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The sheer volume of websites on the Internet facilitates an equally large
amount of DNS queries, which play a significant part in the carbon footprint
of DNS hosting services. Green hosting, which addresses this issue, refers
to hosting providers on the web who power their service with renewable
energy, such as solar power or wind power. Alongside websites hosted by
renewable energy, other approaches to green hosting also include green
marketing, where the product being marketed or its means of production is
considered environmentally safe; and carbon offsetting, where green cer-
tificates are bought to offset carbon emissions. Considering the importance
of sustainability, this research will determine when and how consistently
websites adopted green hosting between the years of 2021 and 2024, by
analyzing biweekly snapshots from the Green Web Foundation’s dataset.

Additional Key Words and Phrases: Domain Name Service, DNS host, Green
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1 INTRODUCTION
1.1 Background and Context

Green hosting promotes an alternative method for Domain Name
Service providers to combat the ever increasing CO, emissions.
These emissions are the primary driver of global climate change,
and as such a reduction of such emissions would mitigate the worst
effects of global climate change[7]. As such, there are constant,
global efforts to address this problem, and green hosting contributes
to these global mitigation efforts. Furthermore, DNS queries being
sent constantly underscores the importance of green hosting. These
queries themselves are small[3], less than 500 bytes to be exact,
but the optimization of the process to ensure fast access to web-
sites involves a lot of computer and networking hardware, and the
cleanness of the electricity supplied to this hardware is a key factor
in a domain name’s carbon footprint. The consolidation of data
centers[10] also stresses the importance of green hosting, as when
a single organization hosts a large number of websites, its decision
not to use green hosting can lead to a substantial and otherwise
preventable increase in carbon emissions, with the exact amount
being calculable by the formula mentioned in the ’.eco’ article[3].

1.2 Problem Statement

While research into the adoption of green hosting has been done[5,
6], these studies are mostly focused on geographical analysis, fo-
cusing on the distribution of green hosting across the world, and a
country respectively. However, conducting a chronological analysis
of the distribution of green hosting over a period of time is currently
lacking. As such, this project will explore how green hosting adop-
tion has changed and distributed across domains over time, as well
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as focus on identifying patterns and trends related to green hosting
adoption.

1.3 Objective

Considering the problem statement, the objective of this paper is to
conduct a chronological analysis of green hosted websites to identify
patterns in green hosting adoption over the years of 2021 to 2024.
Specifically, patterns such as annual adoption rates and adoption
rates per TLD will be focused on. The biweekly snapshots will be
received from the Green Web Foundation’s dataset, which contains
historical data of their daily snapshots. Specifically, the snapshots
for the 1st and 16th of each month will be utilized, if applicable. In
the case that a snapshot for these dates is missing or corrupted, the
closest date possible for the same month will be used instead. The
main focus of this research will be on green hosting adoption on a
yearly basis, as analysis of such nature has yet to be conducted; the
results of this research can provide relevant information on trends
such as demand and under representation of green hosting, while
also aiding hosting providers by showing these areas of growth
or stagnation. These results can also be used in documenting the
spread of green hosting throughout the years, highlighting areas of
further improvement in terms of the adoption of green hosting.

1.4 Research Question

The problem statement, with respect to the objective of this project,
leads to the following research question:

How consistently do verified green hosted websites maintain their
green status between 2021 and 2024?

To this end, the stability of green hosted websites is calculated.
This custom metric reflects whether websites consistently remain
green hosted over time or revert to non-green hosting, calculated
by summing the number of appearances and twice the length of the
longest green-hosted streak, subtracting 1.5 points for each instance
in which the website stopped being green-hosted, then normalizing
this value to a range of 0.0 to 10.0. As such, the longer a website
has been continuously green hosted without interruption, the more
stable its green hosting. Additionally, within this paper, the term
’verified’ refers to a website being present in the Green Web Founda-
tion’s dataset. The main research question can then be answered in
the following sub-research questions:

(1) What proportion of green hosted websites remain green
hosted for at least one year?

(2) Are certain hosting providers or TLDs associated with higher
green hosting stability?

(3) Is there a growth or decrease in the stability of green hosted
websites over time?
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2 RELATED WORK

Until this point, there have been multiple studies[1, 2, 4, 8, 10]conducted

regarding the carbon emissions of data centers and the harnessing
sustainable energy sources for them. The first author Peter Xiang
Gao et al.[4] described FORTE, or Flow Optimization based frame-
work for request-Routing and Traffic Engineering, an algorithm that
"dynamically controls the fraction of user traffic directed to each
datacenter in response to changes in ... carbon footprint" They
discovered that the application provider they focused on, Akamai,
could reduce carbon emissions by 10% without increasing costs,
illustrated most clearly by their fourteenth and fifteenth figures.

Furthermore, Rong et al.[8] identified that a large number of servers
produce worrisome environmental pollution resulting from their
energy consumption, and that since these contaminants can cause
damage to an urban environment, it is important to attempt to re-
duce their impact on the environment. Dayarathna et al.[1] further
stress in their research that the energy efficiency of data centers has
attained a key importance in recent years due to its high economic,
environmental, and performance impact.

In terms of introducing sustainable energy into data centers, Deng et
al.[2] provide information regarding research in applying renewable
energy in cloud computing data centers, and also addressed why,
when, where and how to leverage renewable energy in data centers.
Their findings are relevant in the scope of this project as they con-
tain information such as obstacles in the way of green hosting, and
that consolidation plays an important role in green hosting adoption.

Finally, additional research was conducted into the consolidation of
data centers by Wang et al.[10] stating "only five organizations —
Cloudflare, Amazon, Akamai, Fastly, and Google—host about 62%
of index pages in the Tranco top 10K, as well as the majority of
external page resources for these sites." Consolidation is significant
in terms of this paper, since if these organizations refuse to utilize
sustainable energy, it would be reflected on a significant amount of
data centers.

3 METHODOLOGY AND APPROACH

The project will perform a quantitative analysis of websites that
are or have been green hosted between the years 2021 and 2024.
The data will be gathered from the Green Web Foundation’s "Green
Domains Dataset,'[9] which is an available daily snapshot of all
the green domains tracked in the Green Web Foundation database,
along with who they are hosted by, and when their green hosted
status was last checked. This data is updated every night at around
midnight, and the tables are sortable and searchable. This dataset is
updated daily, and as such the historical dataset with past snapshots
is kept private as it is immensely large at 1.6 billion rows. Contact
with the Green Web Foundation was made in order to get access to
this dataset. After getting access to the dataset, all snapshots for
the 1st and 16th that are not missing or corrupt were downloaded,
from 2021 to 2024. For snapshots that were missing or corrupt, the
closest possible date within the same month is used instead. The
decision to perform the analysis biweekly is motivated mostly by
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technical limitations such as file size and memory overflow. The
snapshots get exponentially larger the more recent they are, and
analysis of daily or even weekly snapshots would be exceptionally
difficult due to kernel crashes, virtual memory shortage, and long
code execution times.

To analyze the data, Python will be used to create visualizations
such as graphs and charts. The past snapshots can be downloaded
in ".db’ format, and Python—specifically the Pandas library-provides
easy and fast ways to handle and work on this format, as well as
libraries which provide various visualization options.

Finally, the snapshots will be parsed, and all snapshots from the
same year will be aggregated into a single Pandas DataFrame—a
two-dimensional data structure that facilitates efficient analysis and
manipulation of the data. Through this merging process, the total
presence of each website for that year, as well as how many times
they stopped green hosting and the longest streak of snapshots they
were green hosted for will be calculated.

These values will then be used to compute the custom ’stability’
score metric of each website. This score attempts to represent the
constancy at which websites maintain their green hosted status
without any breaks, within similar timeframes. It is of utmost im-
portance for the scope of this research, as this value provides insight
into the consistency of maintaining green hosted status over time
that no other source has yet to provide. There are three factors in
determining this consistency, which are when, for how long, and
with how many breaks a website was green hosted. As such, the for-
mula accounts for all three of these factors, rewarding long streaks
without and breaks:

(N +(@*2)—((b-1)*1.5) (1)

where r is the ratio of the amount of snapshots a website is present
in to the amount of snapshots it has been present in since its first
appearance, a is the amount of appearances of a website in subse-
quent snapshots without a break, and (b - 1) is the number of times a
website has broken a streak. The weight were customized to reward
long streaks and punish breaks, and can be further changed depend-
ing on the nature of other studies. Furthermore, as the minimum
and maximum values change per year, leading to unfair or skewed
visualizations favoring years that have more and larger snapshots,
the results are then normalized to a range of 0.0 to 10.0:

((s =min(s"))/(max(s’) — min(s"))) * 10 Vs e s’ (2)

where s is the stability score of a website and s’ is the stability scores
of all websites for one year. Following these calculations, the data
is then finally visualized to identify any aforementioned trends in
the data between 2021 and 2024. This metric is designed to reward
consistent green hosting over time while penalizing interruptions
in green status.

3.1 SQ1— What proportion of green hosted websites
remain green hosted for at least one year?

To answer the first sub-research question, the yearly DataFrames
will be utilized. Specifically, if a website is green hosted in every
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single snapshot of that year except for 2024, it will count for the
scope of this sub-research question. Following this calculation, a
bar chart will be utilized to visualize the percentage of websites that
were green hosted in all snapshots for each individual year. The
exception for the year 2024 is made as the Green Web Foundation’s
snapshots unfortunately failed for all but one snapshot of this year,
which when analyzed produced heavily skewed results.

3.2 SQ2 — Are certain hosting providers or TLDs
associated with higher green hosting stability?

To answer the second sub-research question, an overall look at the
websites and hosts in the dataset is required, with respect to how
long they were green hosted or green hosting for, respectively. With
the stability score of each website already calculated, the websites
will be filtered based on hosting providers and TLDs. The average
stability score for each different hosting provider and TLD will be
calculated, respectively. This focus on hosting providers and TLDs
is motivated by the ongoing consolidation within the web hosting
industry. In particular, this sub-research question aims to distinguish
between providers that adopt consistent green hosting practices
and those that do not, as well as what Top Level Domains are most
stably green hosted. This can then be applied when choosing a
DNS provider that has a high stability in green hosting, or when
analyzing TLDs for possible relations between geographical and
chronological data by observing the change of most stable TLDs
throughout the years.

3.3 SQ3 — Is there a growth or decrease in the stability of
green hosted websites over time?

To answer the third sub-research question, separate average ’sta-
bility scores’ will be calculated each year from 2021 to 2024. These
values will be visualized on a line graph to accurately represent
changes over time. Subsequently, more detailed analyses of indi-
vidual years will follow, to identify patterns and trends related to
annual green hosting adoption rates in an attempt to identify corre-
lated increases and/or decreases. Specifically, the average ’stability
scores’ of each biweekly snapshot will be calculated per year, and
then visualized on a line graph to further showcase the changes in
green hosting stability with the year.

4 RESULTS

To determine the consistency at which verified green hosted web-
sites maintain their green status between 2021 and 2024, at first
the proportion of such websites that remain so for a year were cal-
culated. The biweekly snapshots used for analysis are unique in
that they only contain websites that are verified green hosted: any
website that was verified green hosted in a past snapshot but is not
so currently is simply not present in the snapshot, instead of its
green_hosted value being changed from 1 to 0. As such, the yearly
DataFrames used for analysis and calculation of stability scores
were constructed by cross-referencing all snapshots for that year,
combining all websites present throughout every individual snap-
shot into one data object. This allows for the detection of websites
that were not green hosted continuously over time, and sets their
green_hosted value to 0 instead of completely deleting that website
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from that snapshot. However, it also means that the data in these
DataFrames are cumulative: consequent snapshots build on top of
each other by adding the data from the first snapshot to the next un-
til the final snapshot has been parsed into the DataFrame, resulting
in stability scores starting at a value very close to 10 and decreasing
as more and more websites are added: websites introduced in the
first snapshot are expected to have much higher stability scores
compared to ones introduced later down the line.

4.1 Websites Green Hosted for 1 Continuous Year

The first step in determining the consistency of websites in staying
green hosted is to determine the amount of websites which remained
green hosted from start to finish of each respective year. Based on
the analysis of the snapshots, figure 1 shows the percentage of
websites that remained green hosted for every single snapshot used
for the analysis of that year. The results indicate that 2022 has the
most amount of websites that were green hosted for all snapshots,
with around 80% of websites being green hosted for all snapshots
subject to analysis; while 2021 was the year with the least amount
of such websites, with a value of around 52.5%. After 2022, the year
2023 experiences a decrease in percentage of websites green hosted
for all snapshots subject to analysis, with a value of around 64%.
Finally, there is a rise from 2023 to 2024 by 4%, putting 2024 at
around 68%.

100 Percentage of Websites Present in All Snapshots per Year

60
40
20

0

2021 2022 2023 2024
Year

Percentage of Websites in All Snapshots (%)

Fig. 1. Percentage of websites green hosted in all snapshots per year

4.2 Host Stability

The research also focuses on Domain Name Service hosts, in an
attempt to identify any service provider that consistently utilizes re-
newable energy for their services over the years. These results were
calculated by sorting the data based on hosts, which is information
contained in the Green Web Foundation’s snapshots, and calculating
the average stability of all websites hosted by each provider.

Figure 2 visualizes the top 5 most stable hosts per year, with leftmost
being number 1. In the case that there are more than 5 hosts that tie
for the high score, the ranking is then updated based on the number
of websites they host: between multiple DNS providers that share
the same average stability score for their hosted websites, more
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Top 5 Most Stable Hosts per Year
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Fig. 2. Most Stable Hosts of Each Year

websites hosted at that stability means a higher stability for that
host. This is especially prevalent in the case that more than 5 hosts
are tied for an average stability score of 10, which is the case for all
years being analyzed within the scope of this research. The top 5
most stable hosts of all four years have a stability score of 10. Fur-
thermore, there are twelve hosts present in the host list, signifying
that some hosts scored in the top 5 on multiple years. Looking at
figure 2, it is indeed observed that SoftLayer, Servint Corp., Terre-
mark, and HostGator have ranked in the top 5 in 2 different years,
while Singlehop and Superior Internet Services have ranked in the
top 5 in three different years.
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Fig. 3. Least Stable Hosts of Each Year

On the other hand, figure 3 reflects the least stable hosts of each
year. Unlike the most stable hosts, there are twenty entries in this
list. This indicates that there is no single DNS provider that ranked
in the bottom 5 for multiple years. Furthermore, there is no hosting
provider with an average stability score of 0, signifying that these
hosts did not score the lowest with all websites they were hosting.

4.3 TLD Stability

Alongside Domain Name Service providers, the research also mapped
the most and least stable TLDs. The TLDs of websites are not con-
tained in a separate column in the Green Web Foundation’s dataset,
and as such the ’tldextract’ Python library was used to parse the
websites for their TLDs.
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Top 5 Most Stable TLDs per Year
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Fig. 4. Most Stable TLDs of Each Year

The top 5 most stable TLDs per year have all scored an average
stability of 10, the highest possible stability score, as observed in
figure 4. Furthermore, there are only 18 TLDs in the list, signifying
the existence of TLDs which ranked in the top five for multiple
years. Indeed, this is the case, as .CO.UK has ranked 2nd in 2021
and 4th in 2022, while .foggia.it ranked 3rd in 2023 and 4th in 2024.
Additionally, out of the 18 TLDs in this list, 15 are national TLDs, 8
of which belong to cities or prefectures of Italy. Specifically, these
results underscore Italy as having the most stably green hosted
national websites.
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Fig. 5. Least Stable TLDs of Each Year

Finally, the top 5 least stable TLDs of per year score in the band of
0.5 to 2.6, visualized in figure 5. Specifically, all 5 least stable TLDs
of 2021 scored a 0.5 average stability, making 2021 the year with the
least stable TLDs. This is also supported by the website percentages
visualized in 1, as 2021 only has half of its websites staying green for
every single snapshot. There are 20 TLDs in the list, which signifies
that yet again, no single TLD ranked in the bottom 5 in multiple
years.

4.4  Overall Stability Score Change

To complement calculating the percentage of websites that were
green hosted continuously per year, it is equally as important to
calculate and visualize each respective year’s stability score. In the
case that continuously green hosted website percentages per year
and stability scores per year shared a common pattern, may yield



Chronological Analysis of Green Hosting Distribution from 2021 to 2024

insights regarding verified green hosted websites maintaining their
green status consistently.

Average Stability Scores per Year
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Fig. 6. Change in average stability for each year

The analysis results for the stability per year, visualized by figure
6, shows that a pattern similar to figure 1 is indeed present, albeit
not as drastic: there is an increase from 2021 to 2022, then a decrease
from 2022 to 2023, and a final increase from 2023 to 2024. Similarly
to the values in figure 1, the year 2021 has the lowest stability score
while the year 2022 has the highest. On the other hand, unlike figure
1, all stability scores are in the 8-10 band, signifying that even if not
all websites are consistently green hosted, the number of websites
that have low stability is relatively much smaller than those that
score average to high. In accordance with this range, to ensure
the data is visualized more accurately, all following stability score
graphs have a y axis range of 8 to 10.

4.5 Stability Change within Years

Following the visualization of stability score change per year, the
stability score changes within each year, across the snapshots, were
plotted. Alongside calculating the average for all websites through-
out the entire year, the average stability score of all present websites
were taken per snapshot and then plotted.

In figure 7, the change in stability over the year of 2021 can be
seen. The score starts off at ten, and then approaches an "equilib-
rium" with each snapshot, to around 8.3. The stability starts of at
nearly 10 and then decreases for all years due to the cumulative
nature of the data, with the most severe decreases occurring be-
tween snapshots "2021-03-16" to ’2021-05-01" and *2021-08-16 to
’2021-10-16’.

In contrast to 2021, which has the lowest final stability score at
the end of its snapshots, the year 2022 has the highest final stabil-
ity score, at approximately 9.3. The specific changes throughout
changes can be seen in figure 8.

These results represent patterns present in the adoption of green
hosting within each year. Specifically, the sharp decreases and
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Fig. 7. Changes in snapshot stability over 2021

plateaus present in both 2021 and 2022 represent time frames where
more and less than average websites adopted green hosting for the
first time, respectively. The sharp decreases in average stability be-
tween March and May as well as after August signify that these two
periods were particularly popular for the initial adoption of green
hosting. On the contrary, the plateau period between the middle
of May and the start of August underscore this period as the least
popular time period for websites to first become green hosted.
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Fig. 8. Changes in snapshot stability over 2022

While not as severe as the drops experienced between snapshots
in 2021, the graph indicates that the most significant drops experi-
enced in 2022 occur on dates similar to the dates of the decreases in
2021, at *2022-03-01" to *2022-05-01" and *2022-07-16’ to *2022-09-09’.

Finally, the results for the year 2024 seen in figure 9 are much
more linear compared to the other years. There is only 1 significant
drop in average stability score, which is caused by the absence of
snapshots from the month of August and a missing snapshot from
the middle of May. The results for 2023 can be found in the appendix,
which also seem linear but due to most snapshots of 2023 being
missing, the stability scores per snapshot of 2023 are skewed.
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Fig. 9. Changes in snapshot stability over 2024

5 DISCUSSION

Considering the main goal of this research, which is to find patterns
or trends in the consistency at which green hosted websites maintain
their green hosted status, the results attained from mapping green
hosted website data from the Green Web Foundation into chrono-
logical snapshots were utilized to answer the three sub-research
questions. Patterns such as increases and decreases in consistency
between years were expected from the results.

5.1 Sub-Research Question 1

With respect to the first sub-research question, the findings in fig-
ure 1 provide a basis over which patterns can be identified. These
findings represent, for each year, the percentage of all websites that
were green hosted within every single snapshot used for that year.
Accordingly, the year 2021 has the least amount of such websites,
which then increases drastically in 2022, then decreases again in
2023, before finally increasing slightly in 2024. This signified, for
the overall research question, that 2021 was the year in which only
52.5% of websites were consistent in maintaining their verified green
hosted status, while 2022 was the year where websites were most
consistent.

5.2 Sub-Research Question 2

For sub-research question 2, it was deemed important to also iden-
tify Domain Name Service providers and Top Level Domains that
were associated with high stability, as these would provide addi-
tional context besides chronological changes such as geographical
information from national TLDs and hosts, while also underscoring
hosts that consistently green host their websites.

Figure 2 indicates that out of all hosts that rank in the top 5 most sta-
ble for each year, there are 6 hosts that have not only green hosted
their websites consistently without interruption, they have done
so in multiple years. These findings highlight the hosts SoftLayer,
ServInt Corp., Terremark, HostGator, Singlehop, and Superior Inter-
net Services as the most consistent in maintaining their websites’
verified green hosted status. Specifically, Singlehop, and Superior
Internet Services are in the top 5 for 3 years, while the other four
hosts did so for 2 years.
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On the other hand, figure 4 again indicate that out of all TLDs
that rank in the top 5 per year, there are two which have done
so twice and therefore are highlighted as the most consistent in
maintaining their green hosted status: .CO.UK and .foggia.it. Addi-
tionally, these results can be further categorized into national Top
Level Domains in order to introduce some geographical context. It is
observed that out of the 18 TLDs in the list, 8 belong to Italy; while
Flanders, Ireland, the United States of America, Poland, the United
Kingdom, Brazil, and Ukraine all have 1 each, with the remaining
3 being commercial TLDs. This puts Italy as the clear number one
in terms of sheer presence, with 44.4% of all TLDs ranked as most
consistent in maintaining their green hosted status belonging to
prefectures or cities from Italy.

5.3 Sub-Research Question 3

Finally, in order to support the findings of sub-research question 1
in answering the main research question, an analysis was conducted
into how the stability score, which is a custom metric created with
the goal of rewarding long, uninterrupted streaks of snapshots in
which a website is green hosted, changed over time both between
and within years.

The findings in figure 6 indicate that the year of 2021 was the least
stable and the year of 2022 was the most stable, where in the average
stability increased from 2021 to 2022, decreased from 2022 to 2023,
and increased slightly from 2023 to 2024. This is a clear reflection
of the findings for sub-research question 1, and forms a very clear
pattern: In terms of the main research question, there indeed is a pat-
tern in green hosting adoption over the years. There is an increase
in green hosting adoption from 2021 to 2022, then a decrease from
2022 to 2023, and another yet slightly less severe increase from 2023
to 2024. Furthermore, this pattern is also reflected in the consistency
in which verified green hosted website maintain their green status,
as the change in stability score and the percentage of websites which
are green hosted for a year share the same increase and decrease
pattern, even in the severity of the increases and decreases. The
findings for the changes within years, presented in figures 7, 8, and
9, also provide a pattern, aside from the constant decrease caused
by the nature of the data. The first pattern is that there is always a
harsh decrease in average stability through the months of March,
April and May. Furthermore, specific only to 2021 and 2022, there is
a plateau between the months of starting from around the middle
of May to the start of August, after which another sharp decrease
in stability is observed. This indicates, for 2021 and 2022, a very
little amount of websites turned green for the first time within this
plateau period. Furthermore, the sharp decrease present in all years’
stability from March to May indicate that this is the time frame in
which the most amount websites first become green, as the late in-
troduction of new websites consequently lowers the stability score.
Consequently, for 2021 and 2022, the sharp decrease experienced
from the middle of May to the start of August also indicates this
this was an even more popular time frame for DNS hosts to start
green hosting their websites.
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5.4 Limitations

Starting with technical limitations, the decision to perform analysis
on biweekly snapshots were made due to storage space, memory and
time limitations. The snapshots for 2021 are, on average, 200 MB. In
the case of daily snapshots, this would amount to 365 * 200 = 73000
MB, or 73 GB. Adding in the fact that on average, snapshots from
2022, 2023, and 2024 are respectively 1.25, 2, and 3.5 the size of a
2021 snapshot, the total amount of data subject to analysis would
reach very large sizes. This would also put a strain on the machine’s
virtual memory, as during implementation the kernel kept crashing
due to memory overflows, which forced a change into a different
machine and server. Furthermore, even in the case of biweekly snap-
shots, a total analysis of all snapshots currently takes around an
hour to conclude. As such, these three limitations motivated the
decision to analyze biweekly snapshots.

Furthermore, another limitation is in the very nature of the construc-
tion of the yearly DataFrames and the analysis of the data within.
While they provide an accurate overview of the year itself, they are
limited within these dates. For example, in the case that a website
started green hosting in the middle of one year and stopped in the
middle of the next one, it would not score as high as a website that
becomes green hosted at the beginning of a year. This amounts to
the results rewarding certain hosts while punishing some others,
even if these hosts might be equivalent in terms of stability, and
favoring strict visualizations instead of accommodating to some
special data.

6 CONCLUSION

The overarching focus of this study was to answer the main research
question: "How consistently do verified green hosted websites main-
tain their green status between 2021 and 2024?" By answering this
question through subdividing it into the three sub-research ques-
tions "What proportion of green hosted websites remain green
hosted for at least one year?", "Are certain hosting providers or
TLDs associated with higher green hosting stability?", and "Is there
a growth or decrease in the stability of green hosted websites over
time?", the study aimed to identify patterns or trends relating to the
adoption of green hosting.

Following the first sub-research question, the study concluded that
around 52.5%, 80%, 64%, and 68% of websites were continuously
green hosted for all snapshots within the years 2021, 2022, 2023,
and 2024, respectively. These findings were also compounded by
the results of the third sub-research question, which examined the
change in average stability score over the years 2021, 2022, 2023,
and 2024, as well as how the score changes within each year. These
results provided credit to the findings of the first sub-research ques-
tion, as the average stability per year was around 9.25, 9.7,9.31, and
9.42 for 2021, 2022, 2023, and 2024, respectively. Both results follow
the same increase and decrease patterns seen in figures 1 and 6,
providing credibility to the notion that there is a pattern present in
the adoption and maintaining of green hosting: the least consistent
in doing so was the year 2021, after which 2021 experienced a large
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increase and became the year where green hosted websites main-
tained their green status most consistently. This was followed by a
decrease in consistency in 2023, albeit not to the level of 2021, and
finally followed by an increase, not to the degree of 2022, in 2024;
signifying an overall increase in the consistency at which websites
maintained their green hosted status from 2021 to 2024. The study
also investigated if any DNS host or TLD was affiliated with high
stability, and found that the hosts SoftLayer, Servint Corp., Terremark,
and HostGator were in the top 5 most stable in two separate years,
while the hosts Singlehop, and Superior Internet Services were in the
top 5 for 3 different years, marking them as the most stable. Fur-
thermore, the findings for the most stable TLDs clearly underscore
Ttaly as such, with 44.4% of TLDs in the top 5 most stable TLDs for
all years belonging to cities or prefectures of Italy.

In conclusion, to answer the main research question, these findings
can be integrated all together to determine how the consistency of
green hosted websites in maintaining their green status from 2021
to 2024. The patterns found in the number of websites that stay
green for the entire year, as well as the change in website stabil-
ity between and within years, reveal that the overall consistency
has improved from 2021 to 2024. It can be concluded that while
there was a decrease in stability experienced from 2022 to 2023,
the final consistency of websites maintaining their green status is
much higher than 2021. This answer was further supported by the
findings of the second research question, which include patterns
such as common stable hosts and TLDs for all years.

6.1 Further Improvements

Any further research could attempt at recovering data from the
missing years of 2023 and 2024, or even consistently download daily
snapshots from the Green Web Foundation and preserve them. The
method in which stability is calculated for the websites can also be
further improved by compounding research. Researchers with more
powerful machines or servers could also attempt to increase the
frequency of snapshots, resulting in even higher accuracy. Finally,
instead of a per year view, research can be done specifically into the
websites rather than the changes per year, keeping track of websites
independent of the year they were introduced in and focusing only
on the snapshots.
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Fig. 10. Changes in snapshot stability over 2023
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