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This case study investigates consumer preferences and stakeholders’ interests regarding hybrid electric vehicles
(HEVs) and electric vehicles (EVs) in the Greater Beirut Area (GBA) in Lebanon where the market for these
vehicle types is still nascent. A mixed logit model incorporating financial and technical attributes of common
mid-size Internal Combustion Engines (ICE), HEVs, and EVs is estimated then used to compute Willingness to Pay
(WTP) measures and evaluate the effectiveness of different monetary incentives in promoting these vehicle types.
The study also uses qualitative research methods to capture the perspectives of different stakeholders regarding
electric mobility in Lebanon. Data collected in 2018 through a stated preference survey reveals a WTP for a 100-
km increase in driving range equal to 705 $ and for a 1 $ reduction in driving costs per 100 km equal to 305 $,
values that are generally lower than several values found in the literature. A policy testing exercise suggests that
doubling fuel taxes could increase the potential market shares of HEVs and EVs from 9.25% to 9.59% and from
4.98% to 5.84%, respectively. The provision of charging incentives to consumers could raise the market share of
EVs up to 6.96%. A combination of both policies could further increase the proportion of EVs to 7.22%. In
parallel, a stakeholder analysis draws attention to a multitude of challenges regarding the HEVs and EVs uptake
as well as the public charging infrastructure rollout, namely excessive delays in establishing the enabling
institutional and regulatory environment and shortcomings in the electricity supply. This research shows that it is
more likely for HEVs than EVs to take off in the short term and that a solid transition to electric mobility in
Lebanon necessitates further planning, especially in terms of instituting a clear and effective incentives scheme.

1. Introduction restricted traffic lanes, lower toll fees, and reduced parking fees (IEA,

2019). Moreover, investments in battery manufacturing have been

With the ever-rising concerns about climate change, the imple-
mentation of sustainable transportation solutions has become necessary.
The future of mobility can thus no longer be envisaged without
alternative-fuel vehicles (AFVs), notably hybrid electric vehicles (HEVs)
and battery electric vehicles (EVs). The former are powered by an in-
ternal combustion engine along with one or more electric motors, while
the latter rely solely on an electric motor. Unlike EVs, HEVs do not need
a specific infrastructure to recharge their batteries because this is
ensured by the internal combustion engine and the kinetic energy
generated while the car is in motion.

The growth in HEVs and EV sales witnessed over the past decade is
associated with the provision of a multitude of economic and other
policy measures. Governments have been resorting to monetary in-
centives under the form of tax credits, tax reductions, tax exemptions, or
purchase subsidies, as well as non-monetary incentives such as access to
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growing, notably in China and Europe, enabling higher performance and
lower purchase prices (IEA, 2019).

The growing trend is witnessed in several Middle Eastern countries,
as shown in the following table. As for Lebanon, the advancement of
electric mobility remains slow. Out of all the new private cars registered
in 2019 (approximately 22,000 vehicles), only 315 are hybrid, and 81
are plug-in or battery electric (S. Saad, personal communication, 2020).
In fact, it was not until 2018 that a step towards increasing the share of
HEVs and EVs was taken with article 55 in the budget Law of 2018 (Law
79/2018), which was then renewed in 2019 (Law 144/2019) under
article 25.c. The policy set the customs and excise taxes at 20% and 0%
of the vehicle price for private (white plate) HEVs and EVs, respectively,
and 10% and 0% for HEVs and EVs used in passenger transport (red
plate), respectively. It also entitled all red plate owners to a 100%
exemption of registration and Mécanique fees for the first year (MoE/
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Table 1
HEV and EV progress in front-runner countries and cities in the Middle East.
Turkey Jordan Dubai, UAE
Beginning of 2013! 2014° 2016'?
private EV
sales
Approximate Around 1,300 in Around 18,000 in Around 1,000 in
total number ~ 2019" 20187 2018"*
of EVs
Residential 0.106 $/kWh? 0.114 $/kWhfora  0.025 $/kWh for
electricity monthly UAE nationals for
tariff consumption a monthly
between 501 and consumption
600 kWh® between 2,000
and 4,000 kWh'*
Approximate 1.66 $/100 km 1.79 $/100 km 0.38 $/100 km
EV operating
costs
Beginning of 2013° 2012° 2015'°
private HEV
sales
Approximate Around 12,000 in 33,400 in 2016° Around 3,000 in
total number ~ 2019* 2018
of HEVs
Cost of fuel 1.32 $/1° 1.48 $/1° 0.67 $/L°
Approximate 9.70 $/100 km 10.88 $/100 km 4.92 $/100 km
HEV
operating
costs
Approximate 5823 127 20012
number of
public
charging
stations
Market Outlook HEVs and EVs will N/A (1) 10% of all new
make 30% to 65% of vehicles will be
sales by 2030 HEVs or EVs by
(medium growth — 2020'2
high growth (2) 2% of all cars
scenario), with an will be EVs by
increase in the share 2020 and 10% by
of EV sales compared 2030'2
to HEVs®
Incentives 2011: reduction in Prior to 2012: (1) 15% discount
Special Consumption reduction of tax on all registration
Tax (OTV) based on for HEVs from and renewal
power capacity of the 55% to 25% of the  fees!?
battery>2016: price (2) Free charging
Another round of 0TV~ After 2012: at public
reductions®2018: customs tax for stations'?
75% exemption on HEVs is set to (3) Toll
the Tax for Engine 30%, with a exemption'?
Vehicles (MTV)? gradual increase (4) Free parking
of 5% every year in designated
until 202110 areas'?
2015: 100% (5) Greenbank
exemption from loans'?
customs and sales
tax and
registration fees
for EVs
2019: 75%
exemption on
customs tax for
Evs'!
Notes:

(1) Data retrieved from 1: TEHAD, 2019; 2: [EA, 2020; 3: Saygin et al., 2019; 4:
Sandik, 2020; 5: myLPG.eu, n.d; 6: Khalaileh, 2017; 7: Friedrich Ebert Stiftung,
2019; 8: NEPCO, n.d.; 9: TheFuelPrice.com, 2020; 10: Bani Mustafa, 2018; 11:
Bani Mustafa, 2019; 12: CMS, 2018; 13: Arabian Business, 2018; 14: CEBC,
2018; 15: Oxford Business Group, 2015.

(2) The operating costs are estimated for the base case scenario vehicles (refer to
Section 3.3.1.) and the price of electricity and fuel at the time of data collection,
which is in 2018 (except the electricity tariff in Jordan, which is reported for the
year 2020, due to unavailability of previous data).
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UNDP/GEF, 2019). In parallel, the first chargers were installed by
MEDCO, an importer and distributer of oil products and gas station
operator. The company installed them in four gas stations around Beirut
and in the parking of three commercial centers. It was followed by
another oil importing company, IPT, which built a solar-powered EV
charging unit, in late 2019.

It is important for Lebanon to create an enabling environment and
develop a charging infrastructure rollout strategy to match global
trends, as well as to mitigate the impacts of air pollution on health. The
transportation sector in Lebanon is increasingly contributing to harmful
emissions, thereby accounting for 23% of greenhouse gas emissions in
the country in 2013 (MoE/UNDP/GEF, 2-16). This results from a
combination of factors that make up the land transport conditions in the
country: high car ownership and usage rates, predominance of Internal
Combustion Engines (ICEs), and an old fleet — it is estimated that more
than 50% of the total passenger car fleet was manufactured before the
year 2000 (MoEW, 2017). As a consequence, healthcare costs are on the
rise while quality of life is deteriorating.

This study has two objectives. The first one is to understand con-
sumer behavior and anticipate the effect of monetary incentives and
other policies on the demand for HEVs and EVs as private vehicles in
Lebanon. The second is to identify key challenges and successful in-
terventions in the substantial rollout of HEVs and EVs along with the EVs
charging infrastructure from the point of view of different stakeholders.
To achieve the first objective, a discrete choice model of vehicle type
choice is developed as a function of financial and technical vehicle at-
tributes. The second objective is met by conducting interviews with
active and/or potential stakeholders.

This study contributes to understanding the preferences of Lebanese
citizens towards HEVs and EVs, and to guiding local authorities in the
policy, regulatory, and infrastructural planning of electric mobility. In
essence, it advances the existing literature by delivering a holistic
approach to the deployment of HEVs and EVs, which could be replicated
in other countries.

The remainder of this paper is organized as follows. The second
section provides a brief literature review of the main concepts. The third
section gives an overview of the methodology, describes the data, and
explains the modeling and forecasting approaches. The fourth section
presents and analyzes the results of the model, the willingness to pay
measures, the policy testing and stakeholder assessment. The fifth sec-
tion recommends several policy and regulatory interventions. The last
section concludes the paper by reviewing the main findings, limitations,
and suggestions for future research.

2. Literature Review

This section introduces the two main dimensions of this research. It
first reports on the findings of several studies about consumers’ will-
ingness to pay for the attributes of HEVs and EVs. Then, it identifies
stakeholder groups whose interactions are key in the uptake of electric
mobility.

2.1. Measuring consumer preferences

In most studies of consumer demand for EVs, individuals are subject
to a choice among a set of vehicle options distinguished by their attri-
butes (i.e. driving range, fuel costs, purchase price, performance mea-
sures, charging time, CO, emissions). Demand modeling frameworks of
EV uptake include multinomial logit models, nested logit models, and
more commonly mixed logit models for their ability to capture taste
variations across individuals (Liao et al., 2017). Often are those studies
supported by willingness to pay (WTP) estimations since they can
quantify the extent of influence of vehicle attributes on purchase de-
cisions of EVs. As such, they enable better planning of policies.

A review of 12 studies conducted between 2011 and 2018 shows that
most of them rely on stated preference surveys and propose a mixed logit
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Table 2
Summary of WTP ranges observed across reviewed choice studies on alternative
fuel vehicles and consumers’ willingness to pay for their attributes.

Approximate Studies Study Choice Model
Range Context
WTP for a Below 500 $ Jensen et al., Denmark Joint hybrid
reduction of 2013 choice model
1$/100 km Hackbarth Germany Mixed logit
in operating and model
cost Madlener,
2013
Scasny et al.,  Poland Mixed
2018 multinomial
logit model
500 $ - 1,000 Hackbarth Germany Discrete choice
$ and model with
Madlener, latent classes
2016
1,000 $ - Helveston U.S. and Mixed logit
2,000 $ et al., 2015 China model
WTP for 100 Below 1,000 $ Tanaka et al., Four U.S. Mixed logit
km of 2014 cities and model
driving Japan
range 1,000 $ - Hackbarth Germany Mixed logit
3,000 $ and model
Madlener,
2013
Ferguson Canada Discrete choice
et al., 2017 model with
latent classes
Scasny et al.,  Poland Mixed
2018 multinomial
logit model
2,000 $ - Hidrue et al. u.s. Random utility
5,000 $ 2011 model with
latent classes
Hess et al., California Cross-nested
2012 logit model
Valeri and Italy Mixed logit
Danielis, model
2015
Up to 15,000 Maness and U.s. Multinomial
$ Cirillo, 2012 and mixed logit
models
Daziano and California Conditional
Bolduc, 2013 logit model
Hackbarth Germany Discrete choice
and model with
Madlener, latent classes
2016

model. There is large variation in results across the studies, notably due
to differences in methodology and population characteristics. Table 2
below shows a more detailed distribution of the studies according to
their reported WTP findings.

2.2. Stakeholder groups

For a smooth transition to electric mobility, the extent to which stra-
tegies align with the interests of stakeholders should be considered. A
stakeholder analysis is thus needed to capture the values, standpoints and
approaches of the players affected by the emerging EV system (Brown and
Soni, 2019), particularly those involved in the regulation, provision,
operation, and usage of EVs and charging stations. According to Hardman
et al. (2018), an EV charging infrastructure deployment can be led by
policy makers, auto manufacturers, utilities, real estate developers, retail
companies, fuel stations, or any other stakeholder. The number of stake-
holder groups varies depending on the level of detail sought by the
researcher. Five comprehensive categories are presented below, based on
the World Bank and International Association of Public Transport (2018):

- Governmental institutions: they represent the policy makers and
regulators at a given jurisdiction scale, including inter-governmental
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bodies, ministries, municipalities, and local authorities. They
formulate the policies that help achieve national objectives, as well
as share data and regulate the actions of other stakeholders.
Car manufacturers and/or distributors: they concern both gasoline
and cleaner vehicles (hybrid and electric), as well as auto parts
suppliers. They set the pace at which electric mobility moves forward
by investing in technologies and charging networks, while keeping
financial profitability as a priority.
Energy suppliers: they include power utilities, such as electricity
producers, electricity providers, and electric utility grid operators.
Beyond accommodating for the power needed by EVs, they can shape
charging behaviors with their pricing strategies.
Charge Point Operators (CPOs) and Electric Mobility Service Pro-
viders (EMSPs): CPOs operate and maintain charging stations, while
EMSPs offer charging services to customers. They could be an
existing entity, a new one, or a combination of both.
- End users: they comprise private vehicle owners, corporates, and
public entities. Their behavior and attitude influence the extent and
speed of HEV and EV adoption.

Data and methods

This section is divided into four parts. The first one lays out the
methodology followed in this study. The second one describes the data
used for modeling the vehicle choice of the GBA residents and their
preferences. The third one defines the selected model. The fourth one
covers the assumptions taken to perform the forecasting exercise.

3.1. Methodology

This paper adopts a discrete choice modeling approach to study
consumer preferences among ICEs, HEVs, and EVs and assess different
policies that could boost the demand for HEVs and EVs. A household
survey was conducted to collect the needed data. It consists of the socio-
economic status of households in the study area (i.e. household size,
income, and number of cars owned) and those of the respondent (i.e.
gender, age, level of education). It also captures the preferences, atti-
tudes, and perceptions of respondents towards ICEs, HEVs, and EVs
through a choice experiment and Likert scale questions.

Several specifications were examined, such as models with fixed
parameters subject to different non-linear transformations, mixed logit
models with more than one random parameter, latent class choice
models, and models with one or two latent variables. They were eval-
uated based on the signs of the parameters, significance of the variables,
and reasonableness of the WTP results. The mixed logit model with one
random coefficient proved to be the most suitable model according to
these evaluation criteria'. It was then calibrated so that the expected
patterns in the market can be reproduced (base case scenario). Subse-
quently, market shares under different policy scenarios were calculated
using the sample enumeration method.

The extent to which strategies align with the interests of stakeholders
is also considered by performing a stakeholder analysis. The information
needed was obtained through interviews with representatives of major
stakeholder groups, then interpreted.

Finally, based on the consultations with stakeholders and the policy
testing, recommendations were provided to plan the deployment of
HEVs and EVs in Lebanon.

1 Mixed logit models have become a popular discrete choice model due to
their ability to model correlation among unobserved factors of the utility
functions, random taste variation across individuals, and unrestricted substi-
tution patterns (McFadden and Train, 2000).
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3.2. Data and descriptive findings

A household survey was conducted in the GBA, an additional city to
its north, and another town to its south, by a professional Lebanese
survey company, in 2018.

3.2.1. Overview of sampling and data collection methods

Prior to conducting the survey, a pilot test with 8 eligible households
was carried out. It confirmed the clarity of the questions; however, the
choice experiment was found to be the most difficult and lengthy part of
the questionnaire.

The total number of households approached (400) was based on the
minimum sample size for estimating a population proportion at a con-
fidence level of 95% and allowable error of 0.05 (384), while consid-
ering the available budget. The questionnaires were distributed
proportionally to the number of registered voters in each zone of the
study area. This sampling distribution method was adopted due to the
unavailability of updated official statistics regarding the number of
households across the study area.

3.2.2. Choice experiments

The survey included four choice experiments per respondent asking
them to choose, in each, among a mid-size ICE, HEV, and EV assuming
that the household will buy a new car in the next 12 months. The three
car options differed in their purchase price (in $), driving costs (in
$/100 km), driving range (in km), and horsepower (in hp). These
constitute four of the fundamental characteristics in studies about con-
sumer preferences for EVs, as shown by Liao et al. (2017) who reviewed
26 papers on this matter. Multiple levels for each attribute were deter-
mined by Otary (2019), then randomly combined in order to present
different scenarios to each respondent. The methodology followed by
Otary (2019) consisted of:

1. Segmenting the vehicles market by brand and listing the different
models by those with the highest number of sales.

. Determining the fundamental attributes of selected cars. The operating
cost was estimated in terms of energy cost. For the ICE option, it was
calculated using car fuel efficiency and the prevailing price of fuel in
2018. For the HEV option, it was assumed to be 40% to 70% less than
that of a gasoline car based on approximations extracted from car
dealer websites. For the EV option, it was computed based on the
battery efficiency of the corresponding mid-size car and the household
electricity tariff. As for the purchase price, the range, and the horse-
power attributes, they were based on the specifications of each car.

. Setting a range for the levels of attributes for the selected ICE
alternative, where the lower and upper boundaries are slightly below
and above the minimum and maximum values observed in the
market, respectively.

. Obtaining the range of HEV and EV prices that correspond to the
fixed ICE levels by applying multiplication factors.

Moreover, two of the four scenarios introduced governmental in-
centives on environmentally friendly vehicles, in line with article 55 in
the budget Law of 2018. An example of the choice experiment generated
for a given respondent by randomly combining the attribute levels and
accounting for a financial incentive is illustrated in Table 3.

Table 3
Example of a scenario given in the choice experiment where financial incentives
are introduced.

Characteristic Option 1 Option 2 Option 3

Car Type Gasoline Hybrid Electric Car Electric Car

Price ($) 16,660 24,157 - 437 = 23,720 27,656 — 1,866 = 25,790
Range (km) 880 950 264

Horsepower (hp) 130 228 107

Cost ($/100 km) ~ 12.00 5.89 2.85
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3.2.3. Descriptive statistics

Table 4 presents distributions of the demographic and socio-
economic characteristics of the sample which consists of 400
households.

The sample demographics fairly represent the population of the GBA,
apart from the distribution of respondent gender and household size.
The former is suspected to be linked to the fact that the interviewer
asked to speak to the household member who is the most knowledgeable
about car use for every car in the household. The latter is among the few
variables for which population level data is available in Lebanon and
believed to not vary considerably over the years. Hence, at the model
forecasting stage, adjustments are made by applying weights to each
household depending on its location, using the household size distri-
bution determined by the Central Administration of Statistics (2007) in
the Living Conditions Survey. Assuming that each household’s decision
is equivalent to that of the member who answered the interview, the
probability of a respondent choosing a certain alternative is multiplied
by its corresponding weight, and the estimated number of individuals in
favor of a given alternative is the weighted sum of individual
probabilities.

A more detailed analysis of the socio-economic variables suggests
that respondents with a favorable attitude towards EVs (those who chose
the EV option at least once in the choice experiment) have a higher
household size, monthly income, educational level, and car ownership
level than the others. These observations have already been made in
several studies. Indeed, high incomes have been linked with lower price
sensitivity in the adoption of EVs (Achtnicht et al., 2012; Hackbarth and
Madlener, 2013; Hess et al., 2012; Valeri and Danielis, 2015). Moreover,
early EV adopters have been identified as highly educated (Campbell
etal., 2012; Carley et al., 2013; Hidrue et al., 2011; Higgins et al., 2017)
and as owning multiple cars (Kurani et al., 1996; Khan and Kockelman,
2012; Peters and Diitschke, 2014; Tamor and Milaci¢, 2015).

Table 4
Distribution of Sample Demographics (Sample Size = 400).

Survey Question Category Percentage of
Households
Household size 1 4.25
2 29.75
3 27.00
4 or more 39.00
Monthly 0-1,999,000 LBP* 28.00
household 2,000,000-3,999,000 LBP 25.00
income
4,000,000-5,999,000 LBP 20.25
6,000,000-7,999,000 LBP 9.25
8,000,000-9,999,000 LBP 3.75
10,000,000-14,999,000 LBP 3.50
I don’t know / No response 10.25
Education of No formal education 1.50
respondent Less than secondary / high school 34.25
diploma
Secondary / high school diploma (12 24.00
years of schooling)
Some college / university 11.25
Technical or vocational school 9.75
University undergraduate / bachelor’s 16.00
degree or equivalent
Postgraduate, master’s degree, doctorate 3.25
Gender of Male 87.75
respondent
Female 12.25
Car ownership 0 8.25
1 51.00
2 or more 40.75

" 1 US dollar is equivalent to 1,500 LBP at the time the survey was conducted.
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Table 5
Explanatory variables used in the final model.
Variable Type Description
Cost; s Continuous Cost of driving 100 km of alternative i,
variable presented to respondent n, in scenario t (in
$/100 km)
Price; ,; Continuous Purchase price of alternative i — including
variable customs and excise, VAT, and registration fees
— presented to respondent n, in scenario t (in
thousands of $)
Range; ,,, Continuous Driving range of alternative i, representing the
variable distance the car can travel before refueling or
recharging, presented to respondent n, in
scenario t (in 100 km)
TwoPlus_Cars, ~ Dummy A binary variable equal to 1 if the household
variable owns two or more cars, and 0 otherwise

3.3. Model specification

A mixed logit model is developed. The systematic utilities of the
gasoline (ICE), hybrid (HEV) and electric (EV) options are presented
below for respondent n and scenario t. The explanatory variables are
explained in Table 5.

Vicen: = Beostn % COSticens + Bprice X Priceicens + Prange % Rangecg,, (1)
Vieyni = ASCHEV + Beosin X COStHEY 1 + Pprice X Priceney ni + Prange
X Rangeygy .+ + Bryopius_cars_nev % TwoPlus_Cars, (2)
VEV.n,I =ASCry +ﬂCosr.n X COStEV-"J +ﬂPrire X PriceEVﬂ-‘ +ﬂRﬂ"84’
X Rangegy ,; + Pruopius_cars_pv < TWoPlus_Cars, 3)

The cost coefficient follows a log-normal distribution to account for
unobserved taste variation across respondents and enable to fix its sign
as negative (Train, 2009). In the following equation, i, and o are
the mean and standard deviation of the underlying normal distribution,
to be estimated as unknown parameters.

B costyn

The horsepower variable is not included because it was not signifi-
cant, even at a 60% confidence level. A plausible explanation is that the
type of car presented in the choice experiment (mid-size) reduced the
importance of engine power for respondents. It might also simply mean
that the sample prioritizes other attributes over engine power.

_ e Mpostpeon <o) \where @ N(0,1) )

3.4. Forecasting

This section defines the base case scenario used to predict market
shares and explains the procedure for calibrating the model.

3.4.1. Base case scenario

The base case scenario is one in which all respondents are confronted
with the same vehicle alternatives based on popular mid-size cars from
brands of the same tier. It is the reference for evaluating the effective-
ness of policy interventions. The ICE option is the Toyota Corolla 2019,
one of the best-selling cars in the world. Moreover, Toyota demonstrated
consistent sales growth throughout the years in Lebanon (Bankmed,
2016), where this model is extremely popular (G. Bejjani, personal
communication, 2020). The HEV option is the Toyota Prius 2019. The
Prius is the first mass-produced hybrid vehicle in the world, and the only
mid-size one in Lebanon. Although Toyota has been selling more Camry
and RAV4 hybrid models in 2019, the former falls a bit on the more
luxurious end of the spectrum of mid-size cars and the latter is an SUV,
which makes them unsuitable.

The EV option is the Chevrolet Bolt 2019. This fully electric crossover
has the longest range among its competitors and achieved the highest
number of sales in 2019 in Lebanon. Four other car distributors
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experimented with EV’s between 2018 and 2019: Hyundai, Renault, BYD
and Changan (S. Saad, personal communication, 2020); however, they are
not suitable due to either their size or their removal from showrooms.

3.4.2. Model calibration

Model calibration of the alternative-specific constants (ASCs) was
done since SP data is used in the estimation, which could mean that real
market shares are not reproduced (Cherchi and de Dios Orttizar, 2006;
Glerum et al., 2014). Calibration was done according to the iterative
process established by Train (2009) which consists of incrementally
modifying the ASCs until the model forecasts meet the real market share,
also referred to as calibration targets.

The calibration targets for this study were set as interim targets for
the year 2025. They were chosen to range between 7% and 10% for
HEVs, and 2% to 5% for EVs, out of the yearly newly registered private
cars. Though modest compared to global trends, they imply a sixfold and
tenfold increase in the number of HEVs and EVs, respectively, compared
to current numbers.

4. Results

This section presents then analyzes the estimation results and sug-
gested policy interventions. It also discusses the findings of the stake-
holder analysis.

4.1. Model estimation

Model estimation was carried out using PythonBiogeme (Bierlaire,
2016) and the likelihood function was maximized through Monte-Carlo
integration. The MLHS type of draws was used (Bierlaire, 2015). Sta-
bility of the model was verified by increasing the number of draws until
the absolute value of the variation in the parameters’ values between
two consecutive estimations became less than 10%. Furthermore, the
estimation exercise was repeated from different starting points to ensure
that the same solution was reached from different starting points. As
such, the results of the stable model, achieved at 9,000 draws, are pre-
sented in Table 6.

Both alternative-specific constants are negative and significant at the
95% level of confidence. Their magnitude is relatively large, which
considerably reduces the value of the HEV and EV systematic utilities. It
is expected since Lebanese people still favor ICEs over HEVs or EVs by a
long shot (S. Saad, personal communication, 2020).

The sign of the Cost parameter was set as negative through the
lognormal specification in order to match the common negative attitude
towards an increase in driving costs. Despite its standard deviation being

Table 6

Estimation results of the final model.
Variable/ Parameter Robust Std Robust t- p-
Parameter Estimate err test value
ASChpy —4.40 0.415 —-10.61 0
ASCgy -11.5 1.17 —9.83 0
Pgcost -3.77 0.468 —8.04 0
Opcost 4.06 0.501 8.10 0
Price($/1000) —0.0768 0.0320 —2.40 0
Range(km/100) 0.0542 0.0408 1.33 0.18
TwoPlus_Carsygy 2.23 0.166 5.80 0
TwoPlus_Carsgy 0.966 0.250 8.93 0

Null Log-Likelihood L(0): —8,343.508
Final Log-LikelihoodL(f): —699.663
Rho-Squared p?: 0.916

Adjusted Rho-Squared p?: 0.915

Akaike Information Criterion: 1,415.327
Bayesian Information Criterion: 1,447.258
Final Gradient Norm: +7.829E-04
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relatively large, which could be attributed to the small sample size, its
statistical significance at the 95% level of confidence indicates the
presence of unobserved taste heterogeneity for the variable.

The Price parameter is negative and significant at the 95% level of
confidence. This result implies that an increase in the purchase price
decreases the utility of any alternative, which is expected.

The Range coefficient has a positive sign, as reported in several
studies (Liao et al., 2017), meaning that people prefer to purchase a
vehicle characterized by a larger driving range. Despite it being only
significant at the 80% level of confidence, it was kept in the model since
range anxiety still widely influences the choice of EVs.

The TwoPlus_Cars variable is significant in both the HEV and EV
utility equations at the 95% level of confidence. The positive sign of its
coefficient suggests that households with at least two cars would prefer
the purchase of an HEV or an EV over an ICE if everything else was the
same. This could reflect a higher flexibility in vehicle purchase de-
cisions, unlike the remaining households that favor established
technologies.

4.2. Willingness to pay measures

The WTP for additional kilometers of range and the WTP for a
reduction in operating cost are calculated using the parameter estimates
and a Monte Carlo simulation for 1,000 observations since the cost co-
efficient is random and log-normally distributed. Because this type of
distribution is characterized by a long right-hand tail, which eventually
affects WTP calculations, the median value is reported herein

The WTP for an increase in driving range of 100 km is equal to 705 $.
The value is lower than all the ones reported in Table 1, except for the
one estimated by Tanaka et al. (2014). There are two characteristics of
the study area that could explain this result. First, the country’s geog-
raphy makes most travel distances short, thus within the battery range.
Second, a good proportion of households own at least one car, meaning
they are less sensitive to the range of their second purchased vehicle.

The median WTP for a reduction of 1 $ in driving costs per 100 km is
equal to 305 $. This value turns out to be lower than the ones reported in
Table 1, but similar to the one reported by Scasny et al. (2018). Although
recurrent sudden increases in fuel prices were witnessed over the past
few years in Lebanon and bad traffic conditions elicit higher fuel
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consumption, it seems that the Lebanese put less weight on a reduction
in the operating cost of a vehicle compared to its purchase price. Indeed,
according to the sales manager at Toyota in Lebanon, customers seem
truly convinced about the benefits of HEVs and EVs but end up dis-
regarding them as soon as they realize they are more expensive than the
ICE alternative.

4.3. Policy analysis

Three policies that aim at increasing the attractiveness of
environmentally-friendly vehicles, in particular EVs, are suggested
through varying the purchase price and/or the operating cost of the
vehicles. The rationale behind the strategies and the results are dis-
cussed below.

4.3.1. Policy 1

Policy 1 increases the operating cost associated with options running
on fuel. Although this policy affects the operating cost of HEVs, there is
evidence in the literature that higher fuel prices drive the demand for
these vehicles (Beresteanu and Li, 2011; Gallagher and Muehlegger,
2011; Whitehead et al., 2019). Therefore, forecasting was conducted for
scenarios where the fuel tax is increased from 10% (current situation) to
100%, by increments of 10%. The effect of Policy 1 on the market shares
of the three alternatives studied is shown in Fig. 1.

Despite succeeding in lowering the market share of ICEs in favor of
EVs, this policy does not seem to be very impactful: the absolute value of
the reduction is almost negligible, at 1.20%. A possible explanation is
that there are some individuals who do not consider non-gasoline op-
tions, regardless of their benefits. This is effectively observed in the
sample, where 67% of the respondents chose ICE under every scenario.
This group of people is thus unlikely to switch to EVs simply because the
operating cost of ICEs increased.

In parallel, the market share of HEVs increased despite a rise in the
operating cost of this option. This result is consistent with the findings of
Beresteanu and Li (2011) and Gallagher and Muehlegger (2011). The
non-negative direction of change is likely associated with more in-
dividuals switching from ICE to HEV than those switching from ICE or
HEV to EV, since the value proposition of HEVs is still higher than that of
an EV.
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Fig. 1. Forecasting results with an increase in fuel tax (Policy 1).
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Finally, the market share of EVs increased by 0.86%. Although the
influence of fuel prices on the EV market share has not been tackled
extensively in the literature and the one study that was found claimed no
significant relationship between the two (Sierzchula et al., 2014), the
forecasting results seem logical. Indeed, the operating cost of EVs is
considerably lower than that of the other options and is unaffected by
this policy. Nevertheless, it is a relatively small increase since the change
in ICE and HEV operating cost was not excessive and a respondent’s
decision is impacted by factors other than operating cost.

4.3.2. Policy 2

Policy 2 reduces the operating cost associated with EVs. One way of
implementing it is through free public charging. A similar initiative is
implemented in Dubai, where free charging at all the public stations
owned by the government, for privately owned EVs, is available until the
end of 2021 (DEWA, 2020). Accordingly, the policy is tested for different
probabilities of charging events taking place at public locations starting
at 10% up until 80%. It is forecasted by reducing the operating cost
associated with EVs in a similar manner. The upper limit is restricted to
80% because a complete reliance on public charging seems unrealistic.
The effect of a charging incentive on the market shares of the three al-
ternatives studied is shown in Fig. 2.

This policy effectively boosted the market share of EVs by 1.54% in
absolute value, which is equivalent to a 31% increase. The results are
due to a 0.45% and 1.09% decrease in the ICE and HEV market shares,
respectively. It seems that the change is mainly driven by individuals
with a favorable attitude towards environmentally-friendly vehicles and
who would pick either HEV or EV, depending on the most attractive
offer. Indeed, 21% of the sample consistently opted for an HEV or EV
across the choice experiment. Conversely, only 1.5% of the sample
considered both ICE and EV options in the experiment. As such, a higher
decrease in the HEV market share is logical. Nonetheless, this policy fails
to significantly expand the total proportion of HEVs and EVs in the
Lebanese market, which went from 14.23% to 14.68% only.

4.3.3. Policy 3

Policy 3 lowers the up-front price of EVs. This type of plan is avail-
able in the United States: EV and PHEV buyers are entitled a credit up to
7,500$. The amount decreases for a car brand after the corresponding
manufacturer sells more than 200,000 vehicles (EPA and DOE, 2020).
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Similarly, in Germany, the United Kingdom, and several other European
countries, EVs receive attractive purchase incentives. Accordingly, this
policy was tested by removing up to 5,000$ of the price of EVs, using
increments of 1,000%$. The effect of an EV purchase incentive on the
market shares of the three alternatives studied is shown in Fig. 3.

The one-time price reduction policy has a minimal impact on the
choice of individuals. This result does not diverge from other findings.
Indeed, Liao et al. (2017) observed that the effect of a reduction in
purchase price is significant 50% of the time. It can be argued that the
purchase price of EVs is still remarkably higher than that of ICEs and
HEVs; hence, the reduction suggested is not enough from the buyers’
perspective to go with this option.

4.3.4. Combination of Policy 1 and 2

Based on the promising results of Policy 1 and Policy 2, a merging of
the two is attempted. To that end, combinations are formed between
scenarios from one policy with the other. Under the lowest levels tested
(20% increase in fuel taxes and 20% of charging events at public sta-
tions), the market shares of ICEs, HEVs, and EVs are equal to 85.43%,
9.03%, and 5.54%, respectively. At the other end of the spectrum (80%
increase in fuel taxes and 80% of charging events at public stations), the
market shares of ICEs, HEVs, and EVs are equal to 84.13%, 8.64%, and
7.22%, respectively. This combination has thus a higher potential to
influence car purchasing decisions than each of Policy 1 and Policy 2 on
their own. Indeed, it reduces the market share of ICEs (0.34% up to
1.64%) and enlarges that of EVs (0.56% to 2.24%). It also has a less
pronounced effect on the decrease in the market share of HEVs than
Policy 2 (0.22% to 0.61%).

4.4. Stakeholder analysis

Five semi-structured interviews were conducted between March and
May 2020 with representatives of three major stakeholder groups:
governmental institutions, car distributors, and CPOs and/or EMSPs.
Each stakeholder group’s current involvement in the electric mobility
sector, challenges faced, and plans/activities for the large-scale adoption
of HEVs and EVs are discussed in Table 7.

It is worth noting that the perspectives of the two remaining groups,
being the energy suppliers and the end users, were determined by other
means. For the energy suppliers, it was implied by one of the
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Fig. 2. Forecasting results with the provision of a charging incentive (Policy 2).
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governmental authorities interviewed, the MoEW, since they are in
charge of Electricité du Liban (EDL), the monopolist in the electricity
sector, and thus are aware of its strategy for electricity supply. For the
moment, there is only a project coming up with the United Nations
Development Programme (UNDP) which will investigate all the aspects

Policy 3
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Fig. 3. Forecasting results with the introduction of an EV purchase incentive (Policy 3).
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of electricity tariffs restructuring. It will also analyze the feasibility of
offering special prices for public charging stations and smart charging at
residential locations. As for the end user group, the qualitative part of
the SP survey was used. It suggests that end users do not give high
importance to home charging (48% of respondents do not value home

Table 7
Summary of the stakeholder analysis.

Stakeholder Selected Description Actions Challenges Outlook

Group Organization

Governmental Ministry of The national authority who is Participated in the legislation for ~ The severe financial crisis that hit ~Shifting priority away from
institutions Environment entitled to preserve and reducing customs and excise taxes the country at the end of 2019 electric mobility (e.g. working

(MoE) sustainably develop the on HEVs and EVs in 2018 (Law 79/ might lead to a discontinuation of towards a decrease in national
environment. 2018). the incentive scheme. It also ruled greenhouse gas emissions
Ministry of The national authority that, Participated in the legislation for  out the possibility of providing through upgrading vehicular
Energy and Water among other responsibilities, reducing customs and excise taxes charging incentives. emission standards from Euro 3
(MoEW) regulates the production, on HEVs and EVs in 2018 (Law 79/ to Euro 6).
transmission, and distribution of ~ 2018).
electricity, as well as sets safety, ~ Conducted a cost-benefit analysis
environmental, and technical for the use of HEVs and EVs, which
specifications for construction and claims that HEVs are the top pick in
electrical equipment. the short term and EVs in the
medium term (considering
greenhouse gas emissions savings,
infrastructural investments, and
foregone earnings to the
government).

Car Boustany United  The exclusive distributor of Toyota Introduced the Prius, Camry and  HEV sales are dependent on the Setting a target for their hybrid
manufacturers Machineries and Lexus. RAV4 in 2018. governmental incentives (i.e. if the sales equal to 20 to 25% of their
and/or Company s.a.l. Suspended the ICE alternatives of incentive scheme is discontinued, total sales by 2022.
distributors (BUMC) the Camry and RAV4 models in HEVs will be put aside and only

2019. ICEs will be marketed).
Achieved a 9% share of HEV sales
in 2019.
IMPEX The exclusive dealer for General  Introduced the Chevrolet Boltin ~ The current governmental support Considering an increase in the
Motors brands Chevrolet, Cadillac, 2019 with a complementary Level is not enough to keep selling EVs  number of their Bolt units by
and Hummer, and for the Isuzu 1 charger. and expanding the product line. 50% in the showrooms by 2021.
Japanese brand.

CPOs and/or MEDCO The oldest importer and Sponsored a first of its kind event  The irregular electricity supply is ~ Waiting for the demand to take

EMSPs distributor of refined petroleum in 2019 with an exhibition, free EV putting the equipment at high risk off to proceed with installing

products.

test drives, and tech-talks.
Deployed seven charging stations
with a pay-as-you-go charging
service at a rate of 1,000 LBP/kWh
(equivalent to 0.67$/kWh).

of damage.

The development of a charging
network is unprofitable before

achieving higher EV ownership
levels.

additional stations along the
major axes leading to the
capital.
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charging, and 31% are neutral about it). Although this is contradictory 5. Recommendations

to the reviewed literature, it could be associated with the deficient

electricity supply in the country and high operating costs incurred from The literature review, policy testing, and stakeholder analysis con-
using private generators along with the numerous installation diffi- ducted shed light on weaknesses and challenges in the electric mobility

culties such as low parking garage availability.

sector in Lebanon. Consequently, few recommendations are suggested in
Table 8. The short term recommendations are those that could be

Table 8
Recommendations based on the literature, policy testing and stakeholder analysis.
Objective Recommendations Current Status Key Stakeholders Timeframe
Develop a clear Set HEV and EV market penetration targets' The only target is the one set at the UNFCCCin 2015  MoE Short term
national plan but it does not set a target for HEVs and EVs
Study the number and location of stations in a No in-depth study has been done in this regard yet MoE and/or MoEW, Short term
preliminary charging infrastructure network? Universities and/or other R&D
centers
Raise awareness among the public regarding the ~ No major efforts have been done in this regard yet Ministry of Interior and Short term
benefits of owning an HEV or EV and the Municipalities (MoIM) and Car
available financial support® importers
Exchange experience with countries/cities that Mainly local events were held, such as conferences Government of Lebanon, Car Short term
have similar (e.g. Egypt) or more advanced by universities and the MEDCO E-motor show importers, CPOs and/or EMSPs,
levels of progress (e.g. Jordan)* R&D centers and Universities
Reconsider a scrappage scheme and old vehicle A car scrappage plan was abandoned in 2017 MoE Medium
replacement program term
Integrate HEVs and EVs into public transport Apart from the Lebanese army, which is considering ~ Ministry of Public Works and Medium/
and governmental fleets® clean vehicle options, there is no interest shown Transportation (MoPWT) Long term

Establish an
enabling
regulatory
environment

Encourage private
sector initiatives

Provide adequate
incentives

Address
shortcomings of
the power grid

Determine standards for recording, evaluating
and monitoring progress®

Update annual road tax fees and other taxes on
vehicles (e.g. exempt HEVs and EVs from annual
road tax, impose environmental taxes on ICEs)
Establish charging infrastructure standards to
ensure quality and interoperability

Regulate the distribution and provide permits
for charging services

Draft new building codes’”

Support service providers willing to convert
their vehicle fleet or invest in charging
networks, notably through customs reductions
and income tax breaks

Maintain existing customs and excise tax
reductions for HEVs and EVs®

Expand the purchase incentive scheme (e.g.
exemption from registration tax)®

Provide additional incentives such as free
parking, free charging, and rebates for Level 2
residential chargers®

Offer lower interest rates or longer periods to
pay loans on HEVs and EVs

Increase the share of renewable energy in the
production!®

Overcome the supply shortage

Set dynamic pricing

from another governmental entity
Potential for introduction in the Greater Beirut Bus
Rapid Transit (BRT) project

The statistics department of the Traffic, Trucks and MOoE and MoIM Short/
Vehicles Management Authority as well as the Medium
Association of Car Importers have slightly different term
data about the number of new registered vehicles

Only red plate cars are exempted from the annual MoE Medium
road tax for the first year term
There are no permits or approvals to be acquired MoEW Medium
locally for the charging equipment term
Current players are selling charging services by MoEW Medium
buying electricity from the grid or using their term
private generators

Last update to building codes was for solar water MOoEW, Director General of Long term
heaters, which did not take effect until the Urban Planning, and

technology was well established Municipalities

A decree issued in 2017 provided customs Council of Ministers Medium
reductions and income tax breaks over a 10 + year term

period for companies and environmental service
providers, excluding the transport sector

The corresponding article was renewed in 2019 Council of Ministers Short term

This option is not currently under discussion Council of Ministers Short/
Medium
term

This option is not currently under discussion Council of Ministers Short/
Medium
term

This option is not currently under discussion Council of Ministers, the Medium

banking sector term

The progress towards using 12% by 2020 and 30%  MoEW Medium/

by 2030 of renewable energy in electricity Long term

production is very slow

An electricity policy paper aiming at reforming the  Council of Ministers Medium/

sector was released in 2019 but it does not consider Long term

the financial impacts

Residential charging relies on fixed rate pricing MoEW Medium/
Long term

Note: Recommendations are made considering the status in Lebanon or based on:

1
2
3
4
5
6:
7
8
9
1

: [EA, 2019
: Stakeholder analysis and abundance of papers determining appropriate EV charging stations locations

: Observed differences in WTP values reported before and after driving EVs for few months (Jensen et al., 2013)

: Recommendations given to the Jordanian and Egyptian delegations in Germany (Friedrich Ebert Stiftung, 2019)
: Initiatives in Turkey, Egypt, and Dubai

Open database for charging stations in Norway: NOBIL (Kvisle, 2012) and availability of Norwegian EV fleet information (Norsk elbilforening, n.d.)

: Revision of the building codes by the European parliament and EU member states (European Commission, 2016))
: Stakeholder analysis

: International literature and results of Policy 2
0: Proven losses in EVs environmental benefits due to the dirty electricity generation (Haddad et al., 2018)
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implemented within a one to two year timeframe, as they rely mainly on
conducting studies and disseminating information. The medium term
recommendations require more time (two to five years) because they
depend on lengthy government decision making processes. Recom-
mendations that are likely to be considered when the electric mobility
sector matures, possibly by the year 2030, are described as long-term.

6. Conclusion

This research provides primarily a framework to estimate the de-
mand for HEVs and EVs and the willingness to pay for these vehicles’
attributes. Accordingly, it develops a mixed logit model using financial
and technical attributes for mid-size gasoline, hybrid, and electric
vehicle alternatives. The proposed framework was applied to the Greater
Beirut Area in Lebanon using data collected from a stated preference
survey. The model incorporates three main variables: purchase price,
operating cost, and driving range. Results suggest that HEVs and EVs are
not attractive options yet as respondents displayed a strong pro-gasoline
attitude and relatively low willingness to pay for the cleaner technolo-
gies. Indeed, the WTP for a 100-km increase in driving range is equal to
705 $, which is lower than the values reported by all the reviewed
studies (except for one). This can be associated with the country’s ge-
ography characterized by short distance trips, as well as the high car
ownership rate which makes multi-car households less sensitive to the
range of a new vehicle. Regarding the WTP for a 1 $ reduction in driving
costs per 100 km, it is equal to 305 $. This finding also falls below the
range of WTP values observed across the reviewed literature (except for
one). The reason is suspected to be a high tolerance for increases in fuel
prices among the Lebanese population.

Forecasting was performed on the calibrated model in order to
evaluate three policies that aim at augmenting HEVs and EVs market
shares in the next five years. Policy 1 considered increasing fuel taxes,
Policy 2 consisted of providing charging incentives, and Policy 3 looked
at offering a purchase credit to EV buyers. The analysis revealed that
Policy 1 can raise the share of clean vehicle options out of the yearly
newly registered vehicles from 14.23% to 15.04%, with the proportion
of HEVs going from 9.25% up to 9.59% and that of EVs from 4.98% up to
5.84% as an increase in fuel taxes up to twice its current value consis-
tently deters individuals from purchasing an ICE. However, the biggest
impact on the market share of EVs can be accomplished through Policy
2, under the scenario where 80% of charging events take place at public
stations for free (the market share reaches 6.96%). A combination of
these two policies succeeds in further boosting the proportion of EVs
(the market share reaches 7.22%). As for Policy 3, it fails to influence the
predicted market shares since it is unable to bridge the gap between the
purchase price of the other alternatives and that of an EV. These results
reaffirm the idea that monetary incentives are efficient policy in-
struments for promoting EVs.

Additionally, this research investigates the challenges of a public
charging infrastructure rollout as well as HEVs and EVs wide adoption
from different stakeholders’ points of view. Based on the five semi-
structured interviews that were conducted, there is clearly an interest
in electric mobility from the private sector. Car distributors are reso-
lutely experimenting with the integration of HEVs and EVs in their
product line and targeting bigger market shares over the next few years.
At the same time, CPOs and EMSPs are building charging stations to
meet the needs of the early adopters. However, the rollout of a wide
public charging infrastructure is slowed down by limited financial re-
sources, competing priorities on the national development agenda, and
immature policy and regulatory frameworks. Most importantly, the
deficient electricity production and supply poses a barrier to private
sector investments. As such, the preparations for the electrification of
the transport sector are yet largely insufficient, meaning a wide EV
penetration rate is more foreseeable for the medium to long term.
Prioritizing HEVs in the short term is advised and feasible.

In pursuance of a long term vision and plan to scale up the number of
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HEVs and EVs in Lebanon, the following recommendations can be made:
(1) develop a clear national strategy including a set of targets for vehi-
cles and charging infrastructure deployment rates, (2) establish the
enabling institutional environment for electric mobility (3) expand the
scope of incentives to other economic and non-economic policy in-
struments targeting both users and charging network developers, and
(4) address the environmental and technical shortcomings of the elec-
tricity production and supply.

This paper advances the existing literature by delivering a holistic
approach to the deployment of HEVs and EVs in a country with minimal
adoption rates. It takes into consideration both the demand and supply
sides of the market by analyzing consumers’ preferences and reporting
stakeholders’ vision. The policy and stakeholder analyses lay the ground
for better planning as they point out the opportunities and challenges to
the wide adoption of cleaner vehicle technologies. The findings may also
be useful to other countries with similarly low market penetration rates
of EVs and HEVs that are aiming to monitor and improve their electric
mobility strategies.

The main limitation of this research is the sample size. It is suspected
to be the reason behind the statistical insignificance of some variables,
which prompted their exclusion from the model. Moreover, the fore-
casting results may be sensitive to the calibration targets and the car
models selected in the base case scenario. They also depend on people’s
current preferences towards HEVs and EVs which may change as people
become more familiar with these vehicles. Another shortcoming is the
exclusion of charging infrastructure attributes from the survey, which
prevented modeling the impact of increased charging availability on the
choice. Finally, the list of interviewed stakeholders is not exhaustive.

Future research could explore other cost components that might
impact vehicle type choice, such as maintenance and insurance costs.
Moreover, subsequent work could investigate business models for
charging networks that would appeal to CPOs and EMSPs, and eventu-
ally boost the demand for EVs. It would also be interesting to simulate
the impact of different electricity generation options on the environ-
mental benefits expected from HEVs and EVs.
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