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CO2 emissions are a major contributor to global warming. Among different sources of CO2 emissions, home electronic usage
has increased rapidly in recent decades. This paper investigates the impact of household electronic usage on CO2 emissions
using a localized, device-specific analysis focused on Aliso Viejo, California, where technology usage patterns may differ from
national norms due to socioeconomic and lifestyle factors. This study examines two main contributors. First, direct household
electronic usage was evaluated through survey data and converted to emissions. Second, indirect emissions associated with
servers and networks were estimated using metadata from peer-reviewed studies. The methodology is based on a quantitative,
non-experimental approach that examines the electronic device usage and calculates associated CO2 emissions. The results
indicate that direct emissions from household electronic devices account for approximately 64.4% of electronic device related
CO2 emissions. Indirect emissions associated with shared server infrastructure make up approximately 35.6 %. These findings
imply that direct and indirect emissions linked to household digital activity play a notable role in environmental sustainability.
This also suggests that energy reduction efforts should extend beyond typical household appliances to include everyday
electronic device usage.

Keywords: Hardware devices, software, server, home electronics, CO2 emission, global warming, correlational analysis,
metadata analysis.

Introduction

CO2 emission has negatively affected the Earth resulting in
global warming. The extreme usage of fossil fuels in trans-
portation and manufacturing has been the main culprit of CO2
emissions. It is important to clarify that CO2 contributes to
global warming via the greenhouse effect. However, it does
not deplete the ozone layer; ozone depletion is caused pri-
marily by CFCs and similar chemicals. CFCs and other sim-
ilar chemicals have caused the ozone layer to deplete. A
government-published journal by NASA states that the ozone
layer is like a shield between the Earth and the Sun filtering
UV radiation1. Over time humans have poked a hole in it
from the extreme use of gasses. The CO2 emission causes
the greenhouse effect, which traps the heat energy around the
Earth. This is the leading cause of global warming, heating the
Earth, and thereby increasing the average temperature. The
CO2 emission is mainly driven by daily activities. However,
massive usage of electronic devices and servers with high elec-
tric power consumption has been overlooked as one of the ma-
jor causes of CO2 emission in the recent century. This study
focuses only on operational emissions from electronic devices
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and servers, while recognizing that lifecycle emissions from
device manufacturing, transportation, and disposal also con-
tribute to total household CO2, these are outside the scope of
this analysis as this paper only focuses on operational aspects.
The long-term effect is inevitable unless preventive measures
are taken.

Here are the key terms frequently used throughout this pa-
per. Hardware devices are any communication or computa-
tion device. They are the physical components of electronic
devices. Examples of hardware devices are computer key-
boards, monitors, printers, flash drives, and projectors. Soft-
ware is any instruction or program that performs operations
and specific functions based on the user’s commands. Chrome
and Safari are examples of software. Watt is the unit of mea-
surement for power, specifically the rate at which energy is
transferred or used. A kilowatt hour measures the electrical
energy equivalent to power consumption of 1,000 watts in 1
hour. A server is a powerful computer that processes, stores,
and transfers data to other devices through a network, such as
websites, apps, or streaming services. Home electronics are
technological devices that are primarily used in households,
including, but not limited to, phones, televisions, game con-
soles, iPads/tablets, etc. Please note that one gigabyte is one
billion bytes. These terms are general physics and electrical
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definition. The definitions clarify that this study focuses on
direct operational use and excludes lifecycle and embodied
emissions unless otherwise noted.

Consumer electronics account for a significant amount of
residential energy consumption. A peer-reviewed study ex-
amines residential energy usage and estimates that approxi-
mately 20% of greenhouse gas emissions in the United States
come from the residential sector2. This highlights the signifi-
cance of household energy consumption in national emissions.
This peer-reviewed study organizes the carbon emission lev-
els by geography, income level, and housing characteristics2.
The broader national patterns and the significance of target-
ing household behaviors are crucial for contextualizing this
research’s localized study.

Similarly, a peer-reviewed study uses a nationwide survey
to collect primary data on household energy consumption,
transportation, and waste practices within Ireland3. This re-
search calculated the CO2 emission using a standardized con-
version formula and found that an average Irish household
emits 10.4 tonnes of CO2 annually3. Transportation and heat-
ing were the largest contributors. These studies are cited to
justify methodology and conversion factors. However, local
device and household characteristics may differ due to geo-
graphical location which is addressed in the survey designed
for Aliso Viejo.

A peer-reviewed journal, analyzed the global household en-
ergy trends and surveyed various studies on energy conserva-
tion while examining their behavioral involvement, technol-
ogy adoptions, and feedback systems4. This links behavioral
changes to CO2 emission outcomes, a key component mea-
sured in this paper through electronic usage.

Hardware devices are not the only contributors to electronic
CO2 emissions. Electronics must connect to servers to oper-
ate. As a result, servers also play a role in the carbon footprint
of electronic devices. A study from the International Energy
Agency, IEA provides data analysis and policy recommenda-
tions to ensure sustainable and affordable energy. IEA was
established in Paris and is an autonomous intergovernmental
organization. This study evaluates the environmental impact
of streaming5. It estimates that 36 grams of CO2 are pro-
duced per hour from video streaming in 2019. This is use-
ful for this paper as server emissions will be examined. A
study from Simon Fraser University Burnaby, Canada, dis-
cusses the complexities of carbon footprint calculation in cor-
relation with streaming media and looks at the environmental
impact beyond the carbon output6. It looks into content deliv-
ery networks, data storage, and the infrastructure of streaming.
This may be used to broaden this paper’s argument beyond just
emission data. Additionally this article from Uppsala Univer-
sity, focuses on server energy usage during data processing,
and maintenance7. This is significant for this paper because
the connection between home electronics and servers is data

processing. In both aforementioned studies, the specifics of
the findings might vary from a U.S. base research due to geo-
graphical differences. However, the general outcome is a valu-
able benchmark to support this paper.

Behavioral patterns play an important role in household en-
ergy consumption, especially in digital technologies. A peer-
reviewed journal uses metadata to explore the behavioral eco-
nomics of why people waste or conserve energy8. It exam-
ines decision-making trends and feedback loops that support
user responsibility and intervention potential. Likewise, a
peer-reviewed journal published by the University of South-
ern Queensland, Australia, explored the relationship between
economic prosperity and energy consumption9. This study an-
alyzed national-level data over time as researchers identified
the increase in economic activity associated with changes in
energy usage and carbon emission. This highlights the impor-
tance of consumer behavior and economic factors while un-
derstanding the broader environmental impact of data-driven
perspectives. However, the specifics of the Australian univer-
sity findings might vary from the potential U.S. results due to
geographical differences.

While direct electronic usage contributes to a significant
amount of carbon emissions, the embodied emissions also
contribute to a notable amount of the footprint. A peer-
reviewed academic journal that studies the life cycle of car-
bon emissions from laptops, desktops, and smartphones10. It
found that newer devices have 50-60% lower emissions com-
pared to older counterparts. Production plays a notable role
in the total emission in electronics which aligns with this pa-
per. Moreover, a peer-reviewed article, evaluates the carbon
footprint of electronic device manufacturing like smartphones
and tablets11. It emphasizes the significance of looking at the
entire lifecycle of these producers and including the raw mate-
rials and logistics as factors. In alignment with studies10,11, an
article from the University of Oxford, England, analyzed the
full lifecycle of IT equipment like computers and desktops12.
This study highlights the fact that the emission caused by the
production of electronic devices is substantially greater than
the emission from the use of the devices. This underscores the
importance of the environmental impact of digital technolo-
gies that extend beyond daily usage. The link between indus-
trial production and user habits reinforces the need to evaluate
the lifecycle of electronic devices and their impact on the en-
vironment.

Previous publications3,12 have provided valuable insights
into household emissions and the environmental impact of
electronics. They mostly focused on national averages or
broader categories like transportation, heating, and general en-
ergy consumption. However, there is a noticeable gap in lo-
calized, device-specific data, particularly in regions like Aliso
Viejo, where patterns of technology usage may differ from na-
tional norms due to socioeconomic and lifestyle factors. This
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research aims to fill this gap by focusing specifically on the
CO2 emissions generated by everyday electronic devices and
servers within households in Aliso Viejo. This led to the re-
search question “How much operational CO2 emission is as-
sociated with direct digital device consumption and indirect
data usage?”. This study’s goal is to bring awareness to how
common household electronic devices play a role in the over-
all CO2 emission of households. A journal from the Univer-
sity of California Irvine, explains that CO2 emission levels
from electronic devices and their associated electronic waste
have increased by 53% from 2014 to 202013. Based on this,
this study hypothesizes that a significant amount of house-
hold CO2 emission comes from the usage of electronic de-
vices. Nevertheless, this study has a few limitations. First,
it was solely focused on one particular region, Aliso Viejo,
California. Therefore, the findings may not accurately repre-
sent regions with different energy sources and lifestyles. Sec-
ond, the power consumption of electronic devices may vary
due to the variation of electronic devices. However with ac-
curate estimations this can be accounted for. This paper uti-
lizes a non-experimental, quantitative design that examines
the relationship between household electronic device usage
and CO2 emissions in Aliso Viejo, CA. The data will be col-
lected through a structured survey distributed to students. The
survey is stored in a secure location with password protec-
tions to ensure the safety of the respondents. The survey gath-
ers information on the daily usage of devices such as com-
puters, phones, tablets, game consoles, and televisions. Sub-
sequently, the average daily energy consumption, both direct
and indirect, will be calculated using conversion factors and
the calculated wattage data of each device. This methodology
will analyze both direct and indirect emissions associated with
household electronic device usage.

Method

This paper aims to answer the question, “How much opera-
tional CO2 emission is associated with direct digital device
consumption and indirect data usage?” This methodology is
a non-experimental, quantitative study. A non-experimental
study refers to looking at the natural relationship between two
existing factors. In this case, those two factors would be elec-
tronic usage and CO2 emission. This method solely uses quan-
titative data, which refers to numerical information that can
be measured and analyzed statistically. While the study is
non-experimental, descriptive statistics and ranges will be pro-
vided for each variable to allow meaningful interpretation of
patterns and to quantify uncertainty in the survey data.

The first part of this method is the collection of house-
hold electronic usage, which is going to be obtained from sur-
veys. A peer-reviewed study, used a survey to collect quan-
titative data on students’ household usage of home electron-

ics throughout the day3. This survey will be conducted in
Aliso Viejo, CA, for the purpose of collecting an electronics
usage sample representing national averages rather than re-
gional. Households will receive QR codes in their mailbox or
through their teachers at school. Scanning the QR code would
take the participants to the five survey questions on a Google
Form. The online survey will include consent forms, debrief-
ing forms, and questions about five specific electronics: com-
puters, phones, game consoles, TVs, and iPads/tablets. An
example of the survey question is “How many hours per day
does your household cumulatively use a computer at home?”
(Please refer to Appendix for more details). For clarity, the
full survey and consent form are included in the Appendix.

Ethical considerations will be accounted for as participants
may withdraw from answering any questions in the survey at
any point. This preserves their rights during the process. The
data collected will be used anonymously, as it will not include
any personal information or names, ensuring complete con-
fidentiality. All data will be stored securely on a password-
protected platform for privacy. All the data and contents re-
lated to this paper are archived in an external storage unit (a
flash drive) which does not require any ongoing maintenance.
By removing the data from a live storage platform (like a cloud
storage) the environmental impact of digital storage related to
this paper has been minimized. The survey will be adminis-
tered virtually.

After obtaining data from the participants regarding the five
electronic devices, the average usage of each device was cal-
culated. This was done by summing all reported daily usage
hours for each specific device and dividing by the sample size
of 46. The calculated mean value of the daily collective house-
hold usage was 15.53 hours for computers, 17.76 hours for
smartphones, 1.89 hours for iPads/tablets, 4.73 hours for tele-
visions, and 0.98 hours for game consoles. Descriptive statis-
tics such as the sample size, mean, median, standard devia-
tion, minimum, and maximum were calculated and presented
on Table 1.

The next step was to determine the average operational
power consumption for each electronic device. Unlike manu-
facturing labels that typically report maximum rated or charg-
ing power rather than real-world operational usage, in this ap-
proach, peer-reviewed sources are used which report more ac-
curate annual energy consumption under realistic usage condi-
tions. Based on this method, the estimated average operational
power consumption was 106 W for desktop computers14 from
a government published report, 4.1 W for smartphones15 from
the IEA 4E (Energy Efficient End-use Equipment) TCP, an in-
ternational energy organization, 11 W for iPads/tablets15 from
the same report, 103 W for televisions16 based on a peer re-
viewed study, and 140 W for game consoles14.
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Table 1

Device Sample Size Mean (hrs/day) Median Std Dev Min Max

Computer 46 15.53 10.5 17.52 1.0 110
Smartphone 46 17.76 13.5 14.04 2.0 90
iPad/Tablet 46 1.89 1.0 2.30 0.0 10
TV 46 4.73 3.0 5.47 0.0 30
Game Console 46 0.98 0.0 2.22 0.0 13

Direct Electronic Usage Emissions Formulas

After obtaining the average daily usage hours and the average
operational power consumption for each electronic device, the
following equations were used to calculate electrical energy
consumption.

E = pt (1)

where E is the electrical energy consumption, p denotes the
average power consumption and t stands for the time. In order
to obtain the energy in kWh (kilowatt hour), we need to divide
the product of power in Watt and time in hour by 1000 or
equivalently

kWh =
(Watt ×Hour)

1000
(2)

After calculating the daily average energy for each device,
it will be multiplied by 30 to get the monthly energy and sub-
sequently by another factor of 12 to obtain the annual energy.
In order to convert the energy to CO2 emission, a conversion
factor is needed. This can be specified as

Emission = c E (3)

where c is the conversion factor to convert E (energy) to the
CO2 emission. Southern California Edison has the conversion
factor, c, which is approximately 0.2502 kilograms per kilo-
watt hours17. This is a report from California Edison which
is the main electricity provider in California. Depending on
the time duration, the energy can be specified as the daily,
monthly, or the annual average consumption. The following
equation will be used. Therefore, to calculate the annual CO2
emission we can use the following equation

Annual Emission = (12) (30) (0.2502) Edaily (4)

or equivalently:

Annual Emission = 90 Edaily (5)

where Edaily denotes the average daily electrical energy con-
sumption in kilowatt hour and annual emission will be in kilo-
grams.

Below is a worked example with units to illustrate step-by-
step calculations from hours × watts to kWh to kg of CO2.

This example will be for computers. The daily average us-
age of computers, 15.53 hours, is multiplied by the average
watt usage which is 106 watts. The product is 1,646.18 W.
From there 1,646.2 W is divided by 1000 to get the kWh. The
quotient of that is 1.6462 kWh. Next to get the monthly energy
consumption of computers I multiplied 1.64618 by 30 days to
get 49.40 kWh/month. To get the annual kWh multiple 49.40
kWh/month by 12 months to get 592.8 kWh/year. Next the
conversion factor of 0.2502 is multiplied by 592.7 kWh/year
to get 148.2 kg of CO2 per year.

Indirect Server Emission Formulas

Thus far, I have derived direct energy usage of household
electronics in the calculations above. Indirect energy usage
from servers will be calculated in this subsection. A notable
contributor to household CO2 emissions is the energy con-
sumption of servers and network infrastructures that support
user data usage. Servers and digital networks support vari-
ous household devices simultaneously thus following calcula-
tions represent an estimated upper-bound of server energy per
household. Therefore, the outcome does not imply a complete
allocation of server or digital infrastructure to a single house-
hold device. Instead they illustrate a methodological approach
to estimate potential upper-limit operational CO2 emission as-
sociated with digital usage.

Metadata is the only form of data that can be used for this
study as measuring direct server energy usage is considerably
complicated and impractical for this study. Metadata is the
background data collected from online sources. This was used
for the server energy usage and data consumption to support
and calculate the server-based activities like cloud storage and
streaming. A peer-reviewed study used metadata to explore
energy usage patterns. Metadata is advantageous for calcu-
lating server energy utilisation since direct measurements are
not practical at the household level8. Also, using standardized
metadata facilitates more accurate estimates of server-related
CO2 emissions in everyday digital activities, cloud storage,
streaming, and other data activities.

An estimate of household data usage is needed to calculate
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server energy consumption. Allconnect, a company that con-
sumers use to compare internet providers, reports that an aver-
age household consumes roughly 652 gigabytes per month18.
According to a peer-reviewed study, each gigabyte of data pro-
cessed by servers is estimated to require 0.06 kWh of electri-
cal energy19. Another peer-reviewed study suggests that the
range of kWh to gigabytes is between 0.047 to 1.0 kWh per
gigabyte20. Therefore 0.06 kWh per gigabyte seems to be a
reasonable conversion factor as it also falls within the range
of 0.047 and 1.0 kwh per gigabyte. These values are upper-
bound estimates and actual kWh per GB may vary depending
on content delivery networks, caching, and shared infrastruc-
ture. Limitation of this will be further discussed in the Discus-
sion section.

Eserver = (12) (652) (0.06) kWh

or
Eserver = 470 kWh (6)

Using equation (3),

Emission = (0.2502) Eserver

the annual server CO2 emission for a household will be

Server Emission = 118 kg (7)

Statistical Descriptions

Descriptive statistics including the mean, median, standard de-
viation, minimum, and maximum were calculated for each
device category as shown in Table 1. The 95% confidence
intervals for the mean of each electronic device were also cal-
culated using the t-distribution with 45 degrees of freedom
as population standard deviation was unknown and sample
standard deviation was used instead based on a peer-reviewed
study21. Please refer to equation 8 for the 95% confidence
interval equation:

x̄± t
(

s√
n

)
(8)

Result

A total of 46 participants completed the survey. This sample
size is appropriate for an exploratory, non-experimental quan-
titative study that aims to estimate the usage patterns and the
corresponding environmental impacts. A scientific research
publication, uses small to moderate sample sizes when the ob-
jective is to describe trends and summarize real-world behav-
ior22. A sample of 46 participants provides sufficient data for
the scope of this study within a defined region.

The survey included households ranging from 2 to 5 mem-
bers. Device usage data was normalized by the number of
people per household to provide per-capita usage estimates.
As shown in Table 2, the top row lists the five electronic de-
vices that participants were surveyed about. In each column,
the hourly data is reported below to the corresponding elec-
tronic device. The number in the parenthesis specifies the
frequency of the sample if reported (e.g., 20 (4) means that
four participants reported 20 hours of household usage). It
should be noted that survey responses are self-reported, which
may introduce recall bias. Standard deviations, medians, and
ranges are reported to account for the variability and potential
reporting errors of the survey data.

Descriptive Statistics

The descriptive statistics of direct electronic device usage is
provided for variability and distribution. These calculations
were based on a sample size of 46 for each device category.

According to Table 1 in the Method section, the mean daily
usage of computers was 15.53 hours, median of 10.5 hours,
standard deviation 17.52 and a range of 1–110 hours. Accord-
ing to equation 8 the 95% confidence interval for the mean
was 10.34 to 20.72 hours. For smartphone usage the mean was
17.76 hours per day, a median of 13.5 hours, standard devia-
tion of 14.04, and a range of 2–90 hours. The 95% confidence
interval was 13.60 to 21.92 hours. IPads/tablets had a mean of
1.89 hours, a median of 1.0 hour, a standard deviation of 2.30,
and a range of 0–10 hours. The 95% confidence interval was
1.21–2.57 hours. The television usage mean was 4.73 hours,
a median of 3.0 hours, standard deviation of 5.47, and a range
of 0–30 hours. The 95% confidence interval was 3.11–6.35
hours. Lastly, the game console usage mean was 0.98 hours,
a median of 0 hours, standard deviation of 2.22, and a range
of 0–13 hours. The 95% confidence interval was 0.32–1.64
hours.

The computer and smartphone usage distributions were
positively skewed based on the maximum values exceeding
the medians. This indicates the data included a small number
of high-use households which overall increased the average
usage for these two electronic device categories.

Daily Electronics Device Usage and Monthly Energy

The calculated mean daily collective household electronic us-
age was 15.53 hours for computers, 17.76 hours for smart-
phones, 1.89 hours for iPads/tablets, 4.73 hours for televi-
sions, and 0.98 hours for game consoles. Using the aver-
age operational power consumption values established in the
methodology, these usage levels correspond to an estimated
monthly energy consumption of 49.4 kWh for computers, 2.18
kWh for smartphones, 0.62 kWh for iPads/tablets, 14.6 kWh
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Table 2 Survey Data
Computer (hrs) Smartphones (hrs) iPads/Tablets (hrs) TV’s (hrs) Game Console (hrs)

20 (5) 20 (5) 0 (18) 2 (7) 0 (31)
10 (4) 11 (1) 4 (4) 4 (9) 2 (3)
6 (2) 22 (1) 1 (8) 3 (5) 1 (5)
16 (3) 12 (4) 5 (4) 6 (2) 4 (2)
8 (4) 25 (2) 6 (1) 0 (3) 3 (1)
7 (4) 4 (1) 2 (7) 5 (2) 5 (1)
30 (1) 8 (3) 3 (2) 1 (5) 3.5 (1)
18 (1) 18 (1) 10 (1) 10 (3) 13 (1)
15 (3) 14 (1) 7 (1) 8 (3) 1.5 (1)
4 (4) 15 (2) 20 (1)
110 (1) 10 (8) 1.5 (1)
35 (1) 13 (1) 30 (1)
26 (1) 90 (1) 15 (1)
25 (1) 32 (1) .2 (1)
60 (1) 30 (5) 2.5 (2)
13 (2) 24 (2)
9 (1) 5 (2)
1 (1) 3 (1)
11 (1) 2 (1)
17 (1) 29 (1)
5 (2) 6 (1)
12 (1) 33 (1)
3.5 (1)

Table 3 Daily Usage and Monthly Energy

Device Daily Usage (hours) Monthly (kWh/month)

Computers 15.53 49.40
Smart-phones 17.76 2.18
iPads/Tabl ets 1.89 0.62
TV’s 4.73 14.60
Game Console 0.98 4.11

for televisions, and 4.11 kWh for game consoles. Table 3 sum-
marizes the average daily usage derived from the survey data
and the corresponding monthly energy consumption for each
electronic device.

Annual Electronic Device CO2 Emissions

After multiplying the monthly energy consumption of each
electronic device by 12 and applying the CO2 conversion fac-
tor of 0.2502 kg/kWh, the annual CO2 emissions for each de-
vice were calculated. Figure 1 summarizes the calculation by
showing that computers produce approximately 148.2 kg of
CO2 per year, smartphones 6.55 kg, iPads/tablets 1.86 kg, tele-
visions 43.8 kg, and game consoles 12.3 kg annually.

Annual Household CO2 Emission

A Boston-based company that compares clean energy prod-
ucts like solar, estimated that an average household in Orange
County, California consumes 11,676 kWh annually in 202623

.Aliso Viejo is a city in Orange County, CA. Using equation
(3) from the method section, the annual household CO2 emis-
sion is 2,921 kg.

Fig. 1 Annual Electronic Device CO2 Emission.

This study estimated that 212.7 kg of CO2 per year comes
from electronic devices. Therefore the household CO2 emis-
sion excluding electronics is 2,709 kg annually. Figure 2 be-
low illustrates the direct CO2 emission of an average house-
hold in Aliso Viejo, CA. The purple represents the CO2 emis-
sion of a household excluding home electronics, making up
92.7% of the total. The blue represents the CO2 emission
from computers, accounting for 5.1%. Smartphones make up
0.2% of the total and are shown in green. The grey represents
the televisions, which account for 1.5%. The thin yellow line
represents the CO2 emission of iPads/tablets per household at
0.1%, and game consoles make up 0.4% of the total, shown in
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red.

Fig. 2 Annual Household CO2 Emission.

Indirect and Direct CO2 Emission

Figure 3 compares the CO2 emissions from servers to house-
hold electronics usage. Using equation (7), the total CO2
emission for servers was calculated to be 118 kg per year. This
accounts for 35.6% and is shown in purple. The estimated
server emissions may be significantly lower due to economies
of scale and shared usage across multiple users. Household
electronics emit approximately 212.7 kg of CO2 annually and
account for 64.4%. Among electronics, computers contribute
148.2 kg that 44.7% shown in blue. For televisions 43.8 kg
is represented in grey and is 13.3%. Smartphones 6.55 kg is
2.1% and in green. Game consoles produce 12.3 kg of CO2
and make up 3.6% shown in red. Lastly the thin yellow line is
iPads/tab and they produce 1.86 kg making up 0.6% of the to-
tal. The reported emissions here refer exclusively to direct and
indirect operational energy usage, and no emissions from de-
vice production or disposal are included in these calculations.

Fig. 3 CO2 Emission of Servers compared to Home Electronics.

The results provide valuable insight into the research ques-
tion: “How much operational CO2 emission is associated with
direct digital device use and indirect data usage?” This paper

calculated the average electricity consumption for a house-
hold in Aliso Viejo, California, is about 11,676 kWh annu-
ally23. Using equation 3, kWh times the conversion factor
of 0.2502 kg CO2 per kWh, the total CO2 emissions from
household electricity consumption were estimated to be 2,701
kg annually. To contextualize these findings, the annual CO2
emission from home electronics, 212.7 kg, represents approxi-
mately 7.3% of the total household electricity emissions. This
indicates that the other 92.7% coming from other household
activities such as heating, cooling, and lighting dominate the
energy footprint.

This shows that home electronics contribute to a house-
hold’s carbon footprint, however, their impact is relatively
small compared to other energy consumptions. Among home
electronics, computers (148.2 kg, 5.1%) and televisions (43.8
kg, 1.5%) are the main contributors. Smartphones (6.55 kg,
0.2%), game consoles (12.3 kg, 0.4%), and iPads/tablets (1.86
kg, 0.1%) have comparatively smaller impacts. These findings
suggest that reducing home electronics usage has a limited im-
pact on the overall carbon footprint. However, establishing a
controlled household usage pattern is a step toward sustain-
ability.

As a study from the University of Oxford focused on direct
CO2 emissions from producing and using devices like laptops
and desktops, this research demonstrates that indirect data us-
age from servers produces a comparable amount of the digital
carbon footprint by accounting for roughly 35.6% of the emis-
sions associated with digital activities12.

This highlights that everyday digital activities such as
streaming and cloud storage have a comparable environmen-
tal impact to direct household hardware usage. Previous
studies, including focused mainly on internal device use3,12.
They underestimated the energy consumed by servers. This
study demonstrates that while household electronics them-
selves contribute to emissions, their connection to servers
stands for 35.6% of household digital activities. This shows
that residential electronic usage has often been overlooked and
these findings underscore the importance of mindful electronic
consumption.

This study offers valuable insights, nevertheless it has some
limitations. First, the focus was solely on a particular region,
Aliso Viejo, CA. Due to that the results may not represent
regions with different climates, energy sources, or household
behaviors. Second, electronic devices vary in power consump-
tion. Therefore, the averages used here are supported by peer-
reviewed literatures14,16. Third, the survey data were self-
reported which may introduce potential recall bias. However,
the medium sample size of 46 and reported statistics such as
the mean, median, standard deviation, minimum, and maxi-
mum normalizes the survey data.

Based on these findings, household electronics account for
212.7 kg of CO2 annually, while servers account for 118 kg of
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CO2 annually. These results indicate that servers supporting
the connectivity and operation of household electronics have
comparable CO2 emissions to individual electronic devices.
While the combined CO2 emission driven by household elec-
tronic devices and supporting servers are still not as significant
as other CO2 emission drivers like cars and the manufacturing
sector, the importance of bringing awareness to the impact is
significant enough to be considered for future energy saving
measures.

Discussion

This study originally hypothesized that a notable amount of
CO2 emission from the residential sector comes from home
electronics as it was based on a study by the University of
California Irvine13. The findings partially supported this hy-
pothesis. The results showed that direct household electronic
devices account for 212.7 kg of CO2 annually and represent
approximately 7.3% of total household electricity emissions,
2,921 kg annually. This confirms that electronic devices con-
tribute to the residential carbon footprint but the overall impact
remains relatively small compared to other household energy
sources like heating, cooling, and lighting.

In addition to direct device emissions, this study estimated
that servers contribute approximately 118 kg of CO2 annu-
ally per household. When combining household electronic
devices, 212.7 kg, and supporting servers of 118 kg, the to-
tal digital-related emissions is approximately 330.7 kg of CO2
annually. Within this digital category, servers account for
35.6% of emissions, while direct electronic devices account
for 64.4%. This shows that indirect emissions from digital
infrastructure represent a substantial portion of digital car-
bon emissions while they are not directly visible to household
users. As discussed in the method section, server emissions
were estimated using published metadata and not measured
directly. This could result in some recall bias thus potential
uncertainty as the value represents an upper-bound estimate
per household rather than the exact attribution.

These findings highlight the importance of mindful elec-
tronic usage when it comes to everyday activities. Among
devices, computers and televisions are the primary contrib-
utors annually generating 148.2 kg and 43.8 kg of CO2, re-
spectively. Smartphones, game consoles, and iPads/tablets
contribute smaller amounts. This reinforces that larger, high-
wattage electronic devices dominate operational emissions
within homes. According to Energy Star, a government based
organization for energy efficiency, which is administered by
the U.S. Environmental Protection Agency, a Sub Zero energy
efficient refrigerator consumes 159 kWh/year. By applying
the CO2 conversion factor of 0.2502 kg/kWh, the total CO2
emission of this refrigerator is 40 kg which is comparable to a
television (43.8 kg of CO2 per year)24.

This research contributes to a broader understanding of res-
idential sustainability by distinguishing between direct opera-
tional emissions from household devices and indirect emis-
sions from servers. Previous studies, focused primarily on
device production and internal operational energy usage11,12.
However, this study expands the scope by incorporating indi-
rect server emissions to capture a more accurate estimate. It
is important to mention that indirect server emissions are not
fully attributable to one household due to shared infrastructure
and content delivery networks. This paper uses a conservative
approach on per-household data usage.

Limitations

While this study offers meaningful insights, there are limita-
tions that must be considered. The focus was limited to Aliso
Viejo, CA, and results may differ in regions with different cli-
mates, electricity generation sources, or household behaviors.
In addition, the power consumption rates were based on peer
reviewed sources for each device category, which did not con-
sider device age, efficiency, or model type. Seasonal factors
of electronic device usage and regional electricity grid carbon
intensity were not captured in this study. This may minimally
affect annual CO2 emission estimates. However, these lim-
itations do not invalidate this paper’s findings. Instead they
define the scope of research to average CO2 emission rates
rather than individualized household trends. Lastly, the sur-
vey responses were self-reported which may reflect recall bias.
However the sample size of 46 reduces the margin of error for
recall bias. Descriptive statistics such as the mean, median,
standard deviation, minimum, and maximum were used to ac-
count for variability.

Key Implications

The findings suggest that reducing electronic device usage
alone would produce a modest reduction in total household
emissions. However, small behavioral changes like turning
off electronic devices when they are not in use could lower
digital related emissions. By establishing these habits across
communities with collective effects will result in a measurable
conservation.

Future Research

Future research should expand the geographic sample size and
integrate more accurate measuring approaches to reduce recall
bias from self reporting surveys. For instance, incorporating
smart meters or device-level monitoring applications can im-
prove data accuracy. Additionally, future studies can go more
in depth analyzing the shared usage of current servers and net-
works to incorporate economies of scale and mitigate the re-
dundancy of shared network usage.
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Conclusion

Overall, this study demonstrates that household electronic
devices and supporting servers contribute to a measurable
amount of residential CO2 emissions, around 330.7 kg. Of
this, 7.3% is driven by direct operational electronic devices.
Even though household electronic devices are not the dom-
inant source of household carbon emissions, their growing
impact calls for more awareness. Additionally, digital sus-
tainability remains an important and often overlooked com-
ponent of modern residential energy consumption. Raising
awareness of both direct and indirect digital emissions can
support more informed energy-saving behaviors and encour-
age broader conversations about responsible technology usage
within households.
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APPENDIX

Consent Form
Thank you for your interest in being a research participant. The goal of
this study is to determine if education on corporate practices regarding so-
cial issues impacts consumers’ perceptions of their brand. As the primary
researcher, I am looking to see if there is a significant change before and after
a consumer is informed of the actions of a corporation.

Purpose for this study: This research is aimed at answering the question of
how much home electronics contribute to the overall CO2 emission in Aliso
Viejo.

What will happen if you choose to be a participant in this
study?
After obtaining consent from both the parent and participants, I will adminis-
ter a virtual survey with multiple choice questions asking participants to report
how many hours their household cumulatively uses electronics.

What rights to privacy will be enforced? How will your
information be used?
The study recognizes the nature of the sensitive material and therefore will
grant all participants confidentiality. Information will at any time be disclosed
to a member outside of the study, and only the quantitative data gathered from
the survey will be used.

Can I say no?
Yes, you have the right to not answer or withdraw from participating in the
study at any time with no penalty towards you with no questions asked.

What are the risks and benefits?
Due to the sensitivity of the topic, there is a possibility of emotional distress
being evoked. There will be provided tools to debrief any individuals who
feel as if they may benefit from such services. There is no direct benefit to the
participants, though individuals will be helping gather data to help answer the
previously stated research question and contribute to the body of knowledge.

If you have any questions, comments, or concerns, or would like to follow
up at any time, please feel free to contact me at either of the following: vian
azr@yahoo.com

If you wish to voice any questions, problems, or concerns you may have
about the study, please email the research advisor Erin E. Rose at eerose@c
apousd.org

Recognize that as a participant, you have the right to withdraw from the
study at any time with no questions asked. If you agree to be a participant in
this study, please check the box below.

I am willing to be a participant in the research and acknowledge the above
statements:

*you are not required to take the survey if the answer is ’no’

• Yes

Section 1 - Demographics
DISCLAIMER: Confidentiality - Please state ”I agree” below in acknowledg-
ment that the data obtained will not be used with your name attached. All
data will be kept private and not shared by the researcher with impartial indi-
viduals not integral to the study. If you have any questions about anonymity,
please ask now before continuing.

Question 1: How many hours per day does your household cumulatively
use a computer at home?

Question 2: How many hours per day does your household cumulatively
use their phones at home?

Question 3: How many hours per day does your household cumulatively
use an iPad/tablets at home?

Question 4: How many hours per day does your household cumulatively
watch TV at home?

Question 5: How many hours per day does your household cumulatively
use a game console at home?

DEBRIEFING FORM
Thank you for your time and participation in completing this survey. Your
feedback is integral in creating a successful and comprehensive byproduct.

Following the study, if you have any questions, concerns, or sentiments of
discontent, please do not hesitate to reach out to me at vianazr@yahoo.
com

Below are attached resources if you feel you could benefit from additional
aid:

Text “HOME” to 741741 to get in contact with a crisis counselor 1-800-
662-4357 (national helpline for mental health) Poison Control: 1-800-222-
1222 Alcoholics Anonymous (AA): 909-825-4700 Narcotics Anonymous
(NA): 909-622-4274 Community Crisis Response Team (24/7): 909-458-
1517 office 909-535-1316 pager (after hours) National Suicide Prevention
Lifelines: 800-784-2433, 800-273-8255 Suicide and Crisis Lifeline (available
24 hours): 988

Once again, I would like to thank you for your participation formally.
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