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WHY do this 

research? 

Applying the science of where to the 

study of circular cities

● CE activities (recycling, reuse, 

storage) require space 

● Transitioning to CE has spatial 

consequences 

● We are researching what CE 

activity might look like, how 

circular cities should be 

governed… 

● … But we also need to know 

where CE activities are taking 

place, and where they will be in 

the future. 
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Research questions 

Where will circular hubs be 

in the future, for the building 

industry in the Netherlands? 

● What are the types of circular 

hubs in the building industry?

● What are the spatial 

parameters that affect the 

location of circular hubs?

● What are the spatial analysis 

methods that can be used to 

predict future locations of 

circular hubs? 

12



WHAT are circular 

hubs?

“Circular hubs” in the building industry:

1. Building material bank / reseller

2. (De-)construction logistics hub

3. Building product manufacturer 

from waste flows

2

3

1
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WHAT data will I 

use?

● LMA data - locations of 

construction waste producers, 

processors, and re-users

● PBL data - prediction of future 

material supply and demand in 

the construction industry

● OSM data - street network, 

buildings 

● CBS census data - population 

density, income, skills 
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HOW will I forecast 

the circular hub 

locations in the 

future?

Perspectives of spatial analysis 

methods: 

● Operations - facility location 

analysis

● Urban morphology - street 

network analysis 

● Business - site selection 

analysis 
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OSM data - street 

network

PBL data - future supply 

and demand of secondary 

construction materials

LMA data - existing supply 

and demand of secondary 

construction materials
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What now? 

● Interviewing circular companies - what do you take into account when selecting a facility location? 

● Suggestions / contacts welcome! 

23
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What can you expect…

Reich, RH; A holistic method to monitor a circular economy; Data for Circularity int. conf. Slide  26

1. Problem statement: From Business Administration to Economics

2. Approach: Need and need satisfiers

3. Methodology: Need satisfier systems (NSS) and how to assess them

4. Results: Case study Housing in Flanders

5. Conclusions

6. Questions and discussion



Business Administration and Economics

Business Administration:

Indication on performance of…

…products

…business models

…companies

Reich, RH; A holistic method to monitor a circular economy; Data for Circularity int. conf. Slide 27

Economics:

Circular economy as tool of 

environmental economics

How circular is the economy?



What are needs and satisfiers?

Needs:

• universal

• satiable

• intervowen

• irreplaceable

Reich, RH; A holistic method to monitor a circular economy; Data for Circularity int. conf. Slide  28

Max-Neef, M. (1991). Human Scale Development: Conception, Application and Further Reflections. The 

Apex Press.

Doyal, L., & Gough, I. (1991). A theory of human need (1. publ). Macmillan. 

Gough, I. (2015). Climate change and sustainable welfare: the centrality of human needs. Cambridge 

Journal of Economics, 39(5), 1191–1214. 

Need satisfiers:

• fulfill one or more needs

• a need can be satisfied by one 

or more satisfier

• depending on culture, time, 

circumstance and the 

individual

• their materialization is 

quantifiable and analyzable



Need Satisfier Systems (NSS)
Need satisfiers require a system producing, delivering, 

marketing, etc. the satisfiers

Reich, RH; A holistic method to monitor a circular economy; Data for Circularity int. conf. Slide 29



How to measure NSS?
Structure data along DPSIR 

framework:

• Need satisfaction: societal 

output 

• Pressures: cause-effect 

relations

• States: environmental 

description 

• Impacts: environmental, 

societal, economical

• Response: political 

programs, initiatives, laws

Reich, RH; A holistic method to monitor a circular economy; Data for Circularity int. conf. Slide 30



Case study: Housing in Flanders

Reich, RH; A holistic method to monitor a circular economy; Data for Circularity int. conf. Slide  31

Indicator Result (per year)
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Case study: Housing in Flanders
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Indicator Results (pre year)
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Value share of building renovation

Share of recycled materials in building 

construction

91.0 % fine sand, 17.2% constr. 

sand, 10.1% quartz sand, 53.0% 

clay, 30.8% loam

Share of supervised demolitions 31.8%

Average lifetime of buildings 57.2 years
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Conclusions

Reich, RH; A holistic method to monitor a circular economy; Data for Circularity int. conf. Slide  35

The method provides:

➢ more details about the circularity of an economy

➢ different aspects (environmental, socio-economical) next to each other

➢ structures data

➢ cause-effect relationships

➢ feedback for policies

➢ improved communication

➢ spotlight on data gaps



Questions and discussion

René H. Reich

rene.reich@kuleuven.be

mailto:rene.reich@kuleuven.be


Monitor Your Circular 
Economy
Arnout Sabbe – Delft University of Technology



Monitor your circular economy



Monitor je circulaire economie, visie en aanpak

▪ Amsterdam Institute for Advanced Metropolitan Solutions
▪ Collaboration MIT, TUDelft, Wageningen University with City of 

Amsterdam

▪ Chair Environmental Technology & Design
▪ 20 staff
▪ Focus on circular economy, urban metabolism

▪ Spin-off project TUDelft en AMS Institute

▪ 7 staff

▪ Technology x Circular Economy

This project has received funding from the European Union’s Horizon 2020 research and 

innovation programme under grant agreement No 688920 and grant agreement no 776751 





Monitor je circulaire economieMonitor je circulaire economie





+ data cleaning

+ geolocation

+ geospatial data enrichment

+ machine learning for the free text field interpretation

+ semantic reclassification of (waste) materials



Monitor je circulaire economie

89%
of all waste comes from 
companies. 
Only

11% 
is household waste.
[Metropoolregio Amsterdam, 2019]



Monitor je circulaire economie

22%
of all waste in Amsterdam has 
the potential  to be directly 
reused
[Metropoolregio Amsterdam, 2019]



Monitor je circulaire economie

70%
of all waste 
is produced by 
only 

7% 
of all companies.
[Metropoolregio Amsterdam, 2019]



Monitor je circulaire economie

More than 

9 million km
are being travelled yearly to 
transport waste from Amsterdam 
to waste processors across the 
NL.
[Metropoolregio Amsterdam, 2019]



Monitor je circulaire economie

DEMO

https://app.geofluxus.com/


Monitor je circulaire economie

Waste Economic activities Product Resource

NACEEWC CN GSS



50% less primary abiotic materials 2030

2030
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3 goals for a circular transition

+ “Improve the security of supply of products, 

components and materials”

+ “Reduce the environmental impact of material use”

+ “Develop future-proof regional economies”



Improve the security of supply of products, components and materials



Reduce the environmental impact of material use



Develop future-proof regional economies

Sufficient for 172,160 window frames

De eerste 100% circulaire raamkozijnen ter wereld

5,842 ton A-wood / year

€4.5 miljoen raw material costs

Saves 3,526 ton CO2 due to not 

incinerating



Time to make the world less linear

arnout.sabbe@tudelft.nl
arnout@geofluxus.com

mailto:arnout.sabbe@tudelft.nl
mailto:Arnout@geofluxus.com


Better Public Data: An 
Absolute Precondition for a 
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25 May 202258 | Better data: an absolute precondition for a CE transition

OVER 2 BILLION PRODUCTS FOR SALE IN MAJOR 

DEVELOPED CITIES. 

AND THEIR 2 BILLION VALUE CHAINS



SOCIAL IMPACT OF CE: A FAVORABELE SIDE-

EFFECT OR A DEMOCRATIC INEVITABILITY?   
59 | Better data: an absolute precondition for a CE transition 25 May 2022



25 May 202260 | Better data: an absolute precondition for a CE transition

1990 FROM THE VOYAGER 1, “THE PALE BLUE 

DOT”



TNO ASSESSED OPPORTUNITIES IN 2013, BASED 

ON VALUE RETENTION OPTINOS OF PRODUCT 

GROUPS

25 May 202261 | Better data: an absolute precondition for a CE transition



PROGRESS BETWEEN 2013 AND 2018 

ARE WE ON TRACK TO REALISE 7.3 BILLION 

EXTRA VALUE ADDED (2013 PRICES)

Yes,

I think,

I guess

25 May 202262 | Better data: an absolute precondition for a CE transition



MANY INDICATORS, EMPTY PUBLIC DATA 

WAREHOUSES

25 May 202263 | Better data: an absolute precondition for a CE transition
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WHOA, WHOA YOU SCEPTIC! ISN’T THE CE 

TRANSITION IS IN MOTION?

65 | Better data: an absolute precondition for a CE transition 25 May 2022

Paris, November 18-

19 2019

CNBC 

October 10, 

2019



A STALEMATE, THAT BETTER DATA CAN BREAK 

Companies: will invest when 

markets emerge or are 

created (forbid or command)

25 May 202266 | Better data: an absolute precondition for a CE transition

Households: will act out of 

habit 99% of the time, and if 

not, will act based on clear 

cause-effect benefits

Government: play the 

political game and look 

issues that are top mind to 

voters (like prices)



DO WE EXPECT 

INDIVIDUALS TO CHANGE 

THEIR BEHAVIOUR JUST 

LIKE THAT?

25 May 202267 | Better data: an absolute precondition for a CE transition



POLITICAL LEADERS ACT ON ISSUES THAT GET 

THEM RE-ELECTED (OK, WELL, MOST OF THEM)

25 May 202268 | Better data: an absolute precondition for a CE transition



CE BUSINESS-CASES ARE STRUGGLING

25 May 202269 | Better data: an absolute precondition for a CE transition



PROOF THAT POLICY CAN CREATE MARKETS

Tesla 3, reducing NOx emissions, phasing-out lightbulbs,....

25 May 202270 | Better data: an absolute precondition for a CE transition



#HOW, #WHAT (LINK)

25 May 202271 | Better data: an absolute precondition for a CE transition

#

What  bet ter  data do we 

need? Why do we need the bet ter  data? How woul d thi s hel p r obust  pol i cy,  f or  exampl e?

1

Data that  ar e c l ear l y 

r el ated to a pr oduct  or  a 

pr oduct  gr oup

What  ar e pr oducts? And what  ar e the mater i al s i nvol ved? A  seemi ngl y t r i v i al  quest i on,  but  f uzzy pr oduct  def i ni t i ons can cause 

enor mous amounts of  ambi gui ty i n many conver sat i ons and studi es.  We suggest  consi der i ng i nter nat i onal  t r ade data and pr oducts 

that  ar e di r ect l y l i nked to cur r ent  economi c act i v i t i es.  T r ade data ar e made avai l abl e i n a gl obal  c l assi f i cat i on cal l ed the 

Har moni zed System or  Combi ned Nomencl atur e (HS/ CN).  Economi c act i v i t i es ar e l i nked to pr oducts by the cl assi f i cat i ons of  

pr oducts by act i v i t y (CPA).  T he HS/ CN and CPA cl assi f i cat i on ar e the most  detai l ed i n ter ms of  pr oduct  speci f i cat i on,  and they 

ar e geogr aphi cal l y speci f i ed by nat i on state.  T hese cl assi f i cat i ons shoul d be i mpr oved by i ncr easi ng the l evel  of  detai l  on 

pr oduct  gr oups,  get t i ng f r om gener al  l abel s such as “ el ect r oni cs”  to 6–8 or  even 10 di gi ts that  descr i be r el evant  and speci f i c 

pr oducts.  

Benchmar ki ng a pr oduct  i nnovat i on to the r est  of  the pr oduct  

gr oup.

2

Data that  ar e c l ear l y 

r el ated to economi c 

sector s of  act i v i t y

A r guabl y the most  used publ i c data ar e or gani zed by economi c sector ,  descr i bi ng l abour  mar kets,  capi tal  stock and sector -

speci f i c taxes and subsi di es.  T hese data ar e descr i bed by the gl obal  Inter nat i onal  Standar d Indust r i al  Cl assi f i cat i on of  A l l  

Economi c Act i v i t i es (ISIC) Rev.  4 f r om the UN or  Nomencl atur e stat i st i que des Act i v i tés économi ques dans l a Communauté 

Eur opéenne (NACE) Rev.  2 f r om the EU.  Cur r ent l y,  sector s ar e descr i bed on a 1-,  2-,  3- or  4-di gi t  l evel .  T he NACE and ISIC 

cl assi f i cat i ons ar e the same on a 4-di gi t  l evel ,  r epr esent i ng over  600 sector s or  “ c l asses” .  T he cover age of  gl obal  data shoul d 

i mpr ove to a 4-di gi t  standar d.  

Li ai s i ng sector s to al l  r el evant  ISO standar ds of  the ISO/ T C 

323 ci r cul ar  economy (ISO 2018).

3

M or e detai l ed system of  

nat i onal  accounts (SNAs) 

or  i nput -output  tabl es

Bet ter  sector  and pr oduct  data l ead to bet ter  nat i onal  accounts.  T he abovement i oned bet ter  pr oduct  and sector  detai l  wi l l  i mpr ove 

the anal yt i cal  power  of  any SNA.  T he best  exampl es of  accounts wi th an exi st i ng hi gh l evel  of  detai l  (“ gr anul ar i t y” ) ar e the ones 

f r om the Uni ted States and Japan.  B r i ngi ng the Eur opean system of  nat i onal  and r egi onal  accounts (ESA) to the l evel  of  the US or  

Japan woul d al r eady be a huge l eap f or war d i n assessi ng i mpacts over  suppl y chai ns.  A l so,  accounts shoul d be assembl ed at  l east  

once ever y f i ve year s by thor ough sur veys usi ng state-of -the-ar t  ICT  techni ques.  

Assessi ng an i mpact  r el ated to a pr oduct  or  sector  i n a 

r egi on,  nat i on state or  wor l d economy,  i ncl udi ng assessi ng 

typi cal  suppl y chai ns,  whi ch ar e gener al l y gl obal  and 

ther ef or e descr i bed by data wi th gl obal  mul t i r egi onal  SNA 

scope.

4

Impr ove physi cal  suppl y-

and-use tabl es

Wher e SNAs ar e expr essed i n monetar y ter ms (“ money” ),  i t  i s  necessar y to have consi stent  physi cal  extensi ons:  mater i al s.  

Detai l ed physi cal  suppl y and use data (e.g. ,  400 pr oduct  gr oups i n physi cal  wei ght  uni ts) ar e avai l abl e f or  r esear ch pur poses f r om 

the Ger man and Nether l ands Stat i st i cal  Of f i ces.  T hese ar e not  publ i shed at  that  l evel  of  detai l  because of  conf i dent i al i t y 

r equi r ements,  but  they coul d be used at  an aggr egated l evel  to update publ i c SNAs at  a Eur opean l evel .  Conver sel y,  mater i al  f l ow 

anal yses on a nat i onal  l evel ,  based on other  sour ces than a SNA,  shoul d t r anspar ent l y be mapped to the SNA to cr eate mutual  

anal yt i cal  st r ength.  

Unl ocki ng a weal th of  mater i al  f l ow anal ysi s by mer gi ng i t  

wi th SNAs;  di sci pl i ni ng monetar y data by matchi ng i t  wi th 

possi bl e l i mi ts to the use of  natur al  r esour ces.

5

M ake use of  data f r om 

pr oduct  l ots of  eco-

di r ect i ve

T her e i s a weal th of  i nf or mat i on avai l abl e about  pr oducts subj ect  to the EU Ecodesi gn Di r ect i ve (ECEE 2019).  T he EU Ecodesi gn 

Di r ect i ve cover s al l  ener gy-r el ated pr oducts sol d i n the domest i c,  commer ci al  and i ndust r i al  sector s.  T hi s i nf or mat i on needs to 

be l i nked to databases that  can be quer i ed and di r ect l y r el ated to macr o-economi c stat i st i cs.  Such pr oper t i es as ener gy 

consumpt i on,  mater i al  composi t i on,  components used and l i f et i me di st r i but i on can be mapped i n a consi stent  way,  usi ng or  

r ef er r i ng to exi st i ng i nf or mat i on

Di scussi ng the vi abi l i t y of  pr oposal s f or  extended pr oducer  

r esponsi bi l i t y.

6

Bet ter  data on gener al  

waste f l ows

Waste f l ow data ar e cur r ent l y col l ected usi ng cl assi f i cat i ons l i ke the Waste Stat i st i cs Regul at i on,  the Ext r act i ve Waste 

Di r ect i ve i n the EU or ,  gl obal l y,  under  the Basel  Convent i on.  But  these data can show many data gaps and cur i ous or  out r i ght  

unr el i abl e r esul ts,  whi ch f r ust r ate maki ng accur ate est i mat i ons on si ze and pur i t y/ qual i t y of  a f l ow.  T he waste data pr obl em i s 

descr i bed as the “ hol e i n the ci r cul ar  economy” .  Fur ther mor e,  the data shoul d enabl e us to answer  quest i ons about  the vi tal  “ end-

of -waste cr i ter i a”  and the ci r cul ar  st r ategy that  i nvol ves r ecycl i ng that  i s hi ghl y dependent  on sensi bl e and dynami c end-of -waste 

cr i ter i a.  T he need f or  bet ter  waste data i s al so descr i bed i n the Raw M ater i al s Scor eboar d (EC 2016b),  whi ch has,  f or  al most  al l  

ci r cul ar  i ndi cator s,  a sect i on dedi cated to “ T he sear ch f or  sui tabl e data…”  For  the most  r el evant  waste f l ows l i ke waste of  

el ect r oni cs and el ect r i cal  equi pment  (WEEE),  i t  i s  di f f i cul t  but  hi ghl y r el evant  to have a cl ear  pi ctur e of  how much waste i s 

actual l y gener ated,  col l ected and then pr epar ed f or  r e-use/ r ecycl i ng/ r ecover i ng at  nat i onal  and EU l evel s.

Gi vi ng a boost  to the mar ket  f or  secondar y mater i al s and 

ther eby st i mul at i ng new ci r cul ar  busi nesses,  opt i mi zi ng 

publ i c i nvestment  i n waste t r eatment  whi l e r espect i ng 

avai l abl e soci al  capi tal  and the l abour  mar ket .

7

Bet ter  data on i ndust r i al  

waste f l ows

T he waste st r eams gener ated dur i ng the manuf actur i ng pr ocess have some char acter i st i cs that  ar e di f f er ent  f r om gener al  waste 

f l ows.  As a r esul t ,  oppor tuni t i es to r etai n val ue of  i ndust r i al  waste,  thr ough i ndust r i al  symbi osi s f or  i nstance,  have di f f er ent  

enf or cement  and data r equi r e­ments.  Indust r i al  waste i s of ten measur ed as par t  of  r egul ator y moni tor ed emi ssi ons,  such as the 

Eur opean Pol l utant  Rel ease and T r ansf er  Regi ster  (E -PRT R).  Eval uat i ons (EC 2016c) of  thi s l egal  r egi ster  ment i on i ssues wi th 

data qual i t y.  For  exampl e,  shor tcomi ngs i n the data pr ovi ded by oper ator s,  shor tcomi ngs i n val i dat i on,  l ack of  t i me-ser i es data,  

too st r ong dependency on model l ed or  est i mated data,  etc.  

Assessi ng qual i t y (i .e. ,  techni cal  val ue) of  possi bl e st r eams 

wi thi n a pr ocessi ng pl ant  or  chai n whi l st  addi ng the opt i on to 

compar e i t  to s i mi l ar  waste f l ows.  

8

Expandi ng the use of  

open-sour ce l i f e-cycl e 

i nventor i es

T he data that  f uel s l i f e-cycl e assessments i s del i ver ed by l i f e-cycl e i nventor i es (LCI ).  T hese ar e of ten made publ i c,  f or  i nstance 

when pr ovi di ng suppor t i ng i nf or mat i on f or  academi c paper s.  Some excel l ent  i ni t i at i ves have even cent r al i zed these data. [1]  As an 

exampl e,  the ILCD database (EC appr oved) i s avai l abl e at  no char ge.  PEF al so pr ovi des a database to be used i n pr oduct  

decl ar at i ons.  T hi s i s f r ee to user s that  ar e devel opi ng r ul es f or  pr oduct  categor i es.  

Fr ee and onl i ne LCI  wi l l  st r engthen the base f or  common 

methodol ogi es such as PEF.

9

Data on r epai r  & 

r ef ur bi shment

Waste data mi ght  be subopt i mal ,  but  data on mater i al s and components used i n r epai r  and r ef ur bi shment  ar e al most  absent  

(Hoekst r a et  al .  2015).  A l l ocat i ng r esear ch budgets to document  r epai r  and r ef ur bi shment  act i v i t i es i s a no-br ai n i nvestment  when 

devel opi ng a ci r cul ar  economy.

Of f er i ng per spect i ve to pol i cy maker s to enabl e busi ness 

model s ai med at  economi cal  l i f et i me extensi on st r ategi es

10

Combi ni ng l i f e-cycl e 

i nventor i es and macr o-

economi c model s

LCI  sour ces shoul d be l i nked to macr o-economi c model s (Wi ebe et  al .  2019),  to cr eate a def i ni t i ve l i nk between the mi cr o-l evel  

pr oducts and pr ocesses and the macr o-l evel  nat i onal  economi c accounts.  T hi s woul d s i gni f i cant l y i mpr ove the usef ul ness of  

hybr i d LCA appr oaches (Cr awf or d et  al .  2018).

Benchmar ki ng a pr oduct  to the r est  of  the pr oduct  gr oup;  

devel opi ng pol i c i es on sector  and pr oduct  l evel  (pr oduct i on 

and consumpt i on);  r el at i ng speci f i c CE  i nnovat i ons to 

nat i onal  tar gets.

11

Quant i t y of  (speci f i c) 

r aw mater i al s

Despi te an extensi ve body of  wor k contai ni ng mater i al  f l ow anal yses,  a di r ect  l i nk between pr oducts f r om of f i c i al  c l assi f i cat i ons 

and r aw mater i al  content  i s not  f or mal l y avai l abl e bel ow a 2-di gi t  l evel ,  l et  al one amounts of  mater i al s per  pr oduct .  Gi ven the 

exi st i ng macr o-economi c data (f or  i nstance,  about  pr oducts that  ar e put  on the mar ket  annual l y),  thi s pr esents a r eal  oppor tuni ty 

f or  f utur e r esear ch (E IT  RawM ater i al s 2019).

M appi ng the amount  of  speci f i c metal s embedded i n 

i nter medi ate and f i nal  goods t r aded ar ound the wor l d.  I t  

woul d subsequent l y hel p to assess the i mpact  of  st r ategi c 

pol i ce measur es i n r ei nf or ci ng such suppl y chai ns.  

12 Si ze of  the ur ban mi ne

Ur ban mi ni ng consi der s stocks of  mater i al s i n soci ety as potent i al  mi nes.  Exi st i ng ur ban mi ne studi es shoul d be pr omoted to 

of f i c i al  stat i st i cs,  i nt r oduci ng stock data i n r egul ar  cor por ate and gover nmental  stat i st i cs.  Futur e r esear ch coul d be l i nked to 

publ i c GIS data and data on monetar y capi tal  stock (Agui l ar -Her nandez et  al .  2019).

Est i mat i ng the amount  of  secondar y maj or  metal s that  we can 

expect  to be of f er ed f or  pr ocessi ng i n the comi ng f i ve year s.

13

Documented pr oduct  

l i f et i mes

Ever y pr oduct  gr oup has a typi cal  l i f et i me di st r i but i on that  can be descr i bed stat i st i cal l y.  Some studi es have star ted to model  

these l i f et i mes (Bakker  et  al .  2014b),  but  these ar e not  moni tor ed or  documented i n a cent r al  database.  Lack of  knowl edge about  the 

agi ng dynami cs of  i n-use stocks means that  f utur e end-of -l i f e r ecycl i ng i nput  r ates (EoL-RIR) cannot  be ef f ect i vel y model l ed 

(M ayer  et  al .  2019).  T he i mpact  of  l i f et i me extensi on st r ategi es cannot  be assessed wi thout  these data.  

Impr ovi ng cor por ate account i ng and stock assessment  f or  

househol ds and cor por ate s l ow-movi ng equi pment .

14 Rel i abl e waste expor ts

T he quant i t y of  end-of -l i f e pr oducts expor ted l egal l y or  i l l egal l y (f or  exampl e,  by bui l di ng on the CWIT  e-waste expor ts r epor t ,  

sensor s i n publ i c i nf r ast r uctur e or  waste-col l ect i on systems) i s i mpor tant  gi ven the need to assess r equi r ed catchment  ar eas.  

Another  r el evant  use of  these data wi l l  be to f i ght  the devastat i ng ef f ects of  waste dumpi ng on a gl obal  scal e.

Assessi ng the opt i mal  s i ze of  end-of -l i f e r ecycl i ng on an 

i nter nat i onal  l evel .

15

Bet ter  data on secondar y 

mater i al s

Data on secondar y mater i al s that  ar e put  back i nto the economy as “ quasi ”  r aw mater i al s ar e st i l l  i nadequate f or  many pol i cy 

deci s i ons.  T he data shoul d be abl e to compar e quant i t i es of  pr i mar y and secondar y mater i al  to ascer tai n the EoL-RIR of  mater i al s 

(i ncl udi ng waste t r eated outsi de of  the EU).  T hi s EoL-RIR r ate means r ecycl i ng that  can t r ul y r epl ace the need f or  pr i mar y 

ext r acted r aw mater i al s.

Chasi ng the hol y gr ai l  of  the most  common ci r cul ar  st r ategy:  

r ecycl i ng.  T o what  extent  can we t r ul y c i r cul ate mater i al  

af ter  a use cycl e? And updat i ng the i nf l uent i al  wor k of  UNEP 

(2011).

16

Bet ter  data on secondar y 

components

For  suggest i ons about  the val ue of  components,  the i ni t i al  publ i c data ef f or t  shoul d be f ocused on l i nki ng i nto cor por ate data usi ng 

the l atest  ICT  technol ogy (Goodal l  et  al .  2019).  T he ter m “ cl osed-l oop r emanuf actur i ng”  shoul d be i nt r oduced to l abel  al l  the 

r emanuf actur i ng that  i s al r eady goi ng on wi thi n cor por ate suppl y chai ns,  c l ear l y i dent i f y i ng what  par t  of  that  chai n can be mapped 

wi th publ i c i nf or mat i on.

Enabl i ng cr edi bl e assessments of  r emanuf actur i ng on any 

l evel ,  al so enabl i ng the assessment  of  opt i ons f or  

ser vi t i zat i on busi ness model s.

17

Pr i ce data as pr oxy f or  

secondar y mater i al  

potent i al  and pr ogr ess

Apar t  f r om quant i t y,  we shoul d be abl e to deter mi ne the qual i t y of  secondar y mater i al .  P r i ces of  secondar y f l ows,  apar t  f r om 

metal s,  pr i or i t i z i ng pl ast i cs,  wood,  r ubber ,  gl ass shoul d be publ i shed i n a cent r al i zed way.  We shoul d al so consi der  these pr i ces 

as the best  pr oxy f or  the qual i t y of  the r ecycl ed mater i al s.  Est i mates that  assess the potent i al  r ecycl i ng r ates of  metal s shoul d,  

apar t  f r om pr i ce si gnal s,  be based on sound metal l ur gy and the l aws of  ther modynami cs (M ai o and Rem 2015).

Usi ng val ue-per -uni t  as a pr oxy f or  ent r opy:  how val uabl e i s 

r ecycl ed mater i al  compar ed to v i r gi n mater i al ? 

18

Updated f ootpr i nt  

coef f i c i ents

Footpr i nt  cal cul at i ons t r y to est i mate the mater i al  use and cor r espondi ng envi r onmental  i mpacts al l  al ong the val ue chai n,  f or  

i nstance f r om cr adl e-to-gate or  f r om cr adl e-to-gr ave.  T he cur r ent  r aw mater i al  equi val ent  (RM E) coef f i c i ents used by Eur ostat  

ar e a ver y hel pf ul  tool  f or  that ,  but  they need to be updated and i mpr oved (Eur ostat  2017).  

Assessi ng the cont r i but i on of  a c i r cul ar  st r ategy to GHG 

emi ssi on r educt i on

19

Data to moni tor  

oper at i onal  

per f or mance of  capi tal  

stock 

B i g data f r om oper t i ons,  f or  i nstance f r om ser vi t i zat i on enter pr i ses,  shoul d be gather ed to get  a gener al  and aggr egated sense of  

the per f or mance of  the pr oducts that  ar e of f er ed as-a-ser vi ce.  P r ovi di ng these data at  a sector  l evel  i s consi der ed r eal i st i c 

(Li nder  et  al .  2017).  T hese data shoul d onl y be col l ected to over come bar r i er s i n an emer gi ng type of  ser vi ce,  pr ovi ded that  both 

author i t i es and ser vi ce pr ovi der s see the need to over come thi s bar r i er  (see textbox “ T he nar r at i ve of  the coast l i ne vi l l age” ).  

Si mpl y gather i ng these data f or  the sake of  f undamental  r esear ch i s pr obabl y not  f easi bl e.

Impr ovi ng asset  account i ng by i nt r oduci ng f unct i onal  uni ts 

and pr edi ct i ve mai ntenance.

20

Basi c data about  

i nnovat i ons that  ar e 

r el evant  f or  a c i r cul ar  

t r ansi t i on

Innovat i ons ar e r ecor ded thr ough patent  systems.  Resear cher s ar e i ncr easi ngl y f i ndi ng that  these systems wor k wel l  f or  a 

decr easi ng number  of  sector s and pr oducts.  T hi s means that  ther e i s a need to moni tor  R&D,  especi al l y publ i c l y f unded R&D,  i n a 

mor e detai l ed way i n ter ms of  sector s and pr oducts (M azzucato 2013).  Bet ter  i nf or mat i on about  the dest i nat i on (agai n,  sector s and 

pr oducts) and si ze of  ventur e capi tal  coul d al so pr ovi de i mpor tant  evi dence to suppor t  deci s i on maki ng.  Exampl es of  i nnovat i ons 

si nce 2013 coul d i ncl ude new bi ogenet i cs,  bl ock-chai n pr oducts,  addi t i ve manuf actur i ng/ 3D pr i nt i ng,  e-commer ce and del i ver y 

apps,  etc.  T he technol ogy r eadi ness l evel  (T RL) of  these data can pr obabl y onl y be between 7 and 9,  whi ch means that  onl y 

i nnovat i ons that  (al most ) f ound thei r  way to the mar ketpl ace ar e documented.  I f  an i nnovat i on has a T RL l ower  than 6 or  l ess,  i t  i s  

st i l l  l i kel y to be a wonder f ul  possi bi l i t y f or  i nnovat i on at  some poi nt  i n the f utur e. Di st r i but i ng f unds i n the next  r ound of  publ i c R&D.

https://repository.tno.nl/islandora/object/uuid%3Ad9eda48d-a2a3-4a52-9fc3-52b5a467d891


EXAMPLES OF POLICY REQUIRING PROPER DATA

25 May 202272 | Better data: an absolute precondition for a CE transition

Expand Extended Producer Responsibility based on credible cost-benefit calculations

Progressive and or dynamic pricing through subsidies & taxation, particularly those aimed at reducing 

cost of labour in circular sectors and supporting servitisation. (but obviously also CBAM)

Removing legal barriers to use secondary materials, including enabling international waste flows that 

can use of (responsible) economies of scale in treatment

Circular demands in public procurement (public expenditure was 53,1% of EU-27 GDP in 2020)



TAKE-AWAY MESSAGES

Real impact comes from robust policy. Robust policy requires proper information.  Information needs 

data.

If we don’t take public data seriously, we might as well forget about creating any impact on the CE 

transition from public policy

Statistical offices have received no significant increase in resources to conduct their tasks

The promise of systems of product passports will not only revolutionize enterprises, it could and should 

spill over to public data

25 May 202273 | Better data: an absolute precondition for a CE transition



THANK YOU FOR YOUR 

ATTENTION

Take a look:
TNO.NL/TNO-INSIGHTS



CLIMATE POLICY AS EXAMPLE FOR CE

Sense of urgency

25 May 202275 | Better data: an absolute precondition for a CE transition

Sense of urgency

# policy goals # policy goals
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25 May 202278 | Better data: an absolute precondition for a CE transition

WE LIVE (FAR) BETTER LIVES THAN THEM



DECOUPLING CAN SO FAR BE DEBUNKED

TWO (OR THREE) MORE PLANETS, ANYONE?

79 | Better data: an absolute precondition for a CE transition 25 May 2022

https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjq4LLUvq_jAhXOzqQKHXLuCzsQjRx6BAgBEAU&url=https://www.researchgate.net/figure/Global-material-extraction-in-billion-tons-and-global-GDP-in-trillion-US-2005_fig3_306290805&psig=AOvVaw1xifmMGiiS-Oz43ZmUjep5&ust=1563024628000617
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EUROPEAN WASTE STATISTICS IN PURSUIT OF A CIRCULAR ECONOMY
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Material flows true scale in Gt/year (billion tonnes per year) in 2019, EU27. Source: Eurostat
3



Landfill rate of waste excluding major mineral wastes, first 13 EU countries, 2018. 
Source of data: Eurostat
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IS THERE ENOUGH WASTE FOR A CIRCULAR ECONOMY?
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IS THERE ENOUGH WASTE FOR A CIRCULAR ECONOMY?
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Why is European Waste Statistics not responding to the key challenge of 
data availability to advance the transition towards a circular economy?
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D AT A C O L L E C T I O N

National Waste Statistics

Eurostat
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O P P O R T U N I T I E S

92

- Detailed impact assessment

- Optimal location of storage and processing hubs

- Supporting industrial symbiosis



O P P O R T U N I T I E S

- Consistent tracking over years

- Analysis of frequency & seasonality

- Identifying companies & events that cause 

significant amounts of waste

93



Wh y is Eu ro p ean W ast e St at i st i c s n o t resp o n d in g t o t h e key 

ch a l l e n g e o f d a ta ava i l a b i l i t y t o ad van ce t h e t ran s i t io n

94

t ow ard s a c i rcu la r econ o my?



R E AS O N 1 . PAT H D E P E N D E N C Y

pollute less

depend less
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E U R O P E A N W A S T E S T A T I S T I C S
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Start of EWS 

Directive

2002 2004 2006 2008

Regulation (EC) 

2150/2002 on Waste 

Statistics released

First datasets

Waste Framework 

Directive 2008/98/EC

2013

Dutch National Waste

Registry

2019 2020

CEAP

Commission 

Implementing Decision 

(EU) 2019/1004 on

Municipal Waste

Statistics

First EU CE policy
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2015



R E AS O N 1 . PAT H D E P E N D E N C Y R E C O M M E N D AT I O N 1 : P r o v i d e

f i n a n c i a l a n d e x p e r t s u p p o r t t o t h e  

i n s t i t u t i o n s w i t h t h e o l d r e g u l a t i o n 

l e g a c y
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R E A S O N 2 . D AT A I N C O M P L E T E N E S S 

A N D F R A G M E N T AT I O N
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W A S T E T R E AT M E N T
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Naples, Italy

10
0

Flanders, Belgium Bilbao, Spain Lodz, Poland Maribor, Slovenia

Trento, Italy Umag, Croatia Katowice, Poland Hamburg, Germany Pecs, Hungary



R E A S O N 2 . D AT A I N C O M P L E T E N E S S 

A N D F R A G M E N T AT I O N

R E C O M M E N D AT I O N 2 : E x p a n d i n g  

r e p o r t i n g o b l i g a t i o n s b e y o n d t h e 

e n v i r o n m e n t a l c o n c e r n s
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R E A S O N 3 . L I M I T E D D AT A  

I N T E R O P E RA B I L I T Y
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R E A S O N 3 . L I M I T E D D AT A  

I N T E R O P E RA B I L I T Y

R E C O M M E N D AT I O N 3 : C r e a t i n g

i n t e r n a t i o n a l s t a n d a r d f o r w a s t e  

r e p o r t i n g
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R E A S O N 4 . C O N S E R VAT I V E 

D E F I N I T I O N O F W A S T E
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“Waste is any substance or object which the holder discards or 

intends or is required to discard”
European Union Waste Framework Directive, 2008/98/EC
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“Waste is any substance or object which the holder discards or

intends or is required to discard”
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European Union Waste Framework Directive, 2008/98/EC



R E A S O N 4 . C O N S E R VAT I V E 

D E F I N I T I O N O F W A S T E

R E C O M M E N D A T I O N 4 : E x p a n d i n g t h e 

d e f i n i t i o n o f w a s t e t o i n c l u d e
u n d e r u t i l i z e d r e s o u r c e s b e f o r e t h e y

a r e d i s c a r d e d i n t h e w a s t e

m a n a g e m e n t s y s t e m
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R E A S O N 5 . S E M A N T I C A S S Y M E T R Y 

B E T W E E N R AW R E S O U R C E S ,
P R O D U C T S A N D W A S T E

11
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Natural resources
• Chemical formula
• Linnaean system

Products • HS codes: >5000 
commodity groups

Waste

11
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• List of Waste: 800 
codes



3 . M AT E R I A L
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R E A S O N 5 . S E M A N T I C A S S Y M E T R Y 

B E T W E E N R AW R E S O U R C E S ,
P R O D U C T S A N D W A S T E

R E C O M M E N D AT I O N 5 : A l i g n i n g

t a x o n o m i e s u s e d t o d e s c r i b e r a w 

r e s o u r c e s , p r o d u c t s a n d w a s t e

11
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R E A S O N 6 . T H E A M B I G U I T Y O F

W A S T E P R O D U C E R R E S P O N S I B I L I T Y
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70% of waste produced

by7% of companies
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R E A S O N 6 . T H E A M B I G U I T Y O F

W A S T E P R O D U C E R R E S P O N S I B I L I T Y

R E C O M M E N D AT I O N 6 : C r e a t i n g

t a x o n o m i e s o f d i f f e r e n t r o l e s i n  

w ast e di scar di ng pr o c e s s and
r e a s o n s o f d i s p o s a l

11
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R E A S O N 7 . I N S U F F I C I E N T L Y D E F I N E D 

G O A L S O F T H E C I R C U LA R E C O N O M Y  

M O N I T O R I N G

11
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R E A S O N 7 . I N S U F F I C I E N T L Y D E F I N E D 

G O A L S O F T H E C I R C U LA R E C O N O M Y  

M O N I T O R I N G

R E C O M M E N D A T I O N 7 : A d v a n c i n g t h e 

n e w C E A P - o r i e n t e d a m e n d m e n t t o t h e 

E u r o p e a n W a s t e S t a t i s t i c s
R e g u l a t i o n

11
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N E X T S E S S I O N :

O P E N L E T T E R T O T H E E U R O P E AN C O M M I S S I O N

W I T H T H E R E C O M M E N D AT I O N S F O R T H E N E W R E G U LAT I O N

11
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THANK YOU!
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O P E N L E T T E R T O T H E E U R O P E AN  

C O M M I S S I O N

w i t h t h e r e c o m m e n d a t i o n s f o r t h e 

n e w r e g u l a t i o n

3 s e s s i o n s o f 2 0 m i n :

- D e f i n i t i o n o f w a s t e

- S c o p e o f r e p o r t i n g o b l i g a t i o n s

- I n t e r n a t i o n a l d a t a i n f r a s t r u c t u r e

- O p e n s o u r c e s t a n d a r d s &  

t a x o n o m i e s

- ?

1 3 : 3 0 - 1 5 : 3 0
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