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Ongoing ISO standardization

What is meant with Circular economy
- Common terms and definitions 
- Common principles
- Independent of system level

How to make circular economy
- Guidance

To measure circularity
- How circular is a circular action
- What is product lifetime
- What is a resource value

How to link circular value chains and 
value networks
- Information exchange standards
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The economy behind circularity
The value roller-coaster of the linear economy

Material Economics (2020). Preserving value in EU industrial materials - A value perspective on 
the use of steel, plastics, and aluminium, financed by Climate-KIC and Re:Source 

https://resource-sip.se/content/uploads/2020/11/material-economics-preserving-value-in-eu-industrial-materials-2020.pdf

Raul Carlsson, raul.carlsson@ri.se, RISE – Research Institutes of Sweden, 2022

Invested
value

https://resource-sip.se/content/uploads/2020/11/material-economics-preserving-value-in-eu-industrial-materials-2020.pdf
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A circular resource flow

4
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What is meant
with circular
economy?
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Ongoing standardization
ISO/TC323 Circular economy

Setting circular economy into a globally

coordinated practice

• Establishing key definitions

• Guide circularity improvement action

• Guide circularity performance

• How to close the loop

• ISO 59004 – Terminology, Principles and 

Framework for Implementation

• ISO 59010 –Guidelines on business models and 

value chains

• ISO 59020 –Measuring and assessing circularity

• ISO 59031 –Analysis of case studies

• ISO/TR 59032 –Review of business models

• ISO 59040 – Product circularity data sheet

RISE — Research Institutes of Sweden6
Raul Carlsson, raul.carlsson@ri.se, RISE – Research Institutes of Sweden, 2022
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Global system

Standardization
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circular economy

economic system that uses a systemic 

approach to maintain a circular flow of 

resources, by regenerating, retaining or 

adding to their value, while contributing 

to sustainable development

Note 1 to entry: Resources can be 

considered concerning both stocks and 

flows.

Draft definition ISO 59004 –WD2 (Jan, 2022)
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Maintain a circular resource flow
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circular economy

economic system that uses a systemic 

approach to maintain a circular flow of 

resources, by regenerating, retaining or 

adding to their value, while contributing 

to sustainable development

Note 1 to entry: Resources can be 

considered concerning both stocks and 

flows.

Draft definition ISO 59004 –WD2 (Jan, 2022)

• Examples

– Maintain a circular flow 

• Acknowledging resource use

• Record resource use

• Establish metrics

• Establish statistics

• Establish circularity targets

Raul Carlsson, raul.carlsson@ri.se, RISE – Research Institutes of Sweden, 2022
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Maintain a circular resource flow
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circular economy

economic system that uses a systemic 

approach to maintain a circular flow of 

resources, by regenerating, retaining or 

adding to their value, while contributing 

to sustainable development

Note 1 to entry: Resources can be 

considered concerning both stocks and 

flows.

Draft definition ISO 59004 –WD2 (Jan, 2022)

• Examples

– Regenerating

• Acknowledging natural resources

• Acknowledging biodiversity

• Ensuring sustainability of

renewable resources

• Ensuring that resource values are

regenerated through renewable

resources

Raul Carlsson, raul.carlsson@ri.se, RISE – Research Institutes of Sweden, 2022
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Maintain a circular resource flow
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circular economy

economic system that uses a systemic 

approach to maintain a circular flow of 

resources, by regenerating, retaining or 

adding to their value, while contributing 

to sustainable development

Note 1 to entry: Resources can be 

considered concerning both stocks and 

flows.

Draft definition ISO 59004 –WD2 (Jan, 2022)

• Examples

– Retaining

• Slowing resource throughput

• Slowing resource value loss

• Maintaining, servicing

• Upgrading

• Refurbishing

• Remanufacturing

Raul Carlsson, raul.carlsson@ri.se, RISE – Research Institutes of Sweden, 2022
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Maintain a circular resource flow
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circular economy

economic system that uses a systemic 

approach to maintain a circular flow of 

resources, by regenerating, retaining or 

adding to their value, while contributing 

to sustainable development

Note 1 to entry: Resources can be 

considered concerning both stocks and 

flows.

Draft definition ISO 59004 –WD2 (Jan, 2022)

• Examples

– Adding to their value

• Increased utilization rate

• Right resource for right value

Raul Carlsson, raul.carlsson@ri.se, RISE – Research Institutes of Sweden, 2022
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Contribute to sustainable 
development
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circular economy

economic system that uses a systemic 

approach to maintain a circular flow of 

resources, by regenerating, retaining or 

adding to their value, while contributing 

to sustainable development

Note 1 to entry: Resources can be 

considered concerning both stocks and 

flows.

Draft definition ISO 59004 –WD2 (Jan, 2022)

• Contributing to sustainable development, at 

system level 

– Not increase resource losses

– Not increase environmental impacts

– Not harm social or physical health

because of circular actions

– Apply principles and tools, such as 

• ISO 26000 Social responsibility

• UN Sustainable development goals

• ISO 14040 Life cycle assessment, 

including ISO 14067 Carbon footprint, 

ISO 14046 Water footprint, ISO 14075 

Social Life Cycle Assessment, and more   

Raul Carlsson, raul.carlsson@ri.se, RISE – Research Institutes of Sweden, 2022
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Are there things
we can actually
do?
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A circular resource flow
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Design long lasting
products and set
appropriate business
model

Buy long-lived products
or strictly renewable
products

Always check your
waste streams and
transport. And be sure
to be a good workplace!

Set higher goals. Close
and narrow all loops.

Require a Digital Waste
Passport. Ring the
alarm bell when waste
streams are unsound.

Help manufacturers to
lower material grades or
with closing the loop

Always check your
waste streams and
transport. And be sure
to be a good workplace!Always check your

waste streams and
transport. And be sure
to be a good workplace!

At regional or national
level:
Set incentives for longer
lifetime products

To link value networks:
Establish information
exchange and symbiotic
relationships

Design long lasting
products and set
appropriate business
model

Buy long-lived products
or strictly renewable
products

Always check your
waste streams and
transport. And be sure
to be a good workplace!

Set higher goals. Close
and narrow all loops.

Require a Digital Waste
Passport. Ring the
alarm bell when waste
streams are unsound.

Help manufacturers to
lower material grades or
with closing the loop

Always check your
waste streams and
transport. And be sure
to be a good workplace!Always check your

waste streams and
transport. And be sure
to be a good workplace!

At regional or national
level:
Set incentives for longer
lifetime products

To link value networks:
Establish information
exchange and symbiotic
relationships
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A circular resource value network

15
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Standardization
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sphere of influence

range/extent of political, contractual, economic or other
relationships through which an organization has the
ability to affect the decisions or activities of individuals
or organizations

Note 1 to entry: The ability to influence does not, in itself,
imply a responsibility to exercise influence.

[SOURCE: ISO 14006:2020, 3.8, modified — Note 2 to
entry has been removed.]

Draft ISO 59004 and draft ISO 59010

area(s) of action

action(s) that can be undertaken at some defined step of
the value chain or value network

(source: ISO 59004:2023 WD2 Annex B)

Non exhaustive list of examples of 
actions that illustrates the areas of action 

Raul Carlsson, raul.carlsson@ri.se, RISE – Research Institutes of Sweden, 2022
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How do I know the
circular
performance?
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How to know if my
efforts really makes a
difference?

How to know that the
promised circularity
claim is right?

Measure the 
circularity 
performance of the 
system influenced by 
specific circularity 
actions. 
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How to know if my
efforts really makes a
difference?

How to know that the
promised circularity
claim is right?

1. Establish 
control variable

for circularity 
action,

t.ex. nbr of
products saved by 

longer lifetime

3. Establish a full 
systems model and 

circularity indicators 
to calculate

circularity (tip: use a 
lot of background 

data)

4. Use appropriate 
methods and models

to assess
contribution to 

sustainable 
development

2. Select material 
indicators to 

calculate amounts
of less resources

spent on product, 
production, waste

and logistics

5. Assess the total 
systems study to 

summarize a 
circularity 

performance of
the circularity 

action

Measure the 
circularity 
performance of the 
system influenced by 
specific circularity 
actions. 

Raul Carlsson, raul.carlsson@ri.se, RISE – Research Institutes of Sweden, 2022
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Circularity measurement taxonomy

Resource flow measurements

Retain Create

Assessing Sustainability impacts
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ISO 59020 –Measuring and 
assessing circularity

Provides the method to calculate
and assess the circularity 
performance of a system influenced
by a circularity action

taxonomy circularity measurement 

Raul Carlsson, raul.carlsson@ri.se, RISE – Research Institutes of Sweden, 2022
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Circularity measurement taxonomy

Resource flow measurements

Retain Create

Assessing Sustainability impacts

Resource
flows

Resource 
circularityMonitoring

circular actions

Calculations, aggregation

Systemic approach to measurement

Regenerate

Complementary methods & indicatorsCircular actions and indicators

Standardization

Indicators, such as
- Amount of used primary resources
- Amount of used recycled resources
- Quantification of slowed down resource flow
- Quantification of regenerated biodiversity
- Quantification of created value

Circularity action control variables, such as
- Decreased amount of material in product
- Increased share of recycled material
- Prolonged product lifetime
- Number of users per leasing contract

Indicators, such as
- Improved work conditions for workers
- Increased economy based on sustainable innovations
- Reduced amount of GHG emissions
- Reduced amount of biodiversity degradation

Raul Carlsson, raul.carlsson@ri.se, RISE – Research Institutes of Sweden, 2022
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An example of a
circularity
measurement

Raul Carlsson, raul.carlsson@ri.se, RISE – Research Institutes of Sweden, 2022

From the Vinnova project Trace Certainty: RISE, Linköping University and SKF 

Testing metrics for measuring the circularity while metrics are being standardized -
TRACE CERTAINTY TRAnsitioning to a Circular Economy via CERTificAtion in 
INdusTrY : PROJECT FINAL REPORT Reference Number 2020-04410

mailto:raul.carlsson@ri.se


ISO 59020 refers to ISO 59004, which defines circular economy as an “economic system that uses a

systemic approach to maintain a circular flow of resources, by regenerating, retaining or adding to their value,

while contributing to sustainable development”.

1. Do we see systematic maintenance of a circular flow of resources?

2. Do we see regenerating resource values?

3. Do we see retaining resource values?

4. Do we see adding to resource values?

5. Do we see contribution to sustainable development?

RISE — Mallpresentation23

Verification of system’s circularity 

From the Vinnova project Trace Certainty: RISE, Linköping University and SKF 



Global (resource source and sink and recipient of sustainability impacts)
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Crude oil

System of circularity strategy (production unit)

Waste from grinding

Refined oil 

Circularity support system
(RecondOil hardware and 

system)

Circular system
(Oil)

Metal work

C
o

n
tam

in
ated

o
il

Maintenance waste

Product(-ion)(bearing/piece)

Tr
ea

te
d

o
il 

Maintenance resources

Facility preparation and 
installation

Facility preparation and 
installation waste

Waste and 
emissions

OEE

Reduced waste
and emission (LCA)

Infrastructure and 
transports

Refined
replacement oil 

1. Systemically Maintains a Circular Flow of Resources

From Circularity to Global
Waste and

emissions

amount of waste and emissions produced

during Production
Reduced waste

& emissions

reduced amount of waste and emissions

produced during Production (LCA)

Figure 2. General system model with RecondOil parameters 
included

From Global to Economic system

Crude oil a factor quantifying how much

crude oil is needed for

producing Refined oil

70 m³/year

Reduced

amount of

Crude oil

0 m³/year

Within Circularity system
Contaminated oil amount of contaminated oil returned into

RecondOil treatment

70 m³/yearTreated oil amount of treated oil by RecondOil system

returned into production

From Economic system to Circularity system

Refined oil full replacement of oil in RecondOil

system

70 m³/year

Production number of produced pieces per full

replacement of oil in RecondOil

system

150 million

pieces/year

Linearly used oil with the same Production, the

amount of linear oil used

70 m³/year

Refined oil per

piece

Formula = Refined oil / Production

Linearly used oil

per piece

Formula = Linearly used oil /

Production

Resource

efficiency factors

for RecondOil

system

Formula = Refined oil per piece /

Linearly used oil per piece

Maintenance

resources

number of resources used for one

fully replaced RecondOil system

1 FTE (full time

equivalent), same as

before

Facility

preparation and

installation

full resource investment *monetary

term

8 MSEK

Fixed resource

costs per

produced unit

Formula = Facility preparation and

installation / Production *non-

monetary term

8 MSEK/150

million pieces =

0,053 SEK

From Circularity to Economic system
Product quantification of product, i.e., piece 150 million pieces/year

Waste from

honing

amount of oil and amount of metal’s

scrap

same as before

OEE see Section 6.3 1% improvement

Facility

preparation and

installation

waste

amount of resource waste

Maintenance

waste

amount of waste produced during

one full replacement of oil in

RecondOil system

Reduced honing stone

consumption: 10% less

Reduced oil sludge amount:

24 m³/year

Reduced filter consumption:

20% less



2. Adding resource value

𝑂𝐸𝐸 = 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 × 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 × 𝑄𝑢𝑎𝑙𝑖𝑡𝑦

Case study of SKF RecondOil: OEE – 1% improvement

3. Retaining resource value 

𝑅𝑒𝑐𝑜𝑛𝑑𝑂𝑖𝑙 𝑟𝑒𝑡𝑎𝑖𝑛𝑚𝑒𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟 𝑝𝑒𝑟 𝑝𝑖𝑒𝑐𝑒 =
𝑇𝑟𝑒𝑎𝑡𝑒𝑑 𝑜𝑖𝑙 𝑝𝑒𝑟 𝑝𝑖𝑒𝑐𝑒

𝐿𝑖𝑛𝑒𝑎𝑟𝑙𝑦 𝑢𝑠𝑒𝑑 𝑜𝑖𝑙 𝑝𝑒𝑟 𝑝𝑖𝑒𝑐𝑒
× 100

𝑅𝑒𝑐𝑜𝑛𝑑𝑂𝑖𝑙 𝑟𝑒𝑡𝑎𝑖𝑛𝑚𝑒𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟 𝑝𝑒𝑟 𝑝𝑖𝑒𝑐𝑒 =
2000

40
× 100% = 5000%

4. Regenerating resource value 

𝑂𝑖𝑙 𝑟𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝑇𝑟𝑒𝑎𝑡𝑒𝑑 𝑜𝑖𝑙 𝑝𝑒𝑟 𝑝𝑖𝑒𝑐𝑒

𝑅𝑒𝑓𝑖𝑛𝑒𝑑 𝑟𝑒𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 𝑜𝑖𝑙 𝑝𝑒𝑟 𝑝𝑖𝑒𝑐𝑒

𝑂𝑖𝑙 𝑟𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 =
2000 𝑙𝑖𝑡𝑟𝑒𝑠

40 𝑙𝑖𝑡𝑟𝑒𝑠
= 50

Testing metrics for measuring the circularity while metrics are being standardized -
TRACE CERTAINTY TRAnsitioning to a Circular Economy via CERTificAtion in 
INdusTrY : PROJECT FINAL REPORT Reference Number 2020-04410



6. Contributing to sustainable development

Methods, which can measure this indicator, are LCA, sustainability targets (e.g., improving quality 
of life). 

Figure 3. Climate change impact potential of the 
three studied systems (source: LCA report). 

Figure 4. Fossil resource depletion potential of the 
three studied systems (source: LCA report)

Testing metrics for measuring the circularity while metrics are being standardized -
TRACE CERTAINTY TRAnsitioning to a Circular Economy via CERTificAtion in 
INdusTrY : PROJECT FINAL REPORT Reference Number 2020-04410
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End example

Raul Carlsson, raul.carlsson@ri.se, RISE – Research Institutes of Sweden, 2022

From the Vinnova project Trace Certainty: RISE, Linköping University and SKF 

Testing metrics for measuring the circularity while metrics are being standardized -
TRACE CERTAINTY TRAnsitioning to a Circular Economy via CERTificAtion in 
INdusTrY : PROJECT FINAL REPORT Reference Number 2020-04410
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Circular economy
is a coordinated
action

Raul Carlsson, raul.carlsson@ri.se, RISE – Research Institutes of Sweden, 2022
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A circular resource value network

29
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How does anyone 

know the story 
behind and what is 
inside the product?
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product?
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is inside the 
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ISO 59040 – Product circularity data sheet

Raul Carlsson, raul.carlsson@ri.se, RISE – Research Institutes of Sweden, 2022
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But what about
digitalization?

Data to be exchanged troughout value network, such as
- Materials and component lists

- Material specifications
- Component structures

- Service and dismantling guidelines
- Manuals

- Recycling and re-use requirements
- Second hand sales channels
- How to refurbish
- How to remanufacture
- How to close recycling loops

- etc.

ISO 59040 – Product circularity data sheet

Raul Carlsson, raul.carlsson@ri.se, RISE – Research Institutes of Sweden, 2022

The Product circularity data sheet
is likely to match a Digital Product 
Passport.

But to go beyond into circular 
automation  and industrialization
we need more.

mailto:raul.carlsson@ri.se


Production, dismantling, service, remanufacturing, reverse
logistics, sharing
economy, digital 
business models, 
additive manufacturing,
flexible production, 
data security, resilience,

31
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A circular resource flow

32
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Recycle sorting

Global 
2nd market

Open local
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Closed local
2nd market
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Consumption
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Digital circular traceability of resources – Internet of materials 

UQ

Active 
writer 

and 
reader

Uniquely marked material item

Reader interpreting
unique material marks 
to digital data

R/W

Application domains

Linking digital data 
that represents
unique material 
marks with unique
digital ID:s 

Linking unique digital 
ID:s to application
standardized
application domains
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Marking of materials, 
including method of writing 
and reading, e.g. casting, 
etching, laser, RFID. 

Link between identified labeled 
material and digital identity

Link between digital identity and 
Application domain, e.g. 
automation, quality, logistics, 
ethics, recycling. 
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A standards assessment  performed with purpose to identify existing and missing standards for traceability of material resources

A. Organization B. Labeling of material, products and goods

C. Automatic identification and data capture techniquesD. Material, product and goods data

Trade agreement standards
Bill of lading and the likes
ISO 8440-COR1
:2000 (en), Location of codes in trade 
document

ISO 16609:2012  
FINANCIAL SERVICES -- REQUIREMENTS 
FOR MESSAGE AUTHENTICATION USING 
SYMMETRIC TECHNIQUES

ISO/IEC 15944-4:2015(E) – Information 
technology —Business operational view —
Part 4: Business transaction scenarios —
Accounting and economic ontology

STANDARDS BY ISO/IEC 
JTC 1/SC 27
Information security, 
cybersecurity and privacy 
protection

Data formats 
and data 
concept
models, e.g. 
EXPRESS, STEP, 
XML, etc
(ISO/TC 184)

.

CAD, CAM, 
PDM
(ISO/TC 184)

Automatic
identification and 
data capture
techniques
(ISO/IEC JTC 1/SC 
31)

Specifications
of identifiers, 
such as RFID, 
etched OCR, 
data matrix, 
RFID
https://www.is
o.org/ics/35.04
0.50/x/

Machine
reading of
identifiers, 
and matching
reading to 
digital ID
ISO/IEC JTC 1/SC 
31
Automatic
identification and 
data capture
techniques

Naturally
physically
unique
metrics, e.g.
fingerprint
ISO/IEC JTC 
1/SC 42 
Artificial
intelligence

Desigined
physically
unique
metrics, e.g. 
alloy
contamination
and DNA
Not known

Tagging and 
labelling, such
as RFID, 
etched OCR, 
data matrix, 
RFID
https://www.i
so.org/ics/35.
040.50/x/

Surface added
labels, such as 
paint, stickers, 
screw etc.
(excluding e.g. 
snap on or 
screw mount)
Not known

ISO/IEC JTC 1/SC 
25 
Interconnection of 
information 
technology 
equipment

ISO 8887-1:2017 -
Technical product 
documentation —
Design for 
manufacturing, 
assembling, 
disassembling and end-
of-life processing —
Part 1: General 
concepts and 
requirements

Standards for 
Internet of materials

Review of existing
sector independent 
standards has been 

performed

Standards for 
Internet of materials

Core standards for 
digitalization of

circular resource 
flows exist
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STEP EXPRESS
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Circular economy
between consumer
and producer?
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Mutual understanding and responsibility

Lifetime criteria

Verification

TrustStandard

Producer Customer

Standardization is needed to establish trust for the 
many new ways that products will be given circularity 

features, such as long and many lives.
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OK, but can we
really have a
circular economy?



Invested
value

0

cost

benefit

Time

Refurbishment between uses

Long lifetime Longer lifetime

Circularity lifetime expansion



Extraction

Material
production

Component
production

End product
production

Use phase

Scrapping

Value 0

cost

benefit

Stop the losses of the value roller-coaster of the linear economy

Waste
Time

We can close the loops, so we can



Extraction

Material
production

Component
production

Use phase

Value 0

cost

benefit

Smoothening the value roller-coaster of the economy

Waste

End product
production

We can design for remanufacturing, so we can

Time



Extraction

Material
production

Component
production

Value 0

cost

benefit

Smoothening the value roller-coaster of the economy 

Waste
Time

End product
production

We can design for refurbishment, so we can



Extraction

Material
production

Component
production

Value 0

cost

benefit

Really smoothening the value of the economy

Time

End product
production Smoothening the value of the economy: 

Retaining/Maintaining

We can design for long life, so we can



Extraction

Material
production

Component
production

Value 0

cost

benefit

Enjoy the increasing value economy

Time

End product
production The value economy: 

Creating/adding value

We can design for long life, so we can



In summary

• To measure circularity performance we need clear concepts

• ISO/TC 323 Circular economy – develops crucial standards and clarifies

concepts

• Additional standards are needed

– Coordinated standards for digitalization

– To reach consumers we will need to be more specific on product lifetime

– To optimize our systems we will need better control of resource value
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