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ABSTRACT

The transition to remote work has significantly altered traditional employment structures, introducing both
environmental benefits and sustainability challenges. While telecommuting reduces commuting-related carbon
emissions and urban congestion, it simultaneously increases household energy consumption, digital infrastructure
demand, and electronic waste generation. This study examines the environmental footprint of remote work, evaluating
shifts in energy use, transportation emissions, and digital resource reliance. Findings indicate that household electricity
consumption rises by over 80%, primarily due to increased reliance on personal climate control, lighting, and
computing devices. Despite the reduction in vehicle miles traveled, leading to an estimated 299 kg decrease in CO2
emissions per worker per month, the expansion of video conferencing and cloud storage has driven a 248% increase in
digital energy demand. Moreover, the replacement cycles of laptops, monitors, and peripherals have shortened, leading
to a 91% increase in e-waste production, thus posing a serious sustainability dilemma. These results emphasize the
need for policy actions, efforts that increase energy efficiency, measures to promote corporate responsibility for digital
sustainability and improved e-waste recycling programs. Ultimately, the study is a call to action to focus on sustaining
remote work in a way that harnesses its energy saving potential, without tipping the scales back towards the
environmental challenges of closed industries. Further research should examine how energy efficiency in home offices
can be systematically enhanced through technological optimization, organizational guidance, and supportive policy
frameworks, positioning remote work as a lower-energy-intensity mode of work while advancing sustainable digital
practices and assessing the long-term environmental implications of sustained telecommuting.
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1. Introduction

In recent years, the trend toward remote work has soared—during the pandemic, this was not only
enabled by technology but forced upon us by global circumstances. As organizations and employees
increasingly adopt telecommuting as a legitimate work arrangement, its environmental impacts extend well
beyond economic and social considerations. Telecommuting radically transforms patterns of energy
consumption, forms of transportation and resources used, undulating the ecological footprint of the now
green workforce. Recent scholarship emphasizes that remote work should not be conceptualized merely as a
spatial relocation of labor, but rather as a reconfiguration of socio-technical systems that redistribute
environmental externalities across digital, residential, and infrastructural domains. Information systems
supporting remote workplaces increasingly mediate energy demand, material throughput, and behavioral
adaptation, thereby shaping sustainability outcomes beyond commuting-related emissions alone [,
Consequently, the environmental implications of telecommuting depend not only on reduced mobility but
also on how digital infrastructures, household environments, and organizational policies co-evolve under
sustained remote and hybrid work arrangements [2, 3]. Benefits from decreased travel times and reduced
office demand have played a role in slower carbon emissions, but given the shifting behavioral patterns,
including the greater dependence on digital infrastructure and electronic devices, we are faced with a new set
of environmental challenges that warrant close scrutiny !,

Remote work has several categories of environmental impact, including direct and indirect impacts on
carbon footprints, energy efficiency, and waste. One major benefit of remote work is the reduction in
greenhouse gases produced from daily travel. Traditional office-based workforces are a notable contributor
to pollution from transportation, especially in urban centers, where congestion depletes fuel as we mill
around in stop-and-go traffic, damaging air quality. In contrast, remote work significantly reduces these
emissions, lessening dependence on fossil fuels and helping to alleviate pressure on public transport systems.
Pandemic-era studies indicate that widespread telecommuting substantially reduced vehicle miles traveled
and contributed to measurable declines in transportation-related air pollution™.

Beyond transportation-related benefits, remote work impacts office energy usage and infrastructure
needs. Office buildings are among the largest energy consumers, demanding energy-intensive services for
heating, cooling, lighting, and upkeep, all of which take a lot of resources. BYO (Bring Your Own) work
place: with the aforementioned shift to working from home, there is less reliance on the consumption of
extensive and open office spaces leading to a decrease in the overall electricity consumption and resource
consumption. But with this change has come more energy use in households, as people turn to personal
heating and cooling systems, home office equipment and internet connectivity [6, 7]. This transition has a
net effect that is incredibly nuanced, with the environmental impact being sensitive to differences in regional
energy grids, consumer behaviors, and efficiency [#1.

Another core factor of remote work’s environmental footprint is its reliance on digital infrastructure.
The rapid move to remote working has driven up demand for cloud computing, data storage, and digital
communication platforms, all of which are energy-consuming!®’. Data centers, which undergird cloud-based
services and remote work tools, consume vast amounts of electricity to keep their systems running and cool.
Not to mention that even if energy efficiency was improved and the integration of renewable energies was
done, the amount of traffic that digital infrastructures would generate is worrying . The impact of video
conferencing, cloud storage, and 24/7 internet connection on carbon emission is an emerging issue that
requires mitigation through government regulations and corporate sustainability initiatives ['!],
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Another environmental consideration related to remote work is electronic waste (e-waste). With more
employees relying on personal computers, smartphones, and other electronic devices, the demand for
technological upgrades grow!'?l. This necessitates effective e-waste management policies that can include
recycling programs, sustainable practices, and corporate responsibility initiatives to counter these adverse
impacts of increased dependence on technology for remote work!!?!,

Governments and regulatory agencies are grappling with how to address the sustainability concerns
juxtaposed with the need for flexible labor, but the legal and policy ramifications of remote work’s
environmental footprint are still emerging. Though existing environmental policies focus on industrial
emissions, transportation regulations and corporate sustainability practices, an increase in telecommuting
means a more holistic approach is required. Legal frameworks need to adapt to home-based energy
consumption, to corporate responsibility for the carbon footprint of remote workers, to the use of sustainable
technology. Indeed, certain jurisdictions have initiated commitments to incentivize businesses that adopt
environmentally-conscious remote work procedures, and in others, carbon taxation proposals are being

considered that differentiate between different emissions, notably concerning digital infrastructure emissions
[14]

The article explores the environmental footprint of remote work through a legal/policy lens, including
the relevant regulations and areas for improvement. Through evaluating the sustainability impacts of
telecommuting, this research endeavors to offer guidance to governments, corporations, and private
individuals on how remote work practices might be optimized for enhancing beneficial environmental
outcomes and limiting undesirable impacts. The talks will address if existing legal frameworks are effective,
if there are gaps in policy approaches, and recommendations for sustainable telecommuting to be pursued.
As remote work continues to evolve, it will be critical to align it with environmental sustainability goals to
inform future regulatory and corporate strategies.

1.1. The aim of the article

The article seeks to critically evaluate the environmental impact of remote work from a legal and policy
perspective, exploring both its benefits and drawbacks. Transitioning to a model of telecommuting and
remote work has fundamentally changed approaches to how we work, minimizing the use of office space
and commuting and reducing carbon emissions and energy use. While the technology progress is
considerable, the latest technological revolution has coincided with the increasing reliance on digital
infrastructure, cloud computing, and electronic devices, raising new environmental concerns, such as the
need for extra electricity in households and the challenge of electronic waste. This study aims to help
understand the extent to which the advantages of remote working pertain to environmental sustainability and
what legal and policy measures may be necessary to contain its unintended ecological impacts.

The article critically examines existing legal frameworks surrounding sustainability, in the context of
the remote work ecosystem. Most environmental policies have focused on industrial emissions or corporate
sustainability and public transportation, and they are yet to fully adapt to the changing nature of work. In this
article, we will discuss how governments, businesses, and regulatory institutions can devise policies to
optimize the balance of sustainability benefits of remote work with the environmental costs associated with
additional reliance on digital technologies. The study also examines how corporations can adopt sustainable
telecommuting practices, such as energy-efficient work-from-home guidelines, responsible e-waste disposal
and carbon reduction strategies for digital work.

Recommend legal and policy changes that could help align remote work with wider sustainability goals.
Using case studies from different jurisdictions, the article appraises best practices regulating the ecological
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footprint of telecommuting, ranging from incentivizing green energy usage in home-based offices to
incorporating sustainability provisions into corporate digital transformation policies. This research thus adds
to the broader discussion over the best means to harness the environmental upside of telecommuting while
also responding to new challenges that arise in the face of this current distributed working situation, thereby
seeking to directly inform policy decisions and corporate objectives around optimal remote working in the
future.

1.2. Problem statement

Concerns such as how to collect evidence remotely, modify working practices, and navigate changing
laws, procedures, and standards have become pressing questions for lawyers but have yet to be articulated
and integrated into legal/policy frameworks to ensure full consideration of the environmental implications of
this rapid transition. Although telecommuter reduces carbon emissions associated with transportation and
energy consumed by the office, reliance on digital infrastructure, cloud-based services, and personal
electronic devices raises new sustainability challenges.

A key problem is that employees move their energy use from centralized office buildings to home
offices, leading to growth in residential energy consumption. Unlike corporate offices, which are frequently
subject to energy efficiency mandates and other sustainability reporting requirements, home offices are free
to operate without standardized environmental guidelines. In regions where the energy that powers our
homes is predominantly non-renewable, the uneven regulatory landscape raises questions around the overall
impact of remote working on energy efficiency and carbon. Absent clear policies targeting household
energy use, the environmental gains from reduced commuting may be negated by increased home energy
consumption.

Moreover, the growing popularity of remote work has driven up demand for cloud computing, data
centers and digital communication systems, all of which require vast amounts of energy. While the demand
for immediate digital services increases the carbon footprint of the internet’s infrastructures, regulatory
policies tackling data center emissions and digital operations are fragmented. While the state of
sustainability initiatives today is focused on much more traditional industrial or commercial sectors, the
environmental impact of digital transformation in the form of remote work has been overlooked. This
regulatory shortcoming means a key element of telecommuting’s environmental footprint is missing from
sustainability policies.

Also, the increasing electronic waste associated with frequent upgrades of their own workplace devices
adds to the overall environmental impact of remote working. Most legal frameworks do not have adequate
provisions for e-waste management in a telecommuting context, leading to the challenges of managing
obsolete electronic equipment in terms of disposal and recycling. Closing these regulatory gaps is key to
offsetting the unintended environmental impacts of remote work as well as preserving its sustainability
advantages.

2. Literature review

As remote work becomes increasingly common, there is more focus on the environmental impact of it.
This paradigm change has also transformed corporate structures, energy demand models, and legal
infrastructures for sustainable practices. The decrease in transportation-related emissions is one of the most
recognized benefits of remote work. The number of workers on the road each day is significantly reduced,
resulting in decreased fuel consumption, road congestion, and urban pollution. Because telecommuting
eliminates travel by the employee, it directly correlates with reduced carbon dioxide emissions, making it an
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appealing tactic for organizations where sustainability is a key aim. However, the environmental benefits of
reduced commuting are highly context-dependent, shaped by geographic conditions, infrastructure quality,

and pre-existing commuting patterns 1],

Remote work reduces office energy demand outside of transportation by decreasing dependence on
expansive commercial real estate, which requires significant heating, cooling, lighting, and maintenance.
Moreover, old office buildings require high electricity and water consumption, adding to environmental
wear and tear. Organizations can reduce their energy footprint by transitioning work processes to domestic
settings. But this shift comes with a price. This shift in energy usage from central-office locations to
individual homes brings yet another sustainability issue. Working from home regularly requires extra
electricity at home to provide light, and heating, and cooling, as well as purchasing personal computing
devices on top of the energy-savings characteristics of the region you were living in during work from home
on the fly. Other households depend on non-renewable energy sources thus nullifying the environmental

benefits gained from reduced office workings %),

Another important aspect of the environmental footprint of remote work is the expansion of digital
infrastructure. An increased reliance on cloud computing, for example, virtual meetings and remote
collaboration tools, has eclevated the energy needs for data centers and internet services. Although the
technology has become more energy efficient, the surge in remote working has spurred on digital activity,
resulting in questions about the sustainability of the internet. Law and policy, which have tended to lag
behind technology, need to respond proactively to these challenges emerging from the digital realm by
ensuring that the digital infrastructure of today supports wider environmental goals ['7],

Another significant challenge in remote work environments is the rise in e-waste. The increased
reliance on personal computers, smartphones and other electronic devices have resulted in more frequent
upgrades and replacements of devices, which in turn generates more e-waste. Many areas have no or
insufficient waste-handling policy for e-waste, exposing the environment to the risks posed by improper
disposal and recycling of obsolete devices. E-waste pollution is exacerbated by a lack of existing corporate
responsibility programs governing remote workers, as well. The promising practices for creating
sustainable telecommuting policies involve the prevention of negative externalities through responsible use
of technology and implementation of strategies for technology disposal, to mitigate the environmental
burden of the growth in digital expansion (18],

Although remote work has significant sustainability benefits, a large gap exists in comprehensive legal
frameworks on sustainability that recognize how it will sit in relation to this new paradigm of working.
Recent policy-oriented studies highlight that this regulatory gap is particularly evident in three domains:
residential energy governance, digital infrastructure accountability, and end-of-life management of work-
related electronic equipment. While organizational sustainability frameworks have traditionally focused on
centralized workplaces, emerging evidence suggests that remote work displaces environmental responsibility
toward households and platform providers, which often fall outside existing regulatory oversight [% 201,
Moreover, the absence of standardized metrics for assessing the environmental performance of remote and
hybrid work systems complicates policy evaluation and limits the enforceability of sustainability objectives

(21 Existing policies tend to focus on traditional workplace sustainability, industrial

across jurisdictions
emissions, and corporate energy efficiency, which means that the specific ecological consequences of remote
work remain largely unregulated. There have been incentives for businesses in some jurisdictions to adopt
environmentally friendly telecommuting practices, but widespread regulatory alignment is yet to be decided.

Legal responses need to expand to include home energy use, corporate carbon accountability and digital
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sustainability. Achieving sustainability requires a careful balance, optimizing the potential environmental
benefits of remote work, whilst minimizing its unintended consequences in the changing world of work.

3. Materials and methods

The methodology section describes how the environmental impact of remote work was quantified, with
a focus on energy usage changes, reduced CO: emissions, energy demand from digital infrastructure, for
example, telecommunications led by remote work, and e-waste generation from increased remote work
scenarios. The analysis employs a combination of survey data on remote work adoption and environmental
factors, supported by mathematical modeling and empirical calculations.

3.1. Energy consumption analysis

The transition to remote work shifts energy demand from centralized office buildings to individual
households. To evaluate this change, the net difference in energy consumption was calculated as:

AE= ;’1—1 (Eremote,i'Eoﬁice,i) (1)

Where AE is net change in total energy consumption (kWh); £, ; energy consumed in remote work
setting for category,i (kWh); Eyp.; energy consumed in office setting for category,i (kWh); n number of

energy categories, such as heating, lighting, computing, internet.

To assess the energy efficiency loss coefficient, we define:

EL=< = )x100% )
Eofice

Where E; energy efficiency loss due to remote work; £, total energy consumption in office settings

(kWh). This formulation aligns with findings in Tao et al.l}, which emphasize that energy shifts in remote
work are sensitive to lifestyle and infrastructure conditions.

Further, to estimate the impact of regional energy efficiency variations, the weighted energy intensity
factor (Wg) was introduced:

WE: 2?_1 (Rl‘x Eremnte,i' oﬁ‘ice,i) (3)

Eremote,i

Where R; regional energy efficiency factor for category i, Wy weighted efficiency loss due to residential
energy use. These coefficients provide a granular view of energy consumption inefficiencies, especially in

residential settings where energy consumption is less optimized compared to centralized office environments
[8]

3.2. CO: emission reduction assessment

A key environmental advantage of remote work is reduced transportation emissions. The reduction in
CO: emissions was calculated as:

ACO,=3", VMT;-EF; 4)

Where ACO, total CO: reduction (kg/month); VMT; vehicle miles traveled per worker using mode i; EF;
emission factor per mile for mode i. Emission factors were used from Huang et al.??l, which provide
empirical estimates for on-road vehicle emissions detection. The modeling framework also accounts for
empirically observed changes in travel behavior associated with telecommuting adoption, including reduced
trip frequency, altered modal choice, and partial substitution of peak-hour commuting with discretionary
travel. Survey-based studies indicate that while remote work substantially reduces routine work-related travel,
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its net effect on mobility patterns varies according to occupation, household composition, and urban form 2*
24 Incorporating these behavioral dynamics improves the realism of emission reduction estimates and
mitigates the risk of overstating net carbon savings attributable solely to telecommuting.

To incorporate fuel efficiency impact, we used:

ACOSY=31, (VMT XEF<F) )
where F; represents the fuel efficiency improvement factor:
Ft- (L) (6)
Nold

Where 77, fuel efficiency of telecommuting-adjusted traffic flow, 77 ,, fuel efficiency of pre-remote work
commuting pattern. This formulation accounts for both direct CO. savings and indirect efficiency
improvements in urban mobility, a framework supported by Roberto et al. (4],

3.3. Digital infrastructure energy demand evaluation

As remote work increases reliance on digital services, the total energy demand was quantified as:
Ep= X1 (UxPf) (7

Where Ep total energy demand (kWh); U; usage hours per service i (hours/month); P; power consumption
per hour for service i (kWh/hour); f; data transmission intensity factor for service i.

This model accounts for bandwidth-intensive activities such as video conferencing and cloud computing,

as described in Erhueh et al.l'”!,

Additionally, to correct for cooling and infrastructure overhead in data centers [*!, we include:
EpxC;
BarEpt (E0 225) ®)
Inc

Where C; cooling energy factor for data center service i; and 7. efficiency coefficient of data center
cooling.

This framework reflects the increasing carbon intensity of digital workloads and is aligned with Liu!'®
studied the environmental trade-offs of the digital economy and energy consumption.

3.4. E-Waste generation analysis

To estimate the increase in electronic waste (e-waste) due to remote work, we use the device lifecycle
model:

W= (S 7 <R,) ©

Where W e-waste generated per worker (kg/year), D; weight for category i (kg); L; expected lifespan of
device i (years); R; replacement acceleration factor due to increased usage.

Building on Wirtu & Tucho /), the e-waste model includes an excess degradation coefficient .X;,
adjusting for increased use intensity:
Ui

=0 (10)

Where U; is usage hours of device i in remote work, and U,.; is expected usage under office-based work.
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Thus, the adjusted device lifespan L?dj is represent below and allowing recalculation of accelerated e-
waste production.

di _L;
Lf j:;l_ (11)

This model supports Cicala et al.l'”7l, who emphasize the need for improved remote e-waste tracking
policies.

3.5. Sensitivity analysis and uncertainty modeling

Given that this study relies on survey data, empirical modeling, and third-party databases, there are
uncertainties associated with the estimates. These uncertainties arise from seasonal energy use fluctuations,
individual work habits, and technological advancements. To address this, the study incorporates a sensitivity
analysis to assess how changes in input parameters affect the final results.

A Monte Carlo simulation approach was applied to model uncertainty in energy consumption, CO-
savings, and e-waste projections, where the total environmental impact is represented as:

)(}inal: Z;?—l)(ix(l—i_ei) (12)

Where Xj,,,; adjusted sustainability impact metric, as a energy, emissions, or e-waste, X; initial calculated

value for category i, €; is random error term representing data uncertainty.

The use of probabilistic simulation techniques is consistent with recent methodological advances in
sustainability assessment, where uncertainty arising from behavioural variability, technological heterogeneity,
and contextual factors cannot be adequately captured through deterministic models alone. By incorporating
stochastic variation into key parameters, the analysis enhances the robustness and policy relevance of the
estimated environmental impacts of remote work. The simulation was conducted using repeated stochastic
sampling across key input parameters, including household energy intensity, commuting distance variability,
device lifespan assumptions, and digital usage duration. Parameter ranges were defined based on empirical
bounds reported in recent teleworking and sustainability studies, and probability distributions were applied to

4.21.231 This approach allows the

reflect behavioural and contextual heterogeneity rather than fixed averages |
results to capture realistic uncertainty intervals and avoids deterministic overestimation of telecommuting-

related environmental benefits.

4. Results

4.1. Increased household energy demand due to remote work

The transition from centralized office environments to home-based work settings has led to a significant
increase in individual household energy consumption. Unlike office buildings, which benefit from
centralized and optimized heating, cooling, and lighting systems, remote workers rely on personal home
setups, often leading to higher per capita energy use. Additionally, the absence of energy-saving automation
in residential spaces further exacerbates energy inefficiency. Figure 1 shows the monthly energy
consumption per worker across different categories, comparing traditional office-based work to remote work
environments. The assessment incorporates regional variations, energy loss coefficients, and weighted
intensity factors to quantify how household energy usage has increased due to telecommuting.
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Figure 1. Monthly Energy Consumption in Remote Work Compared to Office Settings (kWh per Worker)

The results indicate a substantial increase in total household energy consumption, rising by 81.5% after
the transition to remote work. The largest contributor to this increase is heating and cooling systems, which
saw a 70.8% rise in consumption due to the need for individualized climate control. Lighting energy demand
nearly doubled (+85.7%), reflecting extended hours spent working in home offices compared to centralized
office settings. Internet-related electricity use increased by 110.5%, indicating a growing reliance on
broadband connectivity, routers, and additional digital devices. The overall energy efficiency loss across all
categories averaged 73.4%, illustrating the inefficiencies of decentralized home-based energy use compared
to optimized office infrastructures.

4.2. CO: emission reduction from decreased commuting

One of the most widely acknowledged benefits of remote work is the elimination of daily commuting,
which significantly reduces transportation-related carbon emissions. Prior to the shift to telecommuting,
employees relied on private vehicles, public transit, and ride-sharing services, all of which contribute to
urban air pollution. By reducing vehicle miles traveled (VMT), remote work minimizes fuel consumption
and CO: emissions, contributing to improved air quality and decreased fossil fuel dependency. Figure 2
below quantifies the reduction in CO. emissions per worker per month, accounting for different commuting
modes, fuel efficiency variations, and regional transportation trends.
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Figure 2. Reduction in Commuting-Related CO. Emissions per Worker (kg/month)
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The analysis shows a total monthly reduction of 299 kg of CO. emissions per worker, an improvement
from previous estimates due to higher fuel efficiency and reduced reliance on private vehicles. Private car
emissions saw the most significant drop (182 kg/month per worker), reflecting the elimination of daily work
commutes. Fuel savings amounted to 82 liters per worker per month, reinforcing the sustainability
advantages of telecommuting. Although public transit emissions also decreased (72 kg CO2/month), the
impact is somewhat lower since a portion of transit operations continue despite reduced ridership. The results
confirm that remote work is a key strategy for reducing transportation-related environmental impacts.

4.3. Digital energy consumption in remote work

The shift to telecommuting has significantly increased reliance on digital tools, cloud computing, and
broadband networks. Home-based work environments necessitate higher data transfer rates, increased cloud
storage, and prolonged video conferencing usage, all of which contribute to rising energy demand. Unlike
traditional office settings, where shared IT infrastructure optimizes power efficiency, remote work distributes
energy consumption across millions of households, placing additional strain on national electricity grids and
data centers. Figure 3 evaluates the monthly increase in digital energy consumption across various
technological categories.

- 1000
800
- 600

=400

Energy Consumption (kWh)
Percentage & Annual Impact (kWh/worker)

200

Figure 3. Digital Energy Consumption in Remote Work (kWh/month)

The findings reveal a 248.4% increase in total digital energy consumption, primarily driven by a 372.2%
rise in video conferencing demand. The transition to virtual meetings has led to a fourfold increase in energy
consumption per worker, reflecting longer call durations and more frequent use of high-bandwidth platforms.
Cloud storage demand surged by 250.0%, indicating that remote employees are increasingly relying on
cloud-based document sharing. Streaming and online communication services expanded by 292.9%, further
amplifying the load on digital infrastructure. The total annual digital energy footprint per worker has grown
to 2,676 kWh, underscoring the importance of energy-efficient data management strategies in sustainable
remote work policies.

From a sustainability governance perspective, these findings align with broader research on the digital
economy, which demonstrates that efficiency gains from digitalization are not automatically translated into
environmental benefits without deliberate policy and technological interventions. Advanced digital
architectures, including artificial intelligence—driven optimization and distributed ledger technologies, have
been shown to reduce energy waste and improve transparency in resource-intensive systems, yet their
integration into remote work infrastructures remains uneven 261, Without targeted regulatory incentives and
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organizational accountability mechanisms, rising digital energy demand risks offsetting the emission
reductions achieved through decreased physical mobility.

4.4. Increase in electronic waste (E-Waste) generation

One of the unintended consequences of remote work is the increased reliance on personal electronic
devices, leading to shorter replacement cycles and higher electronic waste (e-waste) generation. Unlike
office environments, where IT departments manage centralized procurement and extended hardware
lifespans, remote workers depend on individual laptops, monitors, peripherals, and mobile devices, which are
often replaced more frequently due to continuous usage. This accelerated device degradation contributes to
the growing global e-waste crisis. Additionally, the lack of standardized e-waste recycling policies for
remote workers exacerbates the environmental burden. Figure 4 presents an in-depth analysis of e-waste
generation per worker per year, factoring in device weight, usage intensity, and expected lifespan reduction
due to prolonged home use.

mmm Pre-Remote Work Replacement Rate (%) —e— Increase (%)
Post-Remate Work Replacement Rate (%) == E-Waste Generated (kg/year)

50% 160.0%
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40
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Figure 4. E-Waste Generation Due to Remote Work (kg per Worker per Year)

The findings reveal a 91.7% overall increase in e-waste generation per worker, emphasizing the
significant environmental impact of remote work on electronic disposal. Monitors experienced the highest
growth rate (+160.0%), as remote workers upgraded to larger, higher-resolution screens for productivity.
Laptop replacement rates doubled (+100.0%), reflecting the strain placed on processors and batteries due to
longer operational hours. Smartphone replacements rose by 78.6%, primarily driven by increased mobile-
based communication and multitasking needs. The total e-waste footprint per remote worker reached 13.8 kg
per year, underscoring the need for enhanced recycling regulations and corporate sustainability initiatives
that address the remote work-induced rise in electronic waste.

4.5. Variability in remote work's environmental footprint across different regions

The sustainability impact of remote work varies significantly across urban, suburban, and rural regions,
influenced by local energy grids, transportation systems, and digital infrastructure efficiency. For instance,
urban settings often benefit from more energy-efficient public transit and broadband connectivity, while rural
areas exhibit higher energy demands due to dispersed residential networks. Furthermore, colder climates
amplify heating-related energy consumption, whereas warmer climates see increased demand for cooling
systems. Figure 5 evaluates regional deviations in energy savings, CO- reductions, and digital sustainability
metrics, emphasizing how location-specific factors shape the net environmental outcomes of telecommuting.
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Figure S. Regional Variations in Remote Work’s Environmental Impact

The analysis highlights significant regional disparities in remote work’s environmental impact. Urban
areas demonstrated the highest CO: reduction (312 kg/month), reflecting a greater reliance on public transit
pre-remote work. Conversely, rural regions exhibited the highest increase in home energy consumption
(+96.2%), as workers depend on individual heating and cooling systems rather than shared office
infrastructure. Colder climates experienced an energy consumption surge of 101.9%, driven by higher
heating demands. Climates that required heating saw greater increases (+134.9%), compared to warmer
climates (+70.9%), which have more efficient cooling methods.

This disparity reflects infrastructural inefficiencies in broadband provision and data transmission
intensity in low-density regions, where greater energy expenditure per user is required to maintain digital
connectivity. Empirical evidence suggests that post-pandemic remote work patterns amplify these
inefficiencies, particularly among technology-dependent occupations located outside major urban centres 24,
These findings reinforce the need for geographically differentiated digital infrastructure policies rather than
uniform national approaches.

4.6. Comparative analysis of sustainability gains and losses in remote work

Even though remote work might reduce emissions from transportation, it redistributes energy
consumption and creates new burdens from digital infrastructure. This section thus provides comparative
analysis of the net sustainability impact in terms of CO: savings, increased home energy, digital energy, and
e-waste, to visualize trade-offs between emissions reductions and resource consumption shifts.

Table 1. Net Environmental Impact of Remote Work

Sustainability Factor Reduction (%) Increase (%)
Transportation CO: Emissions -84.6% -
Office Energy Consumption -72.3% -
Home Energy Consumption - +81.5%
Digital Infrastructure Energy Demand - +248.4%
E-Waste Generation - +91.7%

In absolute terms, the reported percentage changes correspond to an average monthly reduction of
approximately 299 kg CO: per worker from avoided commuting, alongside an increase of roughly 2,676
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kWh per worker per year in digital energy consumption and an additional 13.8 kg of electronic waste
generated annually per remote worker.

In the illustrative scenario analyzed, remote working avoids approximately eight hours of commuting-
related transportation emissions per worker per day with an 84.6% reduction in CO, with an addition 72.3%
reduction coming from the need for office, etc. Yet these advantages are tempered by a steep increase in
home energy use (+81.5%), a dramatic rise in energy consumption for digital infrastructure (+248.4%), and a
91.7% increase in e-waste generation. This trade-off indicates that, even though remote work can present
environmental opportunities, the sustainability-related benefits of remote work are partially diminished by
the increased energy intensity of decentralized workspaces. Solutions to these trade-offs will require both
integrated corporate and regulatory approaches, such as green IT policies, e-waste recycling mandates and
home energy-efficiency incentives.

5. Discussion

The results of this study add to the emerging literature about the environmental consequences of remote
work, especially in terms of energy use, CO: emissions, demand for digital infrastructure, and e-waste
generation. Remote work offers a potential for reduced urban air pollution and decreased transportation
emissions, but it also creates new challenges in terms of higher household energy usage, greater reliance on
digital technologies, and higher volumes of e-waste. These results are consistent with prior studies while
offering new insights into the larger sustainability trade-offs of telecommuting.

The results presented in this study reveal a significant increase in household energy consumption of
81.5%, attributable to remote work, driven primarily by increased activation of heating/cooling, lighting,
and computers and other internet-connected devices. This finding builds on previous studies, including
Sepanta et al.?” as residential energy use surged during COVID-19 lockdowns due to extended occupancy.
This study extends prior research by incorporating region-based energy intensity factors, enabling a more
precise understanding of how climatic and infrastructural conditions shape residential energy consumption
under remote work. Specifically, urban areas experienced a 75.4% increase, in contrast to the 96.2% rise in
rural areas, underscoring how variables in geography and residential infrastructure impact energy use in
telecommuting scenarios. These variations suggest that future energy policies should focus on incentivizing
energy-efficient home office setups, particularly in regions with high residential energy demand.

The findings related to CO: emission reductions from decreased commuting also reinforce previous
studies but with more refined estimates. The total reduction of 299 kg CO. per worker per month aligns with
carlier findings from Gary et al.?®, which highlighted significant drops in transportation-related emissions
following widespread adoption of remote work during the pandemic. However, this study refines the
estimate by incorporating vehicle efficiency adjustments and alternative transport behaviors, revealing that
private vehicle emissions experienced the highest reduction, while public transit saw a more moderate
decline. The data suggests that while remote work can substantially cut emissions, the extent of its impact
depends on pre-pandemic commuting patterns and the availability of alternative low-carbon transportation
options.

In contrast to the carbon savings from reduced commuting, this study highlights an unexpected increase
in digital infrastructure energy demand, with a 248.4% rise in digital energy consumption. This discovery
builds on findings from Eriksson et al. ?°! identifying remote work as a driver of increased use of ICT but
failing to quantify its specific impact on electricity use. The present study fills this gap, examining the
energy footprint of some specific digital activities, and finding that just video conferencing accounted for a
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372.2% increase in energy demand. This significant increase indicates that while remote work reduces in-
person transportation emissions, it relocates energy consumption to the cloud for computing and data centers,
much of which is powered by fossil fuels. Zeng et al. Digitalization was also noted as being increasingly

[30

responsible for global electricity demand, as reported Zeng et al. B, thus emphasizing the necessity of

increasingly energy-efficient data centers and sustainable cloud computing solutions.

Another important issue highlighted within this research is the 91.7% increase in e-waste generation,
which poses a serious challenge for sustainability in the long run. This is consistent with focus on the
increasing hazard toward the environmental and health challenges as a consequences of e-waste
mismanagement, Ghulam and Abushammala !, The results also indicate that this spike in e-waste is driven
by shorter replacement cycles for laptops, monitors and smartphones resulting from heightened device use.
Monitors, for example, saw a huge boost (up +160%), probably because most people all work from home
now, which meant more screen-time than usual. In contrast to corporate offices, where hardware is cared for
under structured IT management, remote employees do not have access to either repair services or lifecycle
extension programs, leading to more frequent device disposal. Addressing this challenge requires mandatory
e-waste recycling laws, corporate take-back programs, and incentives for refurbished electronic devices.

There are, however, several limitations to be acknowledged despite these insights. First, while this
work gives us robust quantifications of energy use and emissions, it does not yet take into account the
seasonal nature of energy consumption in homes. Energy demands for heating in winter and cooling in
summer may fluctuate, leading to periodic spikes in residential electricity consumption, which should be
examined in future research. Additionally, behavioral variations among remote workers, such as differences
in work hours, home office setup efficiency, and digital tool usage, could influence individual energy
footprints. These behavioral factors were explored qualitatively in studies such as Bogason et al.??, which
examined how rural teleworkers adapted to remote work environments, but require further empirical analysis
to assess their quantitative impact on energy and resource consumption.

Another limitation concerns the scope of digital infrastructure analysis. While this study evaluates
energy consumption at the individual level, it does not directly measure the emissions associated with
increased cloud storage and server activity. Given that large-scale data centers are among the most energy-
intensive components of the digital economy, future research should integrate corporate data center energy
reports and carbon footprint analyses to provide a more complete picture of telecommuting’s environmental
impact. Additionally, as highlighted by Chen and Zhang®¥l. corporate social responsibility (CSR) initiatives
play a crucial role in mitigating the negative environmental impacts of business operations. Companies that
adopt sustainable ICT practices, such as using renewable energy for data centers and extending device
lifecycles, could significantly reduce the digital carbon footprint of remote work.

A further challenge identified in this study is inequality in remote work sustainability outcomes. The
results suggest that rural and suburban workers experience higher energy costs compared to their urban
counterparts, raising concerns about equity in energy burden distribution. Beyond energy costs, disparities in
residential environmental quality further condition the sustainability and well-being outcomes of remote
work. Empirical studies demonstrate that factors such as thermal comfort, indoor air quality, noise exposure,
and workspace adequacy significantly influence both productivity and health in home-based work settings
[34-36]. These environmental conditions are unevenly distributed across socio-economic and geographic
contexts, suggesting that the environmental footprint of remote work is intertwined with broader issues of
housing quality and environmental justice. Addressing such inequities requires policy approaches that
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integrate housing standards, energy efficiency measures, and occupational health considerations into remote
work regulations.

The finding of this study is consistent with C.T. ®7 argued that remote work policies need to be
inclusive of regional disparities in access to energy efficient infrastructure. Concentrated advice systems in
high-cost energy areas could lead to worse financial burdens resulting in an economically unfeasible
telecommuting structure for workers in such regions impacting their willing of telecommuting. Future
research should address how governmental policies, including home energy tax credits and investments in
smart grids, may ameliorate these disparities.

The findings of the study also hold important policy implications. Although remote work offers
obvious sustainability advantages, it has a complex overall environmental impact that demands a cross-
policy approach that weighs carbon reductions resulting from fewer people commuting against more energy
being used in residential buildings as a result of the technology connector of modern life. Policymakers must
decide on a mix of approaches, such as the following:

* Home energy efficiency incentives to reduce household electricity waste.

*  Corporate responsibility measures requiring businesses to track and mitigate their digital energy
footprint.

*  Stronger e-waste management regulations to prevent the unchecked disposal of telecommuting-
related electronic devices.

* Infrastructure investments in smart grids and renewable energy to accommodate rising residential
power demands.

From a regulatory perspective, these approaches can be operationalized through concrete instruments,
including mandatory corporate disclosure of remote-work-related digital energy use, minimum energy
performance standards for home-office equipment, and extended producer responsibility schemes for
telecommuting-related electronics. Comparative analyses of remote work policies indicate that jurisdictions
combining organizational accountability with employee-level incentives achieve more consistent

sustainability outcomes than those relying solely on voluntary guidelines 1% 21,

This study represents the most extensive assessment of remote work’s environmental impact,
demonstrating that although the commuting-associated emissions drop significantly, emissions from
residential energy consumption, digital infrastructure use, and the production of electronic waste all increase
significantly. These findings sharpen earlier estimates by incorporating novel variables like regional energy
intensity factors, weighted carbon savings, and orthogonal digital infrastructure measures. The study also
discusses important limitations and future avenues for research, such as seasonal differences in energy use,
corporate responsibility for cloud computing emissions, and equity considerations in sustainable
telecommuting. As remote work evolves, creating balanced sustainability policies that leverage its
environmental advantages and minimize unintentional consequences will be critical for enduring climate
resilience.

6. Conclusions

The findings of this study demonstrate that the environmental implications of remote work are complex
and multidimensional. The migration from centralized office environments to home-based workspaces has
resulted in a significant shift to energy consumption, dependency on digital infrastructure, and waste
generation. This has transformed the distribution of energy, showing that energy efficiency monitoring in
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individual settings at residential properties is less effective, compared to corporate offices, in tracking
heating, cooling and overall electricity consumption. Moreover, the growing reliance on cloud computing
and data transfer has heightened digital energy consumption, transferring the environmental cost from
transportation to information technology infrastructure. Such factors illustrate that some aspects of remote
work are better described in environmental sustainability terms by abstraction — remote work should be
viewed from a much broader environmental sustainability lens instead of a “green” framed from commuting-
related emissions alone.

The overall environmental impact of remote work is context-specific. Regional energy sources, climate
variations, household infrastructure and digital behavior, among other factors all lead to differences in
sustainability outcomes. Some of those factors depend on where you live, such as how much of your home
energy grid is powered by renewable energy, meaning remote work could have more of an environmental
impact in places where fossil fuels dominate electricity generation. Moreover, since residential energy
efficiency is not standardized, personal behavior be it over-heating or using devices, varies widely and
directly impacts energy consumption. Organizational practices and managerial policies play a critical
mediating role in shaping these behavioral patterns. Evidence from organizational psychology and
management research indicates that clearly articulated remote work policies, provision of ergonomic and
energy-efficient equipment, and guidance on sustainable digital practices can significantly influence
employee behavior and reduce unintended environmental impacts. Embedding sustainability considerations
into remote work governance, rather than treating them as individual responsibilities; therefore represents a
key lever for aligning telecommuting with long-term environmental objectives. These findings indicate that
future evaluations of how sustainable remote work is should include localized data and behavioral insights in
order to inform more accurate environmental models.

The study also highlights the growing role that digital infrastructure plays in determining the
environmental footprint of remote work. The growing reliance on cloud computing, video conferencing, and
web usage has a considerable impact on the data center, which consumes vast amounts of energy for
computing and cooling. As more companies are now embracing a hybrid or fully remote work model, the
providers of those digital services will continue to reap the benefits, raising the question as to whether
substrate systems can scale sustainably over time. There is a huge potential with technological change,
because we can have more energy-efficient data centers and use more renewable-powered cloud
infrastructure, for instance, but we need stronger policy frameworks to ensure that businesses adopt more
sustainable digital practices. If not adjusted for, the demand for digital energy generated by remote work
could cancel out any emissions saved by reduced commuting emissions.

Another key finding matters the massive growth in electronic waste from telecommuting. Consumer
electronics have drawn on personal electronic devices use along with reduced replacement timelines,
translating to greater levels of e-waste generation. In corporate offices, devices are used in a managed
environment, generally taken care of by centralized IT teams and disposed of using controlled disposal
methods. Remote workers do not have that luxury. This can lead to difficulties in the responsible disposal
and recycling of such devices, especially in areas where e-waste legislation is lax or nonexistent. The
growing demand for new devices also adds to raw-material extraction and manufacturing-induced emissions,
making the environmental equation of remote work more complex. Tackling this problem will require
policy solutions, corporate responsibility initiatives, and individual awareness to encourage sustainable
electronics use and disposal.

16



Environment and Social Psychology | doi: 10.59429/esp.v10i12.3957

These findings point to multiple key improvement areas for making remote work more sustainable. For
policymakers, this entails aligning labor regulation with environmental and housing standards; for employers,
it requires integrating sustainability criteria into remote work policies and technology provisioning; and for
digital service providers, it necessitates investment in energy-efficient and renewable-powered infrastructure.
Evidence from organizational and workplace research suggests that coordinated action across these actors is
essential to prevent the displacement of environmental burdens from centralized offices to households and
digital platforms. Policymakers could explore implementing targeted energy efficiency policies to support
remote workers, such as tax credits for energy-efficient home office equipment and subsidies for the
installation of residential renewable energy systems. Companies can also be incentivized to provide financial
assistance to their employees to help them improve the energy efficiency of their homes thereby furthering
reductions in electricity consumption. In addition, companies must implement sustainable ICT policies like
optimizing video conferencing bandwidth, eliminating redundant cloud storage, or using energy-efficient
software, so they can reduce their ecological footprint on their digital infrastructures.

The study underlines the importance of a greener approach to remotely work sustainability. Instead of
seeing it as just another tool to reduce urban congestion and meet emissions targets, future strategy needs to
consider its implications for home energy use, waste generation and how much digital infrastructure we are
creating. There needs to be collaboration between governments, businesses, and environmental organizations
to create policies that find a sweet spot between the benefits of remote work and its potential environmental
costs. That includes stronger e-waste recycling laws, energy-efficient housing standards and making sure the
shift to digital work does not mean higher global electricity demand.

Future research should investigate how innovative technologies, such as Al-enabled energy
management systems and decentralized smart grids, can further enhance the sustainability of remote work. In
addition to that its studies can investigate the long-term of behavioral adjustments in telecommuting, for
example, how people change their energy uses or technology consumption in the long run. Overall,
continued research and policy work will be needed to establish how to minimize the environmental impacts
of remote work, while maximizing its potential for sustainable development.

Although remote work presents a potentially effective strategy for reducing transportation-related
emissions, its sustainability is largely contingent upon the proper management of the energy requirements
and resource consumption it introduces. Through strategic policies, responsible industry principles, and the
promotion of energy-saving behavior in individuals, remote work can be maximized as a sustainable
workplace model for the long term.
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