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OVERVIEW

Sustainability Indicators for the Stellar network

-
- =Tl

Table 1: MiCAR Sustainability Indicators for the Stellar network

MiCAR Category

Energy

GHG Emissions

Waste Production

Natural Resources

MiCAR Sustainability Indicator

1. Energy consumption

2. Renewable energy consumption
3. Energy intensity

4. Scope 1 emissions — Controlled

5. Scope 2 emissions — Purchased

6. GHG intensity

7. Generation of waste electrical and electronic equipment
(WEEE)

8. Non-recycled WEEE ratio
9. Generation of hazardous waste

10. Impact of the use of equipment on natural resources

Details on the above metrics are explored in further detail in the following sections.
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Valuelyear

98,373.07 kWh
27.17%
0.000148 kWh
01tCO2e

31.60 tCO2e

0.000047540
kgCO2e

0.003134 tonnes

64.05%
0.00000313 tonnes

See Indicator #10
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Purpose and Objectives of the

BSF and this Addendum

The Blockchain Sustainability Framework (BSF),
released in February 2022 by PwC US and the
Stellar Development Foundation (SDF), was a
foundational assessment framework that allowed
blockchain organizations to evaluate their
environmental footprint using robust methodologies.
Informed by leading standards, market research,
and subject matter expertise, the BSF proposed
quantitative methodologies to calculate a blockchain
network’s energy usage and scope 2 greenhouse
gas (GHG) emissions and qualitative considerations
for e-waste and embodied carbon. While other
frameworks and studies have since emerged, the
BSF remains notable in its handling of multiple
consensus mechanisms while maintaining node
privacy and variances of node operators. By
defining consistent and widely-applicable
calculation approaches, as well as a common set of
key assumptions and data sources, the BSF
facilitated comparable and trusted sustainability
assessments across a range of blockchain
protocols.

However, since the time of writing, stakeholder
expectations and industry leading practices have
evolved, including the emergence of regulatory
reporting requirements and guidelines involving a
detailed range of sustainability topics (see Industry
Trends and the EU Markets in Crypto-Assets

Regulation (MICAR) for more information). As such,

SDF commissioned PwC to develop this addendum
to the BSF (hereafter, the “Addendum”). The
Addendum updates the BSF’s methodologies and
data sources as needed, proposes new quantitative
methodologies for additional sustainability
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metrics such as e-waste, and applies these
methodologies to the Stellar blockchain network.

The primary purposes of this Addendum are to
report on the Stellar network's sustainability
performance, highlight the methodologies used to
assess the Stellar network, and provide information
to support Stellar's ecosystem with their own
sustainability reporting. Additionally, the Addendum
may be used to assess the sustainability
performance of other blockchain networks by
leveraging the same or similar methodologies used
on Stellar, although the specific application of the
methodologies, data sources, and assumptions
described herein will likely vary network-by-network.
Other participants within the blockchain community
and environmental groups at large are also
encouraged to build upon the BSF and this
Addendum.

As the sustainability landscape and stakeholder
needs continue to develop, the BSF and this
Addendum are likewise expected to adapt
accordingly. This may entail the refinement of
existing methodologies, addition of new
methodologies (e.g., for water consumption),
updated data sources, and annual reporting on
Stellar’s sustainability performance. Through these
ongoing enhancements, the BSF intends to remain
a relevant, trusted, and useful resource for the
Stellar ecosystem and others in the blockchain
community committed to sustainability.


http://applewebdata:/8A882E41-A2D9-4B84-AF77-96E3C71303E0/#_heading=h.3j2qqm3
http://applewebdata:/8A882E41-A2D9-4B84-AF77-96E3C71303E0/#_heading=h.3j2qqm3
http://applewebdata:/8A882E41-A2D9-4B84-AF77-96E3C71303E0/#_heading=h.3j2qqm3

Industry Trends and the EU Markets in
Crypto-Assets Regulation (MiCAR)

As the range and adoption of applications
leveraging blockchain technology have grown in
recent years, so has the focus on blockchain’s
environmental impact. Depending on the consensus
mechanism used, a chain’s energy consumption
can be as high as that of some countries. As such,
applications using blockchain technology have the
potential to consume significant amounts of energy
and thus result in climate-warming GHG emissions.
In 2022, these environmental drivers in part
prompted the Ethereum blockchain to transition its
consensus mechanism from proof-of-work to proof-
of-stake, eliminating the need for energy-intensive
mining.

Efforts to reduce blockchain’s environmental
footprint also drew attention to other more energy-
efficient consensus mechanisms that do not rely on
the use of computational power and energy (mining)
or on token accumulation (staking). The Stellar
blockchain, for example, relies on proof-of-
agreement and does not offer advantages from
increased mining or staking power. On Stellar,
participation in transaction validation is based on
the reputation of the entities running validator nodes
and the trust they put in each other.3 Validator
nodes on the Stellar network do not compete for a
reward or receive any financial incentive but
collaborate to reach a network-wide, trust-based

agreement to validate transactions.

In reaction to stakeholder expectations and to track
and demonstrate the efficacy of measures to reduce
their environmental footprint, many blockchain
networks and platforms began to report publicly on

their electricity consumption and carbon emissions.
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This voluntary reporting has since expanded to
cover other relevant environmental impacts such as
e-waste generation and water usage.

As voluntary sustainability reporting proliferated
both inside and outside the blockchain industry,
including among traditional Fortune 500 companies
exploring blockchain applications, stakeholders
began to demand greater consistency and
transparency in reporting content, data sources, and
calculation methodologies. In response, a wave of
sustainability reporting requirements emerged
across jurisdictions and industries. Key examples
include the EU Corporate Sustainability Reporting
Directive (CSRD), the IFRS Sustainability
Disclosure Standards issued by the International
Sustainability Standards Board (ISSB), and the U.S.
Securities and Exchange Commission’s (SEC)
climate-related disclosures rule. In line with this
broader trend, the EU’s Markets in Crypto-Assets
Regulation (MiCAR) law, mandates reporting
around the adverse climate and environmental-
related impacts caused by consensus mechanisms.

1CNET. "How Much Power Does Crypto Use? The
Government Wants to Know." CNET,
https://www.cnet.com/home/energy-and-utilities/how-much-
power-does-crypto-use-the-government-wants-to-know/.
Accessed 1 Nov. 2024

2 European Securities and Markets Authority. "Markets in
Crypto-Assets Regulation (MiCA)." European Securities and
Markets Authority, European Union,
https://www.esma.europa.eu/esmas-activities/digital-finance-
and-innovation/markets-crypto-assets-regulation-mica.
Accessed 1 Nov. 2024

3 European Union. Regulation (EU) 2023/1114 of the
European Parliament and of the Council of 31 May 2023 on
Markets in Crypto-Assets. EUR-Lex,_https://eur-
lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32023R1114. Accessed 1
Nov. 2024



https://www.cnet.com/home/energy-and-utilities/how-much-power-does-crypto-use-the-government-wants-to-know/
https://www.cnet.com/home/energy-and-utilities/how-much-power-does-crypto-use-the-government-wants-to-know/
https://www.esma.europa.eu/esmas-activities/digital-finance-and-innovation/markets-crypto-assets-regulation-mica
https://www.esma.europa.eu/esmas-activities/digital-finance-and-innovation/markets-crypto-assets-regulation-mica
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32023R1114
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32023R1114
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32023R1114

More broadly, MiCAR establishes a regulatory
framework designed to enhance consumer
protection, improve market integrity, and enable
financial stability within the rapidly evolving crypto
ecosystem. Among other requirements, MiCAR
introduces mandatory reporting around relevant
sustainability indicators. It specifically targets EU-
based crypto-asset issuers (CAls) issuing asset-
referenced tokens (ARTS), electronic money tokens
(EMTSs), and other crypto-assets not covered by
existing financial services legislation, as well as
crypto-asset service providers (CASPs) that
provide custody, trading, portfolio management, and
other services.®> However, the objectives of

Table 2: MiCAR Sustainability Indicators

MICAR are also expected to have extra-territorial
effects given the interconnectedness of blockchain
ecosystems; for example, a CAl registered in the
EU that issues assets on a non-EU-based
blockchain network may depend on network data
for reporting purposes. Notably, failure to comply
with MICAR may result in penalties and restrictions
on operating within the EU market.

The European Securities and Markets Authority
(ESMA) was charged with establishing various
implementation and regulatory technical standards
for MiCAR, including the content, methodology, and
presentation of required sustainability indicators.

Although draft iterations of the standards required

Category Sustainability Indicator
1. Energy consumption
Energy 2. Renewable energy consumption

GHG Emissions

3. Energy intensity

4. Scope 1 emissions — Controlled

5. Scope 2 emissions — Purchased

6. GHG intensity

7. Generation of waste electrical
and electronic equipment (WEEE)

Waste
Production 8. Non-recycled WEEE ratio

9. Generation of hazardous waste
Natural 10. Impact of the use of equipment
Resources on natural resources
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Quant / Draft Standard Final Standard

Qual (October 2023) (July 2024)
Quant Mandatory Mandatory
Quant Mandatory Supplementary
Quant Mandatory Supplementary
Quant Mandatory Supplementary
Quant Mandatory Supplementary
Quant Mandatory Supplementary
Quant Mandatory Optional
Quant Mandatory Optional
Quant Mandatory Optional
Qual Mandatory Optional


https://www.esma.europa.eu/sites/default/files/2023-10/ESMA75-453128700-438_MiCA_Consultation_Paper_2nd_package.pdf
https://www.esma.europa.eu/sites/default/files/2024-07/ESMA75-453128700-1229_Final_Report_MiCA_CP2.pdf

reporting on ten mandatory indicators, the final
standards released in July 2024 differentiate
between mandatory, supplementary, and optional
indicators depending on in-scope entity type and
services offered. Table 2 below highlights select
indicators and how they have changed in the final
standard. Additional optional indicators exist around
scope 3 emissions, water use, and waste intensity.

Issuers of ARTs and EMTs were subject to MiCAR
obligations as of June 30, 2024, however MiCAR-
aligned white papers containing sustainability
disclosures remain rare as of the publication of this
Addendum. This may be explained in part by the
regulation’s number of transitional measures. For
example, requirements to publish a white paper do
not apply for crypto assets offered or traded before
MiICAR entered into force. Additionally, EU Member
States may implement transitional measures
allowing entities already providing crypto-asset
services under applicable law to continue offering
those services up until July 2026; Italy, for example,
has delayed CASP reporting requirements until
June 2025. Without such transitional provisions,
MiICAR will become applicable to CASPs on
December 30, 2024.

Among the few blockchain networks/foundations
and CAls already reporting in alignment with
MIiCAR, the ten originally mandatory indicators (as
shown in Table 2 above) are the most prominently
disclosed. Due to the importance to stakeholders
and the feasibility of assessing these ten core
indicators (see page 3 of the BSF for topic
rationalization), it is expected that the industry will
continue to focus on these indicators despite
several being classified as optional in the final
standards. This hypothesis is supported by the
finding that, even outside of MiCAR reporting, many
blockchain companies already report on energy
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consumption, energy intensity, and GHG emissions.
Regardless, MiCAR'’s focus on aligning with existing
EU regulations such as the Sustainable Finance
Disclosure Regulation (SFDR) and CSRD means
that, over time, stakeholders can likely expect more
robust and standardized sustainability reporting
across the crypto-asset industry.

The remainder of this Addendum discloses the ten
core sustainability indicators for the Stellar network
for 2024 and details the methodology, data sources,
and assumptions employed. While Stellar itself is
not directly subject to MiCAR, CAls that issue on
the Stellar network and CASPs that rely on Stellar
to provide crypto-asset related services (e.g., trade
on the Stellar network) may leverage Stellar's
indicators as inputs for their own reporting
purposes. In such cases, it is crucial to carefully
examine and scrutinize the methodology and data
sources to confirm they align with the network
partner’s requirements. SDF and PwC do not
assume responsibility for compliance with MiCAR.
PwC was commissioned to update the Blockchain
Sustainability Framework to provide measurements
for each indicator.

4 Italy. Decreto Legislativo 6 settembre 2024, n. 145.
Gazzetta Ufficiale,
https://www.gazzettaufficiale.it/eli/id/2024/09/10/24G00145/s
g#:~:text=DECRETO%20LEGISLATIVO%206%20settembre
%202024,%?20n. Accessed 1 Nov. 2024

5 European Union. Regulation (EU) 2023/1114 of the
European Parliament and of the Council of 31 May 2023 on
Markets in Crypto-Assets. EUR-Lex,

https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32023R1114. Accessed 1
Nov. 2024



https://www.gazzettaufficiale.it/eli/id/2024/09/10/24G00145/sg#:~:text=DECRETO%20LEGISLATIVO%206%20settembre%202024,%20n
https://www.gazzettaufficiale.it/eli/id/2024/09/10/24G00145/sg#:~:text=DECRETO%20LEGISLATIVO%206%20settembre%202024,%20n
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32023R1114
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32023R1114

Calculation Methodology and Results

The BSF proposed robust methodologies to calculate six key sustainability indicators, with additional
qualitative considerations provided for the remaining four indicators. As detailed below, these methodologies
were leveraged to calculate sustainability indicators for the Stellar network.

Table 3: Treatment of Core Sustainability Indicators in the BSF

MiCAR Category MiCAR Sustainability Indicator BSF Methodology

1. Energy consumption v
Energy 2. Renewable energy consumption v

3. Energy intensity v

4. Scope 1 emissions — Controlled v
GHG Emissions 5. Scope 2 emissions — Purchased v

6. GHG intensity v

7. Generation of waste electrical and o

electronic equipment (WEEE) Qualitative
Waste Production

8. Non-recycled WEEE ratio Qualitative

9. Generation of hazardous waste Qualitative
Natural Resources 10. Impact of the use of equipment Qualitative

on natural resources
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INDICATOR

Energy Consumption

Definition: Total amount of energy used for the validation of transactions and the Units: Amount
maintenance of the integrity of the distributed ledger of transactions, expressed in kilowatt-hours
per calendar year (kwh)

The BSF proposes two approaches to calculating electricity consumption for networks that run Federated
Byzantine Agreement (FBA) consensus mechanisms such as Stellar: direct energy measurements for a
reference piece of hardware or estimations based on minimum hardware requirements. Because direct
measurements for Stellar’'s core nodes were made available by SDF, the former approach was chosen. This
approach estimates the average electricity use per validating node using SDF’s core nodes as reference, and
then calculates total electricity consumption by extrapolating the per node average to the total number of
validating nodes in the network.

To calculate total energy consumption per node, the following equation from the BSF was used:

Formula 1:

2 E=(CPU+RAM*a+S*B)PUE+N*y
Where for purposes of the above:
E = total electricity consumption (W h)
CPU = electricity consumption of the central processing unit (Wh)
RAM = amount of memory used (GB)
a = coefficient to estimate electricity consumption of RAM (Wh / GB)
S = amount of data stored (GB)
B = coefficient to estimate electricity consumption of storage needed (Wh / GB)
PUE = power usage effectiveness (if applicable, if not = 1)
N = network data transmission, incoming and outgoing (GB)

y = coefficient to estimate electricity consumption based on data transmission (Wh / GB)

In this case, the direct ongoing CPU wattage of SDF’s nodes was not available through an RAPL (running
average power limit) interface. Per the BSF, the electricity consumption of the CPU was instead estimated as
a function of minimum and maximum wattage and average CPU utilization:
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Formula 2:

?{Iﬁ CPU = Minimum wattage + Average CPU Utilization * (Maximum wattage—Minimum wattage)

As previously discussed, SDF’s three core validator nodes were used as reference to calculate energy
consumption for the average node. SDF provided the following data at five-minute intervals for each of its
nodes over a trailing 30 calendar daytime period:

Data Field Description Unit
%CPU CPU utilization per node %
CPU,qres Cores per CPU #
RAM Memory usage per node Bytes
Storage (Disk) Storage usage per node Bytes
Network in (receive) Network traffic incoming to node bps
Network out (transmit) Network traffic outgoing from node bps

For each node, averages were taken across each relevant data field, e.g., average RAM used per node.
Additionally, average CPU utilization was calculated by dividing the %CPU by the number of cores, as

required per Formula #2.

Next, the following coefficients were sourced from publicly available documentation; the coefficients and

sources are described in greater detail on pages 24 and 25 of the BSF:

Coefficient Description Unit Illustrative Data Source
Coefficient for average minimum watts .
CPU,,; - w Cloud Carbon Footprint
min (0% CPU utilization) D
Coefficient for average maximum watts :
CPU,ax 2 w Cloud Carbon Footprint

(100% CPU utilization)

fficient for electrici
o C_oe SELE 00 EEEIE Usee e kWh! GB Cloud Carbon Footprint
gigabyte of RAM

Coefficient for electricity used per

B kWh|TB Cloud Carbon Footprint
terabyte of storage
PUE Power usage efficiency - Cloud Carbon Footprint
fficient for electricit i
- Coefficient for electricity used per min YWHh | GB Aslan et al

or byte of network traffic

10 PwC | Blockchain


https://www.cloudcarbonfootprint.org/docs/methodology/
https://www.cloudcarbonfootprint.org/docs/methodology/
https://www.cloudcarbonfootprint.org/docs/methodology/
https://www.cloudcarbonfootprint.org/docs/methodology/
https://www.cloudcarbonfootprint.org/docs/methodology/
https://onlinelibrary.wiley.com/doi/10.1111/jiec.12630

Units across the input data and sourced coefficients were converted for consistency. For each of SDF’s three
nodes, coefficients were applied to the directly measured input data per Formula #1 and Formula #2. This
yielded average hourly energy consumption per SDF core node. Energy consumption across the three SDF
nodes was then averaged and annualized to calculate average annual energy consumption for a reference

node.

Finally, average yearly energy consumption per node was multiplied by the 56 validator nodes active during

the collection period to calculate total network energy consumption per year. Per ESMA, energy consumption

should only be calculated when used “for validation of transactions and the maintenance of the integrity” of the

network.” As such, Stellar’s 56 active basic and full validator nodes were included in the calculation. Both basic
and full validators perform the same functions of running Stellar Core: connecting to peers, submitting
transactions, and storing the state of the ledger. The difference is that basic validators do not publish a history
while full validators do. It is also acknowledged that, by using SDF’s three core validator nodes as references
to calculate energy consumption for the average node, this approach may result in a high-end estimate for
energy consumption, given that SDF’s core nodes are among the most active on the Stellar network (referred
to as “the network” hereinafter). In future iterations of Stellar’s sustainability metrics, direct data may
additionally be sourced from non-SDF node operators to establish lower and upper bounds for energy

consumption.

Following the above steps, the Stellar network’s total annual energy consumption was 98,373.07 kWh.

7 European Securities and Markets Authority. Final Report on the Markets in Crypto-Assets Regulation (MiCA): Consultation
Paper 2. ESMA, July 2024,

https://www.esma.europa.eu/sites/default/files/2024-07/ESMA75-453128700-1229 Final Report MiCA CP2.pdf. Accessed 1
Nov. 2024
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INDICATOR

Renewable Energy Consumption

Definition: Share of energy used generated from renewable sources,
expressed as a percentage of the total amount of energy used per calendar year, Units:
for the validation of transactions and the maintenance of the integrity of the Percentage (%)

distributed ledger of transactions.

The second indicator represents the proportion of renewable energy to total energy consumed across the
network. This indicator is driven by the renewable energy mix (i.e., the percentage of energy supplied from

renewable sources) in each node’s location.

First, using the Stellar public network API, the location for each of the 56 validating nodes was collected. For

nodes operating outside of the U.S., country location was used; for nodes operating inside the U.S., state
location was used. Environmental information (e.g., renewable energy mix) is often available at a more
granular level for U.S. states, enabling a more precise estimation.

Data on each location’s renewable energy mix was sourced from the IEA (International Energy Agency) or
EPA (Environmental Protection Agency), with the IEA providing energy mix at the country level and the EPA
providing energy mix at the U.S. state level. For the purposes of this exercise, “renewable sources” were
considered to include nuclear, hydro, wind, solar, and biofuels/waste, excluding fossil fuels such as natural

gas, oil, and coal,

To calculate the total yearly energy consumption per location, the average yearly energy consumption per
validator node (see Indicator #1) was multiplied by the number of nodes in each country or U.S. state. This
resulted in total energy consumption per year per location. The respective renewable energy mix percentage
was then applied to energy consumption to calculate the yearly renewable energy consumption for each

location.

The total yearly renewable energy consumption for the network was obtained by summing the renewable
energy consumption across locations. This value was then divided by the total yearly energy consumption for
the network (see Indicator #1) to calculate the ratio of renewable energy consumption to total energy

consumption.

As a result, the total renewable energy consumption as a percentage of the Stellar network’s total

energy consumption was 27.17%.
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INDICATOR

Energy Consumption

Units: Amount

Definition: Average amount of energy used, in KWh, per validated transaction in kilowatt-hours
(kwh)

First, the total number of successful network transactions over a 30-day time period (the same time period
used in Indicator #1) was obtained from publicly available Stellar network statistics, with the assumption that
all transactions were processed using full validators. “Successful transactions” were specifically used in line
with ESMA’s current supervisory guidance to focus on validated transactions and maintenance of the ledger’s

integrity.

The 30-day total was annualized to arrive at yearly total transactions. Total network energy consumption (see
Indicator #1) was then divided by the total yearly transaction count to determine the energy intensity,
representing the energy consumed per transaction on the network. The energy intensity of a validated
transaction on the Stellar network is 0.000148 kWh per transaction.

13 PwC | Blockchain



INDICATOR

Scope 1 Emissions - Controlled

Definition: Scope 1 GHG emissions, expressed in tonnes (t) carbon dioxide Units: Tonnes of
equivalent (CO2e) per calendar year for the validation of transactions and carbon dioxide

the maintenance of the integrity of the distributed ledger of transactions equivalent (tCO2e)

Per the Greenhouse Gas (GHG) Protocol, scope 1 emissions are defined as the direct GHG emissions from

sources owned or controlled by the company — or in this case, the organizations that run the validation nodes
used to maintain the Stellar Network. The primary, if only, source of emissions across the network is the
electricity used by these validation nodes, however the organizations that run the nodes do not typically, if
ever, directly own the sources of electricity generation. Instead, they purchase electricity from the grid, which
is considered part of scope 2 emissions. As such, direct emissions were considered not applicable for

the Stellar Network, resulting in 0 tCO2e of scope 1 emissions.

14 PwC | Blockchain


https://ghgprotocol.org/sites/default/files/standards/ghg-protocol-revised.pdf

INDICATOR

Scope 2 Emissions - Purchased

Definition: Scope 2 GHG emissions, expressed in tCO2e per calendar year Units: Tonnes of
for the validation of transactions and the maintenance of the integrity of the carbon dioxide

distributed ledger of transactions equivalent (tCO2e)

Per the GHG Protocol, scope 2 emissions are defined as the emissions resulting from the generation of
acquired and consumed electricity. In the case of the Stellar network, this electricity is purchased by validation
node operators to validate transactions and maintain the distributed ledger, and thus it is considered an
indirect emissions source as the operating organization does not own or control the electricity source.

The GHG Protocol codifies two methods for scope 2 accounting: a location-based method reflects the average
emissions intensity of grids on which energy consumption occurs (using mostly grid-average emission factor
data), and a market-based method reflects emissions from electricity that companies have purposefully
chosen (or their lack of choice). Due to the number of validation nodes operating on the Stellar network and
the complex nature of market-based contractual instruments (e.g., renewable energy credits), it was deemed
impractical at this time to pursue the market-based method. Instead, the location-based method was
employed, given that the location of each node was readily available from the Stellar public network API (see
Indicator #2).

For each country or U.S. state hosting these validator nodes, electricity production emissions factors — or the
amount of CO2 equivalent (CO2e) emitted per kwWh of electricity generated on the grid — were sourced from a
range of reliable, public databases, including the European Commission (EC, 2021), the U.S. Environmental
Protection Agency (EPA, 2024), Brazil's Ministry of Science, Technology, and Innovation (2023), the North
American Industry Classification System (NAICS) database (2022), the Chilean National Energy Commission
(2023), the Mexican Government's Registro Nacional de Emisiones (RENE, 2023), India’s Central Electricity
Authority (CEA, 2022), and Taiwan’s Energy Administration (MOEAEA, 2022). For a select few locations, only
CO2/kWh rather than CO2e/kWh was publicly available; these discrepancies were considered de minimis
given the relatively low impact of non-CO2 gasses on the overall emissions factor (e.g., the difference
between CO2/kWh and CO2e/kWh typically ranges from 0-3% depending on the energy mix).

To calculate the scope 2 emissions (tCOZ2e) per country or U.S. state, location-specific emissions factors
(tCO2e/kWh) were applied to each location’s total energy consumption (see Indicator #2 for calculation).
Scope 2 emissions per location were then summed across locations to calculate the network’s scope 2

emissions. Total scope 2 greenhouse gas emissions for the Stellar network were 31.60 tCO2e.
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INDICATOR

Greenhouse Gas (GHG) Intensity

Definition: Average GHG emissions (scope 1 and scope 2) per validated Units: Kilograms of

carbon dioxide
transaction, expressed in kilogram (kg) CO2e per transaction (Tx) equivalent (kgCO2e)

To calculate GHG intensity — or the average GHG emissions emitted per successful transaction on the
network — total scope 2 emissions (see Indicator #5) was divided by the total yearly transaction count (see
Indicator #3). As previously discussed, scope 1 emissions are not considered relevant for the Stellar Network,
hence the exclusive use of scope 2 emissions to calculate GHG intensity. Converting appropriately, the

average GHG emissions per transaction on the Stellar network was 0.000047540 kgCO2e.
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INDICATOR

Definition: Total amount of WEEE generated for the validation of transactions
and the maintenance of the integrity of the distributed ledger of transactions per

calendar year

Generation of Waste Electrical and
Electronic Equipment (WEEE)

Units: Amount
int

To determine the annual waste electrical and electronic equipment (WEEE) generated by a blockchain

network, a depreciation time frame can be applied to the mass of the hardware used to run validation nodes.

This method estimates the amount of electronic equipment that is depreciated — or discarded — each year,

providing a measure of the e-waste produced by the network on an annual basis. See pages 35-36 of the BSF

for more information.

First, representative hardware for the top three cloud computers used by nodes across the Stellar Network

were selected based on subject matter expertise and other publicly available information (e.g., hardware

specifications published by cloud providers). These hardware combinations were used as proxies to represent

the range of cloud-based machines that run validation nodes. For each hardware component, the respective

mass in g was sourced from publicly available documentation (e.g., manufacturer spec sheets, retailer product

page). The chosen specifications are detailed below:

Proxy

Machine Component
CPU
RAM
1
Storage
Networking
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Representative Hardware Used

Intel Xeon Platinum 8124M

Micron 1x 16GB DDR4-2666 RDIMM
(MTA18ASF2G72PDZ-2G6E1)

Samsung SSD 950 PRO NVMe M.2 256GB

TrendNET 10G PCle Network Adapter
(TEG-10GECTX)

Product Machine
Mass Mass
107.39¢g
58.269

250.72g
9.07¢g
76.00g


https://www.intel.com/content/www/us/en/content-details/707428/intel-xeon-platinum-8124m-processor-20556-mdds.html
https://www.mouser.com/ProductDetail/Micron/MTA18ASF2G72PDZ-2G6E1?qs=j%252B1pi9TdxUYPgSecV9k6kg%3D%3D
https://www.mouser.com/ProductDetail/Micron/MTA18ASF2G72PDZ-2G6E1?qs=j%252B1pi9TdxUYPgSecV9k6kg%3D%3D
https://www.samsung.com/us/computing/memory-storage/solid-state-drives/ssd-950-pro-nvme-256gb-mz-v5p256bw/#specs
https://www.trendnet.com/products/10-gigabit-pcie-network-adapter-TEG-10GECTX-v4
https://www.trendnet.com/products/10-gigabit-pcie-network-adapter-TEG-10GECTX-v4

CPU AMD EPYC 7203 190.00g

RAM Corsair VENGEANCE LPX 32GB (2 x 16GB)
DDR4 DRAM 3200MHz C16 Memory Kit 49.90g
2 340.62g
Storage Gigabyte NVMe 256GB M.2 Solid State Drive
(GP-GSM2NE3256GNTD) 10.00g
Networking TP-Link 10GB PCle Network Card (TX401) 90.72g
CPU Intel Xeon Platinum 8168 107.399
RAM Crucial CP2K16G4DFRA32A Pro 32GB Kit 32.03
(2x16GB) DDR4-3200 =20
3 248.149g
Storage Silicon Power 128GB NVMe M.2 PCle Gen3x4 18.00
2280 SSD (SP128GBP34A60M28) 009
Networking ASUS XG-C100C 10G Network Adapter PCI-E 90.72g

x4 Card

The mass of each component was then summed to calculate the total mass of each reference machine. The

average mass across all three machines was calculated and converted to metric tonnes.

Per page 36 of the BSF, the average piece of equipment is assumed to be discarded after five years. As such,
the average machine’s mass was then divided by a depreciation timeframe of five years to calculate the

amount of waste generated by each machine per year.

Finally, the average amount of waste generated by each machine per year was then multiplied by 56,
representing the number of unique machines running each of the 56 validator nodes, to calculate the total
amount of WEEE generated by the network each year. The Stellar Network generates 0.003134 t of WEEE

annually.
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https://smicro.eu/amd-epyc-7203p-8c-16t-2-80-3-40ghz-64mb-120w-100-000001287-1
https://www.corsair.com/us/en/p/memory/cmk32gx4m2e3200c16/vengeancea-lpx-32gb-2-x-16gb-ddr4-dram-3200mhz-c16-memory-kit-black-cmk32gx4m2e3200c16?srsltid=AfmBOoo4kVC0sixcnb4NGNHV5zSEgdDKs_Jh4LRkT0uIgPd-t-YMWsZO#tab-techspecs
https://www.corsair.com/us/en/p/memory/cmk32gx4m2e3200c16/vengeancea-lpx-32gb-2-x-16gb-ddr4-dram-3200mhz-c16-memory-kit-black-cmk32gx4m2e3200c16?srsltid=AfmBOoo4kVC0sixcnb4NGNHV5zSEgdDKs_Jh4LRkT0uIgPd-t-YMWsZO#tab-techspecs
https://www.amazon.com/Gigabyte-256GB-M-2-PCIE-GP-GSM2NE3256GNTD/dp/B07YV3V4M5https:/www.amazon.com/Gigabyte-256GB-M-2-PCIE-GP-GSM2NE3256GNTD/dp/B07YV3V4M5
https://www.amazon.com/Gigabyte-256GB-M-2-PCIE-GP-GSM2NE3256GNTD/dp/B07YV3V4M5https:/www.amazon.com/Gigabyte-256GB-M-2-PCIE-GP-GSM2NE3256GNTD/dp/B07YV3V4M5
https://www.amazon.com/TP-Link-TX401-Ethernet-Supports-Including/dp/B08D71PVXG?source=ps-sl-shoppingads-lpcontext&ref_=fplfs&smid=A3M71O3D0PGOID&th=1
https://www.intel.com/content/www/us/en/content-details/707716/intel-xeon-platinum-8168-processor-20560-mdds.html?wapkw=Intel%C2%AE%20Xeon%C2%AE%20Platinum%208168%20
https://www.centralcomputer.com/crucial-cp2k16g4dfra32a-pro-32gb-kit-2x16gb-ddr4-3200-1-2v-22-22-22-udimm-low-profile-aluminum-heat-spreader-black.html?srsltid=AfmBOopnuboWCAwIooM9v25SvYeK4mCuGzdEI1JjvkJtwHD0nRT8vTIO
https://www.centralcomputer.com/crucial-cp2k16g4dfra32a-pro-32gb-kit-2x16gb-ddr4-3200-1-2v-22-22-22-udimm-low-profile-aluminum-heat-spreader-black.html?srsltid=AfmBOopnuboWCAwIooM9v25SvYeK4mCuGzdEI1JjvkJtwHD0nRT8vTIO
https://www.amazon.com/Silicon-Power-128GB-P34A60-SP128GBP34A60M28/dp/B09HMWH1DG?th=1
https://www.amazon.com/Silicon-Power-128GB-P34A60-SP128GBP34A60M28/dp/B09HMWH1DG?th=1
https://www.amazon.com/ASUS-XG-C100C-Network-Adapter-Single/dp/B072N84DG6/ref=sr_1_8?crid=195QBPW3COXV6&dib=eyJ2IjoiMSJ9.2qI4TdNnfnu5ulbh4TkW_DWE7TyQT1D3eIXiHBDEu6l-kGZxXkrFBhLJg9ZtkM9GTRTY2OcpQ6FzlbbXS-fzO7V7SKqLVyjnX8KuBOx8n6DC6NqD4GsVaVF_qAgGU2yD_y2tzS8nR4hMMGBvqQQ3SCXPAvQP5o3xRnuVBKOsLICZ5IXWYfg_EOjBoey4AyLZKM452bmJxpYD2h5-9jWB5RvGBhyU4-PJauUtkHQZ1jdMD6n5doXo0yiaiXA8veVAy_O73GD8EJsiLyc9cE8YLbqk2kqpEGzH2uuzUF66clA.Gb8JOKaon3m2PX-OBYqIvLcL7ShZv4hL3hed0ljBUBw&dib_tag=se&keywords=10gb+pcie+network+card&qid=1728064285&s=electronics&sprefix=10gb+%2Celectronics%2C88&sr=1-8
https://www.amazon.com/ASUS-XG-C100C-Network-Adapter-Single/dp/B072N84DG6/ref=sr_1_8?crid=195QBPW3COXV6&dib=eyJ2IjoiMSJ9.2qI4TdNnfnu5ulbh4TkW_DWE7TyQT1D3eIXiHBDEu6l-kGZxXkrFBhLJg9ZtkM9GTRTY2OcpQ6FzlbbXS-fzO7V7SKqLVyjnX8KuBOx8n6DC6NqD4GsVaVF_qAgGU2yD_y2tzS8nR4hMMGBvqQQ3SCXPAvQP5o3xRnuVBKOsLICZ5IXWYfg_EOjBoey4AyLZKM452bmJxpYD2h5-9jWB5RvGBhyU4-PJauUtkHQZ1jdMD6n5doXo0yiaiXA8veVAy_O73GD8EJsiLyc9cE8YLbqk2kqpEGzH2uuzUF66clA.Gb8JOKaon3m2PX-OBYqIvLcL7ShZv4hL3hed0ljBUBw&dib_tag=se&keywords=10gb+pcie+network+card&qid=1728064285&s=electronics&sprefix=10gb+%2Celectronics%2C88&sr=1-8

INDICATOR

Non-Recycled WEEE Ratio

Definition: Share of the total amount of WEEE generated for the validation of U
nits:

transactions and the maintenance of the integrity of the distributed ledger of Percentage (%)

transactions, not recycled per calendar year )

To calculate the amount of non-recycled WEEE generated by the network, the amount of e-waste generated
by each node’s machine can be multiplied by the (non-)recycling rate in its location.

Using the location data for each validation node (see Indicator #2 for details), the average recycling rate at the

country or U.S. state level was sourced from Yale University’s_Environmental Performance Index or Euonmia’s

“The 50 States of Recycling” report, respectively. To calculate the location’s non-recycling rate, the recycling

rate was subtracted from 100%.

Next, the annual amount of waste generated by the average machine (see Indicator #7) was multiplied by the
number of nodes in each location to calculate total WEEE generated in that location. The location’s unique
non-recycling rate was then applied to calculate the amount of non-recycled e-waste per location across all
nodes. Non-recycled e-waste was then summed across locations and divided by the total amount of e-waste
to obtain the network’s ratio of non-recycled WEEE to total WEEE generated. The Stellar network’s non-
recycled WEEE ratio is 64.05%.
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INDICATOR

Generation of Hazardous Waste

Definition: Total amount of hazardous waste generated for the validation of .
Units: Amount

transactions and the maintenance of the integrity of the distributed ledger of int

transactions per calendar year

In compliance with rules and regulations such as the EU’s Restriction of Hazardous Substances (RoHS)

Directive, hardware manufacturers often publish material declaration data sheets specifying the
amount/proportion of hazardous materials in their electrical and electronic equipment. Per the RoHS, ten
substances are defined as hazardous and thus restricted: lead, cadmium, mercury, hexavalent chromium,
polybrominated biphenyls (PBB) and polybrominated diphenyl ethers (PBDE), bis(2-ethylhexyl) phthalate
(DEHP), butyl benzyl phthalate (BBP), dibutyl phthalate (DBP) and diisobutyl phthalate (DIBP). These
materials were also assumed to be hazardous for the purposes of this Addendum.

First, the amount of hazardous substances for each reference piece of hardware across the three proxy
machines (see Indicator #7 for details on proxy hardware chosen) was sourced from publicly available
material declaration sheets and other RoHS or related compliance documents. As prescribed by the RoHS,
the amount of each hazardous substance only needs to be reported if it exceeds 0.1% of the total product
mass. In all corroborating information found for the relevant hardware products, the amount of hazardous
materials was stated to not exceed the maximum concentration of 0.1%, and thus no specific mass was

reported. As such, the amount of the hazardous substance per product was assumed to be 0.1%.

The below table notes the amount of hazardous substances for each hardware component and proxy machine
based on an assumed 0.1% of total mass (see Indicator #7 for product masses):

Hazardous Hazardous

Prox .
y. Component Representative Hardware Used Mass per Mass per
Machine .
Product Machine
CPU Intel Xeon Platinum 8124M 0.107g
RAM Micron 1x 16GB DDR4-2666 RDIMM
(MTA18ASF2G72PDZ-2G6E1) 0.058g
1 0.25¢g
Storage Samsung SSD 950 PRO NVMe M.2 256GB 0.009g
Networking TrendNET 10G PCle Network Adapter (TEG- 0.076
10GECTX) 7og

20 PwC | Blockchain


https://environment.ec.europa.eu/topics/waste-and-recycling/rohs-directive_en
https://environment.ec.europa.eu/topics/waste-and-recycling/rohs-directive_en
applewebdata://43DD221A-59D8-463F-9AB1-C553148E8CC4/#_heading=h.3whwml4
applewebdata://43DD221A-59D8-463F-9AB1-C553148E8CC4/#_heading=h.3whwml4
https://www.intel.com/content/www/us/en/content-details/707428/intel-xeon-platinum-8124m-processor-20556-mdds.html
https://www.mouser.com/ProductDetail/Micron/MTA18ASF2G72PDZ-2G6E1?qs=j%252B1pi9TdxUYPgSecV9k6kg%3D%3D
https://www.mouser.com/ProductDetail/Micron/MTA18ASF2G72PDZ-2G6E1?qs=j%252B1pi9TdxUYPgSecV9k6kg%3D%3D
https://www.samsung.com/us/computing/memory-storage/solid-state-drives/ssd-950-pro-nvme-256gb-mz-v5p256bw/#specs
https://www.trendnet.com/products/10-gigabit-pcie-network-adapter-TEG-10GECTX-v4
https://www.trendnet.com/products/10-gigabit-pcie-network-adapter-TEG-10GECTX-v4

CPU AMD EPYC 7203 0.190g

RAM Corsair VENGEANCE LPX 32GB (2 x 16GB)
DDR4 DRAM 3200MHz C16 Memory Kit 0.050g
2 0.341g
Storage Gigabyte NVMe 256GB M.2 Solid State Drive
(GP-GSM2NE3256GNTD) ey
Networking TP-Link 10GB PCle Network Card (TX401) 0.091g
CPU Intel Xeon Platinum 8168 0.107g
RAM . .
Crucial CP2K16G4DFRA32A Pro 32GB Kit 0.032
(2x16GB) DDR4-3200 ' g
3 0.248
Storage Silicon Power 128GB NVMe M.2 PCle Gen3x4 0.018 E
2280 SSD (SP128GBP34A60M28) —
Networking ASUS XG-C100C 10G Network Adapter PCI-E 091

x4 Card

As for WEEE generation, the total amount of hazardous substances per proxy machine was then averaged
across the three proxy machines to calculate the total average amount of hazardous substances for a single
piece of reference hardware. Again, assuming a five-year depreciation timeline, the mass of hazardous waste
per machine was divided by five to calculate the amount of hazardous waste generated by each machine per
year.

Finally, the amount of hazardous waste generated by each machine each year was multiplied by 56,
representing the unique machines running each of the 56 relevant validation nodes, to calculate the total
amount of hazardous waste produced by the network each year. The Stellar Network generates 0.00000313

t of hazardous waste annually.
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https://smicro.eu/amd-epyc-7203p-8c-16t-2-80-3-40ghz-64mb-120w-100-000001287-1
https://www.corsair.com/us/en/p/memory/cmk32gx4m2e3200c16/vengeancea-lpx-32gb-2-x-16gb-ddr4-dram-3200mhz-c16-memory-kit-black-cmk32gx4m2e3200c16?srsltid=AfmBOoo4kVC0sixcnb4NGNHV5zSEgdDKs_Jh4LRkT0uIgPd-t-YMWsZO#tab-techspecs
https://www.corsair.com/us/en/p/memory/cmk32gx4m2e3200c16/vengeancea-lpx-32gb-2-x-16gb-ddr4-dram-3200mhz-c16-memory-kit-black-cmk32gx4m2e3200c16?srsltid=AfmBOoo4kVC0sixcnb4NGNHV5zSEgdDKs_Jh4LRkT0uIgPd-t-YMWsZO#tab-techspecs
https://www.amazon.com/Gigabyte-256GB-M-2-PCIE-GP-GSM2NE3256GNTD/dp/B07YV3V4M5https:/www.amazon.com/Gigabyte-256GB-M-2-PCIE-GP-GSM2NE3256GNTD/dp/B07YV3V4M5
https://www.amazon.com/Gigabyte-256GB-M-2-PCIE-GP-GSM2NE3256GNTD/dp/B07YV3V4M5https:/www.amazon.com/Gigabyte-256GB-M-2-PCIE-GP-GSM2NE3256GNTD/dp/B07YV3V4M5
https://www.amazon.com/TP-Link-TX401-Ethernet-Supports-Including/dp/B08D71PVXG?source=ps-sl-shoppingads-lpcontext&ref_=fplfs&smid=A3M71O3D0PGOID&th=1
https://www.intel.com/content/www/us/en/content-details/707716/intel-xeon-platinum-8168-processor-20560-mdds.html?wapkw=Intel%C2%AE%20Xeon%C2%AE%20Platinum%208168%20
https://www.centralcomputer.com/crucial-cp2k16g4dfra32a-pro-32gb-kit-2x16gb-ddr4-3200-1-2v-22-22-22-udimm-low-profile-aluminum-heat-spreader-black.html?srsltid=AfmBOopnuboWCAwIooM9v25SvYeK4mCuGzdEI1JjvkJtwHD0nRT8vTIO
https://www.centralcomputer.com/crucial-cp2k16g4dfra32a-pro-32gb-kit-2x16gb-ddr4-3200-1-2v-22-22-22-udimm-low-profile-aluminum-heat-spreader-black.html?srsltid=AfmBOopnuboWCAwIooM9v25SvYeK4mCuGzdEI1JjvkJtwHD0nRT8vTIO
https://www.amazon.com/Silicon-Power-128GB-P34A60-SP128GBP34A60M28/dp/B09HMWH1DG?th=1
https://www.amazon.com/Silicon-Power-128GB-P34A60-SP128GBP34A60M28/dp/B09HMWH1DG?th=1
https://www.amazon.com/ASUS-XG-C100C-Network-Adapter-Single/dp/B072N84DG6/ref=sr_1_8?crid=195QBPW3COXV6&dib=eyJ2IjoiMSJ9.2qI4TdNnfnu5ulbh4TkW_DWE7TyQT1D3eIXiHBDEu6l-kGZxXkrFBhLJg9ZtkM9GTRTY2OcpQ6FzlbbXS-fzO7V7SKqLVyjnX8KuBOx8n6DC6NqD4GsVaVF_qAgGU2yD_y2tzS8nR4hMMGBvqQQ3SCXPAvQP5o3xRnuVBKOsLICZ5IXWYfg_EOjBoey4AyLZKM452bmJxpYD2h5-9jWB5RvGBhyU4-PJauUtkHQZ1jdMD6n5doXo0yiaiXA8veVAy_O73GD8EJsiLyc9cE8YLbqk2kqpEGzH2uuzUF66clA.Gb8JOKaon3m2PX-OBYqIvLcL7ShZv4hL3hed0ljBUBw&dib_tag=se&keywords=10gb+pcie+network+card&qid=1728064285&s=electronics&sprefix=10gb+%2Celectronics%2C88&sr=1-8
https://www.amazon.com/ASUS-XG-C100C-Network-Adapter-Single/dp/B072N84DG6/ref=sr_1_8?crid=195QBPW3COXV6&dib=eyJ2IjoiMSJ9.2qI4TdNnfnu5ulbh4TkW_DWE7TyQT1D3eIXiHBDEu6l-kGZxXkrFBhLJg9ZtkM9GTRTY2OcpQ6FzlbbXS-fzO7V7SKqLVyjnX8KuBOx8n6DC6NqD4GsVaVF_qAgGU2yD_y2tzS8nR4hMMGBvqQQ3SCXPAvQP5o3xRnuVBKOsLICZ5IXWYfg_EOjBoey4AyLZKM452bmJxpYD2h5-9jWB5RvGBhyU4-PJauUtkHQZ1jdMD6n5doXo0yiaiXA8veVAy_O73GD8EJsiLyc9cE8YLbqk2kqpEGzH2uuzUF66clA.Gb8JOKaon3m2PX-OBYqIvLcL7ShZv4hL3hed0ljBUBw&dib_tag=se&keywords=10gb+pcie+network+card&qid=1728064285&s=electronics&sprefix=10gb+%2Celectronics%2C88&sr=1-8

INDICATOR

Impact of the Use of Equipment
on Natural Resources

N - : . Units: Free
Definition: Description of the impact on natural resources of the production, the .
alphanumerical
use and the disposal of the devices of the DLT network nodes text

Per ESMA, natural resources are defined in Annex Il of the European Sustainability Reporting Standards as

“natural assets (raw materials) occurring in nature that can be used for economic production or consumption.”
Examples of natural resources include fossil fuels, minerals and metals, water, forests, soil, fisheries, and

wind and solar energy.

Across each lifecycle stage of devices (i.e., computers) used to validate transactions and maintain the integrity

of the ledger, natural resources may be consumed or adversely affected:

1. Production phase: the production of computers requires significant amounts of minerals such as silica,
cobalt, lithium, copper, and other rare earth metals.8 These finite, non-renewable raw materials are
extracted and used in components such as batteries, chips/processors, circuit boards, and hard drives.
Mining for such materials can have adverse impacts on the environment, including potential for
deforestation, habitat loss, soil and water pollution, and significant water usage. Additionally, the
manufacturing of computer components is energy intensive (electricity may be produced via fossil fuels or
renewable resources) and may further impact natural resources (e.g., water, fisheries, air, forests) through
the international shipping of materials and components for assembly via air, sea, rail, and road freight.

2. Use phase: Once computer hardware components are manufactured, assembled, and fully
operationalized (e.g., in a data center), the primary natural resources impacted are related to energy
usage and water consumption. Computers running nodes require electricity to function and validate
transactions, which may be produced by non-renewable fossil fuels (e.g., coal, petroleum, and natural
gas) and/or by renewable natural resources (e.g., solar, wind, hydro). The production of electricity not only
consumes natural resources but additionally may impact natural resources. For example, extracting fossil
fuels uses and contaminates significant amounts of water; constructing and deploying solar panels or wind
farms requires additional raw materials, energy, and may impact the surrounding habitat; hydropower

8 National Mining Association. The Computer and the Coal Mine. National Mining Association,

https://www.nma.org/pdf/m_computer.pdf. Accessed 1 Nov. 2024
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https://www.esma.europa.eu/sites/default/files/2024-07/ESMA75-453128700-1229_Final_Report_MiCA_CP2.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202302772
https://www.nma.org/pdf/m_computer.pdf

generators can affect the ecology and physical characteristics of waterways. The emission of greenhouse
gasses to produce electricity can also have knock-on effects via contributions to climate change, which
can cause soil degradation and erosion, forest fires, ocean warming and acidification, and water scarcity.
Finally, data centers — which are often contracted by node operators to run the virtual machines that
validate transactions — are increasingly reliant on water to cool their hardware. According to one study, the
data center industry directly or indirectly draws water from 90% of US watersheds,® which may impact
water quality and scarcity.

Disposal phase: When computers are discarded, they often end up in landfills or incinerators as e-waste.
This e-waste can contain hazardous substances such as lead, mercury, and cadmium which can lead into
the soil and waterways, contaminating ecosystems. Incineration of e-waste can also make hazardous
materials airborne, affecting air quality. Unless the computer is properly recycled (less than 25% of e-
waste gets recycled!9), the non-renewable raw materials it contains (e.g., gold, copper, aluminum) are
lost. Even when e-waste is recycled, there is energy required — and thus potentially some amount of
natural resources used and GHG emissions produced — for the recycling process, albeit less than required

by extracting and processing new raw materials.?

9Md Abu Bakar Siddik et al 2021 Environ. Res. Lett. 16 064017

10 Earth.org. Earth.org: Global Environmental News Platform. https://earth.org/. Accessed 20 Nov. 2024

11 Bayar, Y., Gavriletea, M. D., Sauer, S., and Paun, D. "Impact of Municipal Waste Recycling and Renewable Energy
Consumption on CO2 Emissions across the European Union (EU) Member Countries." Sustainability, vol. 13, no. 2, 2021, p.
656, https://doi.org/10.3390/su13020656.
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https://earth.org/
https://doi.org/10.3390/su13020656
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Conclusion

In conclusion, this Addendum serves as an enhancement to the
original Blockchain Sustainability Framework (BSF), providing a more
detailed and up-to-date methodology for assessing the sustainability
of blockchain networks. As demonstrated through its application to
the Stellar Network, the framework is designed to offer valuable
insights into the environmental performance of blockchain
technologies. By adopting this updated set of indicators, blockchain
operators and participants can better align with evolving stakeholder
expectations, regulatory requirements like the EU's MiCAR, and
industry leading practices in sustainability reporting.

The addendum specifically advances the measurement of key
environmental indicators such as energy consumption, renewable
energy use, GHG emissions, and waste generation. Moreover, the
framework's flexibility allows it to be adapted by other blockchain
networks, fostering broader industry adoption and enhanced
environmental accountability. Looking ahead, ongoing updates to the
BSF will be necessary to preserve its relevance in a dynamic
regulatory and sustainability landscape. These updates may include
the incorporation of new metrics, refined methodologies, and further
industry collaboration.

Through its continued evolution, the BSF, coupled with this
addendum, has the potential to be a cornerstone for sustainable
blockchain practices, supporting networks like Stellar and their
ecosystem in reducing their environmental impact and fostering a
greener future for blockchain technology.
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