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ABSTRACT 

In the transportation literature, the effects of teleworking have been studied primarily in terms 

of their effect on changing activity-travel patterns. Teleworking has been positioned as a 

policy to reduce the number of miles travelled and the number of trips. Potentially therefore, 

teleworking may contribute to a reduction of congestion and emissions. More recently, the 

discussion on sustainable development in the transportation research literature has been 

widened to include energy consumption. Increasing energy prices and expected energy 

shortages are believed to have an impact on travel behaviour. Consequently, the evaluation 

of teleworking policies should include this wider policy frame of reference. By estimating 

energy consumption as a function of characteristics of the activity-location, energy 

consumption related to daily activity-travel patterns can be simulated, at least to some level 

of detail. The primary and secondly effects of various policy scenarios, including teleworking, 

can then be evaluated by using an activity-based model to predict household response to the 

policy of interest. The paper reports the results of a study that was undertaken to examine 

the feasibility of this approach.  

 

Keywords: energy consumption, activity-travel patterns 
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INTRODUCTION 

Due to demographic factors such as population growth, increasing incomes, increasing 

energy prices and expected energy shortages, vehicle miles travelled are rising. Teleworking 

as an alternative way of organizing work is welcomed by governments and metropolitan 

planning organizations. There is more than one definition of teleworking (Handy 1995). In this 

study, we use the narrow definition of teleworking: working at home using communication 

and information technology instead of working at a company office. It has been often 

positioned as a viable strategy for reducing vehicle miles travelled, congestion on the road 

and improving air quality. In Europe, there are 1.2 million to 4.6 million telecommuters (Korte 

1996; Bonn 2000). In United States, many metropolitan areas forecasted an increase in  

telecommuters as high as 8% in the near future (National Environmental Policy Institute 

2000). The increase in the number of teleworkers’ over the years reflects the results of 

implemented teleworking policies, made possible by the growth information technology 

services and telecommunications.  

 

Current teleworking research has focused mainly on the impact on activity-travel patterns 

and a little on corresponding emission reduction (Shafizadeh 2000). Theories and models of 

employer and employee behaviour have been devised widely (e.g., Mokhtarian 1996). Yen 

and Mahmassani (1997) used the stated-preference approach to model under which 

conditions employees likely telecommute. In contrast, Ruppel and Harrington (1995) applied 

innovation theory to identify variables which affect organizations to adopt a teleworking 

program. Also, Monte Carlo simulation methods have been used to help illustrating the 

conditions under which the business case for telecommuting is supported or weakened 

(Shafizadeh 2007). As for  environmental impacts, a number of studies have been conducted 

with respect to energy consumption issues (Walls 2004; Choo 2005). Koenig et al. (1996) 

estimated the impact of home-based telecommuting on travel behaviour and personal vehicle 

emissions using EMFAC7 and found a 77% decrease in VMT, 27% reduction in the number 

of personal vehicle trips, and 39%(4%) decrease in the number of cold(hot) engine starts. A 

systems model of telework and non-telework scenarios has been applied by Kitou and 

Horvath (2003) to quantify emissions in the United States. Although differences about the 

impact of teleworking on emissions reduction can be observed, the majority of authors do 

insist on encouraging telecommuting (Walls 2007). 

 

The motivation underlying this study is that the dominant emphasis on emission and 

congestion reduction may only tell part of the story. The impact of teleworking policies should 

also be examined from the perspective of energy. Does teleworking lead to reduced energy 

consumption, relative to employees working in offices? The answer to this question requires 

a method to systematically link energy consumption to activities conducted at particular 

locations and energy consumption due to travel. The results of such calculations can then be 
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viewed as another performance indicator. Ultimately, these calculations should be linked to 

an activity-based model of transport demand. This model can then be used to predict or 

simulate the primary and secondary effects of different policies, including teleworking, on 

changes in activity-travel patterns. The changes can then be assessed in terms of their effect 

on energy consumption. 

 

This paper therefore presents an energy consumption model. The ultimate goal is to 

integrate this model with one of our activity-based models (e.g. Albatross). One of the critical 

conditions influencing the success of this approach is whether sufficient statistics are readily 

available. Therefore, we decided to first explore this issue for the Dutch context using data 

from a nationwide travel survey as opposed to an activity-based model. The calculation of 

energy consumption is illustrated using teleworking as an example.  

 

The paper is organized as follows. First, we outline a comprehensive energy consumption 

model of teleworking based on household travel behaviour. Then, we analyse energy 

consumption for a non-teleworking and a teleworking scenario separately using the MON 

(Dutch travel Survey) data as input. Next, the results of the analyses are presented. The 

paper is completed by summarizing the major conclusions.  

APPROACH AND MODEL 
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 Figure 1 – Model of teleworking/ non-teleworking 

 

The energy consumption model for teleworking which is implemented using Python 

programming includes not only the transportation part but also other components of the 

affected systems: heating, cooling, lighting, electronic and electrical equipment used in the 
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office and at home. Activity-travel diary data are used to trace how much time people spend 

at a particular location, the activity involved and the amount of energy consumed. As a 

teleworking policy may not have the same effect on all types of households, and the working 

members in the household have their own activity patterns which could differently affect 

energy consumption, the approach adopted in this study aims at revealing the impacts of 

teleworking for different kinds of households. 

    

Because activity-travel patterns and energy consumption are influenced by household 

decisions (Pratt 1999), we analyze energy consumption from the household rather than the 

person perspective. A comprehensive energy consumption model of non-teleworking (ECNTWi) 

and teleworking (ECTWi) based on households should however be partly disaggregated into 

person-level consumption patterns due to their different activity-travel patterns. In the model, 

household energy consumption for the NTW case is defined as: 

1

N

NTWi NTWin

n

EC EC


           (1)  

 

Where i is an index of household and n is the total number of working members in household 

i. For the TW case this energy consumption is defined as: 

1

N

TWi TWfi TWvin

n

EC EC EC


           (2) 

 

Where EC TWfi is the basic energy consumption at home no matter how many people stay at 

home during the same time, f standing for the fix part of the energy consumption. And EC TWvi 

is the consumption caused by electronic equipment used for teleworking: desktop PC’s, fax 

machine, laser printer and copier, v standing for variable part. The difference in energy 

consumption between non-teleworking (ECNTWi) and teleworking (ECTWi) is given by: 

di NTWi TWiEC EC EC           (3) 

 

The system’s framework for analyzing effects of teleworking is presented in Figure 1. The 

unit of the analysis chosen for the model is a one-day diary, acknowledging that every 

person’s activity and travel pattern covers a full day. We assume in the present application 

that individuals when they decide to telework will not increase or reduce the number of non-

work trips on the considered day. Of course, this assumption may not be valid, but a model 

would be required to predict any change in the number of such trips due to teleworking. 

Using activity-travel diary data, we first calculate the energy consumption of the daily working 

trips and working in the office for each worker in the dataset, and then compare energy 

consumption under an assumption of teleworking, where all working members in the 

household would work from home on the same day during their working hours. Figure 2 

explains the structure of the system. There are three parts in this model. 
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The first part represents the transportation energy consumption component. Teleworking has 

been considered widely as an effective way to reduce vehicle miles traveled. The actual 

energy saving is determined by the mode of transportation and the number of miles that are 

ultimately not travelled because of teleworking. The following modes of transportation are 

included in the model: foot, bicycle, bicycle as passenger, buggy, skates, transport for 

disabled, car driver, taxi, car passenger, bus, coach, tram/metro, train, moped, motorcycle, 

scooter, tractor, van, truck, boat (scheduled ferry) and aircraft. This is the list of modes 

included in the MON database – the travel survey used in this study. If the energy 

consumption calculations are linked to an activity-based model, some of these categories will 

need to be merged such that the classification of modes for calculating energy consumption 

is consistent with the categorization of transportation modes used in the activity-based 

model. The distances travelled include the kilometres travelled in the Netherlands and the 

kilometres travelled abroad.  The data used does not provide direct information about sharing 

a car among household members. We assume that when one member is a car driver and the 

other a car passenger and the trips have the same start time, they share a car. Thus, the 

energy consumption of the trip in this household should be calculated only for the car driver. 

There is a small probability that the roles of driver and passenger are changed at a drop-off 

point, and to the extent this happens, the calculation will be biased. To calculate energy 

consumption of vehicles, we need to know the energy consumption for different 

transportation modes per kilometre.   

 

The second part of the model relates to effects of working in the office.  Energy consumption 

at the company office has not yet been comprehensively assessed and quantified in the 

context of teleworking. Here we focus on the following variables influencing energy 

consumption in the office: Area per person, space, cooling, hot water, wetting, 

miscellaneous, catering, ICT center, ICT decentralized, pumps, product, preparation, product 

cooling, transport ventilation, lighting within, lights out, and emergency lighting. We assume 

that energy consumption in offices could be differentiated by space and time. In the present 

study, we consider the average work space for a person in the Netherlands and their activity 

duration.  

 

The third part of the model considers the effects of working at home. The model component 

can be divided into two parts. One part is the basic energy consumption at home (EC TWfhi) 

including lighting, heating and cooling. The other part of consumption is caused by electronic 

equipment used for teleworking (ECTWvhi): desktop PC’s, fax machine, laser printer and copier. 

How to calculate the basic energy consumption offers a challenge: the amount of energy 

consumption of two persons staying at home at the same time is not twice the amount of one 

person staying at home. As reflected in Equation 2, we solved this problem by calculating the 

basic energy consumption at the household level instead of for every person separately, 

eliminating any double-counting. We assumed in the scenarios that the hours of teleworking 

are the same as those observed for working in the office. 
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Figure 2 – The structure of the energy consumption model 

 

The analysis according to this model includes the following steps. First, we select the 

working members of the household and record their daily trip information as the raw data. 

Trips of these working members that are not related to their work are eliminated, as they are 

irrelevant for the comparison. Trip purpose and activity at the destination are the data used 

here to identify work trips and activities. In the next step, we calculate the energy 

consumption including transportation part and working in the office part. Third, we calculate 

an estimate of the energy they would have consumed in case of tele-working (keeping 

everything else equal) by removing their working trips and changing their working place form 

office to home. In this analysis, energy consumption estimates are based on energy 

consumption data.  

DATA 

The basic data used for deriving the activity-travel pattern originates from the Dutch National 

Travel Survey (MON = Mobiliteit Onderzoek Netherlands) which was collected in 2004 and 

covered all provinces in the Netherlands. The data are collected for all household members 
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and the diary day. The database also includes general household and person data such as, 

number of household members, number of younger family members, household composition, 

possession of vehicles in the household, gender, age, , education, income, etc. Respondents 

provided information about all trips made on the designated day as well as the activities 

conducted at trip destinations. Trip information includes start time, end time, trip purpose, 

origin, destination, activity type at the destination, activity duration and transport mode, etc. 

Overall, this is a comprehensive data source for analyzing activity-travel behaviour of Dutch 

residents. It consists of 28,600 valid household data for further analysis. In this study, we 

focus on the working members in the household and their effective work trips. Consequently, 

12,696 households were used for energy consumption analysis. 

 

Table I – Energy consumption of vehicle  

vehicle energy consumption (MJ/km) 

car 2.6 

Bus 13.97 

trams 0.53 per passenger kilometre 

Metro 0.50 per passenger kilometre 

Train (electric) 0.1 per passenger kilometre 

Train (Diesel) 0.243 per passenger kilometre 

moped 
0.82  

Motorcycle 

Motorcycle / Scooter 1.88  

 

Table 2 – Energy consumption in office divided by function 

 function Energy consumption per year (MJ/m2) 

Space 500 

Cooling 70 

Hot water 6 

Wetting 2 

Miscellaneous 25 

Catering 50 

ICT centre 150 

ICT decentralized 90 

Pumps 15 

Product Preparation 0 

Product Cooling 0 

Transport 15 

Ventilation 40 

Lighting within 260 

Lights out 10 

Emergency Lighting 5 

Total 1,238 
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Table 3 – Basic energy consumption at home  

 2004 2005 2006 2007 2008 2009 

central heating [m3] - 1,237 1,202 1,109 1,192 - 

Cooking gas oven + [m3] - 63 67 64 63 - 

hot water [m3] - 383 383 379 366 - 

Electricity fixed costs [euro] 67 79 82 82 87 199 

variable electricity costs [euro / kwh] 0.0812 0.088 0.0973 0.115 0.1105 0.0903 

Electricity EPS / EB per kWh [Euro / kwh] 0.0654 0.0699 0.0705 0.0716 0.0727 0.1085 

electricity tax [euro] 181 194 197 199 199 319 

Electricity MEP [euro] 39 52 52 - - - 

electricity invoice amount inc VAT [Euro] 416 473 507 540 540 598 

Electricity VAT [Euro] 79 90 96 103 103 114 

electricity invoice amount incl VAT [Euro] 495 563 604 642 643 712 

electricity per kWh incl VAT [Euro / kwh] 0.1479 0.1658 0.1775 0.1824 0.1807 0.2 

per household electricity consumption [kWh] 3,346 3,397 3,402 3,521 3,558 3,430 

fixed gas costs [euro] 84 117 121 120 122 151 

variable gas costs [Euro/m3] 0.2519 0.2833 0.3302 0.3729 0.3919 0.3558 

EPS gas / EB per m3 [Euro/m3] 0.1429 0.1494 0.1507 0.1531 0.1554 0.158 

gas invoice amount inc VAT [Euro] 770 837 911 940 1,170 1,285 

Gas Tax [euro] 146 159 173 179 222 244 

gas invoice amount incl VAT [Euro] 916 996 1,084 1,119 1,392 1,529 

gas per m3 incl VAT [Euro/m3] 0.5276 0.5985 0.6598 0.7174 0.7271 0.7987 

gas consumption per household [m3] 1,736 1,664 1,643 1,560 1,625 1,608 

gas + electricity invoice amount inc VAT [Euro] 1,186 1,310 1,418 1,480 1,710 1,883 

gas + electricity VAT [Euro] 218 239 260 281 325 358 

gas + electricity invoice amount incl VAT [Euro] 1,403 1,549 1,678 1,761 2,035 2,240 

gas + electricity index (2000 = 100) [index] 127 141 152 160 185 203 

 

We obtained energy consumption data of vehicles in the Netherlands form the Dutch 

Ministries of Transport (Netherlands Institute for Transport Policy Analysis, KiM) and the 

Environment, and CE Delft (Boer 2008). The data for vehicle energy consumption per 

kilometer cover both real-world average performance and specific technologies like Euro 

emission classes, and fuels. Table 1 represents the energy consumption of variable kinds 

vehicle included in the report of CE Delft.  

 

The energy consumption data at home and in the office was derived from the website of the 

NL Agency which is established under the responsibility of the Ministry of Housing, Spatial 

Planning and the Environment in the Netherlands (NL 2008) shown in Tables 2 and 3. The 

energy consumption data for houses were collected for a fixed group of respondents; a 

representative panel of over 3,500 households. Working with this annual panel, the degree of 

insulation of the house, hot water and heating are determined much more accurately than 

what is obtained in an ad hoc study with varying samples. The data for office buildings is 
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based on a sample of 185 offices in the Netherlands. The data covers 15 different functions 

in the offices and average gas consumption per m2 and electricity consumption per m2 

(Hoevenagel 2009). Table 4 shows the data of average energy consumption of office 

equipments at home which were retrieved from the website of home energy efficiency survey.   

 

Table 4 – Average energy consumption of office equipment at home  

Equipment  Conventional Products(kWh)  1kwh=3.6MJ 1year MJ/min 

Desktop PC's  500 1800 525600 0.0034 

Fax Machines  300 1080 525600 0.0021 

Laser Printers  750 2700 525600 0.0051 

Copier (Medium)  1200 4320 525600 0.0082 

Copier (Large)  2800 10080 525600 0.0192 

RESULTS 

Comparing energy consumption of teleworking and non-teleworking 

 

Figure 3 – Distribution of non-teleworking energy consumption  
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Figure 3 shows the distribution of energy consumption in the case of non-teleworking. It 

covers the spectrum from 0 MJ to over 7000MJ. It is clear from this figure that the mean 

energy consumption of non-teleworking in households is 936.85 MJ, while around 86.6% 

households spend less than 1800 MJ on their non-teleworking day. Less than 1800 

households consume over 1800 MJ. In comparison, energy consumption in case of 

teleworking, given the assumptions made, is much less than energy consumption for the 

case of non-teleworking. As can be seen from Figure 4, no more than 200MJ is used by 

households on their teleworking day. The energy consumption of 56.3% of the households is 

between 80MJ and 120MJ, and over 15.8% households spend less than 50MJ. 

 
Figure 4 – Distribution of teleworking energy consumption  

 

Figure 5 shows the distribution the difference in energy consumption between the non-

teleworking and the tele-working scenarios, ECd. It indicates that in most households, 

teleworking coincides with a reduction of the energy consumption. However, in 9.6% of the 

households, energy consumption increases due to teleworking. This could be partly 

explained by the following two reasons: first, reducing trips for working does not save much 

energy for these households because their vehicles for travel cost less energy or no energy 

at all such as bike, on foot, etc.. Another reason is that the distance travelled for work is short. 

Their working time may also be longer. Compared to the energy consumption of 
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0.053MJ/min in the office, it will cost more energy if people working at home which involves 

an energy consumption of 0.151MJ/min.  

 
Figure 5 –Distribution of energy consumption difference between non-teleworking with teleworking 

 

Table 5 – Classification of household variables  

No. Variable  Category  Description 

1 number of people in household (N1) 1 Household 

composition  2 number of family members younger than 6 years old (N2) 

3 number of family members from 6 to 11 years old(N3) 

4 number of family members from 12 to 17 years old(N4) 

5 number of family members older than 17 years old(N5) 

6 Number of cars in household(N6) 2 Available 

vehicles 7 Number of bikes in household(N7) 

8 number of motors in household(N8) 

9 number of  mopeds  in household(N9) 

10 Weekday (N12) 3 Temporal 

information 11 Month (N14) 

 

In addition to these averages, we analyzed the relationship between household variables and 

ECd. There are 11 household variables in the MON data that may influence energy 

consumption. As shown in Table 1, we divided these into 3 categories: variables related to 
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household composition, variables related to the number of and kind of vehicles available in 

the household and temporal information related to the observed diary day. The households 

were split into two groups, depending on whether or not the variable ECd is positive. The “P” 

or positive group is the group of households for which this variable is positive difference, 

whereas for the “N” group the difference in energy consumption between the non-teleworking 

and tele-working scenarios is negative. 

 

We first analyzed the effect of day of the week and month of the year on energy consumption. 

However, as suggested by Table 6, correlations are weak. 

 

Table 6 –Effects of day of the week and month of the year on average energy consumption  

                               Percent 

weekday/month 

weekday month 

P N P N 

Monday/Jan. 2.2 2.1 6.5 6.6 

Tuesday/ Feb.  19.0 18.4 6.2 5.5 

Wednesday/ Mar. 19.6 17.7 7.3 7.8 

Tuesday/ Apr.  19.1 17.4 6.1 5.5 

Friday/ May 19.4 18.0 6.2 5.7 

Saturday/ June 16.7 18.8 7.0 5.9 

Sunday/ July 4.1 7.7 6.3 7.1 

Aug.   6.9 6.4 

Sept.   12.6 14.8 

Oct.   13.0 12.5 

Nov.   13.9 13.5 

Dec.   7.9 8.7 

 

Then, T-test was used to show whether there is significant difference between N group and P 

group on these variables showed in table 5 except the temporal information.  According to 

Table 7, the output gives the inferential statistics. The columns labelled "Levene's Test" tell 

us whether an assumption of the t-test has been met. The α level for this test is 0.05, if the 

significance (p value) of Levene's test is less than or equal to 0.05, we reject the null 

hypothesis that the variances of the two groups are equal. In this test, the α level of N1, N2, 

N3, N4, N5, N6, N7 are less than our α level, so we will assume that the variances are 

unequal. Then looking at all variables output of sig., if p is not less than or equal to 0.05, we 

fail to reject the hypotheses. Here, N1 (.000), N2 (.019), N5 (.000), N6 (.000), N7 (.000), N8 

(.000), which implying that there are difference between these two groups in these six 

variables. 

 

Looking back to the data we have, we could get that the proportion of these two groups does 

not differ that much when the age of the people in the family between 6 to 17 years old. 

Households that evidence reduced energy consumption tend to consist of households with 

more more than 18 years old people and less than 6 years old children, besides less family 
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members. It suggests that more people working at home at the same time tend to reduce 

energy consumption. Form the view of available vehicles in the household, the percentage of 

households owning one and more cars and motors and less bikes in the “P” group is higher 

than the corresponding percentage in the “N” group which is consistent with the fact that 

households having more cars, motors use more energy for the work trip.  

 

Table 7 – The result of T-test  

Variable 
Levene's Test  t-test for Equality of Means 

F Sig. t Sig. (2-tailed) Mean Difference 

N1 
Equal variances assumed 4.889 0.027 7.434 0 0.293 

Equal variances not assumed     7.242 0 0.293 

N2 
Equal variances assumed 17.208 0 2.222 0.026 0.04 

Equal variances not assumed     2.353 0.019 0.04 

N3 
Equal variances assumed 9.54 0.002 1.475 0.14 0.026 

Equal variances not assumed     1.581 0.114 0.026 

N4 
Equal variances assumed 6.612 0.01 1.332 0.183 0.024 

Equal variances not assumed     1.373 0.17 0.024 

N5 
Equal variances assumed 33.723 0 9.235 0 0.203 

Equal variances not assumed     9.009 0 0.203 

N6 
Equal variances assumed 407.293 0 18.959 0 0.394 

Equal variances not assumed     20.762 0 0.394 

N7 
Equal variances assumed 39.638 0 3.121 0.002 0.034 

Equal variances not assumed     3.912 0 0.034 

N8 
Equal variances assumed 0.842 0.359 5.031 0 0.261 

Equal variances not assumed     5.135 0 0.261 

N9 
Equal variances assumed 0.507 0.477 0.326 0.744 0.003 

Equal variances not assumed     0.351 0.726 0.003 

Regression analysis 

Table 8 – Regression model  

 b SE b Beta 

(Constant) 378.087 52.74   

Number of cars in the household (N6) 181.470 26.71 .067*** 

number of family members older than 17 years old (N5) 119.343 30.49 .046*** 

Number of mopeds in the household (N8) -136.031 54.33 -.022* 

Number of bikes in the household (N7) 54.503 14.33 .049*** 

number of people in the household (N1) -64.470 21.07 -.044** 

Note. R
2
=.007 for step 1; R

2
=.008 for step 2; R

2
=.009 for step 3, 4; R

2
=.010 for step 5. *p<0.05, **p<0.01, 

***p<0.001. 

 

The previous analyses concerned the results for a basic classification into 2 groups: the N 

and the P group. Next, stepwise multiple regression analysis was used to analyze the effects 
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of factors influencing energy consumption, that is, the relationships between difference in 

energy consumption and the variables N1 to N9. We used standard regression on the whole 

data, but the results showed that number of people in household is highly correlated with 

other variables. To eliminate the effect of multicollinearity and select the most significant 

variables, stepwise multiple regression was used to build the model.  

 

The final regression equation equals 

6 5 8 7 1378.087 184.47* 119.343* 136.031* 54.503* 64.47*dEC N N N N N                   (4) 

 

For the final model, the value of R2 is 0.10, which means that the selected five independent 

variables account for only 10% of the variation in ECd. Five significant variables finally 

entered the regression model shown in Table 5: number of children under 6 years old, 

number of cars, bikes and mopeds in the household and the total number of family members.  

 

According to their coefficients, variables of N1 and N8 have negative effects on ECd, which 

indicates that those households consisting of more persons or with more mopeds tend to 

experience an increase in energy consumption. Comparing these two variables, the number 

of mopeds in household has a stronger influence on energy use. Which means the 

household owning more mopeds would reduce less energy by teleworking. With increasing 

number of cars, bikes, and adults in the household, the household will save more energy if 

they work at home. The effect of the number of cars is the highest, which is consistent with 

the vehicle energy consumption data that cars use most energy per kilometre. It also 

indicates that reducing the use of cars by teleworking will save more energy than reducing 

the use of other kind of vehicles.  

CONCLUSIONS AND DISCUSSION  

Calculating energy consumption of activity-travel patterns would be a very useful extension 

of the set of performance indicators linked to activity-based models. It would allow assessing 

the impact of various policies not only in terms of the typical transportation performance 

measures and emissions, but also in terms of energy consumption. This extension is 

important in light of the expected shortage of energy, increased energy prices and the 

gradual shift to more integrated policy evaluations. 

 

If an energy consumption model would be linked with an activity-based model of transport 

demand, the latter could be used to predict changes in activity-travel patterns that result from 

a policy and these changes can then be assessed in terms of their impact on energy 

consumption, in addition to other performance indicators. Crucial in the development of this 
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idea is the availability of energy consumption data, not only for transport, but also for activity 

locations. 

 

The primary purpose of the present study therefore has been to explore the potential of this 

avenue. The challenge was to search for readily available data and find common 

classifications to develop an operational method. The policy of teleworking was chosen as a 

case for illustration because this policy has usually been examined only in terms of miles 

traveled and emissions. 

 

The results of this exercise demonstrate that at least for the Netherlands, a set of statistics 

can be found that allow one to derive energy consumption data from activity-travel patterns. 

It also shows that these data are crude averages. The question therefore becomes whether 

further disaggregation would be required to obtain more reliable assessments. For example, 

if energy consumption may vary by lifecycle, further disaggregation would be needed. 

Similarly, energy consumption differs by size and type of car, but this variation is currently 

not taken into account, also because most activity-based models do not differentiate between 

different kinds of cars. Another example relates to various characteristics of houses that 

influence energy consumption levels.  

 

Whether such disaggregation is needed will depend on the specific policy. However, any 

disaggregation does not affect the principles behind the suggested approach in this study. It 

may imply that more detailed data collection is needed and that further statistical analysis 

should be done to analyze the relationship between energy consumption levels and 

influencing variables. In the Netherlands, some of this more detailed data has already been 

collected, but making these data available for research is still under debate for privacy 

reasons.  

 

In terms of the illustration, keeping these considerations in mind, the results of the application 

suggest that teleworking, based on the assumptions made, will on average result in a 

reduction of energy consumption. This is mainly caused because, ceteris paribus, energy 

consumption for travel is higher than energy consumption for activities at home. Reduction 

however varies for example by household composition. If more people telework and use the 

house at the same time, reduction of energy consumption increases. Similarly, reduction in 

energy consumption will be higher in those cases, where vehicles using more energy will not 

be used due to teleworking. 

 

There are still some improvements that need to be made in future research. First, as 

discussed, perhaps some statistics on energy consumption should be disaggregated. Most 

importantly, however, in this illustration we assumed that teleworking did not generate any 

additional non-work trips. This assumption should be replaced with an activity-based model 

of transport demand, which simulated the generation of any new non-work trips and the 

rescheduling of the activity-travel program in time and space. 
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