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Abstract—Blockchain technology presents several sustainabil-
ity challenges, such as optimization problems and excessive en-
ergy usage, which developers may overlook. This study examines
how blockchain developers incorporate sustainability themes into
their conversations and the specific areas they focus on. We
analyze Go—-Ethereum developers’ issues and comments from
Github to identify key sustainability topics using the BERT
model. Our methodology examines themes related to energy
use and sustainability, considering five dimensions: economic,
social, individual, environmental, and technical, based on the
Sustainability Awareness Framework (SusAF). We also analyze
the network of developers engaged in these topics using centrality
measures and community detection. This reveals key influencers,
developer clusters, and trends in sustainability discussions. Qur
findings show a dominance of technical discussions, with a
growing focus on economic and environmental sustainability. This
analysis highlights key sustainability areas, identifies gaps, and
suggests factors to ensure the development of more sustainable
blockchain technologies.

Index Terms—Blockchain, Topic Modelling, NLP, BERT,
SusAF, Sustainability, Energy, Gas Consumption, Optimization,
Network Analysis

I. INTRODUCTION

Since its introduction, blockchain technology has witnessed
rapid growth and widespread adoption, attributed to its key fea-
tures such as security, scalability, transparency, immutability,
and traceability [1]. These features have driven the adoption
of blockchain technologies in a wide range of industries.

However, the surge in popularity of cryptocurrencies, espe-
cially Bitcoin, along with other blockchain implementations,
has raised significant concerns regarding their environmental
footprint. This is primarily due to the increased greenhouse
gas emissions and substantial energy consumption associated
with their operations [2]]. Such environmental concerns have
sparked ongoing debates within both scientific communities
and industry practices about the overall sustainability of
blockchain and distributed ledger technologies [3]]. A partic-
ular point of contention is the extensive energy requirements
driven by the computational processes they employ, notably
the Proof-of-Work (PoW) algorithm. This algorithm, com-
monly used in cryptocurrency mining, demands considerable
computing resources [4], highlighting the urgent need for a

reassessment of the energy efficiency of these technologies
(3]

This study aims to understand how developers prioritize and
address sustainability concerns in their projects. Analyzing
developer discussions is crucial because developers shape
the evolution of blockchain technology. These discussions
highlight practical challenges in implementing sustainability
measures and can indicate future trends toward sustainable
practices. They also reveal the tension between technical
optimization and environmental concerns, providing context
for policymakers and researchers. Understanding these conver-
sations can inform strategies to promote eco-friendly practices
in blockchain development and influence the future environ-
mental impact of blockchain technology.

Topic modelling offers a powerful tool to sift through
textual data to discover the main themes of a discussion.
This research explores a dataset comprising issues and
comments from Go-Ethereum developers and the network
of sustainability-related developers. The Go-Ethereum
command-line interface enables developers to operate full
Ethereum blockchain nodes and deploy smart contracts. Our
aim is to introduce a reproducible approach for analysing
the content of discussions among developers, assessing the
sustainability of the topics they engage with, and tracking
any developmental trends over time. This study is guided by
the following research questions:

RQ1: Are sustainability issues a topic of discussion among
Ethereum developers?

Rationale: Understanding whether sustainability is discussed
helps assess the community’s awareness of and engagement
with environmental and ethical issues. This is important for
evaluating potential future sustainability improvements in
blockchain technologies. Our findings indicate that while
developers have started addressing these issues, their efforts
are not yet adequate.

RQ2: How do sustainability-related discussions evolve
over time?

Rationale:  Analyzing the evolution of sustainability
discussions can reveal changing priorities within the
developer community and their responsiveness to global
trends. This provides insights into shifts in developer



attitudes and helps anticipate future project directions,
important for understanding the trajectory of blockchain
sustainability efforts. The analysis shows that the proportion
of sustainability-related issues peaked in recent years,
especially around the Ethereum Merge event in September
2022.

RQ3: Which sustainability-related developers are the
most influential? Are they also among the most influential
across the entire Go-Ethereum network?

Rationale: l1dentifying key influencers in sustainability
discussions  highlights individuals who shape these
conversations and influence sustainable  blockchain

development. Understanding their impact in both sustainability
discussions and the broader network shows how sustainability
concerns are integrated into the development process. These
users contribute to discussions and facilitate collaboration
and information exchange.

RQ4: Do developers engage in any active topic, or do
they select topics based on their specific domains (e.g.,
social vs. environmental discussions)?

Rationale: Exploring whether developers specialize in certain
topics helps understand how sustainability concerns are
distributed across the community. This is essential for
identifying gaps in expertise and ensuring comprehensive
coverage of blockchain sustainability. Our findings indicate
that developers prefer discussions similar to their previous
engagements, rather than responding randomly to any open
issue.

This study extends our previous work titled Sustainability in
Blockchain Development: A BERT-Based Analysis of Ethereum
Developers’ Discussions [6] presented at EASE 2024ﬂ In
this extended version, we have expanded our research to
include RQ3 and RQ4. These additional questions allow us to
further investigate the identification of influential developers in
sustainability discussions and to examine whether developers
engage with specific topics based on their domain focus.

The paper is organised as follows: in Section [lIj we present
the existing literature connected to this study; then, in Section
we discuss in detail the methodology. The results are
presented and discussed in Section [[V] along with the answer
to the research questions. Threats to validity are presented
in Section [V] Finally, in Section [VI| conclusions and future
research developments in this area are discussed.

The code used for this study is available at this Code Link.

II. RELATED WORKS

The analysis of sustainability and energy consumption of
blockchain technology has attracted significant attention from
the scientific community. This section outlines the key contri-
butions from recent literature, comparing them with some of
the of the objectives and methodologies of this study.

Qin and Gervais in [7]], Arshad et al. in [8]], and Asif et al.
in [9] provide general analysis related to energy consumption
and sustainability in Ethereum. The authors discuss platform’s
consumption, possible solutions and challenges to improve it,

Uhttps://conf.researchr.org/home/ease-2024

as well as the transition from proof-of-work to proof-of-stake
protocol.

An investigation about agile blockchain-oriented software
development principles and sustainability software design
principles was conducted by Pinna et al. in [10], where
they present a new Agile method for the development of
blockchain-oriented systems that includes sustainability aware-
ness practices within the development phases, in particular in
the requirements and the acceptance tests.

Eligiizel in [[11] presents a study on the relationship between
blockchain technology and sustainability through a descriptive
literature review, using topic modelling and clustering method
of latent semantic analysis (a social spider optimization tech-
nique) on the corpus of 1069 articles extracted from Scopus.

Another literature data mining work was carried out by
Liu et al. in [12]], where 759 articles extracted from Web
of Science related to blockchain technology in sustainable fi-
nancial field were analysed by keyword analysis, bi-clustering
algorithms, and strategic coordinate analysis so as to explore
the hot topics in this field and predict the trend of future
sustainable development. Also, related to the sustainability of
blockchain with applications in finance, a comparison using
a holistic approach between the old and new ways financial
transactions was conducted by Stamoulis in [[13]], analysing
their sustainability performance.

Ayman et al. in [14] created a topic analysis model con-
sidering data extracted from the smart contract developer
community on Stack Overflow, providing information on the
topics and issues discussed between the users.

Other studies on blockchain topic analysis are more focused
on using BERT-based models to analyse generic blockchain-
related topics with data extracted from social media such
as Reddit [15]], or based on abstracts gathered from USPTO
patents [16], highlighting in both cases the benefits of using
an NLP-based BERT textual analysis approach to examine
technological knowledge and relationships within the field
of blockchain technology. Complex networks approaches to
analyse blockchain systems have been widely used in the
context of understanding crypto markets [[17]], [18]], investment
networks [[19]], transactions patterns [20]], and smart contracts
dependencies [21]-[26] to mention a few. Regarding the
analysis of the network of Ethereum developers, to the best
of our knowledge there are no specific works in the literature
that consider the interaction between them based on issues
and comments extracted from GitHub. Previous literature has
focused on the interplay between developers’ sentiment on
Github and prediction of returns in crypto markets [27]-[29].
Other approaches similar to ours focus more generally on the
analysis of Open-Source Software (OSS). Some studies of
GitHub issues and comments related to OSS are proposed by
Mumtaz et al. in [30], with the feature “assign issues to issue
commenters”, and by Jamieson et al. in [31]], which considered
also commits related to Decentralized Web communities. They
analyse respectively 13 and 52 projects, aiming to exam
the social smells in the software teams before and after the
introduction of this new feature.

In this context, our work proposes a novel approach by
applying topic and developers’ network analysis of a particu-
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lar OSS example such as Go-Ethereum, providing important
insights for the analysis of similar ecosystems.

III. METHODOLOGY

This study proposes a reliable and reproducible NLP-
based approach to analyse discussion topics. The focus is on
identifying and providing insights into the most frequently
addressed themes by Ethereum developers in GitHub issues
and comments, especially those pertaining to sustainability. In
this section, we provide details of the dataset used, including
its statistical features, and explain the method we employed
to extract and analyse the topics.

A. Dataset overview and statistics

The dataset employed in this research was obtained from
GitHub, and centers on discussions related to Go-Ethereum
spanning from 2014 up to May 2023. Our analysis focuses on
the text of issues and comments linked to them, encompassing
a total of 15,954 issues and 50,023 comments. For every issue,
the dataset captures several pieces of information, including an
ID, the name of the author, the count of comments, the date of
the first posting, the date of the latest update, and the full text
of the issue. In a similar manner, each comment is detailed
by the author’s ID, the ID of the associated issue, the date
it was created, and the text of the comment itself. In Table [I|
we show an example of issue and in Table [lI| we present an
example of comment.

We have conducted data pre-processing to ensure data
quality as detailed below. We removed NaN values and stop
words to reduce noise and improve model’s performance. A
manual sampling of 600 comments revealed that code snippets
were primarily found in issue bodies rather than comments. To
minimise the impact of non-natural language content on topic
modelling, we merged the comments with their corresponding
issues into a single column. In this way, we could capture
the complete context of the discussions, while reducing the
influence of code snippets on the model’s performance.
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Fig. 1: Number of issues published per year from 2014 to
2023.

Figure|l|shows the year-by-year breakdown of issues posted
on GitHub. Omitting 2014, the study’s start year, and 2023, for
which data is only available until May, the yearly distribution

of issues is fairly even. The number of issues annually varied
from 1,398 in 2016 to 2,061 in 2022, with the highest
activity observed in 2018, featuring 2, 534 issues. This justifies
the following analysis given by year. Figure [2] shows the
distribution of the lifespan, in years, of closed issues. The
median time to resolution is 6 days, showing that half of the
issues were addressed within a week. Additionally, 75% of the
issues were closed in 83 days or fewer. Out of the total 15,954
issues, only 241 are still open. These open issues generally
last much longer than the ones that have been closed, with the
median open time showing that half of them stay unresolved
for at least 125 days. This may indicate that the issues that
remain open tend to be either more complex or contentious.
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Fig. 2: Lifespan of issues marked as closed in the dataset.

To each issue, we assign a measure of discussion intensity
based on the number of comments associated with it. The
distribution of this metric is plotted in Figure 3] It is important
to note that while a high number of comments can indicate
significant developer interest, it may also reflect the complex-
ity or contentiousness of an issue, or simply a prolonged
resolution process. Figure [3 shows that 75% of the issues
receive 4 comments or less, indicating that most discussions
are brief. The issue with the highest number of comments
(470) was titled “Rinkeby Faucet Down,” which remained
open for 186 days before being closed on March 19, 2022. This
high comment count likely reflects both the issue’s impact on
developers’ testing processes and the extended time required
for its resolution. This metric provides insight into the level
of discussion and potentially the complexity or importance of
the issue within the development process.

The data shows that while most issues are resolved quickly
with minimal discussion, a few require significant community
attention and take longer to address. We analyzed user activity
to identify the five most active contributors based on the
number of issues they initiated. The top contributors, with
user IDs 129561, 142290, 5959481, and 6264126, opened
1208, 863, 669, 455, and 426 issues, respectively. These
individuals are also among the top commentators, showing
their substantial engagement with the platform. We calculated
user lifespan as the time from their first to last recorded
activity. On average, users are active for 200 days, but the
median lifespan is only 1 day, indicating most users post a
single comment and then stop participating. This highlights the
brief nature of participation for many users in this ecosystem.



id number title user_fk repo_fk state
1720493704 | 27322 website: Matomo | 54227730 15452919 closed
update for cloud
migration
locked comments | created_at updated_at author_association | body
false 3 2023-05-22 2023-06-06 MEMBER “##  Description
20:41:03 19:38:11 Updates the Matomo
settings to include
new secondary
tracker for Matomo
Cloud migration
‘.env.local.example*
updated, along with
Netlify env vars”
TABLE I: Issue example
id user_fk | issue_fk created_at author_association | body
1557837189 | 142290 1720053500 | 2023-05-22 19:37:58 | CONTRIBUTOR That “live chat” is a scam.

Will ban the account asap.
Cc @aldekein

TABLE II: Comment example

Issue's Discussion Intensity

Frequency

10%
Number of comments

Fig. 3: Discussion intensity: number of comments per issues

132], [33].

Figure {4 show the steps followed for the dataset generation,
topic modelling and topic interpretation. The latter two are
explained in detail in the next two subsections.

B. Topic modelling

Topic modeling uses natural language processing (NLP)
techniques and probabilistic algorithms to identify topics from
text. We used the BERT (Bidirectional Encoder Represen-
tations from Transformers) model [34] due to its advanced
language context handling, efficiency with short texts, and
minimal hyperparameter tuning. By employing class-based
TF-IDF (c-TF-IDF) [35], BERT effectively associates words
with relevant topics, improving clarity and interpretability.
This approach produces topics identified by keywords, each
with a likelihood score. We used BERTopic, which uses
BERT’s contextual embeddings to analyze topics. The model
converts text into uniform hidden representations. Initial trials
on the full dataset produced ambiguous results with over 160
varied topics, leading us to adopt a semi-supervised zero-shot
method for more precise topic identification.

A semi-supervised zero-shot approach is a hybrid technique
that combines the advantages of both supervised and unsu-
pervised learning but does not require explicit examples of
every category for training. Instead, it uses known keywords

for some data points to infer the classification of unlabelled
data, even for categories not seen during training. Employing
this technique facilitated a more directed analysis, allowing us
to guide the model through the incorporation of issue titles
and the specific topics pertinent to our study, thus enhanc-
ing the model’s ability to classify discussions into relevant
and previously undefined topics. We applied KeyBER as
discussed by Khan et al. [36]], a tool developed specifically
for extracting keywords using BERT. This process involves
feeding the text from issues and comments into KeyBERT,
which then identifies and returns a set of keywords for each
document. These keywords are selected based on the phrases
within a document that most closely match the document’s
overall content. The resulting collection of keywords forms
a vocabulary that is used as input for CountVectorizer, a
component of Sklearn, aiding the BERTopic model in its
identification of topics. Furthermore, as described in [37],
employing a Zero-Shot classification model with unlabelled
data enhances the accuracy of topic extraction.

The model was created using containing the following can-
didate topics of interest: “consumption”, “consensus”, “cost”,
”, “management”,

energy”’, “fee”, “gas”, “green”,
2 “pOW”, “prOOf—Of—

9 ¢

“efficiency”,
“merge”, “mining”, “optimization”, “pos”,
stake”, “proof-of-work”, “protocols”, “scalability”, ‘“‘sustain-
ability”. These were chosen based on the literature reviews
provided in Section |I|and Ethereum’s transition from proof-of-
work to proof-of-stake, called The Merge which significantly
reduced energy consumption and gas emissions [38].

For each experiment, the embedding model used was
BAAI/bge-small-en E] which performs well with technical texts
and comments as shown by Blanco-Cuaresma et al. in [39].
é:lor the representative model we used facebook/bart-large-mnli

To evaluate the effectiveness of our topic model, we used
a method that combines topic interpretation with calculating
the coherence score c, as outlined by Roder et al. [40].

Zhttps://maartengr.github.io/KeyBERT/api/keybert.html
3https://ethereum.org/en/roadmap/merge/
“https://huggingface.co/BAAl/bge-small-en
Shttps://huggingface.co/facebook/bart-large-mnli



p

2: Build events.csv

datasets

3: Merge
datasets

1: Scrape

content issues.csv

N
<>

Scraper

comments.csv

commits.cvs

=)=

PY

OFF {3

5: Keywords

interpretation
3>
>

+
2
6: Sustainability

topics extraction

3
>

4: Extract
topics with
keywords

Topic 1

Topic 1
Keyword 1

BERTopic

Topic N Topic H

Keyword 10

List of topics List of

sustainability

names "
topics

Fig. 4: Research Methodology Applied To Topic Modelling Analysis

The coherence score yielded a value of ¢, equal to 0.66,
which is generally considered to indicate a satisfactory level of
coherence. However, the model generated a total of 165 topics,
a figure deemed excessively high. The emergence of numerous
small clusters prompted a subsequent experiment with the
min_topic_size = 30 parameter set, aiming to establish a
minimum size for each topic cluster.

In this revised model, the ¢, coherence value of 0.67 was
maintained, but the number of topics decreased to 58, making
the results easier to interpret.

A manual review of the topics validated the model’s find-
ings, showing them to be consistent.

C. Topic interpretation

In the process of topic interpretation, BERT generates a list
of 10 keywords for each topic, accompanied by a probability
score for each keyword. This score signifies the relevance of
the specific word to the given topic. The interpretation was
carried out using a dual approach: initially, Chat-GPT 3.5 anal-
ysed the keywords and their respective probabilities to identify
the subject of discussion. This automated interpretation was
subsequently validated through a manual review by the authors
[41]], [42]].

The use of Chat-GPT 3.5 for topic interpretation was
motivated by its ability to understand the context and meaning
of the keywords, similar to how a human would interpret them.
We tailored a prompt that instructed the tool to generate topic
labels based on the provided keywords and their probabilities,
ensuring a focused and relevant interpretation process. While
keywords alone may not always capture the full scope of a
topic, they serve as a strong foundation for both human and
machine interpretation.

Colavito et al. [42] demonstrated the effectiveness of GPT-
like models for automated labeling tasks of issues without the
need for fine-tuning. The study showed substantial agreement
between GPT-like models and human annotators, suggesting
that these models can be used to reduce the costs associated
with manual annotation.

To ensure the accuracy of the Chat-GPT 3.5 interpretations,
we also conducted a manual review process. This involved
examining the assigned labels and comparing them with the
keywords and their probabilities. The manual validation step
allowed us to confirm that the labels accurately reflected the
underlying topics.

After analysing the full list of topics, we focused on
isolating those pertinent to sustainability. This selection was
based on the labels assigned to each topic by Chat-GPT and
the top 10 words for each topic generated by BERTopic. A

topic was flagged as relevant to sustainability if its labels or
keywords matched any of the predefined subjects of interest
in the zero-shot model. Following the identification of all
topics associated with sustainability, we conducted a thorough
manual review to validate the findings.

D. Sustainability Network Analysis

For our network analysis, we began with a dataset of
1,468 developers and 2,752 issues, constructing a bipartite
network with developers as Layer 1 and issues as Layer 2.
Links between layers were established based on developers’
comments on issues, resulting in an undirected and unweighted
initial network. After removing 473 issues without comments,
we focused on the remaining 2,279 issues.

We created a bi-adjacency matrix where rows represented
developers and columns represented issues, with binary entries
indicating whether a developer commented on an issue. The
network density is 0.14%, with an average of 3.8 issues
commented on per developer.

Next, we construct the projections of the bipartite network
on Layer 1 (developers) and Layer 2 (issues) to characterize
developers’ relevance and thematic importance of issues.

First, we transformed the bi-adjacency matrix into a 1468
x 1468 adjacency matrix representing connections between
developers sharing at least one issue in common. To identify
influential developers, we calculated four centrality measures:
degree centrality (number of direct connections), betweenness
centrality (frequency of appearing on shortest paths between
nodes), closeness centrality (average shortest path length to
all other nodes), and eigenvector centrality (influence based
on connections to other influential nodes). Developers were
ranked based on these measures to identify key contributors
to sustainability discussions.

Next, we transformed the bi-adjacency matrix into a 2279
x 2279 adjacency matrix representing connections between
issues. Each entry in this matrix indicated the number of
developers who commented on both issues, resulting in a
weighted and undirected network. This transformation was
achieved using the dot product of the bi-adjacency matrix
transpose.

For visualization, the network displayed issues as nodes
and edges representing shared developer comments, with edge
thickness proportional to the number of shared comments. We
applied a color-coding scheme with 23 colors for specific top-
ics (micro-labels) and 6 shapes for SusAF measures (macro-
labels). Sixty isolated issues were removed to focus on the
connected component.



Topic labels Size SusAF measures
Gas Price and Transaction Fees 355 Egunomlc
Environmental
Database State Management and Trie 321 Indlvu‘:lual
Technical
P2P Network and Ethereum Build Process 319 Social
Technical
. Individual
Account Security and Keystore Management 274 Technical
Swarm Network and Manifest Management 234 SOCI.al
Technical
Tracing and Debugging with Tracers 188 Technical
Ethereum Source and Path Management 118 Technical @
Website Deployment and Management with Netlify 88 Technical @
Docker Image Management and Process Handling 84 Technical
EVM (Ethereum Virtual Machine) and Stack Management 83 Technical
Source and Path Management for Ethereum 80 Technical
Light Ethereum Subprotocol (LES) Client Logic and Capacity 73 Technical @
Peer-to-Peer Protocol and Node Discovery 70 Technical
Bootnode and Peer Management 69 SOCl.al X
Technical
Social
Peer Sync and Latency Management 66 Technical
Repository Management and Issue Handling 52 Technical
Whisper Protocol and Message Handling 48 Technical @
Framework and Library Management 46 Technical
Benchmark Analysis and Optimization 46 Env1ronmental -
Technical
Blockchain Status and Transaction Logs 37 Technical
. Social
Light Mode and Peer Management 36 Technical
. . Economic
Crypto Benchmarking and Performance Analysis 33 Technical
. . . Social
Community Support and Question Tracking 32 Technical

TABLE III: Sustainability topics interpretation results. The
symbols in the right column will be used later, in Sec.

We applied the Leiden algorithm [43|] to identify distinct
communities within the network, revealing six distinct com-
munities of issues. For each identified cluster, we calculated
in-density (proportion of connections within a cluster) and
out-density (proportion of connections between a cluster and
the rest of the network). These densities were compared to
those of randomly generated clusters by rewiring edges (hence
producing 10 randomized versions of the real network) to
assess the significance of the identified communities.

We then analyzed the distribution of SusAF measures
(EC/EN, EC/T, EN/T, /T, S/T, T) within each community to
understand which sustainability topics were prevalent. Addi-
tionally, we examined the creation year of issues within each
community to track the evolution of engagement with different
sustainability topics over time.

IV. RESULTS

In this section, we will discuss the findings derived from the
topic extraction, the sustainability evaluation and the network
analysis. These were conducted according to the guidelines
detailed in Subsection and within the framework estab-
lished by Duboc et al. [44].

The Sustainability Awareness Framework (SusAF) delin-
eates five dimensions of sustainability: economic, social, in-
dividual, environmental, and technical. The subsequent sub-
sections will explore the topics identified within these five
domains, detailing how the discussions among Go-Ethereum
developers correspond to and support each sustainability di-
mension. In Tab. we outline the topics identified as
relevant to sustainability by the model, with these findings

later confirmed through manual verification. The column la-
belled “SusAF measure” indicates the specific dimensions of
sustainability each topic pertains to, which we will explore in
greater depth in the next section.

After setting aside issues classified as “Undefined,” we
found that 2830 out of the 8665 total issues are connected
to sustainability, accounting for 32.66%.

Sustainability Awareness Diagram (SusAD)

Individual

Environmenit

locial

Economic

Fig. 5: Sustainability Awareness Diagram of the topic obtained

Figure [5] shows graphically how the discussions contribute
to the sustainability of blockchain technology always consid-
ering the five measures defined above. The plot was obtained
by considering the sum of topic sizes for each measure and
then normalizing the data.

A. Sustainability evaluation

The dataset employed presents numerous topics of dis-
cussion among developers. This study aims to discern if
any of these discussions address sustainability, gas and en-
ergy consumption, and the optimization of resource use. The
concept of sustainability, as outlined by the United Nations
Brundtland Commission in 1987, is to fulfill present needs
without hindering future generations’ capacity to meet theirs,
a principle further emphasised in the 2030 Agenda for Sus-
tainable Developmen(?]

This section begins with a broad analysis of the topics
derived from our experiments. Subsequently, we examine the
findings in light of the five sustainability dimensions defined
by the Sustainability Awareness Framework (SusAF) [44],
itself inspired by the Karlskrona Manifesto for Sustainability
Design [45].

Sustainability is a key factor in blockchain design and
development. The analysis of developer discussions, detailed
in Table indicates that sustainability is either a primary or
secondary focus in 22 out of 58 topics.

Figure [6] presents the top five topics as a percentage of all
annual issues, highlighting the main subjects of conversation

Ohttps://www.un.org/en/



Top 5 Most Discussed Topics Over Years
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Fig. 6: Percentage of issues per topic over the annual amount

among developers, with a strong emphasis on the technical
management of the platform.

Top 5 Most Commented Topics Over Years

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year

Fig. 7: Percentage of comments per topic over the annual
amount

Figure [/| displays the top five topics based on their share
of the total annual comments, reflecting the community’s
engagement with certain issues. Similar to the previous figure,
the most commented-on topics by developers are technical
in nature. For example, “Blockchain Status and Transaction
Logs” has been considered as relevant to sustainability at
the technical level by our framework. Conversations on these
subjects contribute to overseeing blockchain functionality and
the efficiency of transactions.

Percentage of Sustainable Issues Published per Year
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Fig. 8: Barplot of percentage of sustainable issues published
over the total published each year

The graph in Figure [§] presents the ratio of discussions on
sustainability-related topics to the overall number of topics
tackled within the same year. The focus on sustainability
among Ethereum developers reached its highest in 2021, with
2023 being a close second. This spike in discussion coincides

with the Ethereum Merge on September 15, 2022, when
Ethereum shifted from a proof-of-work to a proof-of-stake
consensus mechanism, slashing its energy consumption by
approximately 99.95%. This uptick in sustainability conversa-
tions likely occurred as the community prepared for the Merge
by discussing its implementation and continued post-Merge to
assess its impact on efficiency and ongoing operation. The dip
in sustainability-related discussions in 2022, the year of the
Merge, could be attributed to the predominance of technical
issues related to the transition, which may have steered the
community’s focus away from broader sustainability topics.

Sustainable Issue Duration

Frequency

0.0 1.4 2.7 4.1 55 6.8 8.2
Duration [y]

Fig. 9: Lifespan in years of sustainability related issues marked
as in the dataset.

The mean lifespan of a sustainability issue, as we can see
in the Figure [9] is 151 days instead of considering all the
issues the mean lifespan is 128 days. So this highlights that
sustainability issues in mean takes longer to resolve.

In our results we have 473 sustainable issues with 0
comments over an amount of 2752 sustainable issues. Over
the sustainable issues discussion we have 1468 different users
that comment an issue over 6694 users that comments all the
topics issues that correspond a percentage of 21%. Of these
1468 commentators, very few are extremely active: only 8
participate in more than 100 issues, with an average of 3.8
issues they participate in per user.

Moreover, we analysed the number of comments for each
sustainability issue, then we mapped each comment with the
ID of the user that posted the comment for considering how
many different users comment the issue over the total amount
of comments. We find a correlation of 99.84% meaning that
the users that comment are in general different. So the most
commented issues coincide with the issues with the most
commentators — meaning that the number of comments is a
good proxy for issue popularity.

B. SusAF measures discussion

The Sustainability Awareness Framework (SusAF) outlines
five dimensions of sustainability: economic, social, individ-
ual, environmental, and technical. The following subsections
explore how Go-Ethereum developer discussions align with
these dimensions.

1) Economic dimension: Economic sustainability focuses
on value creation, customer relationships, supply chain effi-
ciency, governance, and innovation. In the Go-Ethereum com-
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munity, topics such as ”Gas Price and Transaction Fees” and
”Crypto Benchmarking and Performance Analysis” highlight
economic sustainability [46]. Discussions emphasize reducing
transaction fees and efficient network management to enhance
adoption, user experience, and lower operational costs, thereby
supporting blockchain’s economic sustainability [47]].

2) Social dimension: Social sustainability emphasizes com-
munity cohesion, trust, inclusivity, equity, and active participa-
tion. Topics like ”P2P Network and Ethereum Build Process”
and “Swarm Network and Manifest Management” show the
importance of community engagement and collaboration [48]].
These discussions promote a robust, inclusive, and coopera-
tive blockchain community, supporting fairness and diversity.
Additionally, ”Community Support and Question Tracking”
exemplifies social collaboration among developers to enhance
blockchain usage [49].

3) Individual dimension: Individual sustainability includes
health, lifelong learning, privacy, security, self-awareness, and
free will. Topics like “"Database State Management and Trie”
and “Account Security and Keystore Management” highlight
privacy, security, and empowerment [S0]. These discussions
promote innovative thinking, problem-solving, and data in-
tegrity, essential for individual sustainability.

4) Environmental dimension: Environmental sustainability
focuses on resource management and reducing environmental
impact. Discussions on “Gas Price and Transaction Fees”
and "Benchmark Analysis and Optimization” address reducing
energy demands and environmental footprint [51f]. These top-
ics emphasize waste minimization and efficient resource use,

User ID
129561
142290 0.3690

6915 0.2564
111600 0.1858
10137 0.1809

Degree Centrality
0.5062

Betweenness Centrality
0.3943

Closeness Centrality | Eigenvector Centrality
0.6430 0.4162

0.3270

0.2468

0.1631

0.1936

0.2318
0.1313
0.0853
0.0626

0.5842
0.5441
0.5177
0.5168

TABLE 1V: Centrality measures of Go-Ethereum developers
in all topics discussions.

User ID | Degree Centrality
129561 0.5488
142290 0.4099

6915 0.2801

10137 0.2053
111600 0.2029

Betweenness Centrality
0.4432
0.2758
0.1495
0.0850
0.1019

Closeness Centrality
0.6838
0.6214
0.5745
0.5471
0.5460

Eigenvector Centrality
0.4375
0.3383
0.2558
0.1866
0.1649

TABLE V: Centrality measures of Go-Ethereum developers in
sustainability discussions.

supporting a sustainable relationship with natural resources.

5) Technical dimension: Technical sustainability involves
maintaining, adjusting, securing, and scaling systems to adapt
to changing environments. Issues like “P2P Network and
Ethereum Build Process,” “Tracing and Debugging with
Tracers,” and “Repository Management and Issue Handling”
demonstrate the importance of creating resilient and adaptable
technological solutions [44]. These efforts ensure long-term
sustainability and flexibility, fostering innovation and growth.

Finally, Table [[II] shows how the extracted topics affect
the five sustainability measures defined by Duboc et al. [44].
Developer discussions mainly contribute to the platform’s
technical sustainability, with indirect benefits to social, individ-
ual, economic, and environmental aspects by reducing energy
consumption and optimizing emissions.

To summarise our results, the first question, RQ1, asked:
Are sustainability issues a topic of discussion among Go-
Ethereum developers?

Answer to RQ1: Our findings reveal that out of the 58 top-
ics identified, 22 were related to sustainability, indicating
that sustainability is indeed a subject of discussion among
Go-Ethereum developers.

The second question, RQ2, asked: How do sustainability-
related discussions evolve over time?

Answer to RQ2: The analysis shows that the proportion
of sustainability-related issues peaked in 2021, closely
followed by 2023, suggesting an increased focus on sus-
tainability topics in recent years, particularly around the
time of the Ethereum Merge event in September 2022.

C. Sustainability Network Analysis

This section examines developer participation in sustain-
ability discussions through a network analysis following the
methodology explained in Nodes represent developers,
and edges indicate shared comments on sustainability-related
GitHub issues. The strength of connections increases with
the number of shared comments, revealing collaboration and
influence patterns.

We first consider the bipartite network developers-issues
projection onto Layer 1 (developers only). To identify influ-



(a) Network of issues.

(b) Communities in network of issues.

Fig. 12: Left Panel: Network of commented sustainable issues. Links represent shared developer comments on issues, with
thickness proportional to the number of shared comments. Nodes are colored by 23 sustainable topics and shaped by 6 SusAF

measures (legend in Table [ITl} right column).

Right Panel: Network colored by community detection using the Leiden algorithm, showing 6 communities: 649 (blue), 614
(green), 560 (yellow), 180 (red), 151 (purple), 65 (gray), totaling 2,219 nodes.

ential developers, we used four centrality measures: degree
centrality, which counts direct connections and shows how
active a developer is; betweenness centrality, which identifies
intermediaries who bridge groups; closeness centrality, which
indicates how efficiently a developer can spread information;
and eigenvector centrality, which highlights developers con-
nected to other influential developers. Tables [[V] and [V] list the
top five developers by user ID and centrality measure values.
From Table [V] we see that developer 129561 ranks highest
across all centrality measures, highlighting their crucial role in
sustainability discussions within the Go-Ethereum community.
This developer is very active in discussions (high degree cen-
trality), acts as a key information conduit (high betweenness
centrality), is closely connected to others (high closeness
centrality), and is influential among influential developers
(high eigenvector centrality).

Developer 142290 also shows significant influence, particu-
larly in connecting different groups and efficiently dissem-
inating information. Developers 6915, 10137, and 111600
also rank highly across various metrics, underscoring their
important roles in promoting sustainability discussions within
the community. The third question, RQ3, asked: Which
sustainability-related developers are most influential? Are
they also influential on the entire Go-Ethereum network?

Answer to RQ3: Key developers facilitate collabora-
tion and information exchange, potentially accelerating
the adoption of sustainability practices within the Go-
Ethereum project. The users crucial for sustainability are
the same as those listed in Table [IV] indicating their
potential influence across the entire network.

We, then, consider the bipartite projection on Layer 2
(issues). Each node in the network represents an issue, and
links represent shared comments by developers, with link
thickness indicating the number of shared developers. We
focused on the connected component of the network (i.e., the
set of nodes connected by paths), excluding 60 isolated issues.
Each issue is categorized under two labels: a micro-label for
the specific topic (left column of Table [Il) and a macro-label
for the related SusAF measure (right column of Table[ITI). The
dataset includes 2,279 issues across 23 topics (micro-labels)
classified into 6 SusAF measures (macro-labels): EC/EN,
EC/T, EN/T, I/T, S/T, T (Economic & Environmental, Eco-
nomic & Technical, Environmental & Technical, Individual &
Technical, Social & Technical, Technical).

The distribution of macro-labels is: EC/EN, EC/T, and EN/T
each with 1 topic; I/T with 2 topics; S/T with 6 topics; and T
with 12 topics, totaling 23 topics.

We visualize the network with a color-coded scheme using
23 colors and 6 unique shapes for macro-labels, as detailed in
Table [l The connected component of commented issues is
shown in Fig. [12] Left Panel. The Leiden algorithm identifies
six distinct communities, illustrated in different colors in Fig.
[12] Right Panel [52].

Adopting the methodology described by Mungo et al. [19],
we analyze a network of commented issues consisting of
N = 2219 nodes and k = 6 clusters S, with |S;| representing
the number of nodes in cluster S;. We examine the in-
density and out-density of links according to the partitioning
established by the Leiden algorithm [43], [52]. Using the
unweighted adjacency matrix A of the commented issues
network and the clustering S* = {S1,..., Sk}, the in-density
for a cluster .5; is defined as:
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on the 5 clusters identified by the Leiden algorithm. Circles
represent clusters from Fig. [I2] Right Panel. Circle color
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Here, Ajj represents a binary value from the adjacency
matrix indicating the presence of a link between nodes j and
k, focusing solely on the existence of a connection between
issues rather than its strength. We then compare the in-
densities and out-densities of the clusters identified by the
algorithm against those of randomly generated clusters. For
the random clusters, each issue is assigned to one of the
six possible clusters with equal probability; the simulation is
obtained with N = 10° random networks.

We show the results in Fig. [[3} the densities within clusters
of similar issues (commented on by the same developers)
are higher than those between different clusters. Comparing
these results with random clusters (red shaded area) reveals
significant differences, indicating that issues with similar fea-
tures attract a common group of developers. This suggests
developers focus on specific features rather than commenting
across all issues.

Next, we categorize these features to identify common
characteristics within clusters. Fig. [T4] presents a bar plot
showing the distribution of issues per SusAF dimensions
(EC/EN, EC/T, EN/T, I/T, S/T, T) within each community.
The z-axis ticks are color-coded as in Fig. [I3] and Fig. [I2}
Right Panel. Each bar represents the number of issues of a
specific topic within the clusters.

Community 0 (blue) and Community 2 (yellow) are mainly
associated with EC/EN (Economic & Environmental) and
I/T (Individual & Technical) topics. Community 1 (green) is
distinct for S/T (Social & Technical). Technical (T) topics are
dispersed throughout the network. The EC/T (Economic &

250 .4 @ EC/EN
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SusAF Composition

50
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Fig. 14: Distribution of the SusAF measures across the six
clusters. The z-axis shows the various communities, which
are distinguished by the previously established colour coding.
Within each community, the count of issues related to specific
SusAF measures is shown, consistent with the legend provided

in Tab.

Number of Issues Created
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Fig. 15: Issues created over the years (2014-2023) per com-
munity. The communities are distinguished by the previously
established colour coding.

Technical) and EN/T (Environmental & Technical) measures
have only 33 and 46 issues, respectively, indicating limited
relevance (Tab. [III).

We also analyze the creation year of the issues, presenting
the temporal trends in Fig. [I3]

We examine the temporal distribution of opened issues by
community over the years, revealing distinct activity patterns.
Community 1 (green, S/T) was most active from 2015 to 2017.
Community 2 (yellow, EC/EN and I/T) saw increased activity
during the middle years. Since 2020, Community 0 (blue,
EC/EN and I/T) has shown a notable rise in engagement.
Similar trends are observed when analyzing the last update
dates, indicating consistent community engagement over time.

Therefore, we can conclude our network analysis by ad-
dressing RQ4: Do developers engage in any topic discussed
at the moment, or do they select topics based on their
relative area (e.g., social rather than environmental)?



Answer to RQ4: Our findings show that developers prefer
engaging in discussions similar to their previous ones,
rather than responding randomly. Community detection
analysis reveals that developers consistently respond to
Economic, Environmental, and Individual topics, with in-
creased activity from 2019 onwards. Social issues were
notably active from 2015 to 2017, indicating selective
engagement. Technical issues are broadly discussed by all
developers.

The communities identified by the Leiden algorithm, which
include developers with shared interests, reflect issues that
were initiated in the same year or in adjacent years. These
findings are consistent with the SusAF categorization of topics
we applied, effectively mirroring the thematic preferences and
temporal engagement patterns within the developer commu-
nity.

V. THREATS TO VALIDITY

In conducting this study, we acknowledge several validity
threats that could impact our findings and their interpretation:

External Validity: Our focus on GitHub discussions within
the Go-Ethereum project may not fully represent the broader
sustainability dialogue in the blockchain community, as discus-
sions on other platforms or in private settings are not captured.
This limits the generalizability of our findings. Mitigation:
We chose one of the most prominent and active blockchain
projects to provide valuable insights into industry trends.

Internal Validity: Our BERT-based method for topic ex-
traction might miss subtle nuances, and the semi-supervised
approach with manual validation introduces potential bias.
Using the number of comments as a measure of issue discus-
sion intensity might conflate prolonged issues with genuinely
popular ones [53]]. Mitigation: We used a multi-step validation
process, including manual reviews and automated techniques.
Future work should use additional metrics like the number of
unique authors to better represent engagement.

Construct Validity: The SusAF framework might overlook
emerging sustainability issues due to blockchain’s rapid evo-
lution. Limiting our analysis to discussions up until May 2023
risks relevance due to fast-paced developments. Interpretation
bias from manual reviews and automated keyword extraction
may affect replicability. Mitigation: We conducted regular
literature reviews to stay updated on emerging issues. Our
methodology and the code used is publicly available to address
replicability concerns.

Our multi-method approach, combining topic modeling,
network analysis, and manual validation, provides a robust
foundation for our findings. Readers should consider these
limitations when interpreting our results.

VI. CONCLUSION AND FUTURE WORKS

This study develops a method to analyze how Ethereum
developers discuss sustainability on GitHub, enhancing our un-
derstanding of blockchain’s environmental and efficiency con-
cerns. Our findings show that while developers mainly focus
on technical aspects, their discussions also cover economic,

social, individual, environmental, and technical sustainability
dimensions.

Our analysis reveals that sustainability is a significant
topic among Ethereum developers, with 22 out of 58 topics
related to it. Discussions have evolved, peaking around the
Ethereum Merge in 2022, indicating increased awareness. Key
developers driving these discussions are influential in the Go-
Ethereum network, showing the integration of sustainabil-
ity in the development process. Developers tend to engage
with topics aligned with their interests, suggesting specialized
knowledge clusters.

Our network analysis identifies distinct communities cen-
tered on specific sustainability dimensions, with gas prices and
cost efficiency emerging as central themes. Economic consid-
erations often serve as an entry point for broader sustainability
discussions in blockchain development.

While insightful, our study is limited to GitHub discussions
within a single project. Future research could expand to
other blockchain projects and platforms for a broader view,
incorporate quantitative sustainability measures like energy
consumption data, and conduct longitudinal studies to track
the evolution of sustainability considerations as blockchain
technology matures.
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