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Abstract 

The road transport system in Lebanon is one of the most unsustainable in the Middle East region due to, 

in large part, the absence of a national transportation strategy.  This study proposes mitigation 

measures based on Lebanon’s commitments for reducing fossil fuel use and CO2 emissions from road 

transport by increasing the share of fuel efficient and hybrid electric vehicles, and increasing the 

utilization of the existing bus service.  Results show that increasing the market share of fuel efficient 

vehicles to 35% in 2040 stabilizes energy use and emissions.  The addition of hybrid vehicles to the first 

strategy, with a target of 10% market share by 2040, leads to 11% additional savings.  Increasing the 

share of bus passenger-kilometers traveled to 45% in 2040 leads to a reversal of adverse impacts.  A 

combined strategy of all three measures leads to 63% reductions in 2040 compared to 2010, which is 

even superior to their cumulative savings. 

 

1. Introduction 

The growing concern about global warming due to greenhouse gas (GHG) emissions have focused 

attention on road transportation worldwide since this sector is one of the highest contributors of GHG 

emissions globally.  In particular, the Middle East region has seen a substantial increase in energy use in 

transportation over the past two decades, with consumption of oil in transport almost doubling from 

67.1 million tons in the year 2000 to 124.6 million in 2014 [1].  Energy outlooks for the region forecast 

an increase in transportation energy consumption of 1.9% annually on average until the year 2040 [2], 

on par with South America and almost double the rate of increase for Europe.  Other projections place 

the Middle East transportation sector second only to that of China in the expected growth of energy use 

until 2030 [3].  What is also noteworthy is that the growth of overall energy use in the Middle East is the 

fastest of any region at 4.2%, in contrast to flat growth rates across the developed world with the 

exception of China [4].  Indeed, it is expected that strong economic and population growth in developing 
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countries of the Middle East, estimated to be much higher than the global average, will see the highest 

growth of transportation-related activity and investments worldwide [5].   

It is in this context that investigating mitigation strategies for the transport sector in this part of the 

world becomes important.  One of the countries of interest in this respect is Lebanon which stands as 

having one of the most unsustainable transportation systems in the region [6].  Road transport in 

Lebanon is the second largest consumer of energy in the country with 40% of total oil consumption, and 

the second biggest emitter of GHG emissions, accounting for over 23% of annual emissions in 2012, in 

addition to a significant share of air-pollutant emissions [7].  This is due to a number of unsustainable 

practices including an almost total dependence on fossil fuels (gasoline and diesel are 97.9% of total 

fuels), and a substantial increase in automotive gasoline consumption of approximately 25% since 2006.  

This is in addition to a rapidly growing passenger vehicle fleet from 450,000 vehicles in 1994 to 

1,350,000 in 2012, which are dominated by older model years, as well as a high rate of congestion, all in 

the absence of an effective bus transportation system or any alternative public transit modes such as 

marine ferry or rail service [8].   

To start dealing with this unsustainable reality, Lebanon signed in 2016 the Paris agreement of the 

United Nations Framework Convention on Climate Change (UNFCCC) for the mitigation of GHG 

emissions.  Under this agreement’s Intended Nationally Determined Contribution (INDC), Lebanon 

committed to GHG mitigation targets starting in the year 2020.  The minimum target is to reduce GHG 

emissions by 15% compared to the business-as-usual (BAU) scenario in 2030, and a more ambitious goal 

is to reach 30% over the same period, but conditional on receiving international support [9].  If funds are 

made available, Lebanon would commit to implementing a number of infrastructure initiatives, most 

prominent of which are to revive the role of public transport and to achieve a share of 20% fuel efficient 

vehicles by 2030.   

Based on Lebanon’s INDC commitments, this study investigates a number of relevant mitigation 

measures which are appropriate for the road transport sector in Lebanon, by modeling their future 

impacts on the transport system in terms of potential reductions of energy use and GHG emissions.  This 

is done for near-term (2020) and long-term (2040) planning horizons and compared against a business-

as-usual baseline scenario.  Since passenger vehicles constitute the majority of road transport vehicles 

operating in Lebanon (92.3% of the total fleet in 2012), and since these vehicles are responsible for most 

of the GHG emissions in the transport sector (nearly 76% of total CO2 emissions in 2010), this study will 

only consider passenger cars (PC) and light duty vehicles (LDV) in the modeling assessment.  The choice 

of mitigation strategies related to fuel-vehicle technology is based on the potential feasibility of each 

strategy and the expected benefits that can be achieved in Lebanon.  This choice was further informed 

by a previous study [10] of the well-to-wheel energy consumption, environmental impacts and cost 

savings of different fuel-vehicle technologies in Lebanon that prioritized the near-term deployment of 

hybrid electric vehicles (HEVs). 

The study is based on the system dynamics modeling approach and uses the For Future Inland Transport 

Systems model (ForFITS), a software tool developed in the context of a project of the United Nations 

Development Account (UNDA).  The study can inform other developing countries in the region about the 

potential benefits of different mitigation strategies, since these countries share similar infrastructure 

and resource challenges. 
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This study is novel in several respects: it is the first mitigation publication on a road transport system in 

Lebanon and the Middle East region; it defines mitigation options that are applicable and feasible in 

similar developing countries; and, it is the first case study using the ForFITS modeling tool. 

The rest of this paper is structured as follows: Section 2 presents an overview of relevant results from 

recent mitigation studies.  Section 3 details the modeling methodology, including the local data and 

assumptions used in the modeling, an overview of the ForFITS modeling tool and the selected mitigation 

options.  The modeling results for the baseline no-action scenario are reported in Section 4 in terms of 

future trends for vehicle stock, vehicle kilometers traveled, fuel use and CO2 emissions.  Section 5 

presents the proposed mitigation scenarios and Section 6 provides the mitigation results and a 

discussion of the associated impacts, including a mitigation roadmap for the context of developing 

countries using an adaptation of the commonly adopted Avoid-Shift-Improve-Finance (ASIF-2) 

framework.  The study concludes in Section 7 with summary remarks. 

 

2. Literature Review  

Mitigation studies in recent years have covered a wide range of cities and regions in the Americas [11, 

12], Europe [13, 14] and Asia [15, 16] with a substantial share for China due to its large-scale industrial 

and transportation activities [17, 18].  However, no mitigation studies have been published on the 

Middle East region which includes a number of developing nations with limited transportation 

infrastructures but rapidly growing travel demand and vehicle fleets. 

Numerous strategies for the reduction of emissions and energy consumption have been proposed in the 

literature.  The majority of studies agreed that conventional fuel hybrid electric vehicles (HEVs) are the 

most efficient and viable technology for the next 10-20 years even in industrialized countries [19], due 

to their commercial readiness, relatively lower cost and potential for reducing energy use and CO2 

emissions [20].  In addition, these vehicles require no new infrastructure, which is a critical factor for 

developing countries.  It is also established that newer model gasoline and diesel vehicles will continue 

to be the most cost-effective in the near-term (2020) due to lower purchase and operating costs [21]. 

Virtually all studies agreed that electric vehicles (EVs) are the technology of choice for the long-term 

thanks to their superior energy and emissions performance [22].  However, EVs are not feasible over the 

short and medium terms due to the high costs of the vehicle and new charging infrastructure, which in 

turn needs clean electricity in order to ensure that total emissions are in fact reduced instead of just 

displaced from the vehicle to the power plant [23, 24].  In developing countries like Lebanon where 

power generation relies on a dirty electricity mix based largely on heavy fuel oil, and where supply is 

unreliable due to insufficient production capacity  [25], the feasibility of EVs may be compromised even 

in the long-term if such deficiencies are not addressed over the near to medium term. 

Public transportation is found to have the widest reach of any other mitigation strategy [15], and can 

reduce the need for private cars [26], though it involves significant implementation delay, which makes 

it a long-term choice.  This why a national policy to develop mass transport is considered a must [27]. 
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However, the combination of multiple strategies yields higher benefits above any individual policy by 

itself [28, 29].  Furthermore, implementing a combination of mitigation measures is usually needed for 

short and long-term effects [27].  Indeed, different mitigation strategies are not mutually exclusive; they 

can be combined to hedge against uncertainty [13]. 

In summary, a host of mitigation measures were proposed in the literature, and combinations that make 

up a coherent strategy were found most beneficial for moving towards sustainable transport.  One 

framework for developing such strategies is the Avoid-Shift-Improve-Finance (ASIF-2) framework [30, 

31] which advocates combining measures to avoid unnecessary trips, shift to less polluting modes, 

improve vehicle fuel economy, and finance the development of public transport modes. 

However, in developing countries, many limitations exist that make some of the desirable mitigation 

measures much less feasible over the near and medium terms [32].  For example, the low level of 

income in these countries makes it difficult for the average commuter to purchase new model year 

gasoline vehicles, much less to afford hybrid or alternative fuel vehicle technologies.  This significantly 

hampers the effectiveness of “improve” strategies in developing countries and confirms findings in the 

literature that technological progress may not be enough to counter mobility growth [22].  As a result, it 

was found that government intervention in the form of increasing the market share of alternative fuel 

vehicles through financial incentives is necessary [16, 33].  Other limitations pertain to infrastructure 

which seriously limits the reach and effectiveness of mass transit systems.  The main barriers in 

developing countries and the mitigation strategies they impact adversely are illustrated in Table 1. 

Table 1: Barriers facing mitigation strategies in developing countries 

Barriers 

Mitigation Strategies 
Fuel-related 

(e.g. alternative 
fuel use) 

Travel-related 
(e.g. bicycling, car 

restrictions) 

Vehicle technology-
related 

(e.g. hybrid, small 
engine) 

Mass transit-
related 

(e.g. bus, rail) 

Lack of infrastructure 
readiness 

x   x 

Lack of urban and 
transport planning 

 x  x 

Lack of financial 
(dis)incentives 

x  x x 

Lack of enforcement  x   
Low environmental 
awareness 

x x x x 

Low individual income x  x  

 

The vast majority of reviewed studies (with the exception of [13, 21]) have modeled mitigation impacts 

on energy use and GHG emissions.  Many recent studies have used the system dynamics approach to 

build comprehensive models which include socio-economic factors and external policies to improve the 

reliability of the results [26, 28, 29, 32, 34, 35].  However, no specific modeling tool or approach was 

found dominant, with some studies using IPCC models [11, 16], Lifecycle models [23], among others. 
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Based on the above synthesis, this study will propose and model appropriate mitigation options for 

Lebanon and developing countries having limited infrastructure and financing capabilities, as detailed in 

the following section. 

 

3. Methodology  

3.1. Model description 

In order to assess the energy use and environmental impacts of the passenger vehicles currently 

existing, and those potentially applicable in the foreseeable future in the road transport system in 

Lebanon, a baseline scenario and four mitigation scenarios were modeled and simulated using ForFITS, a 

comprehensive modeling tool based on the system dynamics approach and designed to assess 

mitigation scenarios at a national level [36].  ForFITS uses demographic and socio-economic data and 

assumptions, including policy inputs, to model transport activity which it then converts into estimates of 

fuel consumption and CO2 emissions [37].  The modeling methodology is described in this section, and 

the results are presented and discussed in section 6. 

The modeling of the road passenger transport system covers all different types and classes of passenger 

vehicles currently operating in Lebanon, and the vehicle technologies proposed under future mitigation 

options, as summarized in Table 2.   

Table 2: Transport modal characteristics considered in the ForFITS model.  

Vehicle Type Vehicle Class Engine Type Fuel Type 

Motorcycles and 
scooters (MC) 
 

Small (engine not exceeding 50 cm3) 
Two-Wheelers (engine exceeding 50 cm3) 
Three-wheelers 

Internal Combustion 
Engine (ICE) 

Gasoline 

Light Duty Vehicles 
(LDV) 
 

Small (unladen curb mass < 1t) 
Midsize (≥ 1t and < 1.5 t) 
Large (≥ 1.5 t) 
Taxi 

ICE and Hybrid Electric Gasoline 

Buses and 
minibuses 

Public transport vehicles for more than 8 
seated passengers 

ICE Gasoline and 
Diesel 

 

The annual estimation of energy use and GHG emissions in ForFITS is based on the ASIF decomposition 

framework which relies on four vehicle and fuel related components: travel Activity (passenger and/or 

freight), modal Structure (including vehicle class and powertrain type), energy Intensity (vehicle 

efficiency, characteristics and load factor), and Fuel carbon content [38].  The calculations are shown in 

equation (1) for total fuel use “F” and equation (2) for total emissions “E”: 

𝐹 = ∑ 𝐹𝑖

𝑖

= 𝐴 ∑ (
𝐴𝑖

𝐴
) (

𝐹𝑖

𝐴𝑖
)

𝑖

= 𝐴 ∑ 𝑆𝑖𝐼𝑖

𝑖

 (1) 

𝐸 = ∑ 𝐸𝑖

𝑖

= 𝐴 ∑ (
𝐴𝑖

𝐴
) (

𝐹𝑖

𝐴𝑖
) (

𝐹𝑖𝑗

𝐹𝑖
) (

𝐸𝑖𝑗

𝐹𝑖𝑗
)

𝑖

= 𝐴 ∑ 𝑆𝑖 . 𝐼𝑖 . 𝐸𝐹𝑖𝑗

𝑖

 (2) 

Where “Fi“ and “Ei” are the tank-to-wheel amounts of fuel used and emissions generated, respectively, 

by vehicle (i) with a defined set of characteristics (by service, mode, vehicle class and powertrain); “Fij” 

is the Fuel (j) used in vehicle (i) and “EFij” is the corresponding emission factor; “Ai” is the activity of 
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vehicle (i) and “A” is the overall vehicle activity (in vkm); “Si” is the sectoral structure (expressed as 

shares of vkm by service, mode, vehicle class and powertrain); and, “Ii” is the energy intensity (the 

average fuel consumption per vkm by service, mode, vehicle class and powertrain). 

Like all models based on the system dynamics approach, ForFITS consists of a stock-and-flow model 

structure.  Stocks capture the accumulation of quantities in the system, such as the emissions generated 

by vehicle activity in any given period, and flows capture the rates of change of these quantities over 

time, such as the influx of new passenger cars into the total vehicle stock every year.  Socio-economic 

factors external to the transport system can easily be incorporated into the model, and policies can be 

readily linked to the system to test their impacts, which makes the system dynamics method a holistic 

modeling approach appropriate for environmental assessments in transportation [39].   

An increasing number of mitigation studies in recent years have used the system dynamics method to 

model energy use and CO2 emissions from urban transport activities, such as private and public 

transport in Kaohsiung City [29], Beijing [26, 28] and inter-city passenger transport in China [40].  Other 

system dynamics studies have modeled environmental impacts from transportation combined with 

other sectors, such as pollutant emissions from urban transportation and industry in Tehran [41]; urban 

CO2 emissions in Malaysia [42]; and urban energy use and CO2 emissions in Beijing [34].  However, this 

study is the first to use the comprehensive ForFITS model, which is built on top of the popular system 

dynamics software tool “Vensim” [43].  ForFITS consists of an external input sheet in Microsoft Excel 

linked to 38 views in Vensim to represent the various technological, environmental and socio-economic 

aspects of the transportation system, in addition to eight output views for presenting the results. Figure 

1 provides a flowchart of the overall calculation flow for the entire model, also highlighting the links 

associated with ASIF calculations.  Further details on the ForFITS calculation methodology are presented 

in the ForFITS user manual [36].  
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Transport Demand 
Generation module

Policy Inputs

MS Excel 
Input sheet

Transport Activity (pkm, 
tkm, vkm) and Vehicle 

Stock calculation

New Vehicle Registrations 
by age and powertrain

Road Passenger Transport System 
Characteristics

- Base Year: vehicles, travel, loads
- Projections: modal shares

Energy Use calculation

CO2 Emissions calculation

Vehicle Characteristics by powertrain
- vehicle price

- fuel consumption
- performance

Fuel Characteristics
- emission factors

Fuel Characteristics
- fuel cost

- taxes

Socio-Economic Characteristics
- Base Year: population, GDP

- Projections: population, GDP

Vensim Model

ASIF eqn (2)

ASIF eqn (1)

ASIF eqn (1)

 
Figure 1: ForFITS simplified model structure. 

(Source: Adapted from ForFITS Manual) 

3.2. Local Data and Assumptions 

The data required to model the Lebanese road passenger transport system in ForFITS, such as historical 

data about vehicle numbers, consumption, occupancy rates and travel distances, were obtained from 

the concerned Lebanese government ministries and authorities, as well as from meetings with local 

stakeholders.  Socio-economic data, such as GDP and population figures, were obtained from local and 

international sources for previous years, and projections were made for future years until 2040.  GDP 

figures were obtained for the years 2010-2019, while 2020-2040 values are estimated considering the 

average growth of 4.61% between 2012 and 2019.  Figure 2 and Figure 3 show the historical and 

forecasted population size and GDP for Lebanon up to the year 2040. 
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Figure 2: Population size of Lebanon, 1980-2050. (Source: United Nations Economic and Social Commission for 
Western Asia) 

 

Figure 3: GDP of Lebanon based on purchasing power parity (PPP), 2010-2040. (Source: International Monetary 
Fund, World Economic Outlook Database, April 2014) 

 

Before modeling future mitigation scenarios, ForFITS requires the definition and simulation of a no-

action (business as-usual) baseline scenario using local data for a base year (chosen as 2010 for reasons 

of data availability), along with data from 5 and 10 years prior to the base year (2005 and 2000 

respectively).  The baseline serves as a basis for comparing the modeled results of future mitigation 

scenarios.  The main modeling assumptions used for the baseline scenario are listed in Table 3: 

Table 3: Main modeling assumptions for the baseline scenario in 2010 with future projections. 

System Parameter Actual or Calculated Value No-Action Projection 

Transport Passenger transport system index (PTSI) 
0 =  total dependence on personal vehicles 
1 = full reliance on public transport 

0.1 Maintained constant 

Socio-
Economic 

 

Environmental culture index (ECI) 
0 = absence of environmental awareness 
1 = strongly focused culture on protecting 
the environment 

0.2 Maintained constant 

Population  
(actual 2010 value) 

4,341,000 Growth by 22% until 2040 

Gross Domestic Product (billion USD) 
(actual 2010 value) 

60.223 Growth by a factor of 4 

Vehicle Powertrain technology share 
(actual 2010 figures) 
 

11.8% for small vehicles 
55% for midsize vehicles 
33.2% for large vehicles 

Maintained constant but 
with improving powertrain 
technology efficiencies  

Fuel CO2 emission factors (kg CO2/lge) Gasoline: 2.3207 Maintained constant 
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(gasoline 
and diesel) 

(TTW only) Diesel: 2.4803 

Fuel price including tax (USD/lge) Gasoline: 1.093 
Diesel: 0.624 

Growth to 150% by 2040 

 

The PTSI value of 0.1 was calculated based on the share of distance traveled by public transport out of 

total passenger kilometers traveled in the same year in Lebanon.  The ECI value of 0.2 was derived based 

on local stakeholder feedback about environmental awareness in Lebanon, and benchmarked against 

published values for developed countries.  The fuel price growth to 150% by 2040 assumes increasing 

fuel prices over time due to declining petroleum resources and the expected worldwide trend of 

imposing fuel taxes to promote fuel efficient vehicles [21, 22]. 

The main data used to describe the detailed characteristics of the transport system in the base year are 

summarized in Table 4. 

Table 4: Characteristics of the road transport sector in 2010. 

 

Vehicle 
Stock  

New vehicle 
registrations  

Annual distance 
travelled 

Vehicle load  Vehicle fuel 
consumption  

 (vkm) (pass/veh) (lge/100 km) 

2-3 Wheelers 60,588 13,416 5,000 1 3-6.5 

Passenger LDV      

small vehicles 139,503 11,258 10,000 1.18 8 

midsize vehicles 649,044 52,423 10,000 1.18 12 

large vehicles 393,682 31,798 10,000 1.18 16 

taxi 50,000 1,785 25,000 1.18 15 

Buses 12,388 1,188 50,000 11.2 25 

 

 

4. Results for the Baseline Scenario 

An initial model run is performed for the baseline scenario in order to estimate the reference energy use 

and CO2 emissions in future years under no-action conditions.  The results are presented in Table 5 for 

the base year 2010, the near term (2020) and long-term planning horizons (2040). 

Table 5: Baseline scenario projections for passenger transport. 

 
unit 

Base Year 
(2010) 

2020 2040 
Ratio 

2020/2010 
Ratio 

2040/2010 

Total passenger vehicle stock 

vehicles 

1,292,433 1,693,136 2,663,349 1.31 2.06 

2-3 wheelers 60,587 79,632 124,268 1.31 2.05 

Passenger LDV 1,219,460 1,599,130 2,523,080 1.31 2.07 

Buses 12,387 14,375 16,001 1.16 1.29 

Total vehicle-km billion vkm/yr 13.68 17.98 27.74 1.31 2.03 

Total energy use toe/year 1,497,765 1,633,910 1,898,235 1.09 1.27 

Total CO2 emissions Gg CO2/yr 4,350 4,747 5,514 1.09 1.27 

 

The results show that the passenger vehicle stock and the total distance traveled are projected to 

increase substantially, compared to the base year.  In particular, passenger LDV’s are responsible for the 
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largest projected increase, by 31% in 2020 and 103% in 2040, as shown in Figure 4, with a similar growth 

trend in total vehicle-kilometer activity for this vehicle category.  These growth trends are a 

consequence of the population and economic growth, and lead to a corresponding increase in fuel 

consumption and CO2 emissions in future years.  This will therefore counter any improvements in 

vehicle consumption and combustion emissions from advancements in conventional vehicle technology 

in future years. 

     

Figure 4: Baseline projection of passenger vehicle stock. 
 

The forecasted increase in energy demand (Figure 5) dictates a similar growth trend in CO2 emissions 

since the amount of generated emissions is strongly related to the amount of fuel consumption. 

 

Figure 5: Baseline projection of energy use. 
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As the results show, CO2 emissions from the passenger road transport system are expected to increase 

by 27% in 2040, which works against Lebanon’s INDC commitment to reduce overall emissions by 15% 

to 30% in 2030.  These are largely dominated by emissions from midsize and large vehicles, as illustrated 

in Figure 6.  This is due to the absence of any environmental incentives to promote the purchase of 

smaller vehicles, or policies to discourage the purchase of the larger fuel-inefficient vehicles, resulting in 

an 88% future share for midsize and large vehicles out of the total passenger vehicle fleet. 

 

 

Figure 6: Baseline projection of passenger vehicles CO2 emissions per vehicle class. 
 

The modeling results for the baseline scenario illustrate the potential severity of mobility and 

environmental challenges in future years if no mitigation actions are taken.  This study therefore 

proposes different mitigation options which are feasible in Lebanon over the near and long-term 

horizons. 

 

5. Proposed Mitigation Options 

Lebanon’s current INDC commitments are to reduce GHG emissions by revitalizing the neglected and 
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the transport sector in Lebanon made similar recommendations about the urgent need to deploy an 
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modeled using local assumptions developed in a similar manner as for the baseline scenario.  Table 6 

provides details on the appropriate data and modeling assumptions as used in ForFITS. 

Table 6: Assumptions for modeling the mitigation scenarios.  

  Fuel price 
(including 

tax) 

Transport system and 
Environmental indices 

Passenger LDV powertrain shares in 
2040 

  Conventional Hybrid 

Mitigation option 1: 
Increase share of Fuel 
Efficient Vehicles (FEV) 

Growth to 
150% by 

2040 

Transport: 0.1 assumed 
constant over time 

Environmental: 0.7 in 2040 

35% for small vehicles 
55% for midsize vehicles 

10% for large vehicles 

0% 

Mitigation option 2: 
Increase share of FEVs 
and Hybrid vehicles 

Same as 
option 1 

Same as option 1 Same as option 1 
10% of new 

vehicle 
registrations 

Mitigation option 3: 
Increase share of mass 
transport 

Same as 
option 1 

Transport: 0.15 in 2040 
Environmental: 0.7 in 2040 

Same as actual (11.8% 
small, 55% midsize, and 

33.2% large vehicles) 
0% 

 

The transport index value of 0.15 in 2040 was derived in a way so as to reflect Lebanon’s INDC 

commitments which are supposed to reduce the gap between the current index for Lebanon (0.1) and 

the typical index for mass-transport-oriented sustainable European cities (0.45) [36].  The environmental 

index of 0.7 was derived through the analysis of data from interviews with local stakeholders about the 

increasing trend of environmental awareness in Lebanon. 

5.1. Mitigation option 1: increase the share of FEVs 

FEVs are already in use in Lebanon in the form of small, late model year conventional gasoline powered 

vehicles.  They have become increasingly popular in recent years due to the low vehicle purchase price, 

high fuel economy and practicality of driving and parking in narrow and crowded urban areas.  This 

constitutes an opportunity to reduce fuel consumption and emissions at a national scale by speeding up 

the adoption of these vehicles in the market through appropriate policies and incentives [33].   

Therefore, the first mitigation option proposed in this study is to increase the share of FEVs to about a 

third of the total vehicle fleet, at the expense of the large fuel inefficient vehicles.  This was 

implemented in the modeling by setting an FEV target of 35% in 2040, combined with a progressive 

increase in gasoline prices up to 150% of the 2010 base year levels by 2040.  This is to reflect the 

expected increase in prices due to market conditions, and the need to impose additional fuel taxes in 

order to speed up the adoption of these vehicles. 

5.2. Mitigation option 2: Increase the share of FEVs and HEVs 

The second proposed mitigation option adopts the same assumptions as the first mitigation scenario, 

which is the increase in the share of FEVs to 35% of all vehicles in 2040, in addition to the introduction of 

HEVs to the market.  Since hybrid technology has yet to be adopted in the Lebanese market, it is 

assumed that the annual share of HEV sales out of all newly registered vehicles can increase to a 



13 
 

relatively conservative figure of 10% by 2040.  This assumption was further validated with the local 

stakeholder community as a realistic target given the current and projected market conditions. 

HEVs considered in the model include micro-hybrid, full-hybrid, plug-in hybrid and range-extender 

electric vehicles.  However, the shares of micro and full hybrid models were strongly favored in the 

modeling due to the current absence of charging infrastructure and additional electricity capacity 

necessary to operate plug-in and range extender models [25].  These limitations are not expected to 

change quickly enough to accommodate a mass deployment of advanced electric vehicles over the 

considered planning horizon. 

5.3. Mitigation option 3: Increase the share of mass transport 

The deployment of a mass transit system covering the greater Beirut area is an integral part of a public 

transport plan prepared by the government.  The plan includes support for the provision of high‐quality 

public transport services, in addition to policies favoring mass transport over personal vehicles, such as 

parking and access restrictions for passenger vehicles and dedicated lanes for buses.   

While the government plan is yet to be implemented, the shift to mass transport in Lebanon is an 

inevitable scenario which is long overdue since there is currently no operational rail or light rail service 

or even a reliable bus system in place.  As a result, the third mitigation scenario proposed in this study 

consists of increasing the share of passenger-kilometers traveled from 31% in 2010 [44] to 45% by 2040, 

determined so as to be consistent with the derived PTSI of 0.15. 

 

6. Mitigation Results 

To allow for a comparison of the benefits of each mitigation measure relative to the other scenarios, 

Error! Reference source not found. presents the modeling results of the total distance traveled (vkm), 

energy use (toe) and CO2 emissions (Gg), respectively, of all three considered mitigation scenarios.  In 

addition, a combined scenario of options 2 and 3 being applied together (without option 1 since it is 

already included in option 2) was modeled and the results included in the figures as “Mitigation option 

2+3”.  This reflects the fact that the proposed options are complementary and not mutually exclusive, 

making it possible to combine them so as to achieve improved mitigation results.  The figure also 

includes the results of the baseline scenario, discussed separately in section 4, for the purpose of 

comparing the benefits of each mitigation option against the no-action, business-as-usual conditions. 
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Figure 7: (a) Change in total distance traveled, (b) CO2 emissions and (c) energy use under the different 
scenarios. 

 

The results for each mitigation scenario are discussed in the following subsections, followed by a 

discussion of the overall impacts on the road transport system. 

6.1 Impacts of mitigation option 1 

Boosting the share of FEVs under the first proposed mitigation option reduces the passenger transport 

energy use and CO2 emissions in 2040 by 19% compared to the baseline scenario.  The benefits achieved 

are attributable to the improved fuel economy of these vehicles and, in parallel, the decrease in the 

share of the large fuel consuming vehicles.  In addition, the fuel price increase by 50% over the 2020 - 

2040 evaluation period naturally impacts the number of trips compared to the baseline scenario, 

thereby reducing the total distance traveled, and with it the corresponding energy consumed and the 

emissions generated from these trips.   

Table 7 presents the values of the main outputs of this scenario for 2020 and 2040.  Note that the 

energy use is stabilized under this scenario, with a small increase of 3.4% from 2010 to 2020, followed 

by a slight decrease by 0.3% between 2020 and 2040 due to the improved fuel economy, keeping the 

energy use stable over the entire planning horizon.  CO2 emissions follow the same trend.  This is again 
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due to the larger share of fuel efficient vehicles at the expense of larger fuel-inefficient vehicles, as well 

as the reduction of vehicle kilometers traveled due to increasing fuel prices. 

Table 7: Passenger transport projections of the mitigation option 1 scenario. 

 
unit 

Base Year 
(2010) 

2020 2040 
Ratio 

2020/2010 
Ratio 

2040/2010 

Total passenger vehicle stock 
vehicles 

1,292,433 1,652,426 2,425,655 1.28 1.88 

2-3 wheelers 60,587 77,797 113,503 1.28 1.87 

LDV  1,219,460 1,560,650 2,297,710 1.28 1.88 

Buses  12,387 13,978 14,442 1.13 1.17 

Total vehicle-km billion vkm/yr 13.68 17.50 25.10 1.28 1.83 

Total energy use toe/yr 1,497,765 1,549,395 1,543,931 1.03 1.03 

Total CO2 emissions Gg CO2/yr 4350 4502 4486 1.03 1.03 

 

6.2 Impacts of mitigation option 2 

Since the second proposed mitigation scenario includes mitigation option 1 in addition to the 

deployment of the more fuel efficient HEVs, more reductions in energy use and CO2 emissions are 

achieved compared to mitigation option 1.  These improvements are achieved despite the slight 

increase in vehicle-kilometer activity in this scenario, as shown in Error! Reference source not found..  

This is explained by the fact that the highly fuel efficient HEVs are able to counter the increasing fuel 

prices in future years, allowing more passenger trips to be made than under the first mitigation scenario 

without HEVs. 

The improvements made by introducing HEVs are substantial compared to the first scenario and the 

baseline, with 11% additional reductions in energy use and CO2 emissions in 2040, for a total reduction 

of 27% compared to the baseline (Table 8).  More importantly, this scenario sees a first decrease in 

2040, below the 2010 base year levels , instead of only controlling the increasing trend over time, 

showing how beneficial hybrid technologies can be in the long-term.  It is also important to remember 

that this is achieved with only a conservative HEV share of 10% and no new infrastructure construction 

or any additional investments needed, making this technology easily deployable in the near term. 

Table 8: Passenger transport projections of the scenario shift powertrain technology to FEV and HEV. 

 
unit 

Base Year 
(2010) 

2020 2040 
Ratio 

2020/2010 
Ratio 

2040/2010 

Total passenger vehicle stock 

vehicles 

1,292,433 1,653,549 2,437,284 1.28 1.89 

2-3 wheelers 60,587 77,838 113,950 1.28 1.88 

LDV 1,219,460 1,561,750 2,308,995 1.28 1.89 

Buses  12,387 13,961 14,339 1.13 1.16 

Total vehicle-km billion vkm/yr 13.68 17.57 25.70 1.28 1.88 

Total energy use toe/yr 1,497,765 1,525,047 1,378,665 1.02 0.92 

Total CO2 emissions Gg CO2/yr 4,350 4,431 4,007 1.02 0.92 
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6.3 Impacts of mitigation option 3 

Shifting to mass transport under this proposed mitigation scenario results in a significant 45% reduction 

of vehicle-kilometer activity in 2040 compared to the baseline, which obviously reflects a net decrease 

in vehicle trips as those who shift to mass transport no longer need to rely as much on their personal 

vehicles for mobility.  As a result, the energy use and CO2 emissions are substantially reduced, by a net 

10% in 2020 and 24% in 2040 compared to the base year (Table 9).  Therefore, this scenario sees the 

first early improvement below the 2010 base year levels, as of the near-term in 2020. 

Table 9: Passenger transport projections of the scenario shift to mass transport. 

 
unit 

Base Year 
(2010) 

2020 2040 
Ratio 

2020/2010 
Ratio 

2040/2010 

Total passenger vehicle stock 
vehicles 

1,292,433 1,515,801 2,163,453 1.17 1.67 

2-3 wheelers 60,587 71,099 99,530 1.17 1.64 

LDV  1,219,460 1,429,350 2,040,880 1.17 1.67 

Buses  12,387 15,352 23,043 1.24 1.86 

Total vehicle-km billion vkm/yr 13.68 14.40 15.24 1.05 1.11 

Total energy use toe/yr 1,497,765 1,345,957 1,135,994 0.90 0.76 

Total CO2 emissions Gg CO2/yr 4,350 3,912 3,308 0.90 0.76 

 

6.4 Impacts of combined mitigation options and discussion 

The interest in combining multiple mitigation options together is obviously to try and combine the 

benefits from each mitigation type alone, especially that the proposed mitigations are complementary 

and not mutually exclusive, as previously explained.   

Table 10 summarizes the results of this scenario, and as expected the level of reductions of CO2 

emissions and energy use achieved under this scenario is greater than for any of the mitigation options 

alone, due to the cumulative benefits from the improved fuel economy of the FEVs and HEVs and the 

reduced vehicle use from the shift to mass transport.  This result is in agreement with similar 

conclusions about combined strategies in the literature [28]. 

Table 10: Passenger transport projections of the combined scenario shift to FEVs, HEVs and mass transport. 

 
unit 

Base Year 
(2010) 

2020 2040 
Ratio 

2020/2010 
Ratio 

2040/2010 

Total passenger vehicle stock 

vehicles 

1,292,433 1,477,860 1,978,225 1.14 1.53 

2-3 wheelers 60,587 69,393 90,558 1.15 1.49 

LDV 1,219,460 1,393,615 1,867,814 1.14 1.53 

Buses 12,387 14,852 19,853 1.20 1.60 

Total vehicle-km billion vkm/yr 13.68 14.09 14.74 1.03 1.08 

Total energy use toe/yr 1,497,765 1,234,523 555,686 0.82 0.37 

Total CO2 emissions Gg CO2/yr 4,350 3,589 1,623 0.83 0.37 

 

Even more noteworthy is the observation that the environmental results of this scenario exceed in 

magnitude the sum of the individual results from mitigation option 2 and mitigation option 3 when 
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applied alone.  For example, the reduction in energy use from mitigation option 2 in 2040 compared 

with the base year is 8% (Table 8), and the corresponding reduction from mitigation option 3 is 24% 

(Table 9), which implies that the total reduction from mitigation option 2+3 should be a cumulative 32%.  

However, the achieved reduction is actually 63% (Table 10).  This means that there are new benefits 

which are achieved from the combination of mitigations, as a result of possible synergy between the 

options when applied together.  From a systemic view, this is commonly referred to as the whole being 

greater than the sum of its parts.   

Indeed, the results show that the total vehicle stock in option 2+3 is reduced below the sum of 

reductions from each option alone.  This is explained by the fact that implementing a mass transport 

system alone (option 3) will reduce vehicle trips but will not dissuade the majority of people from 

continuing to own their old cars or from purchasing new conventional-engine vehicles as before since 

the vehicle market is not addressed in this scenario.  On the other hand, combining mass transport with 

the introduction of FEVs and HEVs (option 2+3) will allow more people to opt-out of buying these 

relatively expensive new vehicles, and will even encourage them to abandon their old cars since the 

introduction of new technology is typically supported by disincentives against the older inefficient 

vehicles.  Conversely, introducing FEVs and HEVs alone (option 2) will not discourage as many people 

from buying these expensive vehicles since in this scenario they have no other alternative but to rely on 

the use of their cars.  

The analysis of the modeling results illustrates the importance of adopting a holistic approach in the 

development of a mitigation portfolio, and the need to enable these measures with the appropriate 

policy framework that ensures a successful outcome.  A holistic approach also calls for a comprehensive 

modeling of the system under consideration, such as extending the scope of the modeling beyond the 

passenger transport sector to include other important activities in the overall road transport system.  

Since freight activities consumed 30.6% of total transport energy and were responsible for 31.4% of 

total GHG emissions in this sector in 2010 [7], a separate modeling of freight activities was done for the 

baseline scenario to assess their impact on the overall system as compared to passenger transport.  

Results showed that freight vehicle stock is expected to almost triple in 2040, and is estimated to 

consume 45.4% of total energy at that point.  It can therefore be concluded that the proposed 

mitigation options for the road passenger transport sector, even when combined effectively, will not be 

enough to control the substantial growth trends of adverse environmental impacts for the entire road 

transport system. 

To help guide the development of an effective mitigation portfolio, Figure 8 provides a sample roadmap 

based on the comprehensive ASIF-2 approach, with a focus on navigating the barriers identified in Table 

1 for the context of developing countries.  This translates to lesser reliance on financial incentives and 

investments (indicated by dotted arrows for weaker effect), due to limited resources in developing 

countries.  In addition, the roadmap illustrates a focus on “Shift” and “Improve” strategies over the near 

and medium terms since the “Avoid” strategies are less applicable in this timeframe in the developing 

context.  This is due to the traditional nature of the work culture in these countries and the lacking 

information and communication infrastructure necessary for wide scale telecommuting and e-trading.  
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Figure 8: Process for defining mitigation strategies for a sustainable mobility based on the ASIF-2 approach. 

 

7. Conclusion 

A modeling of the energy use and CO2 emissions from the road passenger transport system in Lebanon 

was conducted using the “For Future Inland Transport Systems” (ForFITS) model based on the system 

dynamics approach.  Results showed that renewing the fleet with fuel-efficient and hybrid electric 

vehicles leads to significant reductions of energy use and CO2 emissions by 27% in 2040 compared to 

the business-as-usual scenario.  However, the vehicle stock and vehicle travel distances are estimated to 

almost double in 2040 compared to the base year 2010.  Therefore, problems pertaining to traffic 

congestion will continue, and the growth trends of energy consumption and GHG emissions will at best 

be stabilized or slightly reduced.  Therefore, relying on vehicle fuel economy alone is a good first step 

but not enough to reverse the current unsustainable trends in Lebanon.  This can be a beneficial 

conclusion for similar developing countries in the Middle East region where mass transport 

infrastructure is limited and there is a culture of heavy reliance on personal vehicle use. 

Increasing the share of bus transport led to higher reductions of emissions and energy use (40% each by 

2040 compared to the business-as-usual scenario), and more importantly reduced the vehicle-

kilometers activity, indicating clear potential to overturn the growth trends of adverse impacts.  

Combining all three mitigation options naturally gave rise to the highest savings, with 71% reductions 

achieved by 2040 compared to the business-as-usual scenario in the same year (or the equivalent of 

63% reductions in 2040 compared to the baseline year 2010).  And while other studies have also 

confirmed that combined mitigation strategies provide higher benefits than any individual strategy 
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alone, this study illustrated the counterintuitive feedback effect where the overall benefit from 

combined mitigation policies can be even greater than the sum of the parts. 

The diverse challenges facing the road transport sector in Lebanon are only the manifestations of one 

primary root cause: the absence of a national transportation strategy that can begin to organize the 

sector into a sustainable one.  Such a strategy is long overdue given the fact that the system has been 

left to emerge in an ad-hoc way with relatively minimal oversight for decades now.  This study 

demonstrated that such a strategy should necessarily be based on the integration of a carefully designed 

portfolio of mitigations measures and enabling policies under the avoid-shift-improve-finance 

framework.  This would ensure that the road transportation system can get out of the perpetual struggle 

to stay functional and evolve to become sustainable in the long-term. 
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