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Introduction

Energy is one of the main concerns in this
century because of its scarcity and also due to its
greenhouse gas (GHG) emissions. Cities are re-
sponsible for more than three-quarters of global
pollution (Rogers, Gumuchdjian 2008). As a di-
rect consequence of the increasing use of fossil
fuels, climate change and its impact have already
been observed since the past century with glob-
al warming, the melting of the ice pack and the
disappearance of several plant and animal spe-
cies. And if no action is taken, the impact of cli-
mate change will continue to be a disaster for the
Earth and for humanity. According to the IPCC
(2007), even if measures against climate change
are taken into consideration by countries, there
will be an increase of 0.1°C for each decade,
which means that we expect a minimum temper-
ature increase of around 1° by 2100. Sustainable
development is introduced in international law
to be the purpose around which all countries
across the world have to act to reduce the im-
pact of climate change (Boutaud 2005). The main
orientation of sustainable development is to as-
sess the countries” development based on indi-
cators (Idem). This approach helps the decision
makers to take necessary actions to reorient the
development of their regions so as to be more
sustainable. Several summits were organised to
gather countries around a set of actions aimed at
reducing fossil energy consumption. Algeria, as
a signatory of the Kyoto protocol, has launched
several actions to reduce its consumption of fossil
energy, such as inventories of energy consump-
tion (MEAT, IPCC 2001, MATEC 2010) and the
enactment of law 99-09. These set out several ac-
tions, among which we found PNME, the nation-
al plan of energy mastering, which has as its main
goal reducing energy consumption in the four
main sectors consuming fossil energy: residential
buildings, transport, industry and the agricultur-
al sector (APRUE 2007, 2014, 2015, 2017). For the
residential sector, several actions were proposed
like constructing 600 housing with high energy
performance (HPE) in different climate zones of
the country (Boukarta 2019).

In Algeria, the transport sector alone could ac-
count for >30% of the final energy consumption,
which means that this sector represents a real
potential for reducing fossil energy consumption

and the resulting GHGs (APRUE 2014). To ad-
dress this objective, it is necessary to identify the
driving factors behind the need for motorised
travel. This paper seeks to explain energy con-
sumption resulting from commuting in relation
to the built environment (BE) and the socio-eco-
nomic (SE) characteristics of households. In de-
veloping countries, studies aimed at identifying
effective factors that could explain the energy
consumption caused by commuting are rare; in
Algeria, this study is the first. Commuting is the
only type considered for this study, as it is char-
acterised by its regularity and large share of to-
tal transport volume. According to our literature
review, the other modes of travel such as shop-
ping or leisure require different methods for their
characterisation (Boukarta 2019). This paper also
proposes a comparison of the impact of the driv-
ing factors identified between developing coun-
tries and the developed ones.

In Algeria, as in many countries around the
world, new urban areas are emerging every year
with less built density and less functional diver-
sity. It is therefore to be expected that the use of
private cars for commuting and energy consump-
tion will increase in the future. An assessment of
the energy consumption generated by commut-
ing would help policymakers and planners to
design more energy-efficient neighbourhoods.
This paper proposes a method to quantify energy
consumption in urban areas and investigates the
main factors explaining energy consumption due
to commuting,.

The second section presents a review of the
scientific literature with the objective of identi-
fying the research gap and the main factors that
have an impact on commuting. In the third sec-
tion, the developed method is presented and
in the following section, an application of the
method in the urban area of the city of Djelfa is
demonstrated and discussed in the light of other
studies.

Literature review and research gap

The literature review aims at identifying the
conceptual model, the scale of the study, the type
of transport, the data sources and sampling, the
method of analysis adopted in several articles
and the results of each study.
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The literature review is based on original pa-
pers indexed in the Scopus and Web of Science
databases. A total of 27 articles are reviewed and
summarised in Table Al in Appendix. The liter-
ature review allowed us to identify the following
findings:

1. In contrast to developing countries where
transport studies are rare, Western countries,
led by the United States and the Nordic coun-
tries are the forerunners in the field of trans-
port studies.

2. The scale of the studies remains variable and
can be at the level of a neighbourhood (Cerve-
ro, Radlsch 1995), a city (Newman, Kenworthy
1989; Van Acker, Witlox 2010), a region (Hold-
en, Norland 2005), a metropolis (Nguyen
2014; Ding et al. 2017) or a country (national).
The most common studies are those that focus
on a metropolitan area, to assess the impact
of metropolisation on the phenomenon of so-
cio-spatial segregation.

3. Commuting is the most studied type of trans-
port, as it is time-constrained and almost per-
manently repeated. Similarly, school mobility
is not dealt with in our review because studies
on school mobility are less widespread and
are generally considered in rural and school-
less municipalities (Marique 2013).

4. Depending on the source of the data, the anal-
yses use: (a) data from travel surveys already
carried out at regional, metropolitan or na-
tional levels (Breheny 1995; Dieleman et al.
2002; Dargay 2004; Brownstone, Golob 2008);
(b) data from household consumption sur-
veys (Dargay 2004); (c) usually, data are often
compiled on the basis of surveys carried out
by public bodies or authors by distributing
questionnaires (Boukarta, Berezowska-Azzag
2020) in the most common case, or by send-
ing questionnaires by mail (Holden, Norland
2005) or by e-mail (Handy et al. 2005). Travel
distances are often estimated through the use
of geographic information systems (GIS) by
calculating the distance between origin and
destination. For the most accurate and inno-
vative data source, some authors use the mo-
bile phone signal (Calabrese et al. 2012).

5. The sample size used for the studies varies
greatly and depends mainly on the scale of a
study. The representativeness of the sample
in some studies is not always close to the cen-

sus data, because the survey methodology is

often linked to the survey area. In this case,

some authors introduce qualitative interviews

(Naess 2010). The sample size varies signifi-

cantly from one study to another, from a hun-

dred respondents (or households) to several
thousands.

6. The explanatory factors for commuting pre-
sented in the studies reviewed are related to
either the SE characteristics of households, the
BE, or both. The use of factors varies consider-
ably from study to study. The environmental
data was classified by Cervero and Kockel-
man (1997) into 3D (density, diversity and de-
sign). In a more recent meta-analysis, Ewing
and Cervero (2010) extended this list to 5D,
introducing distance to public transport and
destination access.

7. The results of the studies are often present-
ed in the form of models and their explana-
tory power is expressed in terms of the type
of statistical analysis used. The coefficient of
determination (R* for regression analyses,
the pseudo R? for logistic regression analyses.
Manaugh et al. (2009) and Van Acker and Wit-
lox (2010) have found that it is necessary to
consider SE factors and factors related to the
BE in the same model because several factors
have only an indirect effect and the interaction
between the variables explains vehicle kilo-
metre travelled (VKTs) better than a model
that considers BE and SE factors separately.

It appears that both BE and SE factors are im-
portant for explaining modal share, but some
researchers have emphasised the importance of
one over the other. In the United Kingdom, Stead
(2001) emphasises the importance of SE factors in
explaining car modal share over BE factors. In the
United States, Ewing and Cervero (2002) found
a greater impact of BE factors in explaining car
modal share.

As observed in this literature review, few
studies attempt to answer the question of how
the results from developed to developing coun-
tries can be transferred. This paper aims to shed
light on this aspect by identifying the impact of
household SE parameters and those of the BE
in explaining commuting and related energy
use. In addition, this paper seeks to test the hy-
pothesis that household SE characteristics play
a structuring role in shaping commuting energy
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consumption in the same way as factors in the
BE. A comparison between the impact of SE fac-
tors and the BE would help explain the impor-
tance of both in explaining energy consumption.

Material and method

City presentation and data collection

We chose the commune of Djelfa as a case
study because the SNAT (2030) guidelines
(Official Gazette, 2010) aim at the urbanisation of
the highlands through the planning of new cit-
ies, and the city of Djelfa is a representative city
in terms of city size that can serve as a reference
for future studies in the same geographical area.
Also, the scale of our study area covers the main
urban agglomeration area as shown in Figure 1.

In Algeria, surveys relative to transport are not
made by government institutions and the unique
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way to obtain this kind of data is to organise a
new survey. We have organised a household sur-
vey for the period of March to April 2015. A ques-
tionnaire was administrated by a hand-to-hand
approach via a network of interviewers trained
for this purpose. In all, 700 questionnaires were
distributed but only 184 questionnaires from 300
collected were considered as appropriate for this
study and 116 were not considered because of
the lack of information provided by households
relative to their housing or working location. We
also sought spatial representativeness so that
the households in our sample were randomly
distributed over almost the entire urban area of
the municipality, and in our sample, as shown in
Figure 5, the households are well distributed spa-
tially. The city of Djelfa has nearly 50,000 house-
holds. If we consider the urban agglomeration
area (our focus area), we will have barely 40,000
households (census data). According to the for-
mula of Leslie et al. (1965), our sample represents
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Fig. 1. Study area and the neighbourhoods of the city according to their period of creation.
Source: own composition based on Bouzidi et Boukhari 2013.
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the city of Djelfa with a confidence level of 95%
and a margin of error of about 7%. Moreover,
the comparison of our survey data with the cen-
sus shows a similar trend, which means that our
sample is representative. The data requested by
our questionnaire aimed at obtaining the volume
of commuting, modal share, SE characteristics of
households and characteristics of the BE.

Analysis method

There are several methods that could be used
to carry out the importance of each factor, and
all of them are statistical methods. Based on their
flexibility in terms of the number of variables
introduced, the robustness of the results and
the scope of the methods (confirmatory, explor-
atory), we can identify mainly two approaches:
(a) an exploratory approach conducted usually
with bivariate correlation or principal compo-
nent analysis, which aims to explore whether a
variable does or does not have an impact on the
phenomenon studied without giving a value to
this impact (Boukarta, Berezowska-Azzag 2018)
and (b) a confirmatory approach which is usual-
ly carried out based on multivariate analysis. It
consists of identifying the impact or importance
of a variable while considering the interactions
between the different variables. Several papers
have used linear regression analysis (Calabrese
et al. 2012), logistic regression (Cervero, Radisch
1995; Dargay 2004) and structural equation anal-
ysis (SEM) (Brownstone, Golob 2008; Van Acker,
Witlox 2010). The most commonly used approach
is regression analysis, but this approach does not
take into account the indirect effect, which may
be important in some cases. Using SEMs, mod-
els can give both the direct and indirect effect for
each factor. The path analysis model is a specific
case of SEM. It considers, unlike SEM, only the
observed variables. Path analysis is a graphical
approach that makes it possible to test, confirm
or refute hypotheses that could explain the ob-
served phenomenon. It is based on two statisti-
cal techniques: factor and regression analyses. It
gives for each determining factor its direct effect
and possibly its indirect effect. The minimum
sample size required to carry out a SEM is 10
times the number of variables considered in the
model (Kline 1998).

The energy consumption generated by com-
muting is a relevant indicator because it helps
to understand the difference between the centre
of the city and its peripheral extension. In fact,
energy consumption for commuting depends on
kilometres travelled, modal choice, round-trip
frequency and fuel type (Muhiz, Galindo 2005;
Marique, Reiter 2012). In the next section, we will
draw a set of hypotheses based on the literature
review.

Research hypotheses and framework

For our study and based on the theoretical
core, we have adopted the conceptual framework
presented in Figure 2 to explain the energy con-
sumption of commuting in Djelfa. The latter ex-
plains the need for commuting through the two
following registers: (a) SE characteristics of house-
holds (the education level, age, income, profes-
sion, car ownership and household size) and the
(b) characteristics of the BE presented within the
5D nomenclature of Ewing and Cervero (2010).
The first step in drawing the hypothetical path
analysis is to carry out the impact of each factor
as presented below. The second step is to hypoth-
esise the interaction between the factors based on
an exploratory analysis.

Bivariate correlation as an exploratory analysis

Built
environment
characteristics

Households’
socio-ecnomic
characteristics

Commuting volume
Modal choice
Energy consumption

Causal relation

Fig. 2. Conceptual model explaining the need for
commuting.

Knowing the expected impact of the factors
on VKTs allows us to identify the importance of
each factor. To determine whether the variables
have a direct or indirect effect, we performed
bivariate correlation between the energy con-
sumption of commuting and the variables. As
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Table 1. Pearson’s bivariate correlation.

Commuting energy consumption (KWh X person™ x year™)

Correlation Sig No.
Home-work distance (m) 0.561* 0.000 162
Outward journey time (min) 0.035 0.661 163
Number of bus rotations 0.247* 0.004 136
Built density -0.135 0.133 125
Plot ratio -0.120 0.184 125
Housing type (1: collective, 2: individual) -0.153 0.051 164
Distance from national road (m) 0.256* 0.003 136
Distance to centre (m) 0.280* 0.001 133
Block’s area (m?) 0.224* 0.012 125
Average number of floors 0.143 0.112 125
Mixed use index -0.049 0.545 156
Distance to public transport (housing zone) -0.152 0.059 154
Distance to public transport (work zone) -0.145 0.064 164
Round trip frequency 0.118 0.141 156
Profession (1: public, 2: liberal) 0.169* 0.031 163
Respondent age -0.265* 0.005 109
Respondent’s education level 0.107 0.183 156
Household’s education level 0.102 0.541 38
Income 0.136 0.082 163
Household’s average age -0.307 0.064 37
Number of cars owned 0.379* 0.000 163
Occupancy rate per housing -0.073 0.418 126

*Significant at 0.05 level.
Source: own compilation.
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Fig. 3. The hypothesised model.

In red: positive causal relation; in black: negative causal relation

Source: own study.
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a first assumption, all factors with a significant
correlation with energy consumption are consid-
ered to have a direct effect, while the other fac-
tors are considered to have an indirect effect (see
Table 1).

Based on the theoretical core and bivariate
analysis, we identified the nature of the expected
impact (direct or indirect effect) and the signif-
icance (negative or positive correlation) of each
variable. Figure 4 presents the hypothetical paths
that we need to check for validity with an ap-
proach based on the path analysis presented in
the ‘Results’ section of the article.

Several assumptions were made in the initial
model, as shown in Figure 3. Each factor must
satisfy a P-value greater than 5% to be consid-
ered in the model. The theoretical model must
be adjusted step by step until the fit indices
match the thresholds as shown below (Boukarta,
Berezowska-Azzag 2018).

1. The Root Mean Square Error (RMSE) of ap-
proximation must be <0.06 and 0.08 (Schreiber
et al. 2006; Hooper et al. 2008);

2. The Normal Fit Index (NFI) has to be larger
than 0.95 (Hu, Bentler 1999);

3. The Comparative Fit Index (CFI) has to be
higher or close to 0.95 (Schreiber et al. 2006;
Tacobucci 2010).

If the fit indices of the model satisfied all con-
ditions, it can be considered as a good model
for estimating the effect of each driving factor
considered in the model. Furthermore, the main
purpose of using a path analysis approach is to

LPG (%)

Gasoil (%)

Gasoline (%) |

Motorisation rate (%)
Household size (no.of persons) §
Collective housing (%) §

Individual housing (%) |

identify the interaction between factors rather
than to predict outcomes for which regression
modelling is preferred.

Results and discussion

Data description

Comparison between the data obtained from
our questionnaire and the census data indicates
that our data are closer to the 2008 census data,
which means that our data are representative
(Fig. 4). The questionnaire distributed has as its
main target the SE characterisation of households
in the urban area of Djelfa and also the BE accord-
ing to the 5Ds (Ewing, Cervero 2010). A descrip-
tive statistic of the data obtained is presented in
Table 2.

Figure 5 shows the distribution of jobs and
housing according to our survey. It is clear that
the city centre and its close surroundings are the
main employment areas, while the new exten-
sions are oriented towards housing with a low
density of jobs. This distribution also indicates
that the main road and the city centre could play
a pivotal role between the east and west of the
city. We can already suggest an important role
for the city centre and the national road in shap-
ing mobility in the city of Djelfa in general and
commuting in particular.

m Census (2008)
B Survey (2015)

0.00 10.00 20.00 30.00

T T T

40.00 50.00 60.00 70.00 80.00

Fig. 4. Comparison between the survey and census data.
LPG - liquefied petroleum gas
Source: own study.
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Fig. 5. Employment and housing locations.
green: workplace, yellow: housing, white: centre of the city
Source: authors” compilation based on Google Earth (2015).

Table 2. Descriptive statistics.

Variables ‘ N ‘ Variable type ‘ Minimum ‘ Maximum ‘ Average ‘ SD
Accessibility

Outward journey time (min) 175| Continuous 2 200 20.59 18.26

Home-work distance (m) 162 | Continuous 50 18,000 | 2,206.91 | 1,966.96

Number of bus rotations 150| Continuous 0 3 1.20 0.556
Density

Plot ratio* 139 | Continuous 0.17 1.00 0.59 0.32

Built density* 139| Continuous 0.60 3.20 2.02 0.74
Design

Distance to centre (m)* 148 | Continuous 17.59 2,659.18 | 1,219.54 | 696.57

Distance from national road (m)* 151| Continuous 25.62 2,569.23 | 1,163.83 | 629.94

Average number of floors. (n)* 139| Continuous 2.00 6.00 3.79 1.08

Block’s area (m?)* 139| Continuous 770 36.061 | 7,398.83 | 9,150.32

Housing type (1: collective, 2: individual) 184| Nominal 1 2 1.54 0.50
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Variables ‘ N ‘ Variable type ‘ Minimum | Maximum ‘ Average ‘ SD
Distance to public transport

Distance to public transport (housing zone) 173|  Ordinal 1.00 4.00 2.3237 0.98
(0: <300, 4: >1 km)

Distance to public transport (work zone) 172|  Ordinal 0.00 4.00 1.6919 0.97
(0: <300, 4: >1 km)

Bus frequency 184 | Continuous 0.00 5.00 2.4620 1.56

Diversity
Mixed use index (from 5 to 40)* ‘ 175 ‘ Continuous 12 36 24.23 5.38
Households” SE characteristics
Household’s average age* 42| Continuous 16.33 43.80 27.1681 | 8.44
Respondent age 120 | Continuous 27 70 43.95 10.82
Round-trip frequency 172 | Continuous 1 4 1.66 0.51
Household’s education level 46| Continuous 2.00 5.00 3.5230 0.77
Respondent’s education level 174| Ordinal 0 4 3.26 1.06
Number of cars owned 184 | Continuous 0 2 0.60 0.57
Profession (1: public, 2: liberal) 181| Nominal 1 3 1.19 0.52
Income (from 15,000 to + 60,000 Da) 181 Ordinal 1 4 2.15 0.95
Occupancy rate per housing. 139 | Continuous 2 12 5.34 1.87
Modal share

Public transport (TC (1: TC, 0: other) 184| Nominal 0.00 1.00 0.31 0.46
Car (1: Voiture, 0: other) 184| Nominal 0.00 1.00 0.26 0.44
Walking (1: MAP, 0: other) 184| Nominal 0.00 1.00 0.42 0.49

SD - standard deviation, SE - socio-economic
Source: Boukarta and Berezowska-Azzag (2020).

Modelling of energy consumption induced
by commuting

Conversion of fuel consumption to single unit
of consumption (kWh x km™ x person™)

To model the energy consumption generated
by home-to-work mobility, we had to convert
fuel consumption to kWh per person in order to
identify the most important factors and to make
a comparison between the impact of the factors of
the BE and those of SE characteristics.

Based on Muniz and Galindo (2005) and
Marique and Reiter (2012), who developed a
method for converting fuel into kWh per person
in the suburbs of the Walloon region, we have
developed a method to convert fuel into kWh per
km per person for urban areas. The developed
method considers the fuel consumption and its
density. For calculation of the energy consump-
tion of commuting, we have applied formula 1
as below:

kWh

Ec( km.pers

) = [Fe(1=) x DF(TH)]

kWh @)

T
F1(—T°fe) X F2(5 00

)] / Ro(pers)

where: Ec - energy consumption of commuting;
Fc - fuel consumption; Df - fuel density; F1 -
tonne fuel to tonne oil equivalent conversion fac-
tor; F2 - Toe to kWh conversion factor; Ro - rate
occupancy per vehicle, Tf - tonne of fuel, Toe -
tonne of oil equivalent.

To apply Formula 1, we collected the follow-
ing data: (i) the average consumption per car per
100 km obtained from the questionnaires; (ii)
identification of the main fuel sources in Algeria
(liquefied petroleum gas (LPG), diesel and pet-
rol) and their characteristics. As the APRUE only
provides conversion in terms of mass of fuel per
Toe, we had to look for the density of each fuel.
For diesel vehicles, the density is obtained from
L’Organisme Algérien d’Accréditation (ALGERAC),
and the density of petrol and LPG from Abouri
and Siagh (2016); (iii) the occupancy rate per ve-
hicle is obtained from our survey and (iv) final-
ly, the conversion factors are all obtained from
APRUE (2017). For the average consumption of
buses, we tried to get the average consumption
of representative buses, but the bus drivers only
gave us the cost of the trip for 2 days, which
amounts to 1,300-1,900 Da. It is difficult to esti-
mate the number of kilometres travelled on this
basis, which led us to turn to the manufacturers
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Table 3. Fuel conversion to kWh per km per person.

Means of commuting
Car Bus

Fuel type Diesel Petrol LPG Diesel
Consumption (L x km™) 0.063* 0.075* 0.075* 0.2**
Rate of occupation per vehicle 1.27* 1.27* 1.27* 28**
Density (Tonne/m®) 0.825%%** | (0.735%*%** 0.55 0.825
Conversion factor 1 (T fuel - >Toe)*** 1,015 1,054 1,084 1,015
Conversion factor 2 (Toe - >KWh) 11,630%**
Consumption KWh x km™ 0.61 0.68 0.52 1.95
Consumption KWh per person per Km per one-way trip 0.48 0.53 0.41 0.07
Consumption KWh per person per Km per year (225 day) 108 119.25 92.25 15.75

*Obtained from survey

**Obtained from manufacturer web site (Toyota et ISUZU)

***APRUE (2017)

****The Algerian accreditation body

***** Abouri and Siagh (2016)

LPG - liquefied petroleum gas

Source: own study.

Table 4. Descriptive statistics of the energy consumption generated by commuting to work.
Minimum Maximum Average SD

Home-to-work distance 50 18,000 2,206.91 1,966.96
Daily consumption (kWh X person™) 0.00 3.60 0.4853 0.788
Annual consumption (kWh X person™ x an) 0.00 810.00 109.1854 177.31

SD - standard deviation.
Source: own study.

(Isuzu and Toyota) to find out the average con-
sumption per 100 km and the occupancy rate per
vehicle (Coaster and Isuzu buses).

Once the data were obtained, we calculated the
energy consumption of commuting. It appears
that the bus has the lowest consumption per per-
son (0.1 kWh per person per one-way trip). LPG
consumes on average almost the same volume as
petrol, but its low price makes it cheaper than pet-
rol and it is also less polluting. For calculation of
the annual consumption, we estimated the annu-
al working days to be about 225 days. Days oth-
er than working days are annual holidays (30),
public holidays (10 days which are: 1 January,
Yennayer, El Mawlid Ennabawi, Ashoura, 1
May, 5 July, Aid el Fitr, Moharrem, Aid el Kbir,
1 November') and weekends (100 days). Public
holidays may occur during weekends or annual
leave. We estimate working days when public

1

Yennayer is the Berber New Year’s Day; El Mawlid
Ennabawi, Ashoura, Aid el Fitr, Moharrem and Aid el
Kbir are religious feast; 1 May is the workers’ day, 5
July is the Independence Day; 1 November: National
Revolution Day.

holidays, annual leave and weekends do not co-
incide (Table 3).

Based on the calculations presented in Table 3,
we estimated the energy consumption generated
by commuting according to home-to-work dis-
tances, modal share, rate occupancy per vehicle
and fuel type. The results are presented in Table 4.

Running the path analysis model

Before having the model shown in Figure
6, we tested the model presented in Figure 3 in
Section 3, but only one model responds positive-
ly to the fit indices as shown in Table 5.

Tables 6 and 7 show the direct effects and sig-
nificance levels, as well as the direct, indirect and
total effects, respectively.

Discussion

The path analysis-based approach allowed
us to identify 15 variables explaining the energy
consumption generated by commuting in the ur-
ban area of the municipality of Djelfa. Ten driv-
ing factors have an increasing effect on energy
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Table 5. Fit indices of the energy consumption of commuting model.

df

c2

Probability level RMSEA

NFI

CFI

Commuting energy consumption model | 53

47.785

0.677 0.000

0.948

1.000

CFI - Comparative Fit Index, NFI - Normal Fit Index, RMSE - Root Mean Square Error

Source: own study.

Commuting energy. ~——— |
C tion
(Kwh/per.year) e

-\:\

’@/frequency
@/.

Fig. 6. Direct effects of driving factors explaining the energy consumption generated by commuting. R* = 0.61.
Source: own compilation.

Table 6. Direct effects between driving factors.

Effect P
Number of cars <-- |Income 0.425 o
Number of cars <-- |Number of floors 0.255| 0.019*
Number of cars <-- |Housing type 0.295| 0.004**
Home-to-work distance <-- |Distance to centre 0.330 x
Home-to-work distance <-- |Number of bus rotation 0.427 i
Home-to-work distance <-- | Occupancy rate per housing 0.130| 0.070*
Home-to-work distance <-- |Number of cars -0.117] 0.071*
Built density <-- |Distance to national road 0.252| 0.014**
Profession <-- |Bus frequency -0.155| 0.032**
Built density <-- |Distance to centre -0.331| 0.002**
Built density <-- |Education level 0.111 0.061*
Profession <-- |Housing type 0.227| 0.002**
Round trip frequency <-- |Housing type -0.139| 0.057*¢
Built density <-- |Housing type 0.664 i
Round trip frequency <-- |Bus frequency -0.105 0.149
Round trip frequency <-- |Home-to-work distance -0.285 o
Energy consumption (kWh x person™ X year™) <-- |Home-to-work distance 0.661 o
Energy consumption (kWh x person™ x year™) <-- |Profession 0.165 E
Energy consumption (kWh x person™ x year™) <-- |Round trip frequency 0.271 x
Energy consumption (kWh x person™ x year™) <-- |Number of cars 0.448 x
Energy consumption (kWh x person™ x year™) <-- |Built density -0.145| 0.007**
Energy consumption (kWh x person™ X year™) <-- |Respondent age -0.119] 0.032**

***Significant at 0.001 level
**Significant at 0.05 level
*Significant at 0.1 level
Source: own study.
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Table 7. Direct and indirect effects of the driving factors of energy consumption generated by commuting.

Effect Number Homfe-to- Round trip Prc.)fes- Bui%t Energy consumption
of cars | work distance | frequency | sion | density | (kWh person™ x year™)
Number of floors Direct 0.255 0.000 0.000 0.000| 0.000 0.000
Indirect| 0.000 -0.030 0.009 0.000| 0.000 0.097
Total 0.255 -0.030 0.009 0.000| 0.000 0.097
Housing type Direct 0.295 0.000 -0.139 0.227| 0.664 0.000
Indirect| 0.000 —0.035 0.010 0.000| 0.000 0.016
Total 0.295 -0.035 -0.129 0.227| 0.664 0.016
Income Direct 0.425 0.000 0.000 0.000| 0.000 0.000
Indirect| 0.000 -0.050 0.014 0.000| 0.000 0.161
Total 0.425 -0.050 0.014 0.000| 0.000 0.161
Occupancy rate per Direct 0.000 0.130 0.000 0.000| 0.000 0.000
housing Indirect| 0.000 0.000 -0.037 0.000| 0.000 0.076
Total 0.000 0.130 -0.037 0.000| 0.000 0.076
Bus rotation Direct 0.000 0.427 0.000 0.000| 0.000 0.000
Indirect| 0.000 0.000 -0.122 0.000| 0.000 0.249
Total 0.000 0.427 -0.122 0.000| 0.000 0.249
Distance to centre Direct 0.000 0.330 0.000 0.000| -0.331 0.000
Indirect| 0.000 0.000 -0.094 0.000| 0.000 0.241
Total 0.000 0.330 -0.094 0.000| —0.331 0.241
Number of cars Direct 0.000 -0.117 0.000 0.000| 0.000 0.448
Indirect| 0.000 0.000 0.033 0.000| 0.000 -0.068
Total 0.000 -0.117 0.033 0.000| 0.000 0.379
Education level Direct 0.000 0.000 0.000 0.000| 0.111 0.000
Indirect| 0.000 0.000 0.000 0.000| 0.000 -0.016
Total 0.000 0.000 0.000 0.000) 0.111 -0.016
Bus frequency Direct 0.000 0.000 —0.105 —0.155| 0.000 0.000
Indirect| 0.000 0.000 0.000 0.000| 0.000 -0.054
Total 0.000 0.000 -0.105 -0.155| 0.000 -0.054
Distance to national Direct 0.000 0.000 0.000 0.000| 0.252 0.000
road Indirect| 0.000 0.000 0.000 0.000| 0.000 -0.037
Total 0.000 0.000 0.000 0.000| 0.252 -0.037
Home-to-work distance | Direct 0.000 0.000 —-0.285 0.000| 0.000 0.661
Indirect| 0.000 0.000 0.000 0.000| 0.000 -0.077
Total 0.000 0.000 -0.285 0.000| 0.000 0.584
Respondent age Direct 0.000 0.000 0.000 0.000| 0.000 —-0.119
Indirect| 0.000 0.000 0.000 0.000| 0.000 0.000
Total 0.000 0.000 0.000 0.000| 0.000 -0.119
Round-trip frequency | Direct 0.000 0.000 0.000 0.000| 0.000 0.271
Indirect| 0.000 0.000 0.000 0.000| 0.000 0.000
Total 0.000 0.000 0.000 0.000| 0.000 0.271
Profession Direct 0.000 0.000 0.000 0.000| 0.000 0.165
Indirect| 0.000 0.000 0.000 0.000| 0.000 0.000
Total 0.000 0.000 0.000 0.000| 0.000 0.165
Built density Direct 0.000 0.000 0.000 0.000| 0.000 -0.145
Indirect| 0.000 0.000 0.000 0.000| 0.000 0.000
Total 0.000 0.000 0.000 0.000| 0.000 -0.145

consumption and five variables tend to reduce it
(Fig. 7).

We found in the first position the factors in-
creasing the commuting energy consumption.
The home-to-work distance has a direct effect of

0.66 and an indirect effect mediated through the
round-trip frequency -0.076 (-0.28 x 0.27). The
total effect is 0.584 per standard deviation (SD),
that is, for each additional kilometre, energy
consumption increases at 52.64 kWh annually.
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Profession (liberal/public employee)

Round trip frequency (+1)

Age of respondent (+10 ans) |

Education level (+1 pallier)
Number of cars (+1)

Occupancy rate per housing (+ 1)
Income (+ 15 000 Da or +103 €)
Built density (+1)

Home-to-work distance (+1 km)
Distance to national road (+1 km)
Bus frequency (+1)

Distance to centre (+1 km)
Number of bus rotations (+1)

Housing type (indiv/col)

- Built environment factors N Socioeconomic factors N

Number of floors per urban bloc (+1)

20 40 60 80 100 120
Energy (KWh/pers.y)

Fig. 7. Effect of SE and BE driving factors per unit of measurement on energy consumption of commuting to
work.
BE - built environment, SE - socio-economic
Source: own compilation.

Almost the same results have been obtained by
other authors. In Belgium, Van Acker and Witlox
(2010) have found that distances travelled by car
increase by 2.6% for every 15 minutes more in the
time spent travelling to work. In the same coun-
try, Marique (2013) has found that job diversity
within a 10-km radius is associated with a —0.421
decrease in energy consumption per person per
trip (kWh per person). Calabrese et al. (2012)
have observed in Massachusetts that car travel
distances to work decreased by —0.3917 for every
additional 10 km of distance to work.

The number of cars comes second, with a di-
rect effect of 0.45 and an indirect effect via home-
to-work distance of —0.079 (-0.12 x 0.66). The
total effect is 0.379 per SD (177.31 kWh), that is,
for each additional car per household, energy
consumption increases by 116.87 kWh x per-
son x year™. A similar effect was identified
by Cervero and Radisch (1995), Kitamura et al.
(1997) and Pan et al. (2009), who have found that
the number of cars per adult reduces the modal
share of non-motorised travel by —0.7798, —0.387
and —3.652 times, respectively.

The third most important effect is the round-
trip frequency, with a direct effect of 0.27 per
SD, that is, for each additional round-trip fre-
quency, energy consumption increases by

93.87 kWh x person™ x year™. The model also
shows that the frequency of trips is a mediator
of the effect of the type of housing (individual
or collective) and the frequency of buses. This
means that the frequency of trips increases in sin-
gle-family dwellings where the bus frequency is
lower. The number of bus rotations has an indirect
effect mediated by commuting distance of 0.284
(0.43 x 0.66) and commuting frequency of —0.0325
(0.43 x —=0.28 x 0.27). The total effect is 0.249, that
is, for each bus rotation, energy consumption in-
creases by 79.40 kWh x person™ x year™’. Indeed,
increasing the number of bus stops would in-
crease the travel time. Pan et al. (2009) have found
that the choice of car as a travel mode increases by
1.03 times for each additional minute and Chen et
al. (2007) have observed that the number of bus
stops per trip increases car use for travel by 7.1%.

Distance to the centre comes fifth with an in-
direct effect mediated by built-up density 0.05
(-0.33 x -0.15), by home-to-work distance 0.218
(0.33 x 0.66) and by round-trip frequency —0.025
(0.33 x —=0.28 x 0.27). The total effect is 0.241 per
SD, that is, for each additional kilometre of dis-
tance to the centre, energy consumption will in-
crease by 61.35 kWh x person™ x year™. Distance
to the centre is positively correlated with distance
travelled by the private car. Holden and Norland
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(2005) have obtained almost the same result in
Oslo. For each additional kilometre of distance
to the centre, the energy consumption generated
by motorised travel increases by 108 kWh x per-
son™! x year™. Similarly, Naess (2010) has shown
a positive association between distance to the
centre and energy consumption generated by car
travel.

Profession comes sixth with a direct effect of
0.165 per SD. In other words, liberals tend to con-
sume 55.726 kWh x person™ x year™ more than
public-sector employees. Occupation could be
considered as a proxy for income; in Algeria lib-
eral employees have a higher income than pub-
lic-sector employees. Income is the most common
determinant in mobility studies. Several studies
have found a positive correlation between in-
come and VKT; a higher income leads to more
motorised mobility. In our study, the income ef-
fect acts indirectly through the number of cars by
0.193 (0.43 x 0.45) and through the home to work
distance by —0.034 (0.43 x —0.12 x 0.66). The total
effect is 0.161 per SD, that is, for every additional
15,000 Da (~103€), energy consumption increases
by 30 kWh x person™ x year™. Van Acker and
Witlox (2010) have found that income is pos-
itively associated with car travel in Belgium.
Households with an income above €3,100 travel
13% more by car than households with a lower
income. Khan et al. (2014) have observed that
income could explain up to 6.21% of car trips in
Seattle, while Dieleman et al. (2002) have found a
smaller impact in the Netherlands (2.9%).

Holden and Norland (2005) in Oslo, Norway,
have noted an increase in energy consumption
due to motorised mobility of 2 kWh/persons for
every 1,000 Norwegian Kroner or 100€ x per-
son!. And Neess (2010) found that income is
positively correlated with VKTs and explains an
additional 1.41 km (Beta = 0.07) for every 1,000
Yuan (127€). While for the same income, and for
trips to the centre, Naess (2014) has observed a
weak positive correlation between VKTs and in-
come in Copenhagen, 0.0045 km more for every
additional 1,000 Danish kroner (134€). The author
explains this weak correlation by the location of
housing. Households with higher incomes tend
to live in the centre, while households with lower
incomes tend to live on the outskirts near public
transport.

In the eighth place comes the number of floors
per urban block with an indirect effect through
the number of cars per household of 0.117
(0.26 x 0.45) and through the home-to-work dis-
tance of —0.0206 (0.26 x —0.12 x 0.66). The total ef-
fect is 0.097, that is, for each additional storey per
urban block, energy consumption increases by
16 kWh x person™ x year™. The number of floors
per urban block is a proxy for the distance-to-cen-
tre factor. Indeed, the highest buildings are locat-
ed in the periphery of the municipality of Djelfa.

In the ninth place is the occupancy rate
per dwelling, which has an indirect effect me-
diated by home-to-work distance of 0.0858
(0.13 x -0.66) and by round-trip frequency of
-0.0098 (0.13 x —0.28 x 0.27). The total effect is
0.076, that is, for each additional household mem-
ber, energy consumption for mobility increases
by 7.187 kWh X person™ x year™. The occupancy
rate per dwelling or the size of a household in
most studies is negatively correlated with motor-
ised mobility. Ding et al. (2017) have found that
household size reduces car travel by up to —0.56
in Baltimore and Cervero and Radisch (1995)
have shown positive associations between house-
hold size and increasing use of public transport
modes, cycling and walking rather than driving
in the United States.

Similarly, Ma et al. (2014) in China have ob-
served that household size has a negative impact
on chain travel. While in Seattle, Khan et al. (2014)
have found that household size has a positive im-
pact (by 25%) on distances travelled by car. The
researchers explain this positive correlation by
the presence of young children dependent on
their parents’” mobility. Other researchers have
found that household size has no impact on the
volume of car travel (Chen et al. 2007; Manaugh
et al. 2009). Chen et al. (2007) have observed that
the effect of household size is more pronounced
for households with children under the age of six.

In the last position and with the smallest effect
on energy consumption generated by commuting
is the type of housing which has an indirect effect
mediated: by built density of —0.099 (0.66 x —0.15),
by number of cars of 0.135 (0.3 x 0.45), by home-
to-work distance of -0.024 (0.3 x -0.12 x 0.66),
by round-trip frequency of —0.0378 (-0.14 x 0.27)
and finally by profession of 0.391 (0.23 x 0.17).
The total effect amounts to 0.016 per SD only, that
is, an occupant residing in an individual housing
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tends to consume 5.67 kWh x person™ x year™
more than a person living in a collective housing.
The type of housing can also be considered as a
proxy of the income, as living in a single-fami-
ly house is often possible for households with a
higher income.

In the cluster of driving factors with a reduc-
ing impact on energy consumption, we find built
density at the top of the ranking with a direct ef-
fect of —0.15 per SD, that is, for each additional
+1 value of built density, energy consumption
decreases by —-35.46 kWh x person™ x year™.
The same conclusions have been found by
Brownstone and Golob (2008) in California. A re-
duction in built density for the same household
composition could increase vehicle miles trav-
elled by up to 1,171 miles. Researchers explain
these results by the fact that car ownership is less
frequent at higher built density. Van Acker and
Witlox (2010) have also found that the car modal
share tends to decrease in areas with high built
density. They also found that car ownership is
also negatively correlated with car modal share.
In contrast, in Norway, Holden and Norland
(2005) have found that built density is not signif-
icantly correlated with VKTs.

The age of the respondent comes second, with
a direct effect of —0.12 per SD, that is, for every
10 years increase in the age of the respondent, the
energy consumption for commuting decreases by
-19.66 kWh x person™ x year™'. Our results are in
line with several studies. In much of the scientific
literature, age is considered to be a factor that re-
duces the energy generated by car travel (Handy
et al. 2005; Pan et al. 2009; Van Acker, Witlox
2010). Similarly, in Montreal, age was found to
be positively correlated with proximity to work
(Manaugh et al. 2009). While in Hangzhou, age
only explains —0.013 km % day™ of VKT (Naess
2014) and +0.088 km x day™ in Copenhagen
(Idem). The author explains this opposition of the
age effect by the lifestyle effect. Educated young
people in Copenhagen tend to live in the centre,
while the opposite is true in Hangzhou. In New
York, Chen et al. (2007) have also found a posi-
tive correlation with VKTs (0.01). The authors ex-
plain this correlation by the fact that older people
tend to use cars more than younger people, as car
ownership is higher among older people. Holden
and Norland (2005) have found that age in Oslo
has no statistically significant effect on VKTs.

Bus frequency in the residential environment
comes third, reducing energy consumption by
an effect of —0.054, mediated by round-trip fre-
quency —0.027 (-0.10 x 0.27) and by profession
-0.027 (-0.16 x 0.17). In other words, for each
additional bus frequency in the residential area,
energy consumption for mobility decreases by
—6.13 kWh x person™ x year™. The distance to
the national road comes second to last with a
small effect of —0.037 mediated by built density.
For each additional kilometre of distance from
the station road, energy consumption decreases
by —9.41 kWh x person™ x year™.

Indeed, the national road runs along the city
from north to south and divides it into two parts:
east and west. A large volume of transport pass-
es along the national road, which is characterised
by the large width of its carriageway and the
presence of several bus stops, which gives it a
structuring role in the city of Djelfa. The distance
to the national road in the city of Djelfa is a proxy
for the distance to public transport. Indeed, the
greater the distance to public transport, the great-
er the use of the car for travel. Van Acker and
Witlox (2010) and Calabrese et al. (2012), Khan
et al. (2014) and Ding et al. (2017) state that dou-
bling the distance to public transport increas-
es the distance travelled by car by 3.4%, 3.04%,
13.2% and 4.7%, respectively. Ding et al. (2017)
have also found that public transport use drops
by —-11.4% if the distance to public transport is
doubled.

Education level comes last, with a small ef-
fect of —0.016 per SD, mediated by built densi-
ty. In other words, for each additional level of
education, energy consumption decreases by
—-2.67 kWh x person™ x year™. The impact of
education level on VKTs is variable in the sci-
entific literature, ranging from a positive, nega-
tive and non-significant correlation. Feng et al.
(2013) in China and the Netherlands, Marique
(2013) in Belgium have found that each addition-
al SD of the level of education generates 23.4%,
18.1% and 16.8% more distance travelled by car
respectively. Calabrese et al. (2012) have found
a negative correlation between the education
level and car travel distances (Beta = -0.0817). In
the Netherlands, Dieleman et al. (2002) have ob-
served that people with a higher level of educa-
tion tend to prefer car travel to public transport
by 4.3% and that the level of education explains
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only 0.2% of the distances travelled by car. Other
research has shown that education level has no
statistically significant effect on the energy gener-
ated by car travel in Oslo (Holden, Norland 2005)
and China (Naess 2010). In general, the impact of
education level has a small or insignificant im-
pact in explaining VKTs.

To draw a general conclusion, we have ob-
served that SE factors explain 281 kWh x per-
son" x year!, while BE factors explain
164 kWh x person™ x year™. The BE has an im-
pact that appears to be lower than SE factors in
explaining commuting energy. This finding is
similar to that of Stead (2001), who has found that
variation in travel patterns is often due more to
SE reasons than to characteristics of the BE.

Conclusion

The environmental impact caused by fossil
fuel consumption and the resulting GHGs is in-
creasingly being taken into account by developed
countries, and recently by developing ones. The
comparison of our findings with those obtained
by the authors who considered other cities in
developed countries showed almost similar ef-
fects. This would lead us to the conclusion that
the current knowledge developed through stud-
ies in developed countries is potentially transfer-
able to developing ones, subject to seeing what
further research in developing countries would
yield. The impact of driving factors on the ener-
gy consumption of commuting allows us to draw
some interesting conclusions. Increased built
density, proximity to workplaces, more bus stops
and functional diversity in new urban extensions
would reduce commuting energy consumption.
Similarly, car use for home-to-work trips, round-
trip frequency and car ownership would decrease
with a reduction in home-to-work distance. Our
results suggest a structuring role for the SE char-
acteristics of households in explaining the energy
consumption of commuting. The SE characteris-
tics of households are directly related to the qual-
ity of the BE, and there appear to be disparities
in the distribution of working area density. The
new urban areas are less dense and almost total-
ly residential. This implies a greater distance to
reach the working areas which are concentrated
in the centre. Urban development policy should

take into account functional diversity when de-
signing new urban extensions to reduce the mod-
al share of the car, GHG emissions and energy
consumption.

Other mobility modes such as shopping, lei-
sure and home-to-school mobility could be con-
sidered for future research. Our results could be
used in a parameterised tool that could help pol-
icymakers and urban planners to design less en-
ergy consuming neighbourhoods and could also
raise awareness among commuters to be more
environmentally friendly.
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