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1. Project information and introduction

In a time where governments design and implement various policies to reduce fossil
carbon flows, tracking these flows is becoming increasingly important. This report
documents a project regarding this matter, carried out by Rebel Group and Kryha.
The project was commissioned by Rijksdienst voor Ondernemend Nederland (RVO,
Netherlands Enterprise Agency) on request of the Topsector Energie programma
Digitalisering (Top Sector Energy Digitalization Program), in collaboration with
Unilever. The aim was to deliver a prototype for advanced carbon accounting or a
“Carbon Tracking System” (CTS). The end goal of a CTS is to equip organizations with
the tools necessary to make informed decisions that promote, support and prove
the use of sustainable carbon and to calculate the associated scope3-emissions of
material use.

PROJECT OBJECTIVES

Project Objectives

The main research question of the project is: What are the effects of a Carbon Tracking
System, compared to the current way of working? To answer this question a clickable
prototype of a CTS was developed that can be used by governments and businesses
to track carbon flows through a value chain. The designing of a prototype with active
market players and the government, by determining requirements of a future way of
working, reveals the benefitsand costs of a CTS.These effectsinclude various potential
implementation elements such as decentralization and further digitization.

PROJECT SCOPE

The scope is deliberately set to concentrate on tracking carbon atom sources and
not carbon emissions. This focused approach allows for an understanding of possible
choices in the design of a CTS and their effects on the useability of the product as was
concluded from previous studies on the design of a Carbon Tracking System? and see
more on previous Carbon Tracking System projects on slide 5.

here. The focus of the prototype is to track carbon throughout the value chain and
to allocate carbon to the output, not the allocation of sustainable carbon within the
processes (seeFigure 1).Rulesforallocation of carbon within processesare determined
by legislation or (when specific rules are not present in legislation) by certification
schemes used by companies.

METHODOLOGY

Toattaintheseobjectives, the projectfollowedastructured methodology consisting of
five main phases:

1 Whitepaper “Design of a Carbon Tracking System“RVO 2021

1. Contextualization: in this phase, the current way of working and developments around
carbon tracking and certification were researched

2. Exploration:inthis phase, the projectteam established alist of requirements that state the
precise needs and specifications of a CTS.This phase includes determining which elements
may be required in future CTS developments, but beyond scope of the prototype.

3. Prototype development: following requirements definition, the prototype was
developed.

4. Stakeholdervalidation:thedesignisassessedwithstakeholders,verifyingwhether
the system meets the set requirements.

5. Comparative analysis: the benefits and costs of the proposed CTS is compared
the current way of working to measure the viability of a CTS.

OUTLINE OF THIS REPORT

This report describes the steps and outcomes of the project. The current context of
carbonaccountingandtheneedforadigitalsystemwithdecentralelementsisdescribed
in the following chapter. In chapter 3, the requirements and limitations of the CTS are
defined.The main result of this project, the prototype fora CTS, is presented in chapter
4. Chapter 5 depicts the possible costs and benefits of that prototype if it were to
be implemented. The findings of this project are described in chapter 6, followed by
acknowledgements in chapter 7.

4. Chapter 5 depicts the possible costs and benefits of that prototype if it were to
be implemented. The findings of this project are described in chapter 6, followed by
acknowledgements in chapter 7.
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Figure 1.Focus decentral administration on passing information onin the value chain (rather than
allocation in a process/step)



https://www.volkshuisvestingnederland.nl/onderwerpen/versnellen-tijdelijke-huisvesting/toolbox
https://topsectorenergie.nl/documents/123/2021_RebelGroup_Eindrapportage_Carbon_Tracking_System.pdf
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2. Context of physical carbon accounting

This chapterdescribesthe context of carbonaccounting, ranging from the current way
of working via certification to the development of a Carbon Tracking System (CTS). It
statesthe possible benefitsand downsidesofa CTSand how decentral digital solutions
might counter these downsides.

THERE IS A NEED FOR WAYS TO TRACK CARBON FLOW SOURCES IN
VALUE CHAINS

Regulatory frameworks in the Netherlands and European Union (EU) underscore the
significance of carbonaccountingasausefultoolforenvironmentalaccountabilityand
sustainability.

The EU Green Deal and the Dutch Climate Agreement and National Circular Economy
Program represent clear roadmaps toward net-zero emissions by 2050 and circularity
targets. These EU and Dutch legislation and programs require companies to track

1. The EU’s Corporate Social Responsibility Directive (CSRD), scheduled to be fully
implemented by 2024, necessitates companies to report on environmental and
societal impacts?.

2. Sustainable Carbon Cycles?, Industrial Sustainable Carbon: by 2028, any ton of
CO2 captured, transported, used and stored by industries must be reported and
accounted from its origin; by 2030, at least 20% of the carbon used in products
must come from sustainable non-fossil sources;

3. Initiativesmandating the use of recycled materials, such asthe Single-Use Plastics
Directive (SUPD)3 and the proposed revision of the Packaging and Packaging
Waste Regulation (PPWR)*, are stimulating organizations to trace the origins of
recycled content in their products.

Thesemeasurescollectivelyencouragetransparentcarbontracking,bothforcompanies

andgovernmentalbodiesintheEUandtheNetherlands.Companiesincreasinglyneedto

be able to prove claims on the sources of carbon in their products. Governments need
instrumentstotrackvaluechainsinordertosteerandvalidatenewandexistingpolicies.

THE CURRENT WAY OF WORKING IS VIA CERTIFICATION

Atthis moment, certification is the prevalent working method.To prove a claim on the
origin of a material (e.g., residual materials or biomaterials), certificates from the origin
(collecting/sorting plant for residual materials or biological sources) are needed. The
lack of digitalization and automation in this process increases human error likelihood.

1 Inthe Annex | of the European Sustainability Reporting Standards (ESRS) the reporting standards for resource use and circular
economy are described, including reporting on total weight and percentages of biological and recycled material.

2 See the site on Sustainable Carbon Cycles by the European Commission.

3 See this publication on rules for recycled plastic content related to the SUPD.

*See thesite on the revision of the PPWR

Organizationscancheckvalidityofcertificatesindatabases,butthereiscurrentlylimited
view on material flows along a supply chain.The current way of working does give the
governmentinsightintocertifiedsustainablecompaniesandlocationbutlittleinsightin
totalyield, the(ratiobetween)certified/sustainableoruncertified/unsustainablematerial
flows and the overview of a vertical supply chain

(PHYSICAL) CARBON ACCOUNTING IS UNDER DEVELOPMENT

Systemsforcarbonaccountingarebeingresearched,developedandalreadyimplemented
in several sectors. The textbox below mentions two other known initiatives.
Theseexamplesshowthatcarbonaccountingsystemsaredevelopedinparallel.Carbon
accounting,implementedinsuchsystems,enablestracingmaterialthroughvaluechains.
This has clear benefits:

- Transparencyinvaluechainsenablescompaniestoverifytheirsustainabilityclaims.
ACTScould,forexample, eliminatealotof workforcompaniesthatarerequired by
the CSRD to report their impact on people and the environment from 2024.

- Gaining insight on material flows by gathering (or bundling existing) data
and providing an overview of the value chain. This enables both companies and
governmental bodies to steer and reinforce policies. This could mean complying
with mandatory minimum recycled or renewable content by companies, but also
tracking the effects of policies by governmental policymakers.

«  Transfer information through the chain. A CTS can not only gather (correct)
dataoncarbonflowsinvaluechainsfollowingcertificationrules,butalsoselectively
transfer data from company to company, making sure confidentiality is not
compromised.

Other developments Carbon Tracking Systems

Severalcompaniesaredevelopingcarbonaccountingsystems,enablingtheirclients
to track materials and products in value chains. Two examples are:

Circularise offers a blockchain-powered traceability solution for comprehensive
supply chain oversight. It enables actors to share sensitive data while promising
no compromises to privacy. It promotes resource use improvement, provenance
verification, carbon footprint assessment, and impact analysis using mass balance
chain of custody.

GreenTokenisaweb-based SaaS solution by SAP thataims attackling the challenge
of proving sustainability and circularity in raw material supply chains. It uses
blockchain, mass balance, and tokenization principles. The platform is validated
through Proof-of-Concepts withindustry leaders and targets the chemicalindustry
Both examples are systematically similar to a CTS, with the most important
difference that the concept of CTS is developed with the government as an
additional user in mind.


https://ec.europa.eu/finance/docs/level-2-measures/csrd-delegated-act-2023-5303-annex-1_en.pdf
https://op.europa.eu/en/publication-detail/-/publication/43084f4a-03e7-11ed-acce-01aa75ed71a1/language-en
https://environment.ec.europa.eu/publications/proposal-packaging-and-packaging-waste_en
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ImplementingaCTSalso brings possible drawbacks that should be addressed beforeiit
can be implemented on a greater scale:

Confidentiality play a role when organization exchange information on products
and material sources.

Complexity of the value chain. When a company uses materials and products
from a variety of suppliers, which in turn have multiple suppliers themselves, the
complexity ofthevaluechainincreasesexponentially. ACTS should beabletodeal
with this complexity.

A CTS will be data-heavy. For a carbon accounting system such as a CTS to be of
use,alotinformationshouldbetransferred onmaterialsand productsthroughthe
(exponentially complex) value chain.

Working with a CTS will be additional work for companies to comply. The
additional work could be compensated by audit costs thatare notlonger needed.

In this study we have:

1.

2.

designed and built a prototype of a digital CTS that illustrates the benefits and
minimizes the drawbacks and;
done a comparative analysis of the benefits and drawbacks.

Togetherthese elementsallow ustoanswerourresearch question:Whatare the effects
of a Carbon Tracking System, compared to the current way of working?

Previous experiences by Kryha related to carbon tracking

Since 2018, Kryha has been involved in many projects related to traceability of raw
materials and green house gas emissions.

An example comparable to CTS is Re|Source, a collaborative traceability platform
that aims to ensure that all battery metals, starting with cobalt, in EV end- products
are sustainably sourced. Companies within the can account for every unit of battery
metal in their end-product and prove their origin. After confirming battery metals
origins, batches are traced and digitally verified. Inputs are matched with outputs,
andvitaldocumentsare uploaded and stored at every touchpoint, making relevant
informationreal-timeavailableforkeystakeholders, withrespecttothe confidential
nature of specific data. This results in verified claims, informed decision making,
and an industry wide collaboration to drive sustainability performance.

Next to this, Kryha has designed and built traceability products for the renewable
fuels, plastics, and mining sector.

Previous Carbon Tracking System projects

Since 2020, Rebel has undertaken several projects for the Dutch government
concerning the design and development of a Carbon Tracking System (CTS).

The first study, conducted for RVO and Topsector Energie in 2020, focused on
design principles for a CTS to map CO2 chain effects (scope 3) in the industry.
Rebel outlined design principles for a feasible system, emphasizing two preferred
variants: one tracking carbon origin and another that tracks CO2 emissions.
Recommendations included aligning system goals with circularity or emission
reduction,consideringtheinternationalcomponent,andensuringcomplementarity
with the ETS. A pilot was advised, preferably for the plastic chain, focusing on
simplicity, testing both variants, involving key players, and using fixed values to
address data gaps or complexity issues.

The second project was commissioned also by RVO and Topsector Energie.
Addressing the limitations of current industrial sector climate policies, the project
emphasized the need for a CTS to tackle Scope 3 emissions. It was undertaken to
enhance transparency and traceability in the industrial value chain via a CTS, and
aimed to administer the effects of circular measures, such as substituting fossil
raw materials with biomass, recyclate, and captured CO2. A pilot study, conducted
in the PET bottle value chain, explored the two CTS variants from the preluding
study. Variant B, mapping carbon flow origins, was preferred in the end. The
study concluded that a CTS is not only feasible and desirable but also necessary.
The participants endorsed its purpose, recommending careful determination of
emission allocation methods and control mechanisms for a successful prototype
implementation.

Commissioned by the Dutch Ministry of Infrastructure and Water Management
(lenW), this third project by Rebel focused on rules for calculating emissions from
carbon streams and origins. The study explores the feasibility of implementing
a carbon accounting system based on the traceability of carbon molecules’
origins. Studying variants of a CTS in the PET and asphalt chains revealed varying
levels of traceability. Findings suggest that a carbon accounting system could
complement existing methods, providing insights into emissions associated with
carbon origins. A challenge was dealing with assumptions in Life Cycle Analyses
(LCA).Recommendationsincluded furthervalidationin other chains, exploring the
feasibility of tracing carbon origins, and enhancing transparency while respecting
confidentiality constraints. Overall, the study underscores the potential of a carbon
accounting system to promote the use of sustainable carbon sources and reduce
CO2 emissions in industrial chains.
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3. Requirements and limitations of the prototype design

TheCTSisdesignedbased onacompletesetofrequirementsthatensurethenecessary
informationoverviewandinsightsforcompaniesandgovernmentalorganizations,while
recognizingthe confidentialityrestrictionsand operationalreality of supply chains.The
criteriaformamiddlegroundbetweenanenvisioned optimalfutureworkapproachand
a practical progression from current work methods. They have been collected based
ondeskresearchanddiscussions/interviewswiththegovernmentandindustryplayers.

The approach to developing requirements utilizes a backtracking methodology (see
figure2),structurally workinginreversefromthe envisioned outputstologically derive
the necessary inputs and information flow. This includes the following four steps:

1. Thedesired systemoutputsareidentified, based onfuture desired reporting.User
needs and stakeholder requirements are carefully considered to ensure that the
system outputs align with decision-making objectives.

2. The calculations required to generate these outputs are determined, keeping in
mind current and possible future calculation standards.

3. Specific system inputs needed for the calculations are identified.

4. Theinformation flow is determined so that the inputs, calculations and outputs
are integrated.

The resulting requirements from this methodology are as follows:
SYSTEM OUTPUTS

«  Totalquantityproduced (ton/kg);totalcarboncontent(%oftotalmass),(preferably)
total quantity (ton/kg/ yield %) carbon lost (for emission tracking)

«  Percentagedistributionofcarbonsourcese.g.50%bio-based,25%recycled-based,
25% fossil-based and proof of sustainability.

. Industry and government access to data updates (new incoming/outgoing
shipmentreviews),insights(totalproductionandcarbonsourcing, materialorigin)
via dashboard.

CALCULATION METHOD

«  Calculationis (initially) done according to the mass-balance chain of custody. This
allocation method is a common chain of custody model that allows tracking of
net(non-)sustainable materials while theyare mixed during processesand passed
through supply chains.This chain of custody has higher credibility, accountability
andlowergreenwashingriskcomparedto the bookand claim calculation method

1 Circularise (2022), Four chain of custody models explained

in which credits (and thus claims) can be traded, without any connection between
certificates and physical products. This method is currently commonly used since,
withouta CTS, itis the easiest chain of custody. Other chain of custodies (segregation,
identity preservation) can also be implemented in a CTS for products with specific
needs, but these have not been demonstrated with the prototype (see limitations)*.

«  Within the mass-balance chain of custody, the prototype follows the proportional/
technical balance allocation, meaning that % carbon sources of inputs are allocated
(based on their mass output proportion) to all outputs of the process. Other ways
of allocation are free allocation (supplier can choose distribution of sources across
outputs), polymers only, auto-consumption- or fuel-exempt (allocation allowance
depends on certain output properties).

- Differentiationbetweencarbon-intensivematerialsinputandmaterialswith<x%carbon
content, of which sourcing information may be excluded.

- Differentiationbetweenmaterialinputsforproductand materialinputusedasenergy
source (and not embedded into product).

«  Calculation of carbon lost during processing due to inefficiencies.

SYSTEM INPUTS

«  Quantity of material inputs and outputs for each process

« 9% Carbon atoms per material input

« % Carbon source (bio/fossil/recycled) per material

«  Process efficiencies to calculate carbon lost

«  Applied certification (e.g. ISCC) that correspond to material inputs

«  Production location (in some cases this information can be drawn from certificates)

INFORMATION FLOW

«  Suppliers should allow certain information (% carbon source bio/fossil/recycled
after processing) to flow to recipients (their customers). The benefit of a CTS is that
informationcanbepassedalongthesupplychaininatraceableandverifiablemanner.
Morespecifically,the systeminput datarequired canbearesultofthe CTS calculations
if the product supplier has uploaded the material batch onto the CTS and given
permission to share certain information with the recipient

«  Multi-party verification (supplier/recipient)

<

backtracking for model requiremeng

inputs Calculation method outputs

>

model information flow

Figure 2


https://www.circularise.com/blogs/four-chain-of-custody-models-explained#what-is-chain-of-custody-and-why-is-it-important-2
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Indeterminingtherequirements, certainelementswere excludedsincetheywerefoundto INFORMATION FLOW CTS
benice-to-havesthatcanbepartoffurtherdevelopmentstagesofaCTS,butconsideredout IntheAppendixAastepbystepvisualisationisgiventoexplainwhatinformationiscalculated
of scopeforaninitial prototypethatshouldillustratethefoundational functionand benefits and shred with supply chain partners and which information is not.

of a CTS. These limitations include:
Other chain of custodies including:
«  Other chain of custodies including:

1. Segregation, in which certified materials are not mixed with uncertified materials. ®
Thisallocationmethodallowsformoreproductdistinctionandhighercredibilityand ; [oRATIONToRCOERAYT
comesatahigherlogistical effortand cost. ACTS would be able toadministratively o & / . N
track the materials and provide an overview similar to the mass balance. S N

2. Identity preservation, is similar to segregation, but does not allow for mixing of '
certifiedmaterialsthathavethesamestandard.Thisrequiresanevenhigherlogistical i YYYY C
andauditingeffortandcostandallowscompaniestomakestrongeruniqueproduct g ‘1111 % B Bl C
claims. ” 11 — oy | - 5%

3. Book and claim, a commonly used method, in which credits (and thus claims) can - W w w i i ' i r 25%

betraded.Thismethodrequirestheleastauditingandlogistical effortbutmakesno . Toalkg

1 H . < | N ~ . .
connection between physical products and certificates. OO OO ' ________ L2y« Clostrsoumces

.« Otherallocationtypeswithinthemassbalancechainofcustodysuchasfreeallocaton .

(supplier can choose distribution of sources across outputs), polymers only, auto- ; ' :t: tz‘dd )
consumption- or fuel-exempt (allocation allowance depends on certain output _— e | §
properties). g j 1 7C%

«  OtherformsofdatainputsuchasExceluploadand APlintegration canbeaddedtothe g ' \ e c
CTS to integrate the system in existing internal administrations. © S % 17% 67%

«  Other certification documents such as REDcert and RSB based on government - .’ — ‘
standards (t.b.d.) and specific product properties (e.g. FSC for wood materials). Only J /
ISCC has been included in the prototype as this is generally considered as a standard B P
thatcoversawiderangeofsectors.However, thereare many more certificatesthatcan OTHER SUPPLIER Fossilbased carbon atom

Recycled carbon atom

be registered in a CTS.

«  More specifications on carbon sources e.g. differentiation between biomass source
based on 1st/2nd/3rd/4th generation feedstocks. If specific sectors need toadhere to
biomass standards, the CTS can be further developed to account for this.

«  Additional material characteristics like biodegradability and recyclability.

«  Therequirements include the calculation of carbon lost and carbon used for energy
sources during the processing, so that the companies can also report on resulting
carbon emissions since these flows that are not passed on. The prototype does not
includethecalculationsoftheseemissions (e.g.forCSRDreporting), butitisoptional to
include this as an additional step.

«  Therequirementsdo notinclude anotification when carbon crosses a EU border (e.g.
for CBAM reporting), but it is also possible to include this in the further development
of the CTS.

«  Information flow CTS

«  Inthe Appendix A, a step-by-step visualisation is given to explain what information is
calculated and shared with supply chain partners and which information is not.

s Processin this supply chain step

Figure 3. Preview of information flow in Appendix
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4. Prototype and validation

The purpose of designing a prototype for this project was to validate the desirability of
the solution and to validate more in-depth features of a future CTS. Before the design
work commenced, several (online) workshops were held. These sessions involved
representatives from the RVO, Top sector Energy (digitalization program), Unilever,
Ministry of Economic Affairs, Ministry of Infrastructure and Water Management and
Unilever. During these sessions, the dataand tool requirements were gathered togeta
betterunderstanding of whatfeaturesthesolutionhadtoencompass. Additionally, the
boundary conditions were defined with the same group.

This process was iterated after three validation sessions (with governmental actors,
UnileverandtheDutch Emission Agency(NEa).Theresulting prototype,outcomeofthis
iterativedesignprocess,wasvalidatedduringfeedbacksessionswithUnilever'ssuppliers.

[

Origin Supplier Producer Reviewer
Plastic recycler Packaging provider Detergent maker Government official

Figure4.Status of validation

As a result, the prototype and its features are validated by most relevant parties. See
figure 4

PROTOTYPE

Theresulting prototype can befoundfollowing thislink.Whenyou clickon thelink, you
will land on the dashboard for the supplier. From here, you can navigate to the other
featuresusingthenavigationmenu.Tonavigate, pleasefollowthefollowinginstructions:
Step 1:To hide/show Ul, pressXCommand +\ (ifyou're using an Apple device) or Ctrl+\
(if you're using a Windows device)

Step 2: To turn on/off full screen, press“F”

Step 3:Toknow where to clickin the prototype, just clickanywhere and follow the blue
highlighted boxes

Once you have walked through the flow of a single user, press “R” to navigate back to
the Main menu.

In appendix B, relevant screenshots from the prototype are explained.

FINDINGS FROM VALIDATION SESSIONS

Producer validation

1. Certifications: Selecta certification at the start of the outgoing flow in the system.
Then, use the information in certifications to autocomplete parts of the flow like
material type and allocation method.

2. ID number: As a unified identification number, use the material ID. Other
identification numbers can be added in future implementations.

3. Allocation: Allow multiple allocation methods in the later versions of the system
but use free allocation for prototype and the initial version of the product..Loss:
There is a need for including carbon loss in the form of yield.

4. Loss:There is a need for including carbon loss in the form of yield.

5. Multipleshipments: Allowmultipleshipmentsand materialsinthesameoutgoing
shipment. Use material ID to differentiate.

Government validation

1. Legislation: a CTS could work if enforced on producers in the Netherlands only,
if these producers receive information from international suppliers upstream.
However, ideally a CTS is applied EU-wide. The legislative implications should be
researched further.

2. Enforcement: A regulatory body (e.g., the Dutch Emissions Authority, NEa, in the
Netherlands) could be well placed to oversee and enforce the reporting for future
regulations regarding physical carbon.

3. Dedicated portal: Instead of receiving a static report from the organizations, the
NEaexpressedthatthatitwouldbebeneficialtohaveadedicated CTSinterfacefor
the governmental body that should oversee/enforce the regulation.

4. Additional data for report: The following data should be included in the dynamic
report that is shared by the organizations:

- What percentage of the total volume is certified;

- The sources of the material volume that contains carbon;

- Thepercentageofthetotalvolumethatiscertified ANDcomesfromarenewable
source.

5. Acceptancethreshold:Need to create a threshold foracceptance criteria e.g. with
regards to the volume, anything below 0,01% of the total volume is negligible.

Allpointsaboveareimplementedin the prototype, exceptforpoint 1and 2 from the
government validation because they do not directly relate to the prototype.


https://www.figma.com/proto/Su5an6BuuVIvNS4hGIbW9k/CTS-Prototype?page-id=1575%3A11309&type=design&node-id=1629-33914&viewport=729%2C283%2C0.02&t=YkH8quYbGpPS1q01-1&scaling=min-zoom&starting-point-node-id=1629%3A33914
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Supplier validation

1.

Mass balance as chain of custody — The CoC is now adapted to the customer’s

wishes.Asmoretoolsbecomeavailabletoimprovetraceability,suppliersarewilling

to use astricter chain of custody and can therefore make strong claims. Suppliers

endorsed the current use of mass balance in the prototype.

Open to different certification schemes — The system should be able to use

various certification schemes. Suppliers are currently mainly using ISCC as a

certification scheme and therefore the prototype uses ISCC.

Confidentiality - The ratio of raw materials and energy required per delivered

productis confidential. This has to do with the efficiency of the pricing of the party

in question.

1. Action: only make carbon loss from material and fuels used transparent to the
government / don't share data with clients.

Biodegradability - Addinginternational standard for biodegradability (compliant

with NEN/CEN) can be a useful addition

Smallplayers ((niche players) often are not certified due to costs to set up systems.

Next step is to investigate how/if a CTS can promote certification

Guidance and standardization - various systems are emerging (Circularise/

Greentoken, etc.). A possible advantage or unique selling point of CTS is that the

volumeofnon-renewableflowsarealsoregistered.However,suppliersarewaiting

for guidance and/or specific rules from their national government or the EU:

1. Requirements for certification

2. Focus on tracking CO2 emission or (starting with) carbon sources

3. Obligations for using sustainable carbon or materials

Provide incentives - - Offer financial incentives or subsidies for companies that

adopt sustainable carbon inputs, not only obligations. This is possible with direct

subsidiesandContracts-for-Difference(CfDs)forsustainablecarbonuseinmaterial

productionforbiobased and recycled carbon.The application of Carbon CfDs can

mitigate market uncertainty, fostering a stable investment environment.

Unfortunately, the supplier validation interviews took place after the prototype
was delivered. Therefore, point 2 and 4, could not be implemented in the prototype.
Furthermore, thefollowingsuggestionsfromsuppliersarecurrentlynotincludedinthe
CTS protoype:

Shipment system (contract number), also stated on certificate (which states
volume)

Unique supplier code

Base chemicals code (material codes)

A visualization of the mass balance

Cers

Dashboard

Welcome back, Jean

Integrations

Sync with SAP Sync with other systems

@ 24 new relevant records found ® Create shipments No new records found

Updates

Incoming shipments Outgoing shipments

(®) 2new shipments to review ® Review @ 1issue to review ® Review
Insights

Carbon accounting Laundry detergents v Unit:% v Source performance 2023 v Monthly v

Total products mass (tonnes) Total carbon (%)

123,064,098 50

OFossil OBio @Marine ©C02 O Plasticwaste © Unknown

Total carbon mass (tonnes) Total renewable carbon (%)

61,532,049 60 u
0000000000 O Fossit O co2 8 30%
0000000000 30 10 70 Marine

0000000000 W

Figure 5. Screenshot from dashboard in prototype
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5. Comparative analysis

This chapter presents a comparative analysis to assess the feasibility of the proposed

CarbonTracking System (CTS).Ouranalysisinvolvesacomparison betweenthe current

methodofcarbonaccounting,whichreliesheavilyoncertification,and the prospective

scenario in which the CTSisimplemented.The central question guiding this analysis is

whether the benefits of the proposed CTS outweigh the associated drawbacks.

This comparison serves several essential purposes, primarily:

- Decision support: Provides a structured way to evaluate the financial and
operational trade-offs between the existing and proposed system.

«  Resourceallocation:Helpsindeterminingtherequiredresourcesliketime, money,
and workforce for the implementation and operation of the system.

«  Impact assessment: The bottom-line benefits of the project.

Given the early development stage of the CTS, the main purposes of the analysis

is decision support. The analysis is based on in-house expertise, interviews and

comparisons with the current way of working.

The approach follows the following steps:
1. Description reference scenario

2.  Proposed measures

3. Effects per measure

4. Conclusion

The specific question the comparative analysis answers, in order to answer the
greater question of this research, is whether the increase in accessibility, reliability,
and potentially confidentiality outweighs the downsides of the development,
implementation and maintenance of a CTS?

Limitations of this comparative analysis:

- Itis assumed there are regulations in place that for example, reduce use of
fossil-based carbon. However, is unknown how the government will exactly
implementregulations. Itis assumed that no significant changesin regulation
occur.

- Adoption, acceptance and cost assumptions are not based on a market
consultation.

- ltis very difficult to estimate the cost of a Carbon Tracking System because:
- Itis not fully validated yet

It is not fully designed yet

It is unclear how many value chains (or products) will be using it

It is unclear if blockchain will be used.

It is unclear what the necessary level of system integration is.

It is unclear how many stakeholders should be onboarded

1Scope 3 GHG Emissions from European FMCG Companies in 2021 - GlobalData
2 Comment: Why it pays for companies to pick their battles in the transition to net zero | Reuters
3EUR-Lex -520225C0384 - EN - EUR-Lex (europa.eu)

Definition of used terms

thebreachingriskofdata/information (i.e.risk privateinformationis

et disclosed to a third party without the owner’s consent)

consistency and stability of data over time and across different
Reliability conditions (how controlled and trusted)

how close the data is to the actual or true value (how precise and

RS consistent)

Example quantification of costs of a CTS
Theinitialinvestmenttofullydeveloptheprototypedesignedinthisprojectincluding
verification, validation, implementation testing for a Minimum Viable Product, for
onevaluechainisestimated to be between EUR0.5-1 million.Scaling up the system
towardsaninitialproductionreadysystemisestimatedtobebetweenEUR2-5million.
The operational costs for running the production ready infrastructure of the CTS
will be about EUR 20.000 per year, per organization*. This is excluding the labour
costs of people using the system, potential software licensing and the support &
maintenance costs. The licensing and support & maintenance is dependent on the
software provider.

Costs in perspective of CO2 reduction potential

A CTS does not directly result in CO2 emission reduction and the CO2 emissions of
sustainable carbon source need to be calculated first, see also the text box on slide
13. Still, the potential reduction of CO2 emissions for fast-moving consumer goods
is enormous. For manufacturers, Scope 3 emissions are much higher compared to
Scope 1andScope 2 emissions (fromfactoriesand workplaces)!.For Unilever Scope
1 and Scope 2 make up just 2% of the estimated total footprint2. Of their Scope 3
emissions, about 70% can be traced to raw materials, ingredients and packaging.

InEurope,greenhousegasemissionsfrompackagingaloneareprojectedtoincrease
to 66 million tonnes of CO2 in 20303. This does not include scope3 emissions from
packaging of exported products. With current CO2 price of EUR 78 EUR/ton (Nov-23
d.d.13/11/23), thisisan equivalent of 5 billion. The potential is therefore enormous.

*This is the case if organizations wish to run their own system instance, with databases
separated and a blockchain node per company. This can be considered the costliest
option. Several variations are possible to lower the costs per organization.


https://www.globaldata.com/data-insights/consumer/scope-3-ghg-emissions-from-european-fmcg-companies-2096198/
https://www.reuters.com/default/comment-why-it-pays-companies-pick-their-battles-transition-net-zero-2023-11-15/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52022SC0384
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Inthissection,weoutlinethe currentscenario, oftenreferred toasthereference scenario.Thisrepresents the existingapproach to carbonaccountingandsetsthefoundationforcomparing

it to the proposed CTS.

REFERENCE SCENARIO

Traceability in reference scenario:

«  Material(source)informationisavailableperorganization,butnottrackedacross
entire vertical supply chains.

« Increased demand for information about material use from customers and
therefore companies, but limited information is available.

« Limited standardization of chain of custody and allocation (only posed through
certification schemes)

« Limited insights in source of carbon

Verification in reference scenario:

» Transactions/certificateshavetobemanuallyverified.Systemispronetohuman
error and inconsistency

« Shortage on the labor market, also for accountants.

Government reporting in reference scenario:
- Companies report manually (e.g. using forms)
« Increasedneedforinsightsforthe governmenton scope 3 emissions of material
usage:
+  Currently announced regulation is in place (e.g. CSRD)
+  Governmentconsidersadditionalinstrumentstoreduce scope 3 emissions,
of which one is more sustainable carbon sources

Ownership and data storage in reference scenario:

- Centralandcommerciallyownedcertificationsystems.Noblockchaintechnology
implemented.

PROPOSED MEASURES

Proposed measure for traceability

Carbon source, carbon percentage and certification tracked from origin to offtake
using a standardized digital system with automation of material and carbon source
traceability (e.g. mass balance).

Proposed measure for verification:

Transaction volumes are automatically verified and enforced based on pre-defined
principles. One of these principles is that the CoC rules of the certification should be
enforced.

Proposed measure for government reporting:
Link tracking system with government reporting. Governments can getinformation
from the same system used by companies in a controlled manner.

Proposed measure for ownership and data storage:
Blockchainimplementationwithdecentralownership/governanceofthesolutionand
distributed data storage.
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Theanalysiscoverstheadvantagesanddisadvantagesofimplementingthe proposedsysteminasinglelargeindustryforthevaluechainofone (massproduced)laundrydetergentwith the
assumption that government regulations of carbon sources are in place. The table below describes the advantages and disadvantages of the proposed measures.

SUBJECT AND MEASURE

Traceability

Carbon source, carbon percentage
and certification tracked from origin
toofftakeusingastandardizeddigital
system

ADVANTAGES

Data breaching risk is reduced because access is
granted based onroles and permissions. Data can't be
easily copied and modified.
Thereliability of dataincreases because datais verified
ateachtransactionpointandthesystemisstandardized.
Theaccuracyisimprovedbecausesystemhasenforced
logic built in. E.g., the mass balance principles of a
certification scheme.
Reducedinternaladministrationcostsoforganizations
duetouniformdigitalwayofworkingacrossthesupply
chain.

A standardized system can be scaled-up across many
supply chain partners and sectors.

SECONDARY ADVANTAGES

»  Moreinformationavailableleadingtomoreinsight
in carbon sources, thus leading to improved
steering mechanisms for stimulating the use of
sustainable carbon sources

. Higher chance of meeting reporting obligations /
less delays (less risk losing license to operate)

DOWNSIDES

More development and implementation costs
of this system compared to the current way of
working

Problems (bugs, errors, integrationfailure, etc.) in
the starting phase

Verification
Transactions/certificates
automatically verified, checked and
secured

The possibility of double-counting or invalid
certification and reporting is reduced because system
can have certain checks in place (e.g., automatic link
with ISCC database, amount claimed cannot exceed
amount certified etc.)

Operational costs of verification are expected to be
lower since it saves time to check sources. Note: a CTS
doesn’t avoid the need for audits (only reduce).

«  Lower risk of fraudulent behavior
. Morecertaintyforcompaniesandgovernmentthat
claims are correct

TTime and effort to implement a CTS

Several CTS-like systems might be introduced,
leading to possible issues on the interfaces or
integrations and double work.

Government reporting requirements
Linktrackingsystemwithgovernment
reporting

Moreinsightsforthegovernmentwithlimitedadditional
costs for insights in value chains
Implement legislation in time

Moreinsightof(potential) effectofgovernmentmeasu-
res on reducing scope 3 emissions. This may lead to
more measures to incentivize the use of sustainable
carbon

Timeandeffortputinthissystemwhileadifferent
system is implemented sooner

Ownership and data storage
Blockchain implementation

Increasedverifiabilityofclaimsbythecompaniesdueto
betterinsightinto transactions.Thisleads toincreased
trust by companies (see more information see here?).

MoretrustintheCTSsystembyparticipatingcompanies

Development costs are higher due to the relative
immaturity and complexity of the technology.
Maintenance costs are higher in the situation
where organizations run their own system
instances (i.e. fully decentralized).

General

Reduced costs forauditorsand accountantssince data
is gathered, checked and verified continuously.

Riskofdevelopingmultiple CTSlikesystems,while
one system is becoming the dominant, widely
accepted system
UsingaCTSmighttakemoretimefromcompanies
than periodic manual calculations

Table 1. Advantages and disadvantages of measures of a CTS compared to the reference scenario.
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Thefollowingtabledescribeswhetherthe neteffect permeasureis positive ornegative
(orneutral).Theneteffectsarebasedontheadvantagesand downsidesonthe previous

page and form the basis for the general conclusions on the right side of this page.

NET EFFECT PER MEASURE

Traceability

Positive: the costs of developing a CTS and the risk of another
system turning out to be the industry wide adopted system,
outweighsthepotentialbenefits.Onalong-termhavingaCTScan
save timein collecting information. Using a CTS might take more
time from companies than periodic manual calculations, but it
shouldreducetheneedcostsofexternalauditorsandaccountants
(see the graph below).

It can avoid delays and get more information with limited extra
resources (that are scarce at the moment). This should increase
the chance of companies meeting reporting obligations / less
delays and ultimately leading to more sustainable material use /
reduction of scope 3 emissions for industry.

Verification

Positive: the scarcity of resources resultants in “do more with the
same amount of people”. A CTS can help avoiding human errors
andinconsistency and create a better quality of dataand reduced
the need for extra resources.

Government
reporting
requirements

Positive:havingmoreinformationwillprovidethegovernmentthe
opportunity toimplement measures to reduce scope 3 emissions
better and it's easier to prove the net positive effect on CO2
reduction.

Ownership

Neutral/ unknown the additional trust companies may have in
thedataorthedecentralized systemin generalis hard to quantify.
Moreover, it is unknown if the higher costs of implementing a
blockchain-based CTS will outweigh the potential of additional
trust. This still has to be validated.

Table 2. Net effect per measure

CONCLUSIONS

Positive Impact of CTS:

In the long term, implementing a carbon tracking system (CTS) is beneficial as it
saves time, prevents delays, and enhances data collection with limited additional
resources,helpingcompaniestobecompliantandmeetemissionreductiontargets.
The potential benefits outweigh the development costs and the risk of another
system becoming industry-wide.
The use of a CTS s seen positively, particularly in resource-constrained scenarios,
as it allows for achieving more with the same workforce. It reduces human errors
and data inconsistencies, leading to higher data quality and reduced reliance on
extra resources.
Access to more information via a CTS is advantageous for government efforts to
reduce scope 3 emissions. It facilitates the implementation of effective measures
and provides clearer evidence of a net positive effect on CO2 reduction. Previous
studiescommissionedbyRVOconcludedthattracingcarbonatomsanddeducing
scope 3 emissions based on carbon lost is easier to implement and less data-
intensivethantracingCO2emissions.Thesestudiesalsofoundthatthismethodcan
be used for scope 3 emissions of carbon-intensive products but should be clearly
separated from scope 2 emissions and transportation emissions.

Neutral/Unknown Impact of CTS:

Theimpact of decentral ownership (decentral storage of data) on trustin the CTS
system is uncertain and difficult to quantify. Moreover, the high costs associated
with implementing a blockchain-based CTS may not justify the potential trust
benefits, leaving the overall effect as neutral or unknown.
The overall CTS costs are unknown until the industry further determines the
specificationsofthesystem,andwhichCO2reductiontargetscanbemetusingthis
system. In the next stage of development this should be further specified, but the
quantified benefits are likely to outweigh the costs

Relationship between a CTS, sustainable carbon & Scope 3 emission reduction

A CTS does not directly lead to CO2 emission reduction. However, it is a tool to
increaseinsightin carbon sources and can help to accelerate the use of sustainable
carbon. More information on Scope 1, 2 and 3 emissions and the Greenhouse Gas
Protocol for Product Life Cycle Accounting and Reporting Standards can be found
heret. An example of the relation between sustainable carbon and CO2 emission
reduction of a highand alow carbon content product can be found here?. For some
products, most Scope 3 emissions are found upstream, for others the larger part is
emitted during end-of-life treatment.

1GHG protocol for Product Life Cycle Accounting and Reporting Standards
2 Koolstofboekhouding rekenregels (overheid.nl)



https://ghgprotocol.org/sites/default/files/standards/Product-Life-Cycle-Accounting-Reporting-Standard_041613.pdf
https://open.overheid.nl/documenten/ronl-6386786e73d0d95ba13326d7de94230534de26ad/pdf
https://ghgprotocol.org/sites/default/files/standards/Product-Life-Cycle-Accounting-Reporting-Standard_041613.pdf
https://open.overheid.nl/documenten/ronl-6386786e73d0d95ba13326d7de94230534de26ad/pdf
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6. Suggested roadmap

Tobringtheprototypetowardsimplementationtoimportantnextstepsshouldbetaken:
further validation & technical research.

Validation

Before a Carbon Tracking System can be realised, further validation is required. This
section explains the main topics for validation and some of the key questions to be
answered.It'simportanttoconductthevalidationbeforestartingimplementation.This
will save a tremendous amount of costs down the line. Please note that this is a non-
exhaustivelist.Every step on the roadmap will unveil new insightsand new topicsto be
validated.

The first considerations should determine the general desirability for a CTS system

further upstream in the value chain and in different industries and validate specific

functionalitiesitshould have.Thelisthereunderdescribesthetobevalidatedelements:

«  The willingness to share data in a larger group of suppliers. Not only within the
supplier domain of Unilever, but also in different industries.

«  Underwhatcircumstancesthestakeholdersarewillingtosharedata.E.g.If certain
commercial value can be extracted from the system or only if regulation forces
them to adopt a CTS-like system.

«  What the preferred default chain of custody is/are and what the industry thinks
of the option to “downgrade” a chain of custody model. For example, from fully
segregatedtomassbalancewhensubstancesareblended.ltshouldbeinvestigated
howthispracticallyworkswiththecomplexityofvarioussupplychainsinmind(e.g.
keepingmindblending/mixing,theuse ofdifferentcertificationsinasupplychain,
the use of different systems, etc.).

«  Thenecessityforadedicated product UserInterface forthe stakeholders.In doing
so,alsoinvestigatewhatpartsofthesystemareredundantconsideringtherequired
carbondataandthe current system landscape of the organisations.l.e. What data
canberetrieved fromintegrationsand what type of systems are currently used for
managing (part of) the required data?

«  WhattypeofIDnumbersaremostcommonlyusedtoidentify shipmentsalongthe
supply chain.Indoing so, trytofindacommon denominatoramong stakeholders
and across industries if possible.

Next, it's important to validate the necessity of blockchain or distributed ledger
technologyforthissystem.Thefollowingvalidationtopicsand questionswillultimately
determine whether the use of blockchain technology is necessary:

«  Therequired level decentralisation for data storage.

- Arethestakeholderscomfortablewithallowinganexternalsoftware provider
tostoretheircarbon-related datainashared database orcloud system, evenif
othersupplychainstakeholders,possiblyincludingcompetitors,alsohavetheir
data stored there?

- When it comes to keeping data confidential, would the stakeholders be
comfortablewithanexternalsoftwareproviderhavingtheabilitytoaccessand
edit the carbon-related data on the platform?

«  Therequired level of decentralisation for platform management (governance)

- Would they be ok with a private/public organisation managing the software

centrally or should the platform have a decentralised governance structure?
«  Therequired level of public verifiability by external organisations or individuals.

- lIsitimportant to the stakeholders that claims can be (publicly) verified via a

digital solution by external parties and/or individuals?

OPERATIONALIZATION OF VALIDATION PHASE

Purpose: (in)validating the overall desirability of CTS and determining the need for
blockchain technology in the CTS.

Initial focus value chain: Robijn Klein & Krachtig
Duration: 3 months*

Necessary participants: VO, Top sector Energy (digitalization program), Unilever,
MinistryofEconomicAffairs,MinistryofinfrastructureandWaterManagement,Unilever,
three (+) tier 1 suppliers of Unilever and three (+) tier 2 suppliers of Unilever.

Method:Ideally conduct this validation via semi-structured interviews,ina 1:1 setting.
This will resultin the least biased results, with the highest quality of output. Online 1:1
interviews are also possible.

Additional notes: During this phase, the governmental bodies should findananswer to
the question:How do we as a country (or continent) want to steer on the carbon data?
l.e.whatdotheywanttheregulationregardingphysicalcarbonmanagementtolooklike?
This will provide input on the vision to be developed in the technical research phase.

ExperienceofKryhahasshownthatdevelopmentandimplementationismostefficientif
theDutchgovernmentwillallowtheprivatesectoretotaketheinitiativeonimplementing
one or multiple CTS' instead of taking the initiative themselves. This means that the
governmentwillonly providetheregulation, withassociated boundary conditions.Itis
then up to the market to answer with appropriate tools and systems.This is inherently
tied to the question if blockchain technology is needed or not. l.e. If the government
decides to take ownership of the solution, it does not make sense to use blockchain
technology in the CTS.
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Technical research

After the conceptual validation, a (technical) research phase should take place. This is
thefinalphasebeforeimplementationofthe CTScanstart.Atthispoint,it'sunclearwhat
route to take to realize the CTS system. Simply speaking, there are two options:

1. Source the software from a Software-as-a-Service (SaaS) provider (“buy”)

2. Build the software together with a software development company (“make”).
However, there are many factors that influence what option suits best.

First, considering the outcomes of the validations regarding the required level of

decentralization, it's important to create a vision on how the platform should be

governed. This should contain the following:

«  Adescription of what (kind of) entity owns the solution;

«  Thechangeprocessforthesystem.l.e.whoproposes,acceptsand checkschanges
to the system once it is operational;

«  Whoisresponsible forimplementation (of changes), maintenance and support;

+  How financing for system development, implementation, maintenance and
governance is ideally organized and managed.

The outcome of the above should provide guidance for a decision on the entity (type)

The outcome of the above should provide guidance for a decision on the entity (type)

responsible for the implementation and governance. This could be a for profit, non-

profit, not-for-profitor publicorganization.ltshould also provide guidanceindeciding

to either source the software from a Software-as-a-Service (Saa$S) provider or to build

the software with a software development company.

Second,iftheabovedoesnotyetexcludeeitheroneoftheimplementationoptions(make
orbuy),itisrecommended to conductamarketanalysis on potential SaaS providers for
option 1.Ifitturns out that thereis no SaaS provider on the market with a fully ready to
beimplemented product, whichis likely but not certain, the only option is to build the
software. The nuance to this statement is that there will be SaaS vendors that already
developedpartofthesolution.Of course, thiswouldstillmeanthattheremainderofthe
functionalities still have to be built. In the market research, try to identify what vendors
operateinthefield oftraceability/tracking systems, whatfunctionalitiesthey have built
intheirsystemandinvestigatehowthisoverlapswiththefunctionalrequirementsfrom
CTS..

Lastly, to decide to “make” or “buy” it is of course important to consider the costs for
development,implementation,maintenanceandsupport.Dependingontheoutcomes
ofthevalidation,thespreadofthecostswillvary greatly.Somefactorsthatwillinfluence
the costs are:

- How feature complete the current concept is (validation will point this out);

«  The (non-)necessity for a separate product interface;

«  The level of customization required per stakeholder;

«  Thelevel of system integration required per stakeholder;

«  Thelevel of support needed per stakeholder;

«  Thelevel of decentralization of the system and the infrastructure associated with
that.

After a decision has been made, it should be up to the software vendor to decide what
specific technology stack should be used for the implementation. For both options, it
willbeinvaluabletothatorganizationto providealistof (non-)functional requirements
tothevendor.Thiswillhelpthemtomakeacomprehensive productbackloginthe case
the software needs to be built or update their product backlog in the case the software
is sourced from a Saa$ provider.

Operationalization of technical research phase

Purpose: Determining whether to build (“make”) or source (“buy”) the software.
Initial focus value chain: Robijn Klein & Krachtig

Duration: 3-6 months*

Necessary participants: Same participants as the previous phase.
Method:(small)groupsessionsand1:1interactionswithpossibletechnologyproviders.
Additional notes: An outcome of this phase could be that ownership of the solution is
no longer the responsibility of the current stakeholder group, but the responsibility of
one or more technology providers. If the technology provider doesn't offer it directly
himself,itisadvisedtorequestaforum (e.g.workinggroup,committee, etc.)inwhichthe
collaboration between the technology provider(s) the government entities is secured.

Thisis necessary to keep alignment between (future) regulations and the systems that
are/will be built to meet the requirements of these regulations.
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7. Findings

In this section the major findings of this study are summarized to answer the research
question: What are the effects of a Carbon Tracking System, compared to the
current way of working?

The current way of working with certificates has limited transparency and
credibility

The lack of digital automation in the currently used system of certification increases
humanerrorlikelihoodanddoublecountingrisk-whereacertificateisclaimedbymore
thanoneentity.Organizationscancheckvalidity of certificatesindatabases, butthereis
currentlynooverviewof certified materialflowsalongasupplychain.Thecurrentway of
workingdoesnotgivethegovernmentinsightof(un)sustainablematerialflowsorallow
it to prevent double-counting.

Current tracking system developments are promising, but implementation remains
a challenge

Similar to this study, other tracking systems are being developed and tested through
pilotprograms.Keycommonalitiesincludetheexplorationofdecentralizedinformation
sharing, assessing the added value of blockchain (or decentralized data storage) and a
specific focus on scope 3 emissions and value chains. The existing systems prove the
benefitsofmoredigitizationandautomationofdatatransferincludingmoretransparency
foraccuratereporting and valuable insights through data analysis that can be used for
more sustainable strategies.

Implementing a CTS into a supply chain is challenging because of confidentiality
concernswhen(toomuch)informationistransferredbetweenorganizations.Moreover,
ifaCTSrequiresalotofinformationinput,itbecomes moredifficultfororganizationsto
integrate this into their existing systems.

A simplified approach to carbon tracking can overcome confidentiality and data
complexity concerns

Themainelementofthe CTSdesignedinthisstudythatsetsitapartfromothersystems
isitsdistinctfocus onthe source of carbonratherthanjust CO2 emissions. Supply chain
partners have expressed (in previous studies) that this information is easier to obtain
and to verify from an entire, international supply chain. This is because it is based on
productioninputandoutputinformationthatisalreadyknownandimportantdecisions
regarding carbon source are made in the beginning of the value chain whereas CO2 of
non-circularproductvaluechainsismostlyemittedend-of-lifeinwasteprocessingwhich
is harder to track for products sold worldwide.

Moreover, by tracking the carbon embedded in materials separately from the carbon
in fuels and other additives, confidential processing information does not have to be
passed on. Suppliers expressed no concerns regarding sharing carbon content (mass

percentageof Cinmaterial) orthesourceof carbon.However,itwasexpressedthatyield
is confidential especially regarding fuel use/efficiency of the process. This information
could be tracked separately and only reported to government, not to other partners.
The disadvantage of merely looking at carbon sources is that in order to know CO2
emissions the conversion to CO2 must be calculated and not all CO2 emissions can be
derived from carbon sources alone.

The CTS information output should be relevant for the government

The design of this system includes elements which ensure relevance for governments
to understand the impact of governmental steering instruments and other measures.
Theseelementsinclude consideration of both yield and non-renewable material flows,
emphasisontheshareofrenewablecontentratherthansolely proofofrenewability,and
an interface designed for information sharing with governmental entities.

The value of the CTS designed in this study depends on future government policy

The main components of a CTS is the information flow between supply chain partners.

Therefore, the benefit of CTS for an organization is limited if it cannot acquire

informationfromsuppliers.Thegovernment’sroleiscrucialinovercomingthisproblem

andacceleratingmaterialtrackingandsustainability. Theeffectsofthe CTSaretherefore

dependent on clear guidance on tracking methods by government including:

«  Rules for chain of custody (and allocation in mass balance/book and claim)

«  Steering on CO2, carbon source, minimum share of sustainable material use (e.g.
single use plastic directive)

«  Minimum data sharing requirements

«  Use of blockchain

It can be useful forthe governmentto further consult with the market players currently

developing carbon tracking systems to determine the specifications.

Blockchain and the role of the government
ExperiencehasshownthatanefficientwaytorolloutaCTSisifthegovernmentprovides
theregulation, withassociated boundary conditionsfora CTS, which allows the private
sectortotaketheinitiative onimplementing one or multiple CTS.Thisisinherently tied
tothequestionofwhetherblockchaintechnologyisneededornot.l.e.ifthegovernment
oranyotherorganizationdecidestotakefullownership ofthesolution,itdoesnotmake
sense to use blockchain technology in the CTS, as decentralized ownership is one key
element of blockchain.
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Given appropriate government efforts, the CTS advantages can outweigh the
disadvantages
ImplementingaCarbonTrackingSystem(CTS)hasnumerouspositiveimpacts,including
savingtime(ofexternalauditorsandaccountants)andenhancingdatacollectionenabling
more achievements with the same workforce. Additionally, it supports government
efforts to reduce scope 3 emissions by providing crucial information and evidence for
effective measures. These potential benefits outweigh the development costs.
Theimpactofblockchainisuncertainand difficult to quantify. Moreover, the high costs
associated with implementing a blockchain-based CTS may not justify the potential
higher trust in the system.

Recommendations
The overall CTS costs are unknown until further specifications of the system are
determined, and which sustainable carbontargets can be metusing this system.In the
next stage of development this should be further specified.
Our recommendation is to:
Enacting guidance on traceability, chain of custody and allocation into law and
regulations
(in)validatingtheoveralldesirabilityof CTSanddeterminingtheneedforblockchain
technology in the CTS.
Evaluating whether software should be developed by the government. And if so,
determining whether to build (“make”) or source (“buy”) the software or
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Appendix A - Information flow CTS: step 1

SUPPLIER

C C

Inputs such as energy sources Inputs with <x% C are excluded
used for the process and not from reporting
embedded into the product are

excluded

Determine different inputs
Determine input quantities
Determine C (carbon) content and non-C content

Determine source of carbon (bio/fossil/recycled

VAALLEREEY  Appendix

Bio-based carbon atom

- Fossil-based carbon atom

%

Recycled carbon atom

Process in this supply chain step
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Appendix A - Information flow CTS: step 2

Using mass balance chain of custody,

determine carbon content of product after

production process is done.

The mass balance calculation excludes

SUPPLIER

non-C mass, input with <x% C-mass, and
energy sources used for the process and not

NON-C

embedded into the product

Bio-based carbon atom

- Fossil-based carbon atom

Recycled carbon atom

% Process in this supply chain step
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Appendix A - Information flow CTS: step 3

INFORMATION FOR GOVERNMENT

Total kg produced

Total kg C lost

Information
C passed from
supplier to
Unilever

SUPPLIER

NON-C

Total kg not shared

\ 4 with client
-
LI I I ettt el < ° Clost + sources /

Determine how much of product is lost during production process (due to inefficiencies)

Information on how much product is lost and how much of the energy for processing (not embedded into the product) can be reported to the
government as this leads to direct (or indirect if lost product is later incinerated) carbon emissions.

The mass balance calculation is used to report the distribution of carbon content (% bio, % fossil, % recycled). This information is not only passed to

government but also to the product buyer so that they know the carbon content of their input.

Bio-based carbon atom

- Fossil-based carbon atom

Recycled carbon atom

% Process in this supply chain step
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Appendix A - Information flow CTS: step 4

INFORMATION FOR GOVERNMENT

Total kg produced

Total kg C lost

Information
C passed from
supplier to
Unilever

SUPPLIER

C

] Total kg not shared

] with client
C lost + sources

NON-C NON-C

Total kg produced

Total kg C lost

The buyer (Unilever in this case) ~ input A

C

makes similar calculations, based on Information
- 1 70/ passed from
0 supplier to

receiver

the carbon content information

passed on. Unilever then also

RECEIVER

reports to the government,

/

Bio-based carbon atom
OTHER SUPPLIER - Fossil-based carbon atom

_ Recycled carbon atom

% Process in this supply chain step
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Appendix A - Information flow CTS: step 5

INFORMATION FOR GOVERNMENT

Total kg produced

Total kg C lost

Information
C passed from
supplier to
Unilever

SUPPLIER

C C

NON-C NON-C

Total kg

not shared
with client

C lost + sources

Total kg produced

Total kg C lost

C Information
d f
1 7% Evj;;e\ier rtgm

receiver

RECEIVER

/

Bio-based carbon atom

OTHER SUPPLIER Fossil-based carbon atom

_ Recycled carbon atom

Process in this supply chain step
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Appendix B

This appendix gives a rough impression of the digital prototype. The full digital version can be found by following

Example 1: Example 2:

OriginThe first example shows how the organisation at the origin of the supply chain SupplierThisexampleshowshowincomingshipmentscanbereviewedbythesupplier.
makes an initial shipment entry. By filling in a row in the form, the user creates an The supplier checks contractual information and has the possibility to review carbon
outgoing shipment.Upon submitting the form, the shipmentandits associated datais content related data as well as the certification of that shipment.

digitally sent and allocated to the destinating organisation.

Oers (& o swowgansten oz )

Oers

Incoming shipments

Review incoming shipments

Create new shipment

Complete and review your information

New

Q. search

Shipment #1

Certification Cerific ver Valid uniit Material Desti Material ID: 328910

Material: PET
Company: Veolia Environnement .A.

: s o Accept o Submitforrevew
15cc rus 7] [scorwscomoman. | ((orizzuzs | [ elorersomes sarsz | ([untever roterdam - senetoxops, L

Material ID: 347152

Material: Recycled PET (rPET)
Company: Veolia Environnement .A.
Quantity: 20T

Source: Plastic waste

C%:20%

Certifications: ISCC plus.

o Accept  ® Submit for review

—
( cancet ) send > Material ID: 328910
S Material: Recycled PET (rPET)

Company: Veolia Environnement S.A.

o Accept  ® Submit for review



https://www.figma.com/proto/Su5an6BuuVIvNS4hGIbW9k/CTS-Prototype?page-id=1575%3A11309&type=design&node-id=1629-33914&viewport=729%2C283%2C0.02&t=YkH8quYbGpPS1q01-1&scaling=min-zoom&starting-point-node-id=1629%3A33914
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Appendix B

This appendix gives a rough impression of the digital prototype. The full digital version can be found by following

Example 3:

Unileverlnthisexample, the usercreatesareportthatissenttothe governmentagency
that should review the carbon related data. In this case, the user of Unilever has the
possility to toggle on/off the data that it wishes to send

O CTs (_'/g Unilever, Rotterdam - Benelux Ops, NL /
N~ 7

Report

Generate new report

What product category are you generating this report for?

Laundry detergents v
Choose the data you would like to include:

Carbon accounting

Source performance

Certified products

Material origin

Example 4:
GovernmentThelastexampleshows howagovernmentrepresentativeisreceivingthe
report with the carbon related data that - in this case - Unilever sent them.

Cers

Report summary

Claimed made by: Unilever, NL

Claim period: Q4, 2023

1. Carbon accounting

Total products mass (tonnes)

123,064,098

Total carbon mass (tonnes)

86,144,868.6

Total renewable carb

99,5

2. Source performance

Product line: Detergents

Report number: #6788

Renewable carbon scrore

99,5/100

Score performance
99,5%
(O]
5%
03 EEEEETTT T
2%
02 EE——
s2%

Q1 CEE—

0 10 20 30 40 50 60 70 8 % 100

Created for

P Rijsdienstvoor Ondememend
Nederland

Carbon source breakdown

o o

o 0
[elNe]
o O
[eNe]
® e
[eNe]
o o
[ele]
o o
[ele]

0000000000
000000000
0000000000

Fossi co2
© 013 O 55%

Plastc waste Marine
O 0% O 2o%

0000000000

0000000000

0000000000



https://www.figma.com/proto/Su5an6BuuVIvNS4hGIbW9k/CTS-Prototype?page-id=1575%3A11309&type=design&node-id=1629-33914&viewport=729%2C283%2C0.02&t=YkH8quYbGpPS1q01-1&scaling=min-zoom&starting-point-node-id=1629%3A33914

About Rebel

Rebel is a worker-led group of enterprises, with passionate
specialists that advise, initiate and invest. We have researchers,
analysts, investors, economists, developers, policy-makers,
advisors, engineers, operational and finance experts. We are
impact-driven and develop in under-served regions and markets
globally. One thing is clear, we all put our focus towards bringing
about positive change for society.

Rebels want to do this by stimulating shifts in civil issues. Ranging
from sustainability, transportation and mobility, to housing,
energy, urban regeneration, healthcare and the social sector.
Within these sectors, Rebels work on a wide range of topics:
think flood protection, improving social and healthcare systems,
investing in renewable energy, offering solutions for biodiversity,
waste management and transport; and overseeing and coaching
major infrastructural projects globally. This, is only a small slice.
We support this impact with honed skills in the financial field of
innovative modeling, strategy, economic and financial analysis,
data analysis, securing financing, and of course, bringing people
together. We also incite change not only by advising, but also by
investing in initiatives ourselves — we put our money where our
mouth is, and follow our own advice.

Rebel is proud to gather these dedicated colleagues, each of
them specialists in their field, and most of them co-owners of the
company.Theworldwideorganisationconsistsof20+ventureswith
offices in Rotterdam, Antwerp, Diisseldorf, London, Washington
D.C. LosAngeles,Sacramento, Toronto,Johannesburg,and Nairobi
— with projects all over the world.

NO

CHANGE

WITHOUT
A REBEL

Rebels in strategy & finance www.rebelgroup.com

B "‘ Contact:

Floor.Hooijman@Rebelgroup.com
tel: +31 616643071

Floor Hooijman

Contact:
Aurelia.Mohrmann@Rebelgroup.com
tel: +31 6 46 42 21 40

Contact:
Jurriaan.Vink@Rebelgroup.com
tel: +31 6 82848207
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Jurriaan Vink
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