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Thailand as 'ASEAN's Dlgltal

SCP NETWORK

Tha//andasa
‘High-value Medical and Wellness Hub'

Thailand as the .

‘World's Major EV Production Base’ * @
Thailand as a
‘Quality and Sustainable ¢~
Tourist Destination’
Thailand as a e
‘Leader for High-value

Agriculture and Processed
Agricultural products’

Thailand witha @
‘Circular Economy and &~

Low-Carbon Society

Thailand with
‘Reduced Risks from
Natural Disasters and Climate Change’

environment

United Nations
Environment Proaramme

3)
s

Life Cycle Initiative

giz
e Ihailand Science

B°l Research and Innovation

Program Management Unit
for Competitiveness

and Smart Electronics Industrg Hub'*
Thailand as a ‘Regional Strategic Gateway
for Trade, Investment, and Loglstn:s

Opportunity
and Equity

for Thailand'’s
Transformation

Environmental
Sustainability
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Thailand

Deutsche Gesellschaft
fur Internationale
Zusammenarbeit (GIZ) GmbH
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Thailand with ‘Strong, High-potential,
“ and Competitive SMEs’

(&) SUSTAINABLE
€5/ DEVELOPMENT

Thailand with ‘ '
« ‘Livable, Safe, and Sustainable ~‘ ’
Areas and Smart cities’
'ln

Thailand with
‘Less Intergenerational

AV Transmission of Poverty
and Social Protection for All'

Thailand with
‘high-performance
workforce, capable of

* continuous learning and
responding to future

development context’

Thailand with

. ‘Modern and Effective
Government capable of
Responding to Citizen’s Needs’
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Enhancing Our Quality of Life and the Environment
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Asia Carbon Footprint
Network (ACFN)

environment

United Nations
Environment Programme
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Petroleum, chemical,
non-metallic mineral
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Manufacturer Maintenance

reuse
distribution
Energy
Recovery

Maintenance

Distribution:
Local to
National

Service —

Provision
e.g. leasing

Retailers &
Service Providers

M\ Food Sharing

Extraction of biochemical feedstock,

Farmers & Agro-food — .
industry Anaerobic digestion / Biogas
& Composting
x

Poliution pressure and impacts

n1slgnsweanslunszsuruniswan Iaaldlamandied
N1sNNanvysyaneyuasyesdyIINnIsHanuazu3lon
FuAranuluszyzen

P ten Brink, P Razzini, S. Withana and €. van Dijl (€€EP), 2014

Anaerobic digestion / biogas
& Composting

[

Farmers & Agro-food |} :
industry

nsvyuIguldnswenssssuyIAluviovlgauan
WWuUszAndnawnisinnisveady SnghAu Audai
vupeny wazwdwu Winduludundweansiivyuidou
ogluszuURIINIEUIUNI ST AL

Circular Economy I
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II Circular €Economy Concepts

Improved efficiency will not solve the problem of finite
resources — a full system change is needed.

Y 3
vTeC s

amember of NSTDA




II CE Framework based on 3 strategies

Increasingly powered Mining/materials manufacturing
by renewable energy

irfg/collection’

Parts manufacturer

Biochemical ¢ *

feedstock Product manufacturer

Biosphere ¢ ¢

Service provider

Biological cycles Technical cycles

Restoration

Reusg/redistribute

Biogas

Cascades Maintegance

Anaerobic
digestion/
composting

Extraction of
biochemical
feedstock?

Energy recovery

¢°¢

Landfill

Leakage to be minimised

@ ELLEN MACARTHUR FOUNDATION

1 Hunting and fishing

2 Can take both post-harvest and post-consumer waste as an input

SOURCE: Ellen MacArthur Foundation -

Adapted from the Cradle to Cradle Design Protocol by Braungart & McDonough

vTEC Sngd

a m:mber of NSTDA

Closing loop

® Creating a circular flow of resource

® Resulting from the use phase

® Lengthening the use and reuse of
product such as repair, refurbishment

and remanufacture

Narrowing loops

® Reducing the use of resource
®* Maximizing efficiency in production

processes.

(L.A. Lopez Ruiz et al. (2020)
Circular Economy I
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Circular economy

RO (Refuse) Uftasnislandnsiusifdndingndeudulelidndu
Smart product . e o o < - v
increasing R1 (Rethink) vinlvindnsausianunsafinuseqelalunisty
circularity use and
manufacture | B2 (Reduce) uUssansanluniswdansenislanansumnilaely
NINYINSUALIANSITUYNALBYAN
R3 (Reuse) Unwdnsiurinavunldling
Rule of thumb:
: ) R4 (Repair '
Higher level of Extend llfespan ( p ) NI1FYU LY
circularity = fewer
natural resources of product and RS (Refurbish) ﬂ'\ﬁU%’UU?QTWJ\i
S TeSs its parts
environmental P R6 (Remanufacture) nqawﬁmﬁﬂmjj
pressure
R7 (Repurpose) nnsasudngUszasAnisTdenu
Useful R8 (Recycle) nsadunistunisudsan wnansious
application of v o o o %o
PP R9 (Recover) N1STaRFNIsUINaNIIUNaULN I vl
materials
Linear economy
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II Circular Business Model

Closed loop recycling = mstdwaanaunsislAalluinaauiuNsNaaRaOATUNTHL

Downcycling © Wasujaqoinwaanmunnidudsivilunaanuntiundntunwdinii

Upcycling - Wagudagonwaanmunntdudsidilunaanmuntiuninisusulsonmumw

Industrial symbiosis - nmisuuvUuusnis aisiseydlna ua:wawasglaoinaaaiknssy
civa IWDUSUUSVUS:aNSAIWUDVNSWEINS

Collection services = USNSSUUDVLINNKSDUDVIGLLAD

Circular Economy I
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I Enabling Business Model

Product service system > Ullauslsasuuinniwaantuninuu inlugwaanaunua:
USAISNAIUISANINISAA1002UAUDVAIUADVNSUD VWIS

Lock-in > dolaSUIHWUSTNATENAOATUNHSDUSNISDEIVCDLUDY

Modularity > nisoonuuuiuUowaanunoandududiu awisaasio i ua:wWasula

De1vDdas:

Local loop 2> miswaaturiavauua:ztluus:Teslcion1ssounduuovaaiHnsSsy

Personalisation > Jiuisausullagunannauniuituuyuovaulov

Circular Economy I
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I VALUE CREATION

The power of the inner circle The power of circling longer

LNuNIslggn vanideuniswaniviud

The power of cascading The power of pure inputs

Cll lElE‘D vanidgviannuuillouivet vy
USSANENINNITIAIUSIUKASNISUA

ms%mwvimn‘wmw:'m\‘mwisa i ST
5 %

ann1sldianlnaldyn

>

UAT wnundanuian

i
A

BUIUmR9Y

ode

annile

Circular Economy (IIIINING




Assessing circular economy

. &
< Information needs:

y AND DISTRIBUTION

co g & Material flows and waste statistics
wee Enablers/barriers

2 g |ty CE related policies

: Product design and lifespan
SS9 oulin 4‘]‘ Business models and trends

Y — &

Environmental impacts/benefits

MATERIALS RECYCLING WASTE
Economic impacts/benefits

W \!
3\% \
e
@

X
oN

:’-1!‘ N
A
NG
VAT

SNOISSING

S
y -~
g Z» .

EXTRACTION AND IMPORT OF NATURAL INCINERATION LANBDFILL, European Environment Agency = )
RESOURCES, INCLUDING ENERGY CARRIERS %




Assessing circular economy

Information needs:

Material flows and waste statistics
Enablers/barriers

CE related policies

Product design and lifespan
Business models and trends
Environmental impacts/benefits
Economic impacts/benefits

SNOISSING

‘Inner circle’ and early life-cycle stages!

~f
& n
lug =

EXTRACTION AND IMPORT OF NATURAL INCINERATION LANDFILL European Environment Agency %#
RESOURCES, INCLUDING ENERGY CARRIERS




Material flow statistics

Fossil materials Metal ores
Export Energetic use Export
0.2 1.6 0.13
\ Emissions to air
1.5
Processed Processed
material material
1.8 0.36
building
0.02
Ashes and excreta
uct and losses 0.1
0.03 ’
Demolition
and discard
0.003
Waste
0.14
Recycling
0.07
Import Domestic Solid and Import
1.1 extraction 0.21

liquid outputs
0.7 0.08

Material use
0.23
Stock
building
0.18
Product
and losses
0.05
Demolition
and discard
0.13
Re8¥ qc g”g Waste
0.18
Backfilling
0.003
Domestic Solid and
extraction liquid outputs
0.02 0.05

Extractive waste

Roughly 10 % of the materials
used in Europe are recovered
and reused.

This circularity rate varies from
less than 1 % for materials like
lithium and silicon to more than
50 % for silver and lead.

Waste volumes went up by 3 %
between 2010 and 2016, but the
share of recycled waste also
grew (from 50-54 %).

Landfilling decreased from 29 %
to 24 %.

W

European Environment Agency ""7"._)




Material Consumption in Thailand

CoaVLiinite 11% '
Crude oil 6% I
Crop 1%
Fishem 0.5%
Crude oil 0.2
Coal/Lignite 0.1%
Fishery 1%

Coal/Lignite 16%

(G—

Biomass

-

ﬁtion gas 8%

Befined products 1%

il

Crop 61%

National gas 20%
Forestry 12%
I — Locsty
2%

N I

Forestry 38%

Residues 0.4 -l f |
Fishery 0.3% Refined products FOSSI U e
Plastics & syn rubber 39%
ke Domestic Export | Import
I ey - Domestic
M eTO I | - TR |
| |
| |
| | -
1 " i
| Iron 0.07% - w i Non-Metal or
I —— |
| |
| |
| - ] Non-Metal ores 8%
| 5
| i
| | -
| - |
| |
| |
| |
| |
J | Non-Ferrous Metal |
| |
| |
| |
| ] Cement 20%
I Non-Ferrous Metal |
| |
| |
| |
|
{

Non-Metal
Circular
Economy

Non-Ferrous Metal 65%
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1996 2000 2008 2016 2018 to 2020
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The German The Promotion of Circular b Circular uiﬂmﬂn’liﬁﬁ'ﬁqau Circular Economy Action
Closed Substance Effective Economy Law of Economy naundaviaaiiaz Package”
Cycle Waste Utilization of the People’s Development i lkd15950%1ud 'zﬁﬂu launched the 4th
Management Act Resources Law Republic of Strategy and the 2030 Plan of Establishing a
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INDICATORS




Why are businesses measuring circularity?

1. Drive business performance or strategy

2. Justify achievement externally

3. Integrate circularity across the business

4. Manage risks associated with the existing linear business model

5. Know the impact of their circular activities

WBCSD. (2018) ‘Circular Meftric Landscape Analysis’




Environmental type by industry: .

Source: Review of 140 annual reports of worldwide companies
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Circular meftrics in business

Healthcare Hazardous waste (reduce)

%“

Soil fertility (improve)

Virgin material (reduce) Manufacturing Close loop (ensure)

Waste management Down cycling (minimize) E Mining Urban Mining (Leverage)

Circularity of porifolio Fleet use and lifetime

Financial services (increase) Transport & Logistics (Leverage)

WBCSD. (2018) ‘Circular Meftric Landscape Analysis’
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ASHUULD8UUDVIAQ (Material Circularity Indicator:

MCI)
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MODEL OF THE ENVIRONMENT

FLOWS

(Technosphere

_v> Production 4 Use vA
ﬂb

Raw material Waste management

extraction & recycling

N e e e e e e e e e e e e e e e e e e e e e e e e e e
>

(m————— _<_ _____________________________ »_ yyY - -

| Biosphere Regenerated materials

: <

I Non-regenerated Final

: materials environmental load

< » Increase in material flows ><Decrease in material flows




Levels of Measurement

DEPARTMENT OF ECONOMY SCIENCE & INNOVATION

WABCSD. (2018) ‘Circular Metric Landscape Analysis’

A

Macro
(countries, cities ...)

Meso
(inter-industries...)

Micro
(companies, consumers)

Nano
(praduct, component...)

Change purchasing habits (favor products
& services with low environmental impact...)
Enforce laws, programs, frameworks
related to CE

Create inter-industries/firms networks
Deploy industrial symbiosis where
companies exchange flows and mutualize
needs

Consume green (favorproducts with low
environmental impact, recycling...)
Produce cleaner (eco-conception, offer
services instead of products.__}

= Use /extract environmental-friendly goods
= Increase ife expectancy of goods through

recyceling, reuse, repairing

What does CE mean? What are CE’s positive impacts?

Increase attractiveness thanks to value / job
creations

Liamit resources rarefaction and
dependency onimportations

Increase dynamism & attractiveness of
temitories

Reduce impact on environment

Create / relocate jobs

Reduce impact on environment

Provide competitive advantage (improved
business model, new markets available...)
improve brand image / reputation

Decrease extraction / consum ption of raw
materials

Increase value of second-use matenals and
goods

Macro Level

« are useful to support decisions in areas such as economic, trade and
environmental policy integration, sustainable development strategies and
action plans and national waste management and resource conservation
policies.

» describe the characteristics of a country or larger region mostly in
relation to interactions with the rest of the world through trade flows.

Micro Level

* indicators provide detailed information for specific decision
processes at business or local level or concerning specific
substance or individual products

» describe the economic, environmental or social performance of
a city, product or company



Implementation Scale

CE Strategy Measurement Type CE Definition Micro scale Macro scale
1. Function [ehassrarnesy i pusananney) Py
Framework kv - Speciie | || Direc | sensu
SHGBINNE MHBeais N0 3. Components | f|1. T I | | Wil single product, A city, province,
c".w'a' Feonomy (CF) g' g‘;mfd e 'Non-specific || | Indirect : | | sensu | company, or region, or nation
: 9y Strategies CE . latu consumer
6. Reference | || - - T _ ‘
HOW TO MEASURE?
Equation Type Implementation Scale Measurement Scope : Focus SEaULAL 34: mﬁulﬂﬁ the :
: . S : | |
- Parameter MCTO._ product | Service Life Cycle Thinking (LCT) Modelling Level : technological cycle of resources :
- Ratio - Corporate mmeress vemeuy B T T T T T O T T T T T
- Index - Inter-corporate Scope 2: LCT I“_ Cause-ggﬁ_—e"ed I[ __________________ 1
i 4 mO n [ % 1 ¥ dl
- Composite 3 g"y s | Focus 58Auning gfastiulud :
- Regon Scope 1: LCT o : |
- Nation e e : Technological | sustainability wag effects |
¥ . World Scope 0: no LCT e S | |
cow e . P L

40
Ref. Gustavo Moragaa, Sophie Huysveld, et al. Circular economy indicators: What do they measure? Resources, Conservation & Recycling 146 (2019) 452-461



Indicators for Macro scale

Indicator and area

Umit{s)

Production and consumption

1 EU self-sufficiency for raw materials

k.

2 Green public proocurement

Number, % GODP

Waste generation

« Genaration of municipal waste (per capita)

kg par capita

3 = Ganaration of waste excluding major mineral wastes, per GDF unit

kg par thousand suro,

chain linked velumaes
(2010}

- EUROPEAN
COMMISSION
Strasbourg, 16.1.2018

SWD(2018) 17 final

COMMISSION STAFF WORKING DOCUMENT

Measuring progress towards circular y in the European Union — Key indi
for a monitoring framework

Accompanying the document

COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN
PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCTIAL
COMMITTEE AND THE COMMITTEE OF THE REGIONS

= Generation of waste excluding major mineral wastes. per domastic material consumption k] on a monitoring framework for the circular economy
{COM(2018) 29 final}
& Food waste tonne
S Secondary raw materials
Recycling rates Contribution of reayeled materials to raw materials demand
-] = Recyeling rate of municipal wasts %
rry 7 = End-of-life racycling input rates for raw materials %
= Recycling rate of all waste excluding major minaral waste
Recycling for specific waste streams « Clroular material use rate %
= Recyeling rate for overall packaging %
- Recycling rate of plastic packaging hd B Trade in recyclable raw materials tonne / thousand aurg
a = Recyeling rate of wooden packaging %
- Recycling rate of e-waste % Competitiveness and innovation
= Recyeling of bio-wasts kg par capita
- Reoovary rate of construction and demalition waste % Private investment, jobs and gross value added related to circular economy sectors
. + Gross Investment In tangible goods milllion aure, %E0P
+ Mumbar of parsons employed Mumber, % employmant
+ ‘Value sdded at factor cost milllion aurs, % GOP
10 Number of patents related to recyeling and secondary raw materials Mumber, % work

Circular

-
Ref. EUROPEAN COMMISSION. 2018. Commission Staff Working Document. Measuring progress towards circular economy in the European Union — Key indicatolrs for@ fofitéing/framework.




Indicators for Macro scale

™ Flanders

g

SHORT-TERM ASSIGNMENT
Indicators for a Circular

SUMMA
Economy

CIRCULAR
ECONOMY
POLICY RESEARCH
CENTRE

MAK] DEPARTMENT OF
i EcOnomY

OVAM  ninovanion

Naam Indicator

Raw Material

Consumption (incl. link
DMC)

Material flows in the CE
Material System Analysis
(MSA)

Trade in secondary raw
materials

Gross exports of selectec
waste materials

Trade in selected waste
materials to and from
the EU

Value and volume of
selected waste and by
products that are
shipped across intra- anc
extra EU borders

Recycling's contribution
to meeting materials
demand

End-of-life recycling
input rate (EQL-RIR)

Raw Materials Scoreboard (EIPri, 2016)
https://publications.europa.eu/en/publication-detail /-/publication/lee65e21-
Dacd-11e6-B6Bc-013a75ed71al

Maonitoring framework for CE
http://ec.europa.eu/environment/circular-economy/pdf/monitoring-
framework. pdf

WEEE management
Reuse and recycling of
WEEE per capita

EEA put on market,
WEEE collected, reused
and recycled

Raw Materials Scoreboard (EIPri, 2016)
https://publications. europa_eu/en/publication-detail /-/publication/1ee65e21-
Qacd-11e6-868c-013a7/5ed71al

EU self-sufficiency for
CRM

Impari - Expari
a, tie produrth + lmpert - Expe

Monitoring framework for CE
http://ec.europa.eu/environment/circular-economy/pdf/monitoring-
framework. pdf

Green Public
procurement

Share of public
procurement procedures
abowve EU tresholds, in
number and value, which
include environmental
elements.

Maonitoring framework for CE
http://ec.europa.eu/environment/circular-economy/pdf/monitoring-

framework.pdf

Waste generation:
(municipal waste, food
waste, all waste)

Maonitoring framework for CE
http://ec. europa eu/environment/circular-economy/pdf/monitoring-
framework. pdf

Recycling rates

Monitoring framework for CE

Circular o

Ref.Vercalsteren An, Christis Maarten, Van Hoof Veronique. 2018. Indicators for a Circular Economy. SUMMA Circular Economy Policy Research deriteil 0 m 'y



Recycling rate of
municipal waste
Recycling rate, all waste
excl. major mineral
waste

Functional recycling
rates as they occur on a
macro scale.

Indicators for Macro scale

Mumber of patents
related to recycling and
secondary raw materials
Mumber of patent
applications

en)
Voetafdruk indicatoren

Recycling rates for
specific waste streams
Owerall packaging
Flastic packaging
WEEE

Wood packaging
Biowaste

Construction and
demolition

Cyclical material use
rate

Share of cyclical use of
materials {(Uclin total use
of materials (DI + Uc)

Milieurekeningen NL

Material Circularity
Indicator —RICI

Product Level Circularity
Metric

Expanding the material
monitor

Recyclability benefit
indicator & Energy
recoverability benefit
rate

Private investment, jobs
and GVWA: recycling
sector, repair and reuse
sector

Gross investment in
tangible goods

number of persons
employed

v at factor costs

Company Lewvel
Circularity Metric

Life Cycle Assessment’
based indicators

Annual material cost
saving opportunity

Product Environmental
Footprints (PEF)
indicators

Other indicators that are
under development
measure specific
characteristics of a
product, such as
recycled content,
recyclability or
repairability

Monitor Groene
Economie in Vliaanderen

Mumber of patents
related to recycling and
secondary raw materials
Mumber of patent
applications

25 sleutelindicatoren

Milieudruk indicatoren
productieactiviteiten
(ontkoppelingsindicator

Resource footprint
indicator based on
Cumulative Exergy
Extracted from the
MNatural Environment
(CEENE) by a specific
product

Other indicators that
may be of relevance,
but focus on more
specific aspects:
- Amount of
hazardous
substances that are

Circular

Ref.Vercalsteren An, Christis Maarten, Van Hoof Veronique. 2018. Indicators for a Circular Economy. SUMMA Circular Economy Policy Research deriteil 0 m 'y




Indicators for Macro scale

1 Self-sufficiency for raw - % \ All
materials
2 Green public procurement - Number, % GDP \ All
3 Waste generation Generation of municipal waste per capita Kg/capita V \ All
Generation of waste per GDP Kg/1000euro \ All
Generation of waste per DMC % \ All
4 Food waste - tonne \ Food&Agroindustry
5 Recycling rates Recycling rate of municipal waste % \ All
Recycling rate of all waste % V All
6 Recycling/recovery for Recycling rate of over all packaging % v All
specific waste streams
Recycling rate of packaging waste by type % \ All
Recycling rate of wooden packaging % V Construction material
&Furniture/All
Recycling rate of e-waste % V Electronic
Recycling of bio-waste Kg/capita V Agriculture

Circular
Ref. Gustavo Moragaa, Sophie Huysveld, et al. Circular economy indicators: What do they measure? Resources, Conservation & Recycling 146 £2@19) 4622461 Y
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Contribution of recycled materials to

raw materials demand

Trade in recyclable raw materials

Private investments, jobs and gross
value added

Patents related to recycling and
secondary raw materials

End-of-life recycling input rates

Circular material use rate
Imports from non-EU countries
Exports to non-EU countries
Imports from EU countries
Exports to EU countries

Gross investment in tangible goods

Number of persons employed

Value added at factor cost

Patents of recycling and secondary
materials

Indicators for Macro scale

%o

%
tonne /1000euro
tonne /1000euro
tonne /1000euro
tonne /1000euro

million euro, %GDP

Number, %
employment

million euro, % GDP

Number, % world

Circular

Ref. Gustavo Moragaa, Sophie Huysveld, et al. Circular economy indicators: What do they measure? Resources, Conservation & Recycling 146 £2@19) 4622461 Y

All

All

All

All

All

All

All

All

All

All




Indicators for Micro scale

30 indicators for CE on a micro level

- — SOCIAL

Indicator Abbreviation

Disassembly Effort Index DEL

Remanufacturing Product Profiles REPRO?

Circular Economy Toolkit CET

End-of-life lndex EOLI

Feuse Potential Indicator RFPl

Circular Economy [ndex CEl

Material Circularity Indicator mMCl

Circularity Calculator CC

Eco-costfValue Ratio EVE

Longevity Indicator (resource duration) LI

Material Reutilization Score (C2C certification framework) MRS

Recycling Indices |

Circular Economy Indicator Prototype CEIP

Eco-efficent Value Creation EEVC

End-of-life Indices (Design Methodology ) EOLI-DM

Model of Expanded Zero Waste Practice EZWP

Product-level Circularity Metric PLCR

Recycling Desirability Index RO

Vahwe-based Resource Eficency Indicator VEE

Circularity Design Guide lines DG

Combination Matrix M

Decision Support Tool for Remanufa during DSTR

Ease of Disassembly Metric eDiM

Effective Disassembly Time EDT

Product Recovery Multi-criteria Dedsion Tool PR-MCDT

Sustainability Indicators in CE SICE Y " Govae o . oy X " 3

Design Method for End-of-use Product Value Recovery EPVR Fig. 6. Mapping of micro level indicators in sustainability dimensions. Dotted circle

Multi-criteria Decision Analysis Combining Material Circularity Indicators & Life-cyde  MCDA-ML within economy: time-based indicators, and dotted circle within environment:
based Indicators resource-efficiency and longevity indicators,

Mathematical Model o Assess Sustainable Design and End-of-life Options SDED

Typology for Quality Propertes e

—Circular

Ref. Heidi Simone Kristensen, Mette Alberg Mosgaard. A review of micro level indicators for a circular economy e moving away from the three dimensions of sustainability?. Journal of CEeaQeQ’r!;HLQEiJPZM (2020) 118531




Indicators for Micro scale

HOW DO INDICATORS MEASLIARET

Technolagical las with Causa-and-stiect modalling from
Measurement sScopes s ';“’I ; Technok “"I'ﬂ .
I 11
WHAT DO INDICATORS MEASURE? Scope 0 Scope 1 Scope 2
CE Stl"ﬂtE‘giEE Technological cycles withowt aspects of Technological cycles with aspacis of Cause-and-efiect modeling withdsithout
Life Cycle Thinking Lite Cyclda Thinking aspects of Lite Cycle Thinking
1 Function
a.g. refusa, rathink, reduca
o Broduct eDiM TRP EVR (Eco-cost value ratio)
= roduc "
2.9, reuse, refurbish, remanutacture (Ease of disassembly metric) LOnEpRY LG
MCI SCI
eDiM TRP (Total Restored Products) PLCM (Product-Level Circularity Mdtric)

3 Component
B, PELISE, FEPLMTRES
CIRC (Material Circularity Indicator)
NTUM (Number of Times of Use of a Material)
PLCM

CR RIR NTUM CIAC CEI (Circular Ecoflomy Index)

4 Material AR OSR Longevity LMA pn CP1
g | o8 reove downale EOL-RR MCI aR VRE
%: Displacemeant
= CR (Old scrap Collection Rate) MCI (Material Circularity Indicator) CPI (Circular economy Performancelindicator)
5 = r 1 - ]
g E":'ﬂ m;'gt:'m: Energy RR (Recycling process efficiency Rate) SCI
£ lardfiling with &negy recowvery EOL-RR (End of Life Recycling Rate) GRI (Global Resource Indicator)

VRE (Value-based Resource Efficienc

|

RIR (Recycling Input Rate) -
. ML SCI1 SCI (Sustainable Circular Inde
B RBefereance OSR (Old Scrap Ratio) Longevity

=, wasie generaticon,
lmnctifillineg withous enargy recovery

Limear

LMA (Lifetime of Materials on Anthroposphere)

47

Ref. Gustavo Moragaa, Sophie Huysveld, et al. Circular economy indicators: What do they measure? Resources, Conservation & Recycling 146 (2019) 45622461 Y



A Metric for Quantifying Product-Level Circularity

AN
Material Circularity Indicator (MCI)
: Ellen MacAuthur Foundation and Granta (2015)
\

Eco-Efficient value ratio
: Shceepen et. al

Product |

Indicator Level Indicator for Circular Economy Index :
For CE Company product level : Di Maio and Rem 2015

[
. REPRO: Gehin et.al.2008

Level

/

M. Linder., S. Sarasini., and P. van Loon. (2017). “A Metric for Quantifying Product-Level Circularity”




M. Linder.,, S. Sarasini., and P. van Loon. (2017). .

Summary of reviewed product-level circularity metrics

+  MISHUUBBUUDVIaqHEDNISN31 Material Circularity Indicator : MCl gawcuundudl MCI Us:naudde
2 UovgHan A Linear flow index ua: Utility

. ﬁalsz1U§auUs-msm‘ioﬁmmﬁm‘iumnmsu’mﬁutuﬁmsIHauaouaaz-TUWus'ﬁumss:uﬁuuaoiaqua:
d@cuus:npucio a BBtuaulGed (A1 MCI ogtuydv 0-1)

. upNYINTIZVAUITUTYIBAUMSIBOUCUMSUS: UITUNISDIYWAAATUNLDAY

. Iﬁvvmmm“aﬁiomsrfuu158uz-iws?uwémﬁmﬁtoaﬁvﬁumuanﬂuu:)ﬁo LCA ij"omd’mm}?us sUU
LASUYNYHUULDYU uuumaaoaoaauuaomds FnsnwiBvdnAl Us:liuaNugvdiuriuaiuia 1aun
SIAJUA YaAinuNsaana ua: s1mmUuUaaamauaﬂ (eco-costs luu externalities)

. wacmfunHsausmsanwmsanmmuwamnfunna 2naLlD eco-cost DEJC‘I'\ﬂZ)']FﬂlﬂiUTInC‘I\)b

. Hmanmumwamnmnua usms:—nmanqusoIc’ﬁoaaosmmuJuUaaamauaanalwuuammo
ANsaalalWaUovAunaa:NaunNau tuueu: nmsmwumsriuuosumahuwﬂomsao externalities cost




M. Linder.,, S. Sarasini., and P. van Loon. (2017). .

Summary of reviewed product-level circularity metrics

Di Maio and Rem (2015)

. ouuuamnsuaﬂauuuaonauu:)omsriuUlaautusUuaoaoa:)ummsstmnaaaomﬂwamﬂmn EoL
lUsaumaunuuamaaonmmstmnatuns u:)umsnmlUumaowamaumwamnmnloa:)nuumUusuZHU
lagmsduus:1&uAUs:ansMwlumssluiAa : :

«  NMSAAUBINYDVIAQD:ILUUSIY muaouaouqoa’auumUs:msZul§aouaon31Ulﬁaomsomutnsoa§102u

ANSIaNISKUULd8U
Gehin et.al.(2008)
0+ WudndoBdandidumsiiasiRnvanfuavnwiasowaantun end-of-life (EoL) Auancitonuc
LATUN 82 LAguN

* REPRO UDUZHunaaﬂuuuanmsnquaulnauwamnmnuaowanunn“u@Suﬁtd§umsw§c1é61l§au§aaué'3
038uuuaomwaUqusoammmswamm
¢ R0DDU AD umsmu\momsriuuoﬂu s:umFmunnmaouaotnsoaswm luaomﬂtusaumswmua s
. stmna uanmﬂulnsaouaIuIcnoacns1mswac1masotoau\)luumﬂiunnuuuatuuna Usuusvoasinis
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M. Linder., S. Sarasini., and P. van Loon. (2017). .

Summary of reviewed product-level circularity metrics

"R

« 1dWUuINsaUMISSUSaY C2C BulWhuBudinin 159 usUn TwaanuANiasumssusoviiv 2,500
WaanAwun 2

*  ASDUMISHVIUNMSUSELIUNANS:NUUDYNAaATUNILA:USMSURanNIsaAtYR1dD LKalsoudiv: daq
NsLdonuaNMsUiINAUUNIGIHL MSTEWAVVIUHLULBEU US:UuUNMISWAQ MsqQual ua:zAuLtdusssunio
duAuy

« misyvtdutusvndnvldonans: numan:nuﬂnmaouaomsaswouaonsaumulUum:)u:)oa1Hsun15Huu1:)au
3dq msunaonaumtﬁtﬁu a:)unuaoonmunawnaonunUHaﬂmsuaoms:mmSHuul:)au iaAtodiv
Saqus:LAnNcva SudUASVALhUES (sau) (L, mswaadiua:mssislAa) wa:uancvAuyaviaq
wazasuus:=nou




M. Linder.,, S. Sarasini., and P. van Loon. (2017). .

Summary of reviewed product-level circularity metrics

Construct Validity Reliability TRansparentcy Generality Aggregation principles
Medium Low Low High Medium
Low Low Medium High High
Low High High Low N/A
Low Low Medium Medium Low
Medium Unknown Low High Low

. 3/14/2023 52



Type & Scope of indicators

L.

I Analytical tools

U Analytical guidelines, tools and models

LR

Circular Economy NG



Indicators
Reuse Potential Indicator

Circular Economy Index

Material Circularity Indicator

Eco-cost/Value Ratio
Longevity Indicator
(Resource duration)

Material Reutilization Score

(C2C certification framework)
Product-Level Circularity Metric

Recycling Desirability Index
Value-based Resource

Indicator
Ease of Disassembly Metric

Effective Disassembly Time

Efficiency

Abbrev.

RPI
CEl
MCI

EVR
LI

MRS

PLCM

RDI
VRE

eDIiM
EDT

Year
2014

2015
2015

2016
2016

2016

2017

2017
2017

2018
2018

Source
Park and Chertow (2014)

Di Maio and Rem (2015)

Ellen MacArthur Foundation and Granta
Design (2015)

Sheepen et al. (2016)
Franklin-Johnson et al. (2016)

Cradle-to-Cradle Products Innovation

Institute (2016)
Linder et al. (2017)

Muhamed Sultan et al.(2017)
Di Maio et al. (2017)

Vanegas et al. (2018)
Marconi et al (2018)

AP

>

CE Categories
Recycling
Recycling
Recycling:
waste management ;
lifetime extension
Resource efficiency

Lifetime extention
Recycling

Recycling;
remanufacturing
Recycling
Resource efficiency

Disassembly
Disassembly




Indicators

Remanufacturing Product Profiles
Circular Economy Toolkit

Circularity Calculator

Model of Expanded Zero Waste
Practice

Circularity Design Guidelines
Product Recovery Multi-criteria
Decision Tool

Design Method for End-of-use
Product Value Recovery

Multi-criteria  Decision  Analysis
Combining Material Circularity
Indicators & Life-Cycle based
Indicators

Mathematical Model to Assess
Sustainable Design and End-of-life
Option

Typology for Quality Properties

Abbrev.
REPRO2
CET
CC
EZWP

CDG
PR-MCDT

EPVR

MCDA-ML

TQP

Year
2006
2013
2016
2017

2018
2018

2019

2019

2019

Source

Zwolinski et al. (2006)
Evans and Bocken (2013)
IDEAL&CO Explore (2016)
Veleva et al. (2017)

Bovea and Perez-Belis (2018)
Alamerew and Brissaud (2018)

Cong et al. (2019)

Neiro and Kalbar (2019)

lacovidou et al. (2019)

A/P CE Categories

A

P
P
A

> >

Remanufacturing
Multidimensional
Recycling; reuse
Waste management

Multidimensional
End-of-life management

End-of-life management

Multidimensional

Resource efficiency




Composite indicator sets

Indicators Abbrev. Year Source A/P CE Categories

Disassembly Effort Index DEI 2000 Das et al. (2000) A Disassembly

End-of-Life Index EOLI 2014 Lee et al.(2014) A End-of-life management

Recycling Indices RI 2016 Van Schaik and Reuter (2016) A Recycling

Circular Economy Indicator CEIP 2017 Cayzer et al.(2017) A Multidimensional

Prototype

Eco-efficiency Value Creation EEVC 2017 Vogtlander et al.(2017) A Remanufacturing

End-of-life Indices (Design EOLI-DM 2017 Favi et al.(2017) A End-of-life management

Methodology)

Combination Matrix CM 2018 Figge et al.(2018) A Lifetime extension recycling
remanufacturing

Sustainability Indicators in SICE 2018 Mesa et al.(2018) A Waste management ; recycling

CE

reuse




riculture & Food sector
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Circular Agronomics is working to provide
Clrcular a set of practical solutions to improve

Agronon‘ucg the current management of Carbon (C),
Nitrogen (N), Phosphorus (P) and Potassium
(K) by testing different agricultural, livestock
and nutrient recovery practices.

Linear iiront Production
economy 0©:00 on the farm

Current challenge 0

Circular
economy

Circular Agronomics
approach

Using nutrients more
efficiently at the farm level

* Intercropping

« Crop rotations

« Fertiliser application strategies
* Conservation tillage

« Cover crops

+ Animal feeding & bedding
strategies

N

*K
Recovered "P u C
nutrients

Vg ep— ye—

PONDUS = HBLFA .
DcpuuclblEnglnvarll CRE D A ————v\ Raumberg-Gumpenstein
de I'Aigua, slu. s Landwirtschaft

These practices have the potential to make
European agriculture an integral part of a Circular
Economy while increasing resource efficiency and
addressing environmental challenges such as
greenhouse gas and ammonia emissions, as well
as the eutrophication of water bodies.

Food Processﬁing Consumption

& Re-use from:

* Manure treatment
and valorisation

« Nutrient recovery and

food-processing waste

* Food industry

P-rich digestate, wastewater treatment

soil improver

The overall objective of the
project is to enable a transition
towards smart, sustainable,
resilient and inclusive economies
that are part of circular and
zero-waste societies.

NEGATIVE
IMPACTS

POTENTIAL BENEFITS

@ Fewer emissions to air and water
@ Less eutrophication and greenhouse
gas emissions and NH, emissions

& Improved use of resources

@ Reduced use of mineral fertilisers

@ Increase of soil organic matter

reuse from food waste &

Ak Circular Agronomics receives funding from the European’ Unlon 's Horizon 2020 Framework

PORGA PORCS SL

Proqramme for Rsearch and Innovation under Grant Agreement no. 773649




CIRCULAR AND SOLIDARITY ECONOMY

N
WV

RESILIENCE
RESPONSIBLE
GOVERNANCE

HUMAN AND CO-CREATION AND CULTURE AND
SOCIAL VALUES SHARING OF KNOWLEDGE FOOD TRADITIONS

N
WV

Circular Economy NG

Ref. FAO. 2018. Guiding the transition to sustainable food and agricultural systems



The circular economy for the food production system

Resources
(e.g. water, soil and nutrients)
CIRCULAR
ECONOMY Agriculture
and livestack
management
Fermentation,
Food manufacturers, / m"m
discharge®

Consumption
k3

i'l'-_.‘

Raw material and
¥ product streams

> Optimum use of
residue streams

ll':h!ﬂﬂﬂn- —p  Mineral recycling

and landfill

* = Incineration/discharge
with energy and mineral
recovery

Source: PBL

Ref. Trudy Rood, Hanneke Muilwijk and Henk Westhoek. 2017. Food for the Circular Economy.

Phosphorous streams in the food production (2005) and agricultural system (2013

Units in million kg phosphons

Animal feed impoens 63*

Fertilizer exports 17
Artificial fertilizer impors g

Agricultural products g2 Residue streams 3

Food imports 28 Food exports 38

Loss through agriculture 11

Loss through industry 10

* Estimated on the

basis of other Items Loss through consumers 18

Source: PRL

Circular Econon$0 G
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NSLWUMSSIBLAaLA:NISAVUY: (recycling
and valorisation of agricultural waste)
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Trisha A. Toop (2017)

Y Circular Economy



Circular Food System

@ Crops {"':.C residues

‘)-,\ ,\?YU\”’"‘&"‘{N ;, is ,"J-.,' .;4 |*_
IS P Ay 1
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Arable and Grassland Natural water

Ref: Van Zanten et al, 2019, The role of farm animals in a circular food system
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Nutrient Circularity in Food System

FOOD NICHE EXPERI- FOOD
PRODUCTION PP = CONSUMPTION

TIERE)

SOLUTIONS

FOOD SURPLUS
& WASTE
MANAGEMENT

Ref: Jurgilevich,A. et al, 2019, Transition towards Circular Economy in the Food System

—Cwv-4CO

3 11

UN Strategic
Development Goals

NUTRIENT LOSSES
12 CONSUMPTION

QO

EU Green Deal
objectives

Reducing the excess
of nutrients

& 4

P

Reduce nutrient
losses by 50% whilst
retaining soil fertility,
resulting in 20% less

fertilisers

Boost a circular
bio-based economy
Reduce food waste

Nutrition efficiency

nsUsSuUsous: ansmwuaoz—nsmmquu:chs duAHan
udvnagns Farm to Fork ua: lUUZ—IfUaﬂUEUUE)\)lU'IHU'IEJn
maomsa\)lasulnsuaﬂor{uumau lagnsLoulevus:=B1ns
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UUEUALWUUS:ANSAWUDVAISDIHTS



Material flow in the food system is linear

BILLIONS OF TONNES ANNUALLY Q

-
\\
2.9 2.4
5 FOOD EATEN (g 0|
FOOD DESTINED IN CITIES

FOR CITIES
4.3

FOOD FOR 2- 3

HUMAN
CONSUMPTION 0.5 wasTep N ciTiES* AN
WASTE

IN CITIES®

S

CHEMICAL
INPUTS'

1.1
PRODUCTION AND
PROCESSING LOSSES 2 = 8
1.7 ORGANIC WASTE
ANIMAL FEED IN CITIES

AND OTHER USES
o OF VALUABLE
< 2 /o NUTRIENTS
LOOPED BY CITIES

<

1. Such as fertilisers or pesticides;

2-As per FAOSTAT ‘Production’ definition, i.e. typically reported at the first production stage
(farm level for crops and animal products; live weight for seafood);

3. Human waste includes solid and liquid waste, expressed in wet mass;

4 Food wasted in cities includes distribution and consumption stages

Source: FAOSTAT, Food Balance Sheets (2013); FAOSTAT, livestock manure (2013); WBA, Global Bioenergy Statistics (2017);

The World Bank, What a Waste (2012); Scialabba, N., et al., Food wastage footprint: impacts on natural resources (2013),
United Nations University, Valuing human waste as an energy resource (2015), Cities and the Circular Economy for Food analysis

64

Build a Circular Economy for
food system in the city

SOURCE FOOD GROWN
REGENERATIVELY,
AND LOCALLY WHERE
APPROPRIATE

MAKE THE
MOST OF
FOOD

@ ELLEN MACARTHUR

FOUNDATION |, .//ellenmacarthurfoundation.org



https://ellenmacarthurfoundation.org/
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Nutritient Cycles in Multi-Trophic Farming
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LUIAANITNTVLUIEUVBILITIR/E158719115 (Closing Mineral Cycle)

< T Nutrient adequacy
0/,) T Food security
)

YBINGUNYATHALTININITNYATTINDIQAFINNTTUDINTUALLATDINY

Larvae and forage residue %
as poultry feed

™ Fertilizer
~ .i v(A‘ 4 d’\

Integrated multi-species

USLNaun8f1iIngas 3 A3 IaLALNA

. ﬂ’]i‘na,llulﬁﬂua’]‘sa’l‘lfi’ﬁ (Nutrient Circularity Indicator :NCl)

—

livestock system _g
" N5geyLda1s (Food loss) ¢\ b,
/%@/:%é?{" > %5 5 :%
% 04&:@%% ¢
" 15 1lYLAWLaaNIINN1S (Agri residue utilization) %%,

Namy|  Fish-shrimp-algae > d i !
“= =1 aquaculture pond [BEESaesl Eon

N Ref; S.L. Kronberg, F.D. Provenza, S. van Vliet, S.N. Young, 2021. “Review: Closing nutrient cycles for animal production-Current and future agroecological and socio-economic issues”. Animal Biosciences 15 (2021) 100285.
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i1 Robin H., Mario G., Sean S. “Towards a circular nutrient economy. A novel way to analyze the circularity of

nutrient flows in food systems”. 2021. Resources, Conservation & Recycling 172 (2021) 105693.
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AATITIRNTINaVDIE1591915 (Substance flow analysis: SFA)
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- N
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previous stage or Tes ‘
outside system e Residuals
boundaries Syt F,

F: '_| e CO-products
X
- J
FF"-EC

Recycling flows within or
across life cycle stages

fisn: FAO. 2018. Nutrient flows and associated environmental impacts in livestock supply chains: Guidelines for

assessment (Version 1). Livestock Environmental Assessment and Performance (LEAP) Partnership. Rome, FAO. 196 pp.
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Atmospheric
Deposition (N & P)

Biological N Fixation

Seeds (N & P)

Bed rocks (P)

Irrigation and waste
water (M & P}

Mineral fertilizer
(N &P}

Organic fertilizers
(N &P

- Manure
- Sewage
- Feed and food residues

- Waste from
manufacturing processes

- Wastes and reuse water

FIUTMVBYa U (LC)

vy

FEED PRODUCTION

5oil stocks (N & P)

Crop residues and
Green manure {N & P)

w

Harvested and grazed
biomass (N & P}
including exported crop
residues

Volatilization
(MH:. MO,

Denitrification
(N,, N,O)

Soil erosion
(M & F)

Leaching and runoff
(N &P)

Sorptionto recalcitrant
P

ﬁuﬂ: FAQ. 2018. Nutrient flows and associated environmental

Loss flows

impacts in livestock supply chains: Guidelines for assessment

(Version 1). Livestock Environmental Assessment and

Output flows - Internal flows Performance (LEAP) Partnership. Rome, FAO. 196 pp.
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Pre-slaughter  Slaughter Slaughter Storage Packaging
I Operations Distribution

Stages of the Food Systems

|

I

1 I

| Harvest losses .
can be added to the index coverage and

measured with crop-cutting surveys ;

L

Food Losses Index at the national level
SDG 12.3.1

@
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AT 1 CONSUMPTION
ANNUanNY ANDPRODUCTION
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U
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(Sustainable Development Goals: SDGs)

4
U ¥

MR 12.3.1 (a) svinsgeydeeivsvedian

(Global Food Loss Index) AT8UARNANNGESYDINTANS
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ﬁuﬁz FAO. 2011. Global food losses and food waste—extent, causes and prevention. Rome: UN FAOQ.
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1000*Ave Farm % Transport’ Storage% Wholesale% Processing®
—— el L4
= I3SMsSMUDtU
O
aunisnismudad Food Loss Index (FLI)
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Pjo = SIMdganas:HwU AA. 2004 - 2006 ($) uovngduus:ztan 2IK1S (i)
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Available crop residues [T (as is weight)] = Primary crop harvest [T (as is weight)] *
Harvest factor

Used crop residues [T (as is weight)] = Available crop residues [T (as is weight)] *
Recovery rate
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China (2009) TgNiyr
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depos. import
synth, symb. 26 0.3
fertilizers N2 fix
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I ¢ 2,2
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Human
rosiand ' 2 population
roplan
i N Animal pdcts
i | Vegetal pdcts
1.2 10° km?* 46
1.4 10° inhab
aquatic L 6
hydrosystem hydrosystem

South American Soy countries

atm
depos.
synth. symb.
fertilizers Nz fix
Permanent &
semi-natural
grassland
12.4
0.6 7.5 3.7 10° km?
34
Cropland
2.9 i

11 10 km?
: 1.7

3.8

hydrosystem

(2009)
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'g)nv effic 6.4}'
Livestock ——
159 ) 1 0.3 export
175 10° LU
14.9 l
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¢ \0.7 | population
Animal pdcts
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0.6 |9.25 10° inhab
$ export
5.0
0.03
aquatic
9 413

hydrosystem

muaasutumsnﬂmuuwumuuao SFA Ioawmsanensmmstutmsmu (IUs@u) noumanaawu (W1su)
na: mnstuIUaunoUﬁam ua.tﬂummsuaouuua uanmnusosauaomsamLastumsmutuaouaoaaun
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NaO’lﬂﬂ’ISFTﬂU’lC—ﬂU'\SﬂWO’]SﬂJ'\ﬂ’]SIHaUE)\)IUT.C'IS[OUI"]IOO’]ﬂﬂ’]SNaCIE)'IH'IS wa:oNH1saaduluIdtAs1:KAU
wanciivtu 12 ﬂumnn:)taﬂnu:)smsaomsmomsmumsnucmmonu

Ref. Bernou Zoé van der Wiela and et al. Restoring nutrient circularity: A review of nutrient stock and
flow analyses of local agro-food-waste systems. Conservation & Recycling 160 (2020) 104901
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SDG 2 - INDICATOR

Sustainable Nitrogen
Management Index
best 0-1.41 worst

Displaying Ratings

Ratings provide a visual representation
of a country's performance on the
indicator.

Legend
Click on a country to see its performance.
® SDG achieved
Challenges remain
@ Significant challenges remain
@ Major challenges remain
Information unavailable

Description

The Sustainable Nitrogen Management
Index (SNMI) is a one-dimensional
ranking score that combines two
efficiency measures in crop production:
Nitrogen use efficiency (NUE) and land
use efficiency (crop yield).

Long-Term Objective

Technical Optimum

The long-term objective for this indicator
is a value of 0.

Reference

Description

End hunger, achieve food security and
improved nutrition and promote
sustainable agriculture.

Indicators
Click on an indicator to visualize it on the map.

Prevalence of undernourishment

Prevalence of stunting in children under
5 years of age

Prevalence of wasting in children under
5 years of age

Prevalence of obesity, BMI = 30
Human Trophic Level
Cereal yield

Sustainable Nitrogen Management
Index

Exports of hazardous pesticides

*

Ratings

b

Zhang and Davidson (2019)
Source

2 = I =
. .
@' E <=
) |

Ref: https://dashboards.sdgindex.org/map/goals/SDG2
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Ref. Robin H., Mario G., and Sean S. “Towards a circular nutrient economy. A novel way to analyze the circularity of nutrient flows in food systems”
Resources, Conservation & Recycling 172 (2021) 105693
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Five main stages

Lifecycle stages of CDW I
(L.A. Lopez Ruiz et al. (2020) I
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‘ ,' ll\\

/

End-of-life \

Material recovery

and production

02

03

04

————e o Recycling

End-of-life
management

Remanufacturing

Resource Efficiency

Disassembly

Lifetime extension

Waste management

Multidimensional
indicator

Rl CM SICE

EOLI
EOLI-DM

EEVC
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CM
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Single quantitative

Analytical tools

CEIP
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Source: Park and Chertow (2014)

81



AnaniwniIsuinavun Lty vy (RPI)

ad o

I5NT1IATUIU
L n
$/metric tons 1+ R;M;
_ b = Current level of generation RP] = 1=17"17"
. euse 5 : —
Net Marginal Toch A =1,000 metric tons j 7.1_1 Mi
REVORIS 1= = e i S . L=
- Disposal Lﬁ@
. Tech B 2 :
Costs - : I~ Y 1 a a % o w <
R; A9 1, winseladiuiivansuinnitsununiside wasidu
0 dndusgedu  wu Aunumsldsn mdwuslan) 1N
Tech C . : v o =
| | | i AunNUNIsMdn R; fe 1
(r 1 ' T T - X !
le 250 00 | 750 logg MO
a = Economically Reusable Portion —* L A9 LldUN19U99 ”amﬁ'ﬁ’ﬁu
Tech D vy
Reuse Potential Tech E Tech F
s ‘ N fAeduudunIiauanileglulseine

M; FeunavesTanngAudgnussadanalaewmalulag i veq
U |

Source: Park and Chertow (2014)

82




Longevity Indicator (LI)

AUEALY

Longevity Indicator (L)) fausdengdenansieszesianiian/ nanfusidsnseglussuuiasugia
ey ageulifiuiminensviendnfusiagldfunmsiuglunssuiunstuuudlnu ongdereminens
melundnsne deudnislduauieduengnisliau fio msfnszeziaiaiovemdnfasiuagnislitan

B,
Refurbished
lifetime

NSANUIBNETY
918NN SUAUYDINEN U (A)

V1 Vi

Lost
products

Lost
products
X
Refurbished Refurbished
= products Wwa products
Returned
Returned
products
n

products ¥a
Recycled L Recycled
products

—

)

a1gnsldanunlasunisusuussivg (8)

a1gn1sngnslasaa (C)

v

i LideensidanususuagldnuisnsuaLay

products

ASIUATINN LADN 2 BIWINADNAUTULDUNIN

|
|
|
' Z,
|
|
|

g g ¢ e ng @ Heasnnuandunuisdiuainsafaulanasnss
Recycled R_ccxc]ed
L_______.______________hf:uie___l e Source: Franklin-Johnson et al. (2016)

The potential lifecycle flows o




Tec' )

amemberot NST DR

)
/ . 74 A 4
Mining/material

s manufacturing @

* Creating a circular flow
of resource

* Resulting from the use

Refbis phase

Reuséd/redistripute

Closing loop

g
Increasingly powered
by renewable energy

ing/collection’

+

Parts manufacturer

Biochemical l *

feedstock Product manufacturer

Restoration Biosphere * ‘ Recycle

Service provider

AL

Slowing loops

Biogas

Cascades Maintenfance

Anaerobic
digestion/

* Lengthening the use and

Collection Collection

composting o} b f
_ —1 R reuse of product such as
E;ggi‘;trfigacl'f :‘4 Energy recovery .'-,‘ . - f - h
Resmas . : NN repair, refurbishment and
B A A Leakage to be minimised
0 remanufacture
LeTeiill Construction phase

1 Hunting and fishing
2 Can lakfe both post-harvest and p_cst-cunsumer wasteasaninput el 00 1 . N = l
ROURCE e A R e e D (JEEUEURE ERWRMRMAR!! | Constucton | | Usephase | | End-ofife Narrowing loops

* Reducing the use of
resource

* Maximizing efficiency in
production processes.

1
q 1 "

I acquisitions Materials 1 = [ . h
1 o ‘Fi ‘r!“ »
: f Ty N - I;:: \
[ 7) i 3 Y
1 ’ e h

4 |

1

1

1

1

1

hY
1
1
1
1
1
1
1
1
1
1
1

Waste from Waste from Waste
from
constructions Use phase
1 dlemolition

(L.A. Lopez Ruiz et al. (2020




NISYHULILUVBIIER (MCI)

o] J
AUATALY
n1svuIBUYeaTan %38 Material Circularity Indicator (MCI) ¥aandnsiauat (Walae Ellen MacArthur Foundation wag

Granta Design n18lAlasan13 LIFE vesaunninglsy) 1lusidiniiasviou
O sesunsldingiviilannannsssumfnezainnis Reuse/Recycle (Virgin, Reused uaz Recycled Feedstock) Tu

NSZUIUNITNES
Q %Sgnmﬁwwamﬁmgﬁ A1 MCl d1usunannauainaty 93A15517319 0 99 1
MCl =1
LUNAANITUY I YYD TER sl iousysel

Recycle material

0.6

i
/ v \ 0.5
0.4
. L v
[ ] O§ g
. | B = 2 ) 0.3
Virgin ' |
material 3 -_— g MCl = 0.1 02
ateria : b - -
Production Landfill nslvadaquuuidunssauysal 0.1
Product 4
\ Manufacturer MCl < 0.1 ¢ °

N5 luadaguuuidunsIuazAMAW

3 ) - o W ‘v
mn'nmmatmaanannm‘n"luqna'mnﬁuﬂiﬂwwaU

85




N1INYULIYUYDIER (MCI)

ad o
I9N1IATUIEU
. = SV -2 1 [ = 4 R N\
Linear Flow Index (LFl) v3adaindndiuvasianiivaly ol e s e A
sUsuudunssdslaunaningavlmivasiduvendeilianse | @reoder | =M @reer bomeeoaeeee Mo peran ot |
Unnduanlaludla avfazdansening 1 59 0 laen 1 1Ju |, o %ﬁ
Aunsiegsanysaiuas 0 dnyuisunauanidlndlussuusgng | e Use phuse - reueing | End-of-Life
Wyl s Wap Wy |
14 0y 2 - . V — oz, M —— W,
LFI = L T/— = — = e
— Production g::‘ g-to ner,
S, 2M, + — L s | o L
| components proaucts = recovery
Jademuansisadlan (X) Ferndlsfiennuegnvessseenishd [ function=u
Wansouan (21gn1519a) wazdnwzvansionansiue . CuM
Few Reuse ¢=—=—====——=—= ey Reuse c,,‘l’l':c;[‘f,“,:f
(MUINTVINNY) \ J
L U Adopt from Ellen Macauthur Foundation(2019)
X = Diagrammatic representation of material flows
5 Lave) \Uave

G4 U

AT IANSVYUIBUYBITER (Material Circularity Indicator
- MCI) 2¥9NATUINARN

0.9
MCI = max 0,1—LFI><7

86




c'ljn:i"i]
NSTDA TEE

amember of NSTDA

guiiluuciuuucfolc'lu o P“G s’é o IHanLdu naiulﬁua:iaqu‘iuu!ﬁ

< b
o IHanlAsvas1vsUwWss

Judwudlzasoan @ \

YuBwudausosy uwwuaw @ R

Yudwuddusosy uvurio @ h

) Saquisuly

Qw

() tHanada

aususuANusduUsIANtENi> @ Yudwudzhisogy uvuin @

() ADUNSANIULASD 240 KSC

' riaus:U1

' rnosaganoiw

o agudain

() ADUNSAWAULASD 280 KSC

Havmwnadn '

) Sguaon

o d3udey

o lagunsun

Kavmns:1iovIWuSBwud ‘

Us:quazKindions:on Jvnua:aiiiion @

‘ 91va19Kt

o Awauiwwasdwua

) as:adoobia
Us:qua:Hihdons:on Jvau uPVC @

® Wuldaidua

‘ Hawauukiudusu ' as:1bovBs TN



I WanNISAnU

Y64

]

(®)
i ¥

=
=)
r

fidua:daqno

lwuaaisasy (@)

ClL

Ju

wuaaisosy (fio)

C
CiL

u

ClL

u

C

wuadisosy (in)
JuBudiasvasiv (aoldu)
Judualolasan

ADUNSOWNAULASD

0.07

0.18

0.13

0.01

0.15

0.1

0.14

0.22

0.19

o.n

0.13

0.13

&

94%

25%

A41%

6.67%

-16.08%

17%

0%

0%

0%

0%

0%

-3%

e NIstg¥/aqsisiAa ﬁ'ni Js:ansSniw/o1gn1stdoiu 2 A2ULAUSIUSIULWDLNNAUUNIBIHLLDDFUga1gMISiBoIU

Circular Economy



I WanNISAnU

mm Y63

1aH: IKanLdu 0.75 0.77 1.92% 0%
IK&nTASVassUWSSTU 0.90 0.93 ﬁ -0.35% 0%
LHanana 0.61 0.54 -11.66% 0.09%

0 wana@in ua:3aq

Saqlo 0.25 0.25 0% 0%
Us:ndu & !

daqliguiu 0.15 0.16 e 6% 0%
SovfiAnLsaUULas audUTeUADAUAIILSDU 0.50 0.57 Q 13% -24%
AUBU &

e NIstg¥/aqsisiAa ﬁ'ni Js:ansSniw/o1gn1stdoiu 2 A2ULAUSIUSIULWDLNNAUUNIBIHLLDDFUga1gMISiBoIU

Circular Economy



II WamISAnv

51 oyudaLun 0.10 91% -13%
daqQUUHavM - HavAns:iovADUNSA 0.15 20% -9%
HavAMIWLuasBLuua 0.13
_.Ha\)F'l'llHaﬂSOaDU (wna 0.01
gn)
naus Sl LAl T AS=DALLWU DU uPVC 0.42 16% -2%
KU (ns:on)
NS=ONUWWU DVNUD:=qDLUYY 0.32 2 25% -11%

e NIstg¥/aqsisiAa ﬁ'ni Js:ansSniw/o1gn1stdoiu 2 A2ULAUSIUSIULWDLNNAUUNIBIHLLDDFUga1gMISiBoIU

Circular Economy




I WanNISAnU

Mo
e

Huwaiu Wiuas3ud o.1 @ 30% -7.1%

WHUSUGL 0.10 e 45% 7%

aquiu //// ns:10ovwss10n 0.12 @ 144%  -2830%

HavAILKAnsaaou (wna

0.01
gn)
5aqrio  §==° nafus:uuUs:Uh 0.12 2% -43%
notus:uUTWWN 0.12 @ 115% -10%
quATINLBSITN 0.12 & 103% -8.13%

e NIstg¥/aqsisiAa ﬁ'ni Js:ansSniw/o1gn1stdoiu 2 A2ULAUSIUSIULWDLNNAUUNIBIHLLDDFUga1gMISiBoIU

Circular Economy



c‘ljr'lcfi1
: NSTDA TEE

amember of NSTDA

msuUs:gnals MCI

s:UULUUMavaudaAsmsKyudgutuaaaiknssunaasiv lags:vuilivniauauas
damuATMISKEUULdguydvIaquavus:inAalng

oo ENBEIN | LCC | GHG. | CDW R .
, 028 479 4520 | 1260 . W ) amsidoi

B | domstow &
5 c o s 4 v N
7 4 LW . -~
ks % b TR . ST L
X 2 (T . > wA 9. > >
i ‘ 4 4 o N AUIUAUAIIWSOU " .
V] . : N nous=UA " - 5 y " s
" L, A Wawou nous:1 . 4 - . . . : : e
& 4 p . / a ! N " ) .
e | & ’ 4& . =l \
1 - g IS Saqlowd ' \ 2 -
= b, T Rl > : Wy l..
o WOus

" Lo - Yo' s - : .’
S i d l < :
~ B % y % ) l shwanu
=

e s ranlAsodswguwssu -
AUIUAUAIWSOU

: 1 i : | | i ‘
% 213 - , N
‘ ; ; ’ 3 g ’ B " 4= ’/f/na\Js:Lh
TATE l ns=ovAy et y :
mANIAU - — ] % o ; : =

YuBwundiSagy Us=guazmnaiy

AOUNSNWALIASD

https://www.nstda-tiis.or.th/3d-mci-bm

Circular Economy I



circularity in construction EPDs TEC

a member of NSI-DQ
I VL7 7
A L0 7
/ ’/ S LA
[P . . G .
1¢; InfraBuild / . What this looks like in practice
/
77  As part of the development of this EPD, thinkstep-anz were commissioned to develop an MCI for the products
-; -~ inthis EPD.

For the Reinfarcing Bar products (page 16), their MCI score of 0.696 shows a good level of dircularity, reflecting a high
proportion of recycled steel input as well as their recydlability potential at end of life.

Environmental
Product Declaration
Reinforcing Bar and Mesh via InfraBuild Reinforcing

For the Reinfarcing Mesh products {page 19), their MCI score of 0.5817 shows these products are moving towards greater
circularity, reflecting their recycled steel content as well as their recydability potential at end of life.

Increased use of the MCI as a metric for infrastructure profects will help the industry to improve resource efficiency
across the whole life of a project. InfraBuild is playing its part by transparently providing MCI results in all EPDs.

In a broader sense, and in line with the objectives of the MCI according to the Ellen McArthur Foundation, this MCI
provides InfraBuild with important information to add to its growing sustainability picture. Although this MCI only
applies to one of many products, it is nonetheless vital information as production shifts fram a linear model to a circular
one.

e ; zn las) ] i
— s Lo==EPD®

gz, EEE o Building circularity into EPDs

In accordance with 150 14025 and EN 1580&+A1

www.infrabuild.com

7‘;@'

/,

https://www.think-epd.com/news/circularity-in-construction-epds-infrabuild/
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Virgin
material
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Building Circularity Indicator
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BUILDING CIRCULARITY INDICATOR

Detached House Townhouse Shophouse

Barn
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Plastic




The European Strategy for Plastic

THE EUROPEAN PLASTICS INDUSTRY

E Almost 1.5 million @ Annual turnover of I77] 18% of global plastic
people employed €350 billion iz production each year

Action SMEs said they have taken towards better resource efficiency:

Minimising waste Saving energy e e R R K-,
K R A LK KX
65% and 63%
z R K N 41% of SMEs consider that
resource efficiency actions
are the most common actions decreased production costs.

Source: Eurobarometer, 2018

-plastics-circular-economy en

The European Strategy for plastic, https://ec.europa.eu/commission/publications/factsheets-european-strate
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https://ec.europa.eu/commission/publications/factsheets-european-strategy-plastics-circular-economy_en

The European Strategy for Plastic

WHAT DO WE USE PLASTICS FOR WHERE DOES PLASTIC WASTE GO?

IN EUROPE?*
tal Y ?
Recyding Enargy Recovery  Landsil Lither

19.7% Building and construction

- ™)

Automotive *49 million
tons of
plastic used

Electronics in the EU in
in 2015

The European Strategy for plastic, htt
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https://ec.europa.eu/commission/publications/factsheets-european-strategy-plastics-circular-economy_en

Indicator for Plastics sector

HEIUNISAILTUVIU WISEUNAd8 Reusability / Recyclability / Recoverability (RRR) ud@dvoudadou

1 The Recycling Rate (RR) %
2 The Collection Rate (CR) %
3 The Sorting Rate (SR) %
4 Recyclability Benefit rate (RBR) %
5 Reusability Benefit rate %
6 Recoverability Benefit rate %

Ref. European Commission Joint Research Centre Institute for Environment and Sustainability (2012) Integration of resource efficiency and waste management criteria in European product policies — Second phase.
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Calculating performance indicator

Case study : post-industrial on waste plastic

Circular economy Performance Indicator (CPI) = Actual Benefit

ideal benefit according to quality

virgin production of material a (V)
substituted virgin material (p)
m = kg recycled material

type of virgin material (B)

Ref. Huysman et.al. (2017) “Performance indicators for a circular economy: A case study on post-industrial plastic waste”
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Waste stream 1 &1
Opticotan, Plastic films
Company B
Company A Waste stream 2 Wi v
aste bags
Street benches
Electridty

» Actual waste treatment

Alternative waste treatment
scenario

Ref. Huysman et.al. (2017) “Performance indicators for a circular economy: A case study on post-industrial plastic waste”
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Case study : Difference waste treatment option

Plastic waste
' | . B E
= High quality (1 ' Medium quality (i) : Low qual ty (1) P |verylowaualtyiv) |
Recycling: substitute Recycling: substitute E 5
: Recycling: substtute Incine ration for ]
same material in i same material but ' ndl’l':r:t material ; e:ernr ————— ;
' a1:1 ratio ' not in a 1:1 ratio : - '
E Similar Similar Other ; Other Electricity, :
: product product product : product he at E
E Option |: closed-loop i i Optionli: semi closed-loop ' Option llli: open-loop i | Option IV: incineration :
IR [ FESESEEEIRS, ) FE—————. I — :

Ref. Huysman et.al. (2017) “Performance indicators for a circular economy: A case study on post-industrial plastic waste”
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Circular economy performance for each waste treatment options

100%
90% -
BO%
70% - -
m T -
50% - 8
m It
30% - - '
20% -
10% 1 N i
m ¥ = = - ' - r 1
Stream 1 to Stream 2 to Stream 1 to Stream 1 to
closed-loop and semi closed- open-loop incineration
semi closed- loop recycling recycling
loop recycling

Ref. Huysman et.al. (2017) “Performance indicators for a circular economy: A case study on post-industrial plastic waste”
Y  Circular Economy G



Attributional LCA vs consequential LCA

Attributional LCA

Consequential LCA

A\

The circles represent the total global

environmental exchanges.

Attributional LCA seeks to cut out the piece
with dotted lines that belongs to a specific

human activity.

Consequential LCA seeks to capture the
change in environmental exchanges that
occur as a consequence of adding or

removing a specific human activity.
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Waste from Construction & Demolition

Natural resources Materials —— Ceramic ware = . — .
) . . Ceramic Industrial End of Life of
preparing Ceramic manufacturing Use phase
ware manufacturers products
process I process = I

( . J Manufacturing scrap Product scrap
Ceramic slurry l l

Process scraps External scrap

Internal scrap

Tile —Ceramlc wast

manufacturing
process Natural resources ‘

Fig. Typical practice for waste from ceramic ware manufacturing
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Waste from Construction & Demolition

Natural resources Materials — Ceramic ware = —

. . . Ceramic Industrial End of Life of
preparing Ceramic manufacturing Use phase
ware manufacturers products
process I process — I

( : J Manufacturing scrap Product scrap
Ceramic slurry I l

Process scraps| External scrap

I —

Internal scrap

Tie _Ceramlc wast Concrete

manufacturing manufacturing
process Natural resources ‘ process Natural resources ‘

End of Life

Fig. Waste from ceramic ware manufacturing



LCA results: Compared cases

Climate change

o,

Mineral, fossil & ren resource

depletion Ozone depletion

Human toxicity, cancer

Water resource depletion -
P K effects

Human toxicity, non-cancer

Land use £/ effects

Freshwater ecotoxicity { { Particulate matter

Marine eutrophication | lonizing radiation HH

hotochemical ozone

Freshwater eutrophication R
formation

Terrestrial eutrophication‘ Acidification

- Base case Circular economy

ILCD 2011 Midpoint+ V1.05/ EU27 2010, equal weighting
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LCA results: Compared EoL
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Base case M Circular economy

ILCD 2011 Midpoint+ V1.05/ EU27 2010, equal weighting



Maize for Feed production

/

.

Ear maize

DIESEL

_ FUEL
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Drying

Milling

Reducing
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Sifting

Maize cob

]

Landfill
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Store

Business-to-Business
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Feed manufacturer
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Waste from Agriculture

/

System boudary N

o= Drying Electricity by

N2 biomass fuel
Ear maize
-‘.DIESEL
g : Milling
k -
.
Fuel ' H
Reducing
moisture
Landfill
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Feed manufacturer
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LCA results: Compared cases

Climate change

Mineral, fossil & ren
resource depletio

Ozone depletion

Human toxicity, cancer

Water resource S
\ effects

depletion

Human toxicity, non-

Land use
cancer effects

Particulate matter

Freshwater Photochemical ozone

eutrophication — formation

T rr r' --------------- o gore 4
e es.t 1a Acidification
eutrophication

—Base case  ==Circular economy

ILCD 2011 Midpoint+ V1.05/ EU27 2010, equal weighting



LCA results: Waste treatment

Climate change

T

Ozone depletion

Mineral, fossil & ren resource
depletion
Human toxicity, cancer
effects

Water resource depletion
Human toxicity, non-cancer

effects

Land use ,

Particulate matter

i
1
1
1
1
i
v
1
1
v
1
]
]
I
I
I
1
]

Freshwater ecotoxicity
lonizing radiation HH

Marine eutrophication
hotochemical ozone

formation

Freshwater eutrophication = ,
' Acidification

Terrestrial eutrophication
@ Sanitary landfill

ILCD 2011 Midpoint+ V1.05/ EU27 2010, equal weighting

MTeC!

a member of NSTDA

O Electricity generation by biomas (maize cob)



THAILAND CE DATA PLATFORM
(THAI-CEP)

SustainCE Sustainalytics Thai-CEP Contact Us P

E
L
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OAHNSSUDIHISUIHA (Food & Beverage
Industry)

yuyuua:ov (Cities & Urban Communities)

msidauloouasiasidayatBoysanms souivguuuumsthiauadoya (Data Visualization) Uutdudviiahdnuuin
ovnniedamsidhisua:aunsauaviiumwsou theaduayumsthluldus:Tosdlusanea
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