ad fd prducti) thus pacig a 
iit  further devepet ad webeig Ccepts f 
sustaiabe ecies ad cuities with a fcus  
the scia diesi f devepet ad the ecgica 
ad ecic aspects at the sae tie are gaiig the 
atteti f picy aers aagers ivestrs ad ca 
staehders (rgaisatis sa ad ediu 
eterprises idividua cities) i ew devepet ad 
busiess des gbay referred t as the circuar 
ecy 13 14 The ucheeded trasiti fr 
reewabe t reewabe eergy ad ateria 
resurces wud be a sigificat step frwards twards a 
re sustaiabe sciety ad urba ivig the circuar 
ecy has the ptetia t bece a iprtat 
fraewr withi which such a trasiti is iey t 
ccur 15 

The eed t estabish ew patters f sciecic 
devepet has payed i recet years a pririty re 
i ca gveret agedas wrdwide with the ai 
bective t safeguard atura capita ad evireta 
services which are as perceived as a rea asset fr the 
beefit f future geeratis Specia atteti has 
recety bee paid t sustaiabe urba cuities by a 
arge uber f schars agecies ad Gs i rder t 
devep the ccept further ad ae destrated 
gd practices avaiabe fr cparis ad 
ipeetati 16 17 18 The ccept f 
sustaiabiity pays a re iprtat re tha sipy 
iitig carb eissis r ipeetig sar 
eectricity r eve icreasig waste recycig It 
icudes a scia ecic ad evireta aspects 
f urba cuities quaity f ife weath bs 
cuity services ad the sud reatiship betwee 

prducti ad csupti activities ad the 
eviret I this ctext it is f paraut 
iprtace t te that st fte gree is t 
eugh i that a apparety sustaiabe techgy 
utside the apprpriate ctext r etwr ay t be a 
suti ad ay istead add ew prbes t the 
existig burde Ivative patters ust be prpery 
assessed withi the cstraits ad eeds f a ca 
cuity uder the diverse perceptis f staehders 
19 20 Suggestis fr future steps twards prducti 
patters that euate atura prcesses have bee 
deveped by Paui 21 22 as a scaed Bue 
Ecy apprach 

As cy ted the purpse f the Circuar 
Ecy (CE) is t prvide a better aterative t the 
diat de f ecic devepet the scaed 
tae ae ad dispse de 23 Its egative effects 
are threateig the stabiity f ecies ad the 
itegrity f atura ecsystes that are essetia fr 
huaity’s surviva 2432 ay differet studies have 
bee pubished abut the ctet ad devepet f CE 
wrdwide 17 3338 A arge uber f these studies 
ccer the ipeetati f CE i Chia Chia was 
the first big ecy i the wrd t devep circuar 
picies aig CE a fudaeta piar f its atia 
ecic strategy 39 40 This cutry sees strgy 
attracted by ad citted t CE because f the huge 
evireta hua heath ad scia prbes psed 
by its very rapid ad ctiuus patter f ecic 
devepet 4144 The circuar ecy is see i 
Chia as a ew devepet de that is expected t 
ead t re sustaiabe devepet ad a harius 
sciety 4547 

The CE is a prducti ad csupti syste that 
is restrative by iteti ad desig 15 48 Rather 
tha discardig prducts befre their vaue is fuy 
utiised we shud use ad reuse the Presety y a 
few percetage pits f the rigia prduct’s vaue are 
recvered after use Whie there has bee a reative 
decupig f ecic grwth fr resurce use i 
recet decades the gais ade s far have bee rapidy 
eate up by a cbiati f ecic grwth ad the 
scaed rebud effect (r evs paradx) where the 
resurces freed up by icreased efficiecy are used up 
very quicy thrugh icreased csupti This is 
where the CE ces it pay as a pwerfu ccept 
The Eurpea Cissi t iprtat iitiatives i 
the area f resurce efficiecy i 20112014 with a first 
Circuar Ecy Pacage 24 25 further refied t 
bece a abitius Circuar Ecy Acti Pa 49 
50 

3 Waste Management worldwide 

A recet reprt by The Wrd Ba (2018) 51 
destrated that at the gba eve abut 201 bii 
tes f uicipa sid waste (SW) were prduced 
i 2016 (su f a vaues i Figure 1) ad the average 
aut f waste geerated per pers per day was 074 
igra SW geerati per capita is strgy 
crreated with atia ice I highice 
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cutries SW geerati rates are stabiisig r 
sighty decreasig pssiby refectig the prbabe 
decupig f waste fr ecic grwth 52 High 
ice cutries despite beig 16% f the wrd’s 
ppuati hwever geerate abut 34% f the wrd’s 
aua SW equa t 683 ii tes 51 
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Fig. 1. Waste generation across regions in 2016. Source: The 
World Bank, 2018 [51]. 

Waste aageet (W) ctiues t iprve at 
the gba eve thrugh the bservabe ad icreasig 
tred f recycig ad cpstig 51 Recycig 
currety accuts fr y 135% f the gba dispsa 
f waste hwever as shw i Figure 2 where it ca 
as be see that a arge share is dispsed f i adfi 
(ctred adfi adfi (uspecified) ad saitary 
adfi) ad pe dups (33%) pe dups are ast 
the y pti i wer ice cutries prvidig 
93% f the tta treatet i thse cutries I upper
iddeice cutries sighty re tha the haf f 
waste is adfied (54%) This share further reduces t 
39% i highice cutries where a arge share is 
as recyced (36%) ad icierated (22%) The atter is 
aiy practiced i highcapacity highice ad 
adcstraied cutries 51 such as apa 53 54 

Data fr the Wrd Ba 51 as destrates 
that there is a chage i waste cpsiti1 i w
ice cutries due t the dificati f 
csupti patters that i tur deped  chages i 
ice eves The rgaic waste share f tta waste 
cpsiti has reduced ver tie reachig 56% The 
rgaic fracti i w ice cutries has a greater 
share i waste cpsiti tha i high ice 
cutries ad rages betwee 2040%  the ther side 
the share f recycabe fractis  such as pastic paper 
cardbard eta ad gass  accuts fr 51% f tta 
waste cpsiti i high ice cutries 51  

                                      
1 Waste composition refers to the components of the waste 
stream as a percentage of the total mass generated. 

The Wrd Ba (2018) reprt 51 evauates gba 
waste geerati ad aageet grupig cutries 
it areas ther tha the cvetia ctiets  the 
basis f factrs such as ice ad ecic structure 
eves The iteratia iterature as prvides data at 
the idividua cutry eve i a give area (eg Ghaa) 
r i se cases fr ctiets such as Africa 55 56 

 
5.50%

11.10%

3.70%

25.20%

7.70%

33%

0.30%
13.50%

Composting Incineration

Controlled landifill Landfill (unspecified)

Sanitary landfill (with landfill gas collection) Open dump

Other Recycling  
Fig. 2. Share of the different waste management options in the 
global treatment and disposal of waste (%). 

3.1 Sub-Saharan Africa, Middle East and North 
Africa 

Figure 1 shws that the aut f waste geerated i 
these areas is w cpared t the tta SW geerated 
auay at the wrd eve 51 I particuar fr 
Africa cutries severa authrs 55 56 destrate 
hw waste aageet i Africa is a grwig 
evireta ad heath prbe give the icrease i 
waste geerati ad the iadequate SW aageet 
(SW) systes The atter is uabe t prvide a 
service prprtia t the eeds due t istitutia 
techica ad fiacia barriers at atia ad ca 
gveret eves 55 56 Techica barriers ivve 
prvisi f the service cecti treatet 
trasprtati strage ad fia dispsa as we as the 
isufficiet presece f ifrastructure ad ad use 
paig 55 

3.2 Sub-Saharan Africa, Middle East and North 
Africa 

Idia Chia apa ad Austraia ag thers are 
icuded i this area Hwever these cutries are 
highy diversified i ters f ice eves waste 
geerati ad aageet practices SW is 
diated by adfiig i Idia ad Chia (eg i 
Chia 60% f SW is sti dispsed f i adfis) 57 
athugh bth cutries are ivestig i SW 
aageet ptis ther tha adfi 58 Chia’s 
prgrae is st csey reated t the circuar 
ecy trasiti 40  

The ASEA cutries2 are icuded i this area f 
which Idesia with 64 ii tesyear prduces 
the highest aut f SW fwed by Thaiad 
(2677 iitesyear) 59 I Chia ad Idia the 

                                      
2 The association of Southeast Asian Nations includes 
Indonesia, Malaysia, The Philippines, Singapore, Thailand, 
Brunei, Darussalam, Cambodia, Laos, Myanmar and Vietnam. 
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st cy adpted practices fr waste 
aageet are pe dupig ad pe burig eve 
if ther practices such as cpstig ad the aaerbic 
digesti f rgaic waste as we as the recvery f 
pastic etas ad paper are devepig Sigapre is 
reprted t have a westructured uicipa SW 
eve if the st cy practiced aageet 
pti fr waste is icierati 59 

3.3 Europe and Central Asia 

Eurpea Ui eber states are icuded i this area 
tgether with the Russia Federati The data avaiabe 
fr Eurstat fr EU cutries shws that i 2017 the 
EU (28 cutries) geerated 248653000 ts f SW3 
which is a average per capita aut f 486 g 61 
This was sighty higher tha the average f 470 gper 
capita i 1995 62 

SW aageet i Eurpea cutries is w 
re fcused  preveti ad recycig cpared t 
the past decades ver the perid 19952017 the aut 
f SW adfied decreased by 60% whie recycig 
icreased by 196% 63 adfiig is sti widey 
practiced i re tha the 50% f EU cutries 
hwever as shw i Figure 3  

The scaig up f the waste hierarchy twards waste 
preveti preparig fr reuse recycig recvery ad 
dispsa is essetia fr better waste varisati as we 
as reducig the pressures  the eviret creatig 
bs ad aig the trasiti t the CE a reaity i EU 
64 65 

 

Fig. 3. Waste treatment methods in Europe, 2016 (ISPRA, 
2018 [66]; based on Eurostat data5). Translation of Italian 
captions: Discarica= landfilling; Incenerimento = waste to 
energy; Compostaggio e digestione anaerobica= composting 
and anaerobic digestion; Riciclaggio= recycling). 

3.4 North America 

The Evireta Prtecti Agecy (2018) 67 
reprts that cities f the USA geerated a average f 

                                      
3 Municipal waste consists of waste collected by or on behalf 
of municipal authorities and disposed of through waste 
management systems. Municipal waste consists mainly of 
waste generated by households, although it also includes 
similar waste from sources such as shops, offices and public 
institutions [60].  

7417 g per capita f SW4 i 2015 whe the tta 
SW prduced i the USA was 262 ii ts 

The W apprach i the US evved ver tie fr 
e cetred  adfiig twards a itegrated ad 
histic apprach that csiders waste as a resurce 
Waste is aaged accrdig t a hierarchy that paces 
waste reducti at the surce at the tp f the preferred 
strategies ad adfiig as the ess preferred pti 
68 Sice 1980 the recycig ad cpstig f SW 
icreased reachig a recycig ad cpstig rate 
equa t 347% i 2015 This ctributed t reducig the 
share f adfied SW which was abut 525% f the 
tta SW geerated i 2015 f ther treatet 
ptis 128% are cbusted fr eergy recvery ad 
347% f SW are recyced (258%) ad cpsted 
(89%) 

3.5 Latin America and Caribbean (LAC) 

Siiar t ther eergig ecies this grup f 
cutries is as experiecig icreasig rates f waste 
geerati particuary i cities where the ppuati 
has draaticay icreased ver tie I 2016 this area 
geerated 231 ii ts f SW 51 This is 
reprted t be aiy dispsed f i adfis ad 
recycig as a treatet pti cprises a very w 
share (2%) f the tta SW syste because this area 
has t ipeeted a srtig cecti syste 69 
ts f ptetiay vauabe aterias that cud be 
recyced ed up i adfis ad dups eavig space fr 
ifra srtig activities by the prer fractis f ca 
ppuatis  

The iterature as tes that uctred peair 
dups are used by a arge fracti f the ppuati i 
se cutries f the regi (such as Beie) ad 
peratia ad evireta prbes are 
destrated as due t faiures i the ipeeted 
adfis (such as i exic ad Cubia) 69 

3.6 The "wasteberg" in Italy 

The "wasteberg" ccept fud quic ad very brad 
acceptace wrdwide i supprt f the idea f the 
erus aut f hidde waste behid the 
cparativey sa aut f uicipa waste that we 
see every day Se estiates suggest that hidde waste 
(the btt f the wasteberg) aes up abut 71 ts 
per t f uicipa waste 70 Whether the "71 ties" 
estiate is crrect r t eve 30 15 r 10 ties wud 
be a usustaiabe aut spread a ver the paet 
degradig the adscape ad aig ife ipssibe r 
very hard i ay areas f the paet 

Eve withut gig it the detais f such a 
estiate we ay te that the aut f uicipa 

                                      
4 SW csists f varius ateria fractis that Aericas 
cy thrw away after beig used These icude 
pacagig fd waste grass cippigs sfas tyres cputers 
ad refrigeratrs the atter st fte categried as WEEE 
(Waste Eectric ad Eectric Equipet) SW des t 
icude idustria haardus r cstructi waste 67  
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waste i Itay i 2016 was abut 30 ii ts 
cpared with abut 135 ii ts f uicipa 
waste (a the ther ids f waste ateria are 
assciated with the idustria agricutura trasprt 
sectrs t qute y the argest) 66 f these 
cstructi ad deiti waste auted t 55 
ii ts ad waste assciated with waste cecti 
treatet ad dispsa (waste geerati t dispse f 
the waste aready geerated!) was as uch as 35 ii 
ts ther categries f waste are cected utside the 
usua daiy garbage cecti fr husehds ad 
restaurats Such a aut 45 ties the aut f 
uicipa waste des t icude a the abitic bitic 
erded si water ad atspheric reeases that are 
idirecty assciated with a iig ad prducti 
activities wrdwide ver the etire CA (ife Cyce 
Assesset) suppy chai Therefre uicipa waste  
is ust the tip f the Itaia wasteberg ad is estiated as 
uch saer tha the aut f degraded ad puted 
water ad ad rcs si ad eissis reeased  t 
ecessariy i Itay  i supprt f the Itaia ecy It 
is surprisig that st evireta cficts ccur 
arud the sa aut f waste we ca see daiy (the 
cati f a adfi pas fr a icieratrwastet
eergy pat BT echaica bigica treatet 
pats etc) whie we are st fte uaware f the sie 
f the btt f the wasteberg There is  eed t say 
that the trasiti t erwaste r at east reduced
waste ecies is urget ad ca  ger be 
deayed 

4 Progress is slow. Need to move from 
rhetoric to action 

re tha frty years have passed sice the auch f 
iits t Grwth Its ey essage was that a 
cbiati f resurce depeti ad puti if u
taced wud utiatey – withi the ext hudred 
years  tae the gba ecy dw The essage was 
that Paet Earth is physicay iited ad reativey 
sa cpared t rapidy icreasig hua activities 
Few reprts have bece s ctrversia ad t east 
ag ecists s heaviy criticised The ai 
criticis cetred  the fact that the reprt was based 
priariy  higher csupti treds whie t taig 
techgica devepet substituti ad price 
adustets sufficiety it accut The hua 
ecgica ftprit has ctiued t icrease ayway 
 atter hw we ie t easure it due t the grwig 
ppuati grwig wefare expectatis ad 
achieveets iprved expitati techgies 
icreased dead fr cstructi ieras biass fr 
fd ad feed ad fssi eergy carriers These three 
ateria grups accut fr 80% f tta gba ateria 
extracti Gverets ad busiesses w see t 
uderstad that the basicay iear systes f resurce 
use expse bth scieties ad busiesses t serius riss 
Resurce cstraits ad the icreasig vues f 
waste ad puti are iey t pse icreasig threats 
t wefare ad webeig ad fr a busiess pit f 
view t cpetitiveess prfits ad busiess ctiuity 

Idustria Sybisis i the Daish tw f 
audbrg5 has bee a referece case fr ecidustria 
pars devepet fr decades 71 72 I this tw the 
apprpriate aageet f a i refierycafired 
pwer pat ad urba waste awed huge savigs f 
eergy water (3 ii 3yr) ad fue i (20000 
tyr) a arge decrease f S2 eissis the recvery f 
ashes fr ice ad vaadiu extracti ad fr ceet 
prducti the deivery f ht water t saer users ad 
t the city district heatig syste ag ther beefits 
The audbrg EcIdustria Par was t iitiay 
desiged as such hwever but graduay evved ver 
tie whe ca payers discvered that eergy ad 
waste exchages resuted i ecic beefits fr a 
parties ivved If prevetive paig ces it pay 
uch faster ad re abitius resuts ca be expected 

The Ee acArthur Fudati i its first reprt 
Twards a Circuar Ecy I) 13 aiy fcused  
the busiess aspects f CE A circuar ecy is a 
idustria syste that is restrative by iteti ad 
desig I a circuar ecy prducts are desiged fr 
ease f reuse disasseby ad reaufacturig – r 
recycig – with the uderstadig that it is the reuse f 
vast auts f ateria recaied fr edfife 
prducts rather tha the extracti f ew resurces 
that is the fudati f ecic grwth rever the 
circuar ecy shifts twards the use f reewabe 
eergy eiiates the use f txic cheicas which 
ipair reuse ad ais fr the eiiati f waste 
thrugh the superir ad ivative desig f aterias 
prducts systes ad withi this busiess des A 
secd study by the fudati Twards the Circuar 
Ecy II 73 suggests that the adpti f CE cud 
be wrth as uch as USD 700 bii i csuer 
ateria savigs ae The study as highights the 
added beefits i ters f ad prductivity ad ptetia 
b creati 

There are tw questis (i) why has it bee s hard 
t ve fr thery t practice ad (ii) hw ca a 
ivative ad effective CE strategy be prted i 
urba systes where 60% f the wrd ppuati is 
ccetrated Specia atteti has bee recety paid t 
sustaiabe urba cuities by a arge uber f 
schars agecies ad Gs i rder t further devep 
the CE ccept at the urba eve ad ae gd 
practices avaiabe fr cparis ad ipeetati 
1517 These studies ad prpsas fr urba CE 
favured the itrducti f istitutia picies i 
Eurpe ad wrdwide 74 75 athugh they wud 
eed practica ipeetati ad cear radaps 
Give urba ppuati treds the trasiti t re 
sustaiabe ivig shud start fr cities r ese it is 
uiey t happe The rea issue is that st theretica 
achieveets have t yet bee trasated it brad 
practica CE paig ad ipeetati 

If the Circuar Ecy (CE) is t bece the ext 
fraewr ad busiess de a breathrugh 
ivati is eeded that addresses the shift fr a 
iear prducti patter (where waste ad puti are 

                                      
5 httpwwwsybisisd  
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the rue) t cpex etwrs (where waste fr a 
prcess is the raw iput fr ather prcess ad 
eissis are iiised) Such cpex patters as 
require cpex ad fexibe techgies ad cpex 
ad cprehesive evauati ts 76 77 t 
uderstad ad prpery address etwr substrates 
techgy ad ethdgica cpexities ad thus 
devep a theretica itegrated fraewr ad 
peratia de 

5 A circular economy within urban 
systems 

The devepet f a circuar ecy i cities 
prvices r regis ivves the itegrati f fur 
subsystes idustry ifrastructure the cutura 
fraewr ad the scia ad pubic service syste 23 
37 At the city r regia (prvicia) eves puti 
preveti beces f paraut iprtace this is 
characterised by ateria ad eergy circuati ad has 
as its utiate bective re sustaiabe scia 
ecic ad evireta devepet icudig 
ptiu eergy ad resurce use ad the reducti f 
waste discharge 35 

I urba cetres the CE trasiti ay require the 
redesig f supprt ifrastructure (trasprtati ad 
cuicati systes waterrecycig systes cea 
eergy ad eectrica pwer ies etc) ad idustria 
structure such as chagig the sie f cpaies fr 
sa t arge as i adsra (Swede) 78 whe a 
critica ass is eeded r vice versa depedig  ca 
resurces ad ifrastructure r the phasigut f the 
heavy putig eterprises ad the itrducti f ight 
ecic activities such as hightech idustries 
turis cuture ad s  43 The iprtace f the 
cstructi ad deiti sectr shud t be 
disregarded at the urba eve with ptis t recver 
ad reuse ccrete ir auiiu gass ad cpper 
ag ther vauabe aterias 79 

I Chia re tha e hudred eccity prects 
have bee deveped 80 Experiece with Eurpea 
eccities ca as be fud i Geray Swede ad the 
U 81 Beiig Shaghai Tiai ad Daia have 
deveped i recet years eccities pit prects fr the 
purpse f ivestigatig the evuti f CE i ters f 
efficiet resurce use (eg eergy itesity per GDP 
ad water itesity per capita) uicipa waste 
prducti ad waste treatet ad recaati (the 
rate f waste water treatet rate f idustria sid 
waste reuse) 82 The resuts shw iprtat prgress 
fr 2005 t 2010 i the fur Chiese eccities 
etied with the highest reductis bserved i 
eergy ad water csupti idicatrs The ar 
drivers f perfrace iprveet have bee 
gveret iterveti i the high putat ad eergy 
csuig idustria sectrs by eas f heavy 
idustry recati the itrducti f reguatis i 
putig sectrs ad the highest avaiabiity f eergy 
efficiet techgies ad equipet i the fur ec
cities cpared t ther Chiese cities 

Ideay CE trasiti sees t ipy the bective f 
reducig waste geerati t er 24 Se cities 
give their critica re i resurce use 83 have 
estabished er waste prgraes 84 e f these 
prgras i Durba (Suth Africa) aaysed by atete 
ad Tris 85 has the ptetia t csey apprach er 
waste ipeetati eve if fu recycig is 
ipssibe fr a types f aterias (eg paper) 
Fwig the er waste idea aa ad eha 
86 tested a er Waste Idex (quatificati f the 
ptetia fr virgi aterias t be repaced by the waste 
aageet city syste) t verce the iits f the 
waste srtig rate (e f the st c idicatrs 
used by uicipaities t easure the curret 
perfraces f waste aageet systes) 
itrducig aspects f waste preveti The er waste 
ga i cities is as icuded withi the Eurpea Ui 
picy as idicated by the 7th Eviret Acti 
Prgra with the ai f virtuay eiiatig adfiig 
by 2020 87 whereas the adfi Directive 
199931EC 88 y required EU eber States t 
reduce the adfiig f bidegradabe uicipa waste 
t ess tha 35% f the aut prduced i 1995 Se 
EU eber States (Austria Begiu Dear 
Geray ad etherads) have aready achieved the 
targets idicated by the EU adfi Directive The use 
f differet rative istruets (tax bas ad 
reguatis) has ctributed t the w adfiig rates 
particuary adfi taxes 

Three ai typgies f atter ad eergy fws are 
ivved at the urbaetrpita area eve  
• priary ateria ad eergy resurces (cstructi 

aterias fues fd gds ad cdities 
water fcus  waste preveti iiisati f 
iput fws reewabe versus reewabe 
aspects)  

• fws fr e t ather prducti sectr that are 
sti usefu (reuse paig trasferrig 
exchagig) 

• waste ad residues fr the prducti ad 
csupti sectrs (recycig ad recvery 
dispsa) 

The cvergece f techica expertise staehder 
awareess adequate busiess des pitica wi 
carefu paig ad ivati capabiity are uch 
eeded ad ay cstitute the seet fr the 
successfu regeerati f very degraded areas ad 
ivig cditis 

The ipeetati f a urba circuar ecy 
the apprpriate resurce aageet the shift t 
prvidig services istead f prducts (eg gd 
biity istead f cars) ad the better iage that such 
iprveets prvide are iey t attract ew 
cpaies ad geerate ivative busiesses thus 
geeratig a ew set f bs ver the gistic chai that 
repaces d  ger sustaiabe bs whie as 
decreasig evireta ipacts 
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5.1 Top-down and bottom-up integration. A 
Community-oriented circular economy 

A the priary prducti ad csupti prcesses 
i agricuture agridustria cercia husehd 
sectrs (icudig waste aageet reuse ad 
recycig) prduce a arge aut f rgaic ad 
irgaic waste ad residues that create egigibe 
evireta burdes prcessig expeses ad scia 
ccers Dispsa is ever easy r cheap I geera 
ca aagers ad adiistratrs are y aware f e 
r tw ptis (adfiig icierati) the 
ipeetati f which trasates it cficts 
expeses ad the ss f vauabe resurces ad 
pprtuities I rder t reverse such a usustaiabe 
situati a etwr f cpartets actrs ad 
ivative activities ust be idetified deveped ad 
itegrated capabe f prcessig each id f substrate 
it se id f usefu prduct Each staehder 
(idividua sa r ediu eterprise uicipa 
agecies) has the ptetia t bece a vauabe 
cpet f the etwr t devep techgy ad 
ivati t hep geerate added vaue prducts ad t 
ctribute t ew bs ad ice patters The etwr 
ecy that ca be created arud the circuar 
ecy ccept fufis the Eurpea Ui 
prgraes ad Directives fr waste reducti waste 
recycig the greater use f reewabe surces ad the 
decrease f C2 eissis I particuar the ccept 
fufis the EU Directive 200928CE f the Eurpea 
Pariaet ad f the Cuci f 23 Apri 2009  the 
prti f the use f eergy fr reewabe surces 
(scaed 202020 Directive) 

The successfu ipeetati f circuar urba 
systes requires the abve ad ther recvery prcesses 
be itegrated it a rgaised whe This preiiariy 
cas fr the ivveet f staehders i a visiig 
exercise Withut such ivveet there are few hpes 
f achievig resuts ad resurce aageet cficts 
ay arise I geera pepe d t resist chage 
pepe resist beig chaged (Peter Sege6)  

 

Fig. 4. Participatory Roadmap diagram (modified from 
Hornsby et al [19]). 

                                      
6 httpwwweadershipwc  

The icusi f staehders has tw features 
a) staehders see thigs that adiistratrs ad 

scietists ay t see r disregard 
b) staehder ivveet aws the search fr 

ptiised sutis (ptiu cprise) 
twards the preveti f cficts 

Fr this t happe a radap fr staehder 
csutacy ad participatry prcesses ust be 
ipeeted as desiged i Figure 4 

6 A circular mosaic of success stories 
and projects 

Hw iey is the trasiti t circuar ecy i 
differet areas wrdwide Is it pssibe t idetify 
success stries that shw apprpriate resurce 
aageet thrugh bradided paig ahead ad 
wise recycig after use The resuts fr a seecti f 
ivestigated cases shw that a ix f tpdw ad 
bttup picies is ptetiay abe t decrease 
wastefu uses f resurces by eas f the apprpriate 
recvery f dwstrea atter ad eergy fws thus 
prvidig ecic ad evireta beefits 
Techgica sutis ay t be a sufficiet t fr a 
sustaiabe sciety ad uch deeper ifestye chages 
are istead required hwever icreasig circuar 
patters ad techgies t be see as the sef
rgaisig tesserae f a saic f ivative ad 
participatry effrts ay aw sufficiet trasiti tie 
t prte the required gba shift twards sustaiabe 
prducti ad csupti patters I the fwig 
we ist ad describe a uber f ivestigated sutis 
i rder t shw their ptetia ctributi t 
apprpriate resurce uses 

6.1 Urban mining 

Urba waste aageet has bee ad sti is ag the 
st ctrversia tpics i resurce use patters ay 
prpsas have bee put frward fr cecti ad 
aageet athugh the argest part f the re tha 2 
bii ts f waste auay geerated wrdwide is 
currety sti dispsed f i adfis r icieratrs 
(eve withut eergy geerati) Edfpipe sutis 
are uiey t be very hepfu if they are t 
accpaied by preveti easures that prte 
upstrea waste reducti ad ess wastefu ifestyes 
(eg  thrwaway pastic ts ess pastic pacagig 
ad ctaiers) Apprpriate techgies ca as 
bece tesserae f the circuar saic hwever at east 
uti prevetive easures are efrced The EU IFE 
ARSS (ateria Advaced Recvery Sustaiabe 
Systes) prect 89 f which the authrs f this paper 
have bee tea ebers addressed a techgica way 
t safey treat the usrted urba waste ad recver their 
resurce vaue thus awig a sufficiet trasiti tie 
twards radica waste reducti I fact i ay 
cutries wrdwide ad i Eurpe as we waste 
cecti ad aageet systes are sti based  
cvetia ethds with re tha 60% f urba 
garbage sti usrted ad treated i adfis ad d
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fashied echaica bigica treatet (BT) pats 
The separati f rgaic fracti ad recycabe 
fractis (pastic gass ad paper) is fte ade difficut 
by reciprca ctaiati due t iaccurate srtig 
Durig the ARSS prect (20122015) we therefre 
deveped a techgica due abe t treat abut 10 
th recver the fractis f ferrus ad ferrus 
etas ad t separate the bigeic fractis f SW 
(up t 50%) ad cvert it it a biass feedstc fr 
reewabe eergy prducti i decetraised cbied 
heat ad pwer uits fied easures ife cyce 
aayses ad a assesset f sciecic ipacts 
cfired the evireta ad scia feasibiity f the 
due as a trasiti suti i areas where advaced 
circuar desigs are t yet ipeeted The 
ipeetati f the ARSS techgy i a 
destrati case study suggested sigificat beefits 
icudig the reducti f harfu greehuse gas 
(GHG) eissis reducti f the aut f bigica 
uicipa waste gig t adfi the preveti f 
sses f vauabe etas ad ther aterias suitabe fr 
recycig the ca prducti f eectricity ad heat 
fr husehd waste ad icreasig reewabe eergy 
ptetia fr urba cuities ad the preveti f 
si ad grud water ctaiati fr adfi sites 
19 20 9092 Whie aware that burig rgaic atter 
is aways a ss f ptetiay vauabe resurces ad 
sethig that shud be preveted the prpsa stes 
fr the fact that re tha 50% f waste wrdwide 
ad i Eurpe is sti adfied r icierated withut 
ay usefu utce ad gives rise t dagerus ad 
uctred eissis 

6.2 Waste cooking oil 

Waste cig i (WC) is a destic waste geerated 
fr husehds ad restaurats as the resut f usig 
edibe vegetabe i fr cig ad fryig Its 
iapprpriate dispsa ay geerate heavy puti i 
water bdies whie at the sae tie sig the resurce 
vaue f a sti usabe ateria WC as a bidiese 
feedstc has bee idetified as a aterative surce f 
fatty aterias fr the prducti f bifues 93 
Divertig WC fr iprper dispsa exteds the 
prduct ife cyce ad heps prevet the ctaiati f 
grud ad surface water WC is st cy 
pured away i saitary sis ad tiets thus reachig 
ad daagig sewer systes ad requirig re 
expesive treatet t prevet puti The evauati 
f csts ad beefits was perfred i cabrati 
with tw ca cpaies i the Capaia Regi (Papa 
Ecgia Sr active at the regia eve i the cecti 
ad treatet f waste cig i fr restaurats ad 
fd idustries ad PRTEG SpA active i the 
treatet f the raw cig i t a purified i) The 
purified i (usabe as fue i idustria biers) ca as 
be cverted t bidiese ad gycerie thrugh tras
ethyesterificati i a cheica pat (i ur case the 
DP ubrificati ai Regi Itay) Resuts fr the 
ife cyce assesset (shw i Figure 5) idicate that 
recyced cig i geerates a bidiese that is 

characterised by a uch wer evireta ipact 
tha bidiese fr dedicated i crps ad fssi diese 
Csiderig the arge auts f cig i used 
auay i Itay ad wrdwide its recvery ad 
cversi t usabe resurces has ecic scia ad 
evireta advatages 

 

Fig. 5. Normalised LCA impacts of biodiesel from WCO, 
rapeseed and fossil diesel [93] (dimensionless units due to 
LCA normalisation). Acronyms: Abiotic Depletion Potential 
(ADP), Acidification Potential (AP), Eutrophication Potential 
(EP), Global Warming Potential (GWP), Human Toxicity 
Potential (HTP), Photochemical Oxidation Potential (POP). 

6.3 Recovery of waste electric and electronic 
equipment (WEEE) 

Waste f eectrica ad eectric equipet (WEEE) 
such as cputers teevisis refrigeratrs ad bie 
phes (t t spea f the extreey arge uber f 
saer devices eg switchers ight bubs etc) is e f 
the fastest grwig waste streas i the EU with se 9 
ii ts geerated i 2005 ad expected t grw t 
re tha 12 ii ts by 2020 94 Siiary abut 
50 ii ts f ewaste were geerated wrdwide i 
2018 (WEEE Fru 2019) 50% f which was 
ifratics equipet (cputers sartphes TVs) 
ad the reaiig fracti arger husehd appiaces 

Ufrtuatey y 20% f gba ewaste is 
recyced each year (WEEE Fru 2019) trasatig 
it 40 ii ts that is adfied bured r iegay 
traded r treated There is  eed t pit ut that such 
a situati geerates a ss f vauabe resurces  e 
side ad  the ther side huge daage t 
evireta ad hua heath The percetage f 
WEEE recyced i the EU is sighty higher arud the 
35% i spite f egisati issued i the EU ad severa 
ther cutries wrdwide fr the apprpriate cecti 
ad recvery f eectric ad eectric equipet 

Research deveped i ur tea it edfife f 
ifratics equipet ad phtvtaic dues has 
shw the huge advatage f reusig ad recycig We 
deveped the REBIT Prect at Parthepe Uiversity 
api with a specia fcus  the reuse f sti usabe 
ifratics aterias (after repair ad regeerati) i 
uir schs ad scia cetres 95 thus creatig ca 
cputer abratries fr users characterised by ess 
sphisticated ifratics eeds The resuts abut the 
recvery f ifratics equipet 96ad phtvtaic 
equipet 97 98 suggested the advatage f ateria 
recvery ad reated eergy savigs ver the etire 
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prducti ad use chais f this equipet Fr 
exape Figure 6 shws the ateria cpsiti f a 
destp cputer 

 

Fig. 6. Inventory of main primary materials within a desktop 
PC [96]. 

Based  such cpets the C2 eissis fr 
the cstructi ad fiveyear use f a destp cputer 
(ass equa t 14 g) fr virgi aterias ad usig 
reewabe eectricity were estiated as 516 g 
whereas assuig the use f recyced aterias ad 
reewabe eectricity these eissis wud decrease t 
55 g C2 96 Fr a aptp cputer (ass betwee 2
3 g) the C2 eissis wud be 285 g reduced t 40 
g 

6.4 Electricity from animal biomass residues 

Animal by-products from slaughterhouses are a special 
kind of waste that may have significant risks for human 
health, if not properly disposed of, due to its organic 
nature. They are defined by European Directive 
2002/1774/EC as entire bodies, or parts of animals or 
products of animals, not intended for human 
consumption. We have investigated the use of animal fat 
from slaughter facilities and markets via the PROTEG 
SpA Company.  

Among the options available (the conversion of 
edible parts into animal feed, conversion of non-edible 
fat into fuel for electricity production, conversion into 
biobased chemicals, mainly PHA, 
polyhydroxyalkanoates), the company runs a 5 MW 
electricity power plant fed by animal by-products from 
all over the Campania Region. At present, about 65,000 
tons of animal residues are treated per year, yielding 
15,600 tons of animal fat, of which 8,500 tons are 
converted to about 40 GWh/yr of electricity in a 
company managed 5 MW cogeneration power plant. 
LCA results (shown in Figure 7) confirm that electricity 
from animal by-products has a much lower impact than 
electricity from fossil fuels in the Italian national grid 
[99, 100]. 

 

Fig. 7. ReCiPe Midpoint H normalised impacts for CASE 1 
and MIX ITA electric production (dimensionless units due to 
normalisation procedure). CASE 1 refers to a zero-burden LCA 
evaluation for electricity from slaughterhouse waste; MIX ITA 
refers to Italian grid electricity production, for comparison) 
(Santagata et al., 2017). Acronyms: Global Warming Potential 
(GWP), Human Toxicity Potential (HTP), Fossil Depletion 
Potential (FDP), Metal Depletion Potential (MDP), Water 
Depletion Potential (WDP), Freshwater Eutrophication 
Potential (FEP), Terrestrial Acidification Potential (TAP), 
Terrestrial Ecotoxicity Potential (TEP), Photochemical Oxidant 
Formation Potential (POFP). 

ther uses have as bee ivestigated 101 102 
cfirig the resuts preseted i this paper thus 
shwig that circuar patters abe t recver the 
resurce vaue f residues ad waste are rewardig ad 
decrease evireta ipacts This is t f curse a 
suti fr ther iprtat aspects that cud be raised 
(eg itesive ivestc farig excessive carivre 
diets ppuati icrease etc) which shud as be 
urgety addressed hwever it ca be csidered at 
east e f the tesserae f the sustaiabiity saic 
twards re sciay radica r re techgicay 
advaced sutis 

6.5 Fuels and chemicals from biomass waste 
and residues 

Biass has bee csidered a ptetia substrate fr 
bifue prducti sice the first sigs f ptetia fssi 
fues depeti The apparety successfu biach 
prgra i Brai i the 1980s fwed by bietha 
pas fr cr i the USA ad Eurpe were graduay 
repaced by icreasig ucertaity abut the rea beefits 
i ters f the utputiput eergy rati 103106 
eavig the stage free fr ther ptis such as bifues 
fr i seed crps ad residua igceusic waste 
ad fiay the re circuar "birefiery" ccept with 
the utipe prducti f cheicas ad eergy 107
110  

I spite f the ay effrts ivested i theretica 
ad appied research bifue prducti has ever 
shw sufficiety strg resuts i ters f yied per 
hectare ad utputiput eergy rati Istead the uti
utput prducti f fues ad cheicas fr biass 
residues withi a birefiery fraewr  athugh t 
yet fuy ivestigated ad ipeeted  prises a 
uch re iterestig sceari fr the repaceet f 
fssi fues as feedstc fr cheica idustry ad 
eergy prducti Fr a techica pit f view a 
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arge fracti f idustria cheicas ad aterias fr 
fssi resurces ca aready be repaced by their bi
based cuterparts ad re is beig de by 
bicheica cpaies such as the Itaia vat 
ag thers Fssibased cheistry is sti diat i 
the aret due t ptiised prducti prcesses ad 
wer i csts The best apprach t axiise the 
varisati f biass is the prcessig f bigica 
feedstc i itegrated birefieries where bth bi
based cheicas ad eergy carriers ca be prduced 
siiar t a traditia petreu refiery Figure 8 
ffers a ptetia itegrated syste f prducti ad 
cversi activities at the regia scae where the 
ai prducts are set directy t the aret whie 
residues r argia prducts are cverted thrugh 
bicheistry prcesses fr eergy bicheicas ad 
bipyers 

6.6 Urban wastewater circularity 

Urba wastewater cected thrugh the sewage syste 
twards treatet pats is at the sae tie a prbe 
(presece f putat ad txic eeets excess f 
utriets presece f pastic aterias) ad a chaege 
(eergy ad atter recvery extracti f fertiisers) 
Bucre at a 111 ivestigated bieergy (eectricity 
ad heat) prducti i Epig (Swede) by appyig 
the SUA (Sustaiabiity utiethd utiscae 
Assesset) apprach 112 113 t the whe chai f 
wastewater ad biass residue recvery 

The syste itegrates wastewater treatet wiw 
farig ad a cbied heat ad pwer pat (CHP) 
The wiw crppig syste beefits the bigica 
treatet f utrietrich uicipa wastewater eadig 

t a substatia icrease i biass yied the reduced 
use f cheica fertiisers ad the wer puti f 
grudwater The CHP pat cgeerates eectricity sd 
t the rd P aret (icudig Swede rway 
Dear ad Fiad) ad heat is deivered by district 
heatig t ast a the buidigs i the tw f 
Epig A variety f ther biasses are used i the 
CHP pat icudig cvetiay fared wiw 
residues fr wd idustries agricutura waste ad 
frest residues thus geeratig a p f bibased 
eergy prducti idustria activities ad 
evireta prtecti practices The resuts f the 
study idetified a arge set f iprveet ptis 
utputiput eergy ratis i the rage 911 ad 
decreased eissis cpared t busiessasusua 
ateratives 

A siiar study was perfred by Bucre et a 
115 ivestigatig the perfrace f a wastewater 
treatet pat i cera Iferire (prvice f Saer 
Itay) servig 300000 ihabitats (Figure 9) The resuts 
idetified a arge eergy dead due t prcess 
eectricity ad arge evireta ipacts i the fr 
f hua ectxicity (due t sudge adfiig) ad 
freshwater eutrphicati (due t the high itrge 
ctet f discharged water athugh withi ega 
iits) The study idetified iterestig circuar ptis 
via bigas prducti fr aaerbic digesti f 
sudge digestate dryig ad gasificati the use f 
discharged water fr eergy crp fertirrigati 
cgeerati f eectricity ad heat fr bigas sygas 
ad eergy crps ad fiay thee extracti f patfr 
cheicas fr residua biass thrugh acid r 
eyatic hydrysis 

.

 

Fig. 8. An integrated system of agro-industrial production and conversion activities in support of a regional scale biorefinery system 
[114].
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Fig. 9. Circularity patterns around waste water treatment 
(WWT) plant in Campania region [115] 

6.7 Construction and demolition waste 

As shw abve fr Itay cstructi ad deiti 
is ag the sectrs that geerate the argest aut f 
abitic waste i urba systes wrdwide The 
widespread urbaisati prcess that t pace i the 
secd haf f the ast cetury ad is sti gig 
eadig t the grwth f egacities ad abadet 
f rura areas geerates as a side effect the eed fr 
ew buidig aiteace ad refurbishet ver a 
buidig’s ife tie ad fiay the deiti dispsa 
ad recycig f edfife cstructi aterias The 
sae is true fr urba rads As a csequece 
dispsa areas trasprt prcesses ad 
recveryrecycig faciities are eeded t as prevet 
additia iig ad reated adscape degradati 

Ghiseii et a 48 79 ivestigated the 
evireta ad ecic csts ad beefits f a 
circuar ecy apprach t cstructi ad 
deiti aterias with specia fcus  the 
trasiti twards ceaer prducti i the 
cstructi ad deiti sectr f Chia These 
authrs idetified the ai barriers t the icreased 
circuarity f cstructi ad deiti aterias ad 
a set f sutis prpsed wrdwide suarised i 
Tabe 1 shwig ce agai that a huge prbe cud 
be cverted it a resurce fr the "urba iig" 
perspective etied abve prvided apprpriate 
ivestets paig ad reguatis 

7 Innovative normative, economic and 
supporting tools 
A uber f ew picy easures shud be 
csidered a re practive use f pubic 
prcureet eararig ivestets i favur f 
resurce efficiecy withi the EU’s differet fudig 
schees the adpti f resurce efficiecy targets fr 
aterias where scarcity is ig r the vera 
evireta ipact f resurce extracti ad use is 
sigificat ad the prti f ew busiess des 
geared at fuctia saes Tabe 1 shws barriers ad 
ptetia sutis t circuar ecy patters i the 
urba cstructi ad deiti sectr 48 79 

Tabe 1 Circuar ecy patters i the urba  
cstructi ad deiti sectr 

Sectr Descripti f 
barriers 

Ptetia sutis 

Ecic High prices f 
recyced 
ccrete 
prducts ad 
wer 
acceptace f 
these prducts 
116 
High 
avaiabiity ad 
w cst f 
virgi raw 
aterias 117 
118 

Iprve ifrati 
abut the cassificati f 
recyced prducts 116 
Itrduce taxes  the use 
f priary raw aterias 
119 cuped with a 
icrease i the adfi tax 
120 
a refr f VAT t 
excude prducts ade 
with secdary aterias 
119 

Pitica 
 

Ieffective 
picies 
guidig 
C&DW ac 
f specific 
reguatis 
rs ad 
stadards fr 
C&DW 
121 

Adpti f a pitica 
syste desiged fr 
guidig ad efrcig 
C&DW (defiiti f 
the perabiity ad 
respsibiity f waste 
activities i the suppy 
chai icudig site 
srtig reuse recycig 
ad dispsa f C&DW) 
121   

egisative The rative 
syste guidig 
C&DW is 
t suitabe fr 
cpaies f 
a sies (csty 
ega 
fraewr) 
122 

Adpti f egisative 
ts better suited fr 
cpaies f a sies 
based  a exate ad 
expst (feedbac 
echais) evauati f 
the prpsed ts  2 

Ifrative ac f 
preferece fr 
recyced 
prducts by 
desigers 
124 egative 
percepti f 
ciets twards 
recyced 
prducts 

Devepet f 
ifrati abut the 
quaity ad fuctiaity 
f recyced prducts 
124  
Adpti f a suitabe 
cassificati f recyced 
prducts ad certificati 
schees based  the 
traceabiity f the 
recyced prducts 
thrughut their ife cyce 
118 

aageria Ieffective 
C&DW 
aageet 
ad ctiuus 
icrease f 
C&DW 125 

Fcus  a prevetive 
apprach ad circuar 
desig i cstructi 
idustry 125 fiacia 
viabiity f the adpti 
f prevetive sutis 
egisative supprt fr the 
desig stage 125 
Devepet f 
wedge  effective 
waste aageet 
ptis 125 Aaysis f 
csts ad beefits f 
prevetive easures i 
desig 125  
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A fcus  fudig schees is ecessary I ties 
f scarce pubic atia r ca resurces ad f 
ecic turi wrdwide it is t easy t thi that 
a ivative prpsa with a high ris f faiure ca 
be fuded ad supprted thrugh cvetia 
supprtig ts (pubic ey baig as ad 
derivatives private ivestrs) Istead ew fudig 
schees ust be expred icudig ca cperative 
effrts participatry ad shared wership diversi 
f fudig fr big cetraised treatet pats 
crwdfudig  

After the first resuts achieved thrugh ivative 
schees bece visibe cvetia ivestrs wi 
prbaby recsider their chices  the basis f the 
ecic prfitabiity f the ivative sutis A 
cuicati capaig abut the trasiti whie it 
is i prgress ight as be very hepfu 

Rethiig taxati schees cud prvide supprt 
fr the CE vig away fr taxes  abur r 
ice t taxes  the wastefu use f resurces ight 
prvide a icredibe push twards circuar ecy 
patters Previus typgies f taxes  C2 
eissis r ther ids f eissis did t wr due 
t their w rate f ipeetati which did t 
ecurage trasiti If abur ad ice taxes were 
decreased by a arge fracti this wud aw a 
parae icrease f taxati  the csupti f 
reewabe resurces i the fr f aterias ad 
fssi fues Such a tax shift wud acceerate the 
trasiti t a circuar ecy which is wcarb 
ad resurceefficiet i ature Such taxati wud 
be uch re effective if it were abe t address the 
ctet ad the aut f recyced aterias withi a 
ew prduct Bite ad Ugiati 126 suggested a 
eergy7based taxati schee t repace at east a 
fracti f ice ad abur taxes ad fcus  the 
wastefu dispsabe use f resurces easured by 
eas f the eergy (evireta cst) apprach 
Bares 127 as suggested a shift fr ice 
taxati t atura capita prtectirieted des 
thrugh a syste f C Trusts a aretbased 
ega etity with the pwer f iitig the use f scarce 
resurces chargig rets ad payig divideds based 
 wise use f resurces 

Wia ad Sberg 14 prpsed chages t 
the syste f VAT  vaue added tax Accrdig t 
these authrs gds prduced fr secdary 
aterias – where VAT has aready bee paid ce – 
shud be exepted fr VAT Such a refr wud 
prte the use f secdary aterias – reuse ad 
recycig – ad hep crrect a situati where it is fte 

                                      
7 The Emergy Accounting (spelled with an m) is an 
assessment method of the environmental value of resources 
based on the time needed for their generation by the 
biosphere driving forces. It converts all the energy and 
material input flows that contributed to a resource generation 
over time into solar equivalent units, so that the total amount 
of Unit Emergy Values thus calculated provides a measure of 
the biosphere work invested. The higher this value, the higher 
the quality of a resource, in that its replacement would 
require a large space-time biosphere activity [128, 129]. 

ess expesive t use virgi aterias tha recyced 
es 

The defiiti f a ew stadard with which t 
certify the quaity ad evireta aageet f 
reuse (circuar) peratrs is as crucia i rder t 
prte ew bs withi a circuar fraewr (as t 
repace ptetia bs sses i iear prducti 
prcesses) I a situati where reuse ad recycig 
bece re widespread activities it is as iprtat 
t have r acquire the expertise t idetify the best 
reuse r recycig r cversi ptis the ecessary 
techgy ad the ptetia advatages ad csts 
Circuar peratrs have t be abe t face the 
rgaisatia (where ad hw) bureaucratic 
(certificati perits) ad quaity aspects f the 
recvery ad exchage f ateria ad eergy fws 
This requires the ipeetati f apprpriate 
traiig by iterested rgaisatis (city 
adiistratis accreditati bdies idustria 
assciatis evireta Gs) i rder fr the 
advatages f ateria ad eergy recvery ad a 
decrease i evireta ad t be rea quatified 
ad pubicy recgised The prfessia expertise 
eeded r acquired ust be recgised as a pubic 
beefit ad adequatey supprted  

The recety deveped ACCREDIA certificati 
Reade i Itay8 which guaratees the ctet f 
recyced ateria used by Itaia cpaies i the 
reaisati f their prducts ad the traceabiity f the 
prducti itsef ight be csidered a exape f 
ew certificati schees t be deveped ad appied 
t gd circuar ecy practices at a urba eve 
The IS 50001 Eergy aageet Syste ad the 
IS 26000  the Scia Respsibiity f a Busiess 
rgaisati are cear exapes f targetrieted 
stadards A circuar ecy stadard fr cpaies 
ad peratrs has yet t be deveped ad wud be a 
very iprtat additi t the rative bdy f er
waste ad ecefficiecy activities at ca ad regia 
eves 

8 Conclusions  
It is  ger pssibe t disregard the iprtace f 
apprpriate resurce use fr ay differet pits f 
view Resurce depeti (be it fssi fues strategic 
ieras fresh water ad fertie si) expses the wrd 
ecy t huge riss f istabiity ad capse ad 
cas fr urget easures t recver resurce vaue 
thrugh prevetive desig ad recycig Excess 
resurce depeti is pushig ecies twards the 
expitati f iera ad fssi reservirs previusy 
disregarded because they were ess prfitabe This is 
iey t affect eviretay prtected areas which 
ay bece ew ies ew adfis r ew crpped 
areas t repace thse aready puted Ipeetig 
circuar patters f prevetive desig recvery ad 
recycig is t y urget but as pssibe It is 
uiey that tpdw directives ca sve the 

                                      
8 https://www.remadeinitaly.it/about-us  
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prbes r ca we wait uti the prbes are 
sved by ew techgies if ay A ix f 
participatry strategies iteractig bttup ad tp
dw actis ivative techgies ad cay 
creative prects cud be the basis fr a radap 
twards webeig thrugh evireta care ad 
apprpriate resurce use ad sharig We have shw 
i this paper that a circuar saic f ptis ad 
cay ipeeted prects if adequatey iteractig 
ad prted by adiistratrs busiesses ad 
cities have the ptetia t address ad graduay 
sve eergy ateria resurces water ad 
evireta prbes twards icreased webeig 
fr huaity ad ature 
 
The authrs gratefuy acwedge supprt fr the Itaia 
iistry f Freig Affairs ad Iteratia Cperati 
(AECI   PGR00767) withi the fraewr f the High 
Reevace SiItaia biatera prect "Aaysis f the 
etabic prcess f urba aggerati ad the 
cperative strategy f circuar ecy 
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