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Abstract  

 
The main goal of this study was to examine whether full face-to-display working instead of commuting to work 
is a suitable solution for carbon emission reduction. Data from an international Austrian company were used. 
The study adopted cross tabulation for analysing the relationships of commuting (carbon emissions) in 
different periods in relation to face-to-display environmental benefits. The study analysed whether the major 
benefit of e-working, namely not commuting to work, can reduce carbon emissions. Real evidence of 
decarbonisation data from an Austrian company was provided. There are significant differences in the 
numbers of workers in cubicles and at home during the periods. The study reveals that face-to-display work 
can save CO2 emissions by reducing work-related trips. The data obtained offer a stimulating view of potential 
carbon emissions savings if employees continue working from home. Additionally, further saving factors 
correlate with the findings of this study, in particular decreases in energy consumption. Based on the data 
received, after the easing of the lockdown period, full e-workers mitigated the extent of their carbon footprint 
by almost 62% because of transport emissions. Moreover, in that period, 126 072 kg of CO2 emission of energy 
consumption was saved. Generally, the results indicate that an increase of e-workers tends to decrease the 
footprint from transport emissions and energy consumption. This paper finds that workers working remotely 
decrease the carbon foot print as a result of zero commuting and energy consumption during different periods 
of the Covid-19 pandemic. The findings show that more long-term and comprehensive studies are needed, 
especially in relation to e-workers who have invested in lower-emission home offices. This study has 
contributed to highlighting the environmental benefit of reducing CO2 emissions of face-to-display workers by 
not commuting to work. The findings are based on data from an international Austrian company. 
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1. Introduction 
 
Face-to-display working (teleworking, telecommuting), in brief, working from home, is not a new 
concept. In the EU, telework increased slowly in the past 10 years with notable disparities in its 
implementation (Eurostat, 2020). These disparities can be caused by different factors, such as GDP 
(Brussevich et al., 2020; Gottlieb et al., 2020; López-Calva, 2020), level of the economy (Hatayama et 
al., 2020), education (Nicholas, 2009), technology (Grant et al., 2013), culture (Pöysäri, 2020) and 
policies (Weber et al., 2020). 

Covid-19 has led to changes in workplace practices, e.g. the wearing of masks, social distancing, 
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sanitising and working outside the organisation’s premises. A recent study emphasises that the 
majority of US employees want remote work arrangement to remain (GetAbstract, 2020). Generally, an 
important benefit of working remotely appears to be a decline in carbon emissions. In 2010, 14% of 
global greenhouse gas emissions came from the transportation sector (EPA, 2020). On average, 
European workers spend one hour and 24 minutes a day commuting, travelling 28.56 km in total 
(SDWorx, 2018). In Austria, 6.90 million motor vehicles were registered and passenger cars rose to 4.98 
million at the end of 2018 (Statistics Austria, 2019). Data show that in 2019 there were about 35 736 road 
accidents in which 45 140 people were injured and 416 killed (Statistics Austria, 2020).  

Masayuki (2018) presents empirical evidence on the relationship between commuting time and 
telecommuting in Japan. This paper analysed whether e-working’s major benefit, namely not 
commuting to work, can reduce carbon emissions by providing real evidence of decarbonisation data 
from an Austrian company. The first research question in this study was to analyse whether face-to-
display work, especially working from home, can limit carbon emissions by reducing work-related 
journeys in different periods. The second research question was whether face-to-display work 
contributes to reducing energy consumption, especially from not commuting to work. 

The next section presents a literature review consisting of a selection of literature and definitions 
of the concept relevant to the subject. In the second part, the methodology is introduced. Then follows 
a section presenting the results of the study. The fourth section is the discussions, and the last part 
concludes with a summary.  
 
2. Face-to-Display Working and Commuting 
 
Telecommuting, virtual office and telework are a few of the terms used to describe the same 
phenomenon (Siha & Monroe, 2006). Face-to-display workers are those workers who, in the time of 
Covid-19, are working outside the organisation’s premises using modern technology.  

Working from home has various benefits. In this study, commuting has been examined as one of 
the many advantages. According to Nilles (1997), the accelerator of telecommuting was saving the cost 
of commuting to work. Ford & Butts (1991) claim that eliminating the stresses of driving in rush hour 
may represent the most important advantage for many employees. The benefit of avoiding commuting 
has been confirmed by different studies (Tremblay & Thomsin, 2012; Beňo, 2018). Walls et al. (2007) 
found that several factors related to the commute trip, and that work location influenced 
telecommuting choice and frequency. Many studies emphasise that commuting to and from work 
causes physical and mental problems (Novaco & Gonzalez, 2009; Nomoto et al., 2015), and Long et al. 
(2013) highlight that implementing telework strategies can result in reduced stress levels.  

Kitou & Horvath (2003) found that in US states with a high telework potential (California, 
Georgia, Illinois, New York, Texas), telework could reduce emissions, but it would depend on 
commuting and climatic patterns and the electricity mix. The authors add that environmentally 
beneficial telework programmes are found to depend mainly on commuting patterns, induced energy 
usage, and characteristics of the office and home space and equipment use. In the study of Lila & 
Anjaneyulu (2017), it was found that telework reduced the distance travelled by 3.2% and the amount 
of time spent in traffic by 6.10%. A study from 2014 shows that by working from home for two days a 
week for a year, an average UK employee can save 390 kg CO2e, 50 hours commuting time and £450 
including travel costs (Carbon Trust, 2014). 
 
3. Methodology 
 
Firstly, the existing literature on the CO2 savings potential of face-to-display work is discussed. 
Secondly, a cross tabulation of the data was made. Research was performed by means of a quantitative 
approach with a target group sample of 120 individuals (employees in Austria) whose employer offers 
them the option of working from home (see Table 1). 
 



E-ISSN 2281-4612 
ISSN 2281-3993        

Academic Journal of Interdisciplinary Studies 
www.richtmann.org 

Vol 10 No 3 
May 2021 

 

 19 

Table 1. Socio-demographic characteristics, N=120. 
 

Variable  Cubicles 
N=120 

Sex Male 68 
Female 52 

Age 
20-29 
30-44 
45-59 

28 
38 
37 

Marital status Single (divorced, separated) 67 
Married/partnership 53 

Parenthood Children in household 
Childless 

99 
21 

 
This work was developed to provide a better understanding of employees’ commuting in an Austrian 
company before Covid-19 (29 February 2020), during the first lockdown (31 March 2020), after the 
easing of the lockdown (31 May 2020) and during the second lockdown (30 November 2020). In the first 
stage of our survey, we identified cubicle workers and e-workers. Secondly, we examined the 
commuting trend and energy consumption when they were not commuting. As this data collection 
was done solely for this international company, ethics approval was not required. 

In the first stage, we used cross tabulation of data to examine relationships within the data. In the 
second stage of our analysis, we used adjusted formulas (World Resources Institute & World Business 
Council for Sustainable Development, 2013) to calculate total emissions as a result of commuting for 
the reporting periods, as follows: 

∑The total distance travelled by rail/car/bike/foot = ∑ (daily one-way distance between home and 
work (km)) x 2  x 5 x number of commuting weeks) (1) 

and 
∑The emissions from employees commuting for the reporting month = ∑ (total distance travelled) 

x specific emission factor kg CO2e (2) 
Emission factor kg CO2e – rail (0.1), car (0.2), foot (0) and bike (0.01). 
In the next step, energy consumption was calculated (see Table 2). 

 
Table 2. Gross domestic product calculated by the expenditure approach. 
 

Working environment Monthly carbon (kgCO2monthly) 
Home office 3.34 (Umweltbundesamt, 2019) 

Offices 100.20 (Umweltbundesamt, 2019) 
 
Source: Author’s own elaboration 
 
4. Results 
 
4.1 Workplace formation 
 
With e-workers as the dependent variable, the outcomes were more straightforward. Table 3 shows a 
sudden increase in face-to-display workers from before Covid-19 until the second lockdown. The 
number of remote workers more than doubled the initial figure. This also confirms recent data that the 
Covid-19 crisis led to companies implementing teleworking on a massive scale (Belzenegui-Eraso & 
Erro-Garcés, 2020). 
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Table 3. Profiling main place of work during four periods. 
 

Place of work Before Covid-19 1st lockdown Easing of restrictions 2nd lockdown 
Cubicles (N/%) 120/100 12/10 66/55 50/41.66 
E-workers (N/%) 0/0 108/90 54/45 70/58.33 

 
Source: Author’s own elaboration 
 
4.2 Commuting and CO2e 
 
As indicated in the first section, a study from 2014 shows that by working from home for two days a 
week for a year, an average UK employee can save 390 kg CO2e. The real-evidence approach taken in 
this study is an attempt to provide real data of decarbonisation from an Austrian company in different 
Covid-19 time periods.  

Loosely speaking, the data shown in Table 4 mean that, if the number of commuters decreases, 
the total distance travelled by each commute group and the frequency of commuting per week also 
decreases. In February, a total of 56 040 km was travelled by 120 commuters in the different commute 
groups, compared to total distance of 61 130 km during the first lockdown, after the easing and during 
the second lockdown. The average one-way commute distance per commute group was calculated and 
determined from received data of the respondents as follows: a) rail: 10 km; b) car: 15 km; c) foot: 2 km, 
and d) bike: 5 km.  
 
Table 4. Commuting data. 
 

Commute group Before Covid-19 1st lockdown Easing of restrictions 2nd lockdown 
Rail (N)/(total distance travelled) 
Car (N)/(total distance travelled) 
Foot (N)/(total distance travelled) 

27/10800 
72/43200 
18/1440 

0/0 
9/2700 
3/120 

12/6000 
36/27000 
13/1300 

8/3200 
30/18000 

7/560 
Bike (N)/(total distance travelled) 3/600 0/0 5/1250 5/1000 
Commuting frequency per week 5 2 5 4 

 
Source: Author’s own elaboration 
 
Using these bases for further calculation of carbon emissions, the results from all the periods after 
prior-Covid-19 (9726 kg of CO2e) appear to be low: a) first lockdown (540 kg CO2e); b) easing of 
restrictions (6012.5 kg CO2e), and c) second lockdown (3930 kg CO2e). On average, 3494.17 kg of CO2e 
were produced by commuting to work in those three periods. Obviously, the data of the first period in 
March are even more extreme due to the restrictions of the hard lockdown. Furthermore, full e-workers 
mitigated the extent of their carbon footprint by almost 62% as a result of transport emissions after the 
easing of the lockdown period and by almost 41% during the second lockdown.  
 
4.3 Energy consumption 
 
It might have been expected that the positive effects of e-commuting would partly boost the positive 
effects of organisations’ energy consumption. Instead, there is a slight decline, but there is a noticeable 
reduction of energy consumption in home offices, as shown in Table 5. In point of fact, the estimated 
savings are significant, namely 288 215 kg CO2e during the first lockdown, 126 072 kg CO2e after the 
easing and 179 358 kg CO2e during the second lockdown. 
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Table 5. Energy consumption savings in kg CO2e. 
 

Energy Before Covid-19 1st lockdown Easing of restrictions 2nd lockdown 
Home office 0 11182 5591 7014 
Offices 336672 37274 205009 150300 

 
Source: Author’s own elaboration 
 
5. Discussion 
 
Face-to-display work can help to reduce the organisation’s carbon footprint, as shown in this study. 
Verbeke et al.’s (2008) data confirm that implementing telework and reducing employees’ commute 
reduces an organisation’s carbon footprint. But, the extent of the emission reduction that can be gained 
from remote work in any particular city depends on a number of factors, from whether most 
commuters drive cars or take public transit to what electricity sources the city uses (Cruickshank, 
2020). Considering this data, should organisations implement more face-to-display work options in the 
post-pandemic society in relation to environmental benefits? According to Crow & Millot (2020), 
working from home can save energy and reduce emissions. The authors’ further stress that for people 
who commute by car (> 6km) working from home is likely to reduce their carbon dioxide footprint. 
However, for short car commutes or those done by public transport, working from home could increase 
CO2 emissions due to extra residential energy consumption (Crow & Millot, 2020). A recent study 
shows that for some categories, such as teleworkers and home-based workers, trade-off effects are 
observed between work and non-work trips, which increase CO2 emission levels (Cerqueira et al., 
2020). Everything depends on individual demands relating to commuting. Additionally, different 
regions of the world derive energy from different sources, so some are more sustainable than others 
(Turits, 2020).  
 
6. Conclusion 
 
This study estimates the impact of face-to-display workers on personal commuting through the cross 
tabulation analysis of data from an international Austrian company. Four dependent variables were 
used: workplace formation, commuting, kg CO2e and energy consumption. The study was conducted 
in three stages. The first stage investigated the workplace formation. In the second stage, commuting 
and the carbon footprint were analysed. In the last stage, energy consumption was examined.  

The main research questions investigated in this paper are: 
RQ1: Can face-to-display work save carbon emissions by reducing work-related journeys in different 

periods? The results from all the periods after pre-Covid-19 (9726 kg of CO2e) appear to be low: a) first 
lockdown (540 kg CO2e); b) easing of restrictions (6012.5 kg CO2e), and c) second lockdown (3930 kg 
CO2e). On average 3494.17 kg CO2e were produced by commuting to work in those three periods. 
Furthermore, full e-workers mitigated the extent of their carbon footprint by almost 62%  as a result of 
transport emissions after the easing of the lockdown period and by almost 41% during the second 
lockdown. In 2008, Sun Microsystem found that the daily commute accounts for more than 98% of an 
employee’s work-related carbon footprint (Green Car Congress, 2008). According to a recent report, 
80% of remote workers use their home as their primary place of work (Buffer, 2020). Green (2011) points 
out several eco-friendly advantages resulting from replacing the daily office commute with a working 
day in the home. 

RQ2: Does face-to-display work contribute to saving energy consumption, especially from not 
commuting to work? There is a slight decline, but there is a noticeable reduction of energy consumption 
in home offices: namely 288 215 kg CO2e during first lockdown, 126 072 kg CO2e after the easing and 
179 358 kg CO2e during second lockdown. But Shimoda et al.’s (2007) results indicate that 
telecommuting tends to increase energy consumption in the residential sector and to decrease it in the 
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non-residential sector. He also notes that energy consumption can increase if the floor area of office 
buildings is not decreased by sharing the space among telecommuters. 

Managing the economy through the greening of the workplace, such as by face-to-display, will 
continue to increase, as is shown by many international organisations, e. g. Dell (Pfluger et al., 2016), 
Xerox (Xerox, 2020), Aetna (Aetna Corporate Responsibility, 2011). 

An aspect not covered by this research is the analysis of commuting time instead of distance. Zhu 
(2012) investigated both variables. This issue could be dealt with in future research. Another issue to 
note is that the results of this study do not necessarily reflect how the ways that workers get to work 
will evolve in the post-pandemic period. 
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