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This article introduces a scalable framework based on definition of 

probable future driving scenarios originated from multidisciplinary 

policies aimed at transport sustainability. The generation of realistic 

driving cycles based on recorded real microtrips is used for simulation of 

carbon emissions in future driving scenarios defined by target 

characteristic parameters. The suggested framework identifies possible 

contradicting multidisciplinary policies, highlighting the interdisciplinary 

requirement of policies for sustainable transportation in well-to-wheel 

life cycle. Battery electric vehicles were found to be unsustainable in 

regions with less than 30% share of renewable sources in electric grid, 

but substantial 25% reduction of carbon emissions is achieved with 50% 

share of renewables. The stability of clean power generation with 

different environmental conditions is highlighted.  Emerging low carbon 

fuels, sustainable urbanization and less intensive driving habits would 

keep internal combustion engines as a dominant powertrain of choice in 

future fleets of private vehicles.   

Keywords: 

Life cycle assessment 

Urban mobility 

Sustainable policymaking, 

Driving Scenario 

Carbon emissions 

 

1. Introduction 

Well-to-wheel (WTW) life cycle assessment 
(LCA) of carbon emissions in vehicles is a 
standardized methodology that quantifies the 
environmental impacts of vehicles from energy 
and material production (well-to-tank, WTT) to 
operation (tank-to-wheel, TTW), focusing on 
energy consumption and greenhouse gas 

emissions.  

Despite advancements in WTW LCA, a 
significant research gap exists in integrating 

realistic driving cycles tailored to policy-driven 
traffic scenarios and local energy grid 
characteristics. Existing studies often rely on 
standardized driving cycles like New European 
Driving Cycle (NEDC), or Worldwide 
Harmonized Light Vehicles Test Cycle (WLTC) 
for TTW or use phase impact that may not reflect 

real-world conditions, particularly in congested 
urban areas like Tehran, leading to inaccuracies in 
emission evaluations in local settings [1]. 
Challenges such as driving data quality and 
characteristic parameters selection further limit 
LCA accuracy when local conditions are being 

studied [2]. 

This study addresses the present gaps by 
developing an LCA framework based on recorded 
real local driving data for generation of realistic 

local driving cycles based on pre-specified driving 
scenarios. A driving scenario is combination of 
traffic conditions defined by characteristic 
parameters. The scenario-based microtrips model 
or SBM developed in this research enhances local 
LCA studies by providing a data-driven and 
scalable solution for quantification of local 

conditions including traffic conditions and fuel or 
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energy supply pathways. The SBM’s scalability 

allows researchers to adjust parameters for 
various purposes, such as emission analysis or 
policy evaluation in different regions with various 

conditions and traffic congestions. 

Applied to context of Iran, this research 
quantifies the WTW environmental impact of 
regional powertrain technologies available for 
passenger vehicles under different driving 
scenarios influenced by local transport or city 

planning policies. Life cycle analysis of carbon 
emissions or carbon footprint is then used to 
evaluate the sustainability of different policies for 
sustainable policymaking. The proposed 

framework aims to: 

1. Develop a model for generating realistic 

driving cycles applicable to diverse local contexts 

2. Quantify the WTW carbon emissions of 
different vehicle types in variable driving 

scenarios 

3. Evaluate different policies and provide 
scalable regional solutions for transport 

sustainability 

Consequently, the developed framework offers 
actionable insights for sustainable urban mobility 
in local context, by emphasizing the importance 

of local well-to-wheel LCA studies. 

1.1. Tank-to-Wheel Life Cycle Assessment of 

Powertrain Technologies 

The use-phase impacts under different driving 
conditions have been one of the main research 
areas in life cycle assessment studies of different 

powertrain technologies. The large impact of 
urban driving on increased energy consumption of 
different passenger vehicle platforms has been 
highlighted by past literature with 10-25% 
increase reported in urban driving cycles [3], [4]. 
These findings are not limited to passenger 
vehicles and increase in energy use for public 
vehicles driving in congested urban areas has been 

recorded as well [5], [6]. 

The increase of energy consumption and 

emissions in local traffic conditions compared 
with standard regulatory driving cycles like 
NEDC and WLTC has led to a growing gap 
between real-driving emissions and those reported 
by regulatory bodies for type-approval of 
passenger vehicles, indicating value of local 
traffic conditions in evaluation of energy 
consumption and emission levels of passenger 

vehicles [1], [7]. Despite introduction of real 
driving emission (RDE) protocols and portable 
emissions measurement systems (PEMS) to 

measure real-driving emissions, integration of 

RDE into standard regulatory frameworks remains 
limited due to associated costs and validity of 
recorded data according to regulation 
requirements and local road networks [8], [9]. 
Consequently, regulators in less developed 
countries like Iran still rely on standard driving 
cycles that do not reflect the randomness inherent 

in real-world driving due to complication with 

RDE and PEMS integration in type-approval tests. 

Syntetic driving cycles have been used for 
better representation of local driving and 
generation of realistic driving cycles based on real 
driving data is widely studied in previous 
literature through methods ranging from k-means 
clustering [10], Markov chains [11] and neural 
networks with varying results depending on local 
traffic conditions [12], [13]. Driving 

categorizations based on different characteristic 
parameters of local driving conditions has also 
shown good representation of real driving through 
segregation of different driving scenarios [2], 
[14]. These findings highlight the possibility of 
replacing RDE through careful generation of 
synthetic driving cycles based on recorded real 

driving data [1], [15]. 

Dynamic vehicle models have been established 

as an alternative to PEMS by showing good 
accuracy in simulation of vehicle performance 
and emissions in a driving cycle. Coupled with 
synthetic driving cycles, the computational speed 
and accuracy of CAE methods proves beneficial 
for tank-to-wheel emission analysis of vehicle 
fleets in large datasets of realistic generated 
driving cycles with less deviation from real-world 

emissions [1], [16]. 

Powertrain technologies are considered as main 

contributors to TTW emissions, but unsustainable 
policies or aggressive driving behaviors greatly 
influence sustainability of different powertrains in 
real driving or TTW phase [17], [18]. These 
findings highlight the multidisciplinary nature of 
emission mitigation activities in different regions 

[19], [20]. 

1.2. Well-to-Tank Life Cycle Assessment of 

Powertrain Technologies 

Investigation of carbon footprint can be 
categorized in three different levels depending on 
the depth of investigation required by researcher. 
These categories for transport sector are 

summarized as direct, indirect controllable and 
indirect uncontrollable emissions. Indirect 
emissions are less emphasized in LCA literature 
due to complexity and vague definition and some 
researchers only consider tailpipe emissions in 
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consideration of carbon footprint in transport 

sector [21], [22]. Despite zero tailpipe emissions 
of battery electric vehicles (BEVs), battery 
manufacturing, charging, degradation and 
recycling are challenges with specific carbon 
emissions that are not present in internal 

combustion engine vehicles [23], [24]. 

Indirect controllable emissions including fuel or 
electricity production and distribution have 
massive contribution in total life cycle emissions 

of vehicles [25], [26]. Additionally, vehicle 
manufacturing, maintenance and end-of-life 
recycling are sources of indirect carbon emissions 
with latter being investigated heavily in recent 
literature [27], [28]. Indirect emissions are more 
profound in fossil-heavy energy grids like Iran 
where burning fossil fuels is still the dominant 
form of energy generation despite development 

plans for sustainable electricity generation [29], 

[30]. 

Consequently, the consideration of indirect 
controllable emissions is vital in determination of 
carbon footprint of transport sector in local 
contexts. Energy grid efficiency, sensitivity to 
battery size and diminishing returns in fossil-
heavy grids all contribute to increase in total 
carbon footprint of alternative vehicle powertrains 

[4], [31]. 

Emerging low-carbon or sustainable fuels for 
internal combustion engines is an area of research 

where a research gap exists. Insufficient focus on 
fuel production processes for sustainable fuels 
emphasizes the need for comprehensive LCA 
evaluations to assess the true environmental 
impact of sustainable fuels in internal combustion 

engines [3]. 

1.3. Research Contribution and LCA in Iran  

The LCA studies in the context of transport 
sector in Iran has been mainly focused on tailpipe 
emissions of passenger vehicles, neglecting well-
to-tank phase due to limited data on indirect 
carbon emissions associated with energy supply 

chains [6], [32]. Recent studies on alternative 
fuels have contributed to more accurate life cycle 
assessments of different energy pathways 
available for transport sector in Iran [33], [34]. 
Efficiency improvements of local electric grid 
have also been investigated more recently, leading 
to better understanding of WTT emissions [35], 

[36].  

A significant research gap exists in 
sustainability analysis of passenger vehicles in 

different traffic conditions. The sensitivity of use-
phase impacts to driving conditions particularly in 

congested urban areas and influence of 

urbanization policies on traffic conditions coupled 
with dependency of energy generation to fossil 
fuels signals for a interdisciplinary approach in 
policymaking to achieve any lasting sustainability 

in transport sector in Iran or similar regions. 

Foundations laid in this research enables 
comprehensive assessment of WTT and TTW 
carbon emissions for passenger or public vehicle 
fleets by using real driving data for generation of 

realistic driving cycles in accordance with traffic 
conditions influenced by transportation or city 
planning policy. Generation of realistic driving 
cycles is essential for reflection of transient, 
random nature of real driving causing divergence 

between real and regulatory driving cycles. 

2. Methodology of Suggested LCA 

Framework 

The following section discusses the suggested 
LCA framework visualized in Figure 1. The 

Scenario-Based Microtrips model or SBM 
generated realistic driving cycles based on 
recorded real driving data. Additionally, the 
framework includes dynamic vehicle simulation 
of generated driving cycles for TTW emissions 
and available local energy grid data for WTT 

emissions. 

 

Figure 1: LCA framework based on real driving data, 

SBM, dynamic vehicle simulation and local energy 

grid data 

2.1. The Scenario-Based Microtrip Model 

Life cycle assessment of carbon emissions in 
vehicle fleets should consider the randomness and 
changeable traffic conditions present in real 
driving. Reflection of changeable traffic 
conditions influenced by transport or urbanization 
policies in generated driving cycles is the core 
reason for development of scenario-based 

microtrips model or SBM. Integration of SBM 
with LCA framework contributes to flexibility of 
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suggested framework in assessment of carbon 

emissions in different driving scenarios. 

2.1.1. Driving Data Recording 

The quality and scale of recorded real driving 
data ensure the validity of future driving scenarios 

with reflection of new driving conditions in 
generated driving cycles, requiring large fleet of 
vehicles and drivers in addition to extensive data 

collection in all possible road types.  

Figure 2 shows frequency of collected data in 
different districts of Tehran which includes 
various road types and driving scenarios 
particularly in downtown areas with older road 

infrastructure. 

 

Figure 2: Collected driving data density in Tehran 

Approximately 50,000 kilometers or 1460 hours 
of driving data from passenger sedan vehicles 
with were collected in span of a year between 
2023 to 2024. The drivers were notified of data 
collection and were not limited in driving styles or 
destinations. Table 1 displays general information 

regarding recorded real driving data in Tehran. 

The data loss often seen in GPS data collection 
because of signal loss is mitigated with on-board 
data recording devices capable of recording 
parameters including vehicle speed, engine speed, 

throttle opening, fuel consumption rate, 
accelerator pedal and brake pedal inputs. High 
rate of data recording at 3Hz, eliminates big 
acceleration spikes due to recording 
inconsistencies as data is interpolated at fixed rate 

of 1Hz for driving cycle generation. 

Table 1: General information of collected real driving 

data in Tehran 

 
Average 

Duration 

(s) 

Average 

Distance 

(km) 

Average 

Driving 

Speed 

(km/h) 

Average 

Positive 

Accelerati

on (
𝒎

𝒔𝟐
) 

Average 

Negative 

Accelerati

on (
𝒎

𝒔𝟐
) 

Real 

Drive 
1670 16.2 41 0.5 -0.54 

 

2.1.2. Driving Scenario Determination 

For transport research purposes, a driving 
scenario is described as representation of different 

driving conditions in a driving cycle, leading to 
different values of characteristic parameters like 

average driving speed. 

The determination of driving scenarios in this 
research is based on mapping average driving 
speed and speed-acceleration product per driving 
distances according to equations (1) to (3). The 

driving scenario defines average speed (𝑣̅), as 
indication of traffic conditions, and cumulative 

speed-acceleration product (𝑆𝐴̅̅̅̅ ), as indication of 
driving behavior or intensity of driving cycles per 

driving distances shorter than target distance or 𝑆𝑗 .  

𝑺𝒋 = {𝒗𝒌, 𝒂𝒌| 𝒅𝒊𝒔𝒕𝒂𝒏𝒄𝒆

< 𝒕𝒂𝒓𝒈𝒆𝒕} 
(1) 

𝒗̅𝒋 =
𝟏

𝒏𝒋

∑ 𝒗

𝒗∈𝑺𝒋

 (2) 

𝑺𝑨̅̅ ̅̅
𝒋 =

𝟏

𝒏𝒋

∑ 𝒗. 𝒂+

𝒗,𝒂∈𝑺𝒋

 (3) 

The current driving scenario of recorded real 
driving data for 20-kilometer driving distances is 
displayed in Figure 3 reflecting average change of 
traffic conditions present in a real drive. The 

speed increases in the first 5 kilometers indicating 
tendency of real driving towards rural and 
motorway conditions. Driving speed is then 
reduced towards end of driving cycles as fleet is 
reaching destinations often located in downtown 
areas with more congested urban driving. The 
cumulative nature of speed-acceleration product 
or SA as characteristics parameter identifies 

instances of aggressive driving with sharp 
inclinations resulting in higher total SA or more 

intensive driving cycle.
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The dependency of driving scenarios to 
travelled distance captures true dynamics of real 
driving including average road types used in a 
real drive with same target distance. With this 
definition of driving scenarios, the impact of 
sustainable transport and urbanization policies 
leading to a change in driving conditions, like 

less congested urban driving by using an 
overpass in the place of a junction, will be better 
realized and reflected in generated driving 

cycles. 

The choice of characteristic parameters in 
definition of driving scenario should ultimately 
be based on high correlation of characteristic 
parameters to target parameter identified for the 
research based on feature selection methods like 
principal component analysis or PCA but 

inclusion of general parameters like speed and 
acceleration could lead to better generalization 

of driving cycles. 

2.1.3. Realistic Driving Cycle Generation 

The scenario-based microtrips model or SBM 

developed in this article introduces an iterative 
method for generation of driving cycles based on 
definition of main characteristic parameters. As 
stated in previous section, the driving scenario is 
specified as average driving speed and speed-
acceleration product throughout the travelled 
distance in driving cycle. The iterative process 

of SBM shown in Figure 4 begins with a random 
selection of a microtrip, followed by selection of 
subsequent microtrips based on driving scenario 
until target distance is reached. The random 

selection of the first microtrip is done 
irrespective of driving scenario to better 
represent the randomness of real driving. 
Following microtrips are then selected based on 
remaining distance to target and permissible 
characteristic parameters (CPs) range. The 
integrated fallback mechanism allows temporary 
deviation of characteristic parameters from 

target driving scenario to improve generalization 
of SBM while studying driving scenarios with 

low microtrip occurrence in real data.  

2.2. Carbon Footprint Evaluation 

In this research, the total carbon emissions of 

well-to-wheel or WTW phase are called carbon 

footprint. The carbon footprint (𝐶𝐹) is 
calculated by adding direct and indirect carbon 
emissions in well-to-tank and tank-to-wheel 

phases according to Equation 4. 

𝐶𝐹𝑊𝑇𝑊 = 

[𝐷𝑜𝐷 × 𝐸𝑏𝑎𝑡 × 𝑘𝑒]𝐵𝐸𝑉 + 

[𝑚𝑓 × 𝐿𝐻𝑉𝑓 × 𝑘𝑓]
𝐼𝐶𝐸𝑉,𝐻𝐸𝑉

+ 𝐶𝑂2𝑇𝑇𝑊 

(4) 

 

Figure 3:  The current driving scenario based on speed-acceleration product (left) and average driving speed (right) 
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The carbon emissions of driving or 𝐶𝑂2𝑇𝑇𝑊 is 

calculated from dynamic simulation of selected 

vehicles, with technical specifications detailed in  

Table 2, validated with real carbon emissions 
[1]. The WTT carbon emissions are correlated 

with local energy grid mix and supply chains 
which are often impacted by changeable 
environmental conditions like ambient 
temperature. Therefore, the conversion factors 

𝑘𝑓 and 𝑘𝑒 are estimated from previous studies 

on the subject [29], [30]. 

Mass of burned fuel, 𝑚𝑓, low heating value of 

fuel, 𝐿𝐻𝑉𝑓, depth of discharge for battery, 𝐷𝑜𝐷, 

and capacity of fully charged battery pack, 𝐸𝑏𝑎𝑡 , 
are required variables for life cycle assessment 
of carbon emissions, or carbon footprint, for 

selected vehicles. 

3. Results and Discussion 
 

Determination of driving scenarios for life 
cycle assessment of selected vehicles in Tehran 
is done by assignment of different characteristic 
parameters per different travelled distance for 
each driving scenario to reflect different driving 

conditions in generated driving cycles. 

Definition of target driving distance for future 
driving scenarios is based on knowledge of local 

traffic and driving conditions. In this article, 
authors decided to set slightly longer target 
driving distance compared to average driving in 
Tehran. The real driving scenario of Tehran, 
displayed in Figure 3, shows increase of average 
driving speed replicating motorway driving just 
after driving distance is travelled. This 
highlights the absence of motorway road types 

in an average daily drive or heavy congestions in 
motorway roads, preventing vehicles to reach 

motorway-level speeds. 

Table 2: Technical Specifications of selected 

vehicles for dynamic simulation 

 ICEV HEV BEV 

Total Vehicle Mass 1500 kg 1700 kg 1750 kg 

Engine 

Displacement 
1658 cc 1658 cc - 

Rated Power & 

Torque 

100 kW – 

160 Nm 

100 kW – 

160 Nm 

30 kW – 

165 Nm 

200 kW – 

420 Nm 

Fuel Type 
Gasoline - 

CNG 

Gasoline - 

CNG 
- 

Battery Capacity - 9 kWh 80 kWh 

 

Figure 4:   The flowchart of SBM model for generation of driving cycles based on pre-specified driving scenarios 
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In this article, SCN0 indicates current driving 
scenario determined from real driving data for 
selected travelled distance. SCN1 corresponds to 
optimal interdisciplinary policies resulting in 

noteworthy increase of average driving speed 
like improved public transport, more accessible 

highway networks or better traffic management  

in congested downtown area. On the other 
hand, SCN2 is the worst-case scenario of 
business-as-usual policies in Tehran like 
inadequate and old public transport system, 
uncontrolled growth in passenger vehicle uses 
and poor urbanization plans resulting in more 

congested urban driving. 

In addition to policies influencing traffic 
conditions, forecasted driving scenarios 
influenced by social and educational policies 
promoting less aggressive driving habits are 
presented as SCN3 and SCN4. SCN3 represents 

disregard of driving habit correction policies 
resulting in more aggressive driving. On the 
contrary, SCN4 is representation of less 

aggressive driving.  

Figure 5 displays selected transport policies 
through mean value of characteristic parameters, 
average driving speed and speed-acceleration 
product, per travelled distance for 20-kilometer 
driving cycles showcasing the capability of 
SBM in discrimination of different driving 

scenarios.  Total of 100 realistic driving cycles 
were generated for each driving scenario based 
on real recorded microtrips. Table 3 compares 
average values of main variables for generated 

driving cycles for each driving scenario. 

3.1. Investigation of new conditions in future 

driving scenarios 

Traffic conditions are often categorized as 
urban, rural and motorway conditions 
distinguished by driving speed. In this article 
and based on local driving conditions in Tehran, 
instances of driving with low speed (v<35  
km/hr) is considered urban driving. On the other 

hand, motorway driving is categorized by high-
speed driving (v>70  km/hr) and rural driving 
represents the intermediate driving speed range. 
The corresponding change of traffic conditions 
in generated cycles of each driving scenario is 
displayed in Table 4 based on urban, rural and 
motorway driving. The average idle duration of 

each scenario is direct reflection of new driving 
conditions. In urban-oriented driving scenarios 
like SCN2, longer idle durations would be 
natural outcome of more congested urban 
driving. Different average idle durations for 
other driving scenarios including high-speed 
driving scenario with more motorway-oriented 
driving is deemed not significant and within 

normal range of variation for idle duration. 

Definition of new driving scenarios for better 

representation of new driving conditions is an 
important milestone in investigation of WTW 
carbon emissions in future driving scenarios. 
Local experience or comprehensive real data 
recording is highly recommended for more 

accurate forecasting of future driving scenarios. 

 

 

Figure 5:  Definition of driving scenarios based on SA (left) and average driving speed (right) per travelled distance 
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Table 3: General information of generated driving 

scenarios 

Driving 

Scenari

o 

Averag

e 

Duratio

n (s) 

Averag

e 

Distanc

e (km) 

Averag

e 

Speed 

(km/h) 

Average 

Positive 

Acceleratio

n (
𝒎

𝒔𝟐
) 

Average 

Negative 

Acceleratio

n (
𝒎

𝒔𝟐
) 

SCN0 1970 19.4 39 0.47 -0.52 

SCN1 1264 19.4 59 0.48 -0.57 

SCN2 4512 19.6 19 0.46 -0.48 

SCN3 1814 19.8 42 0.55 -0.60 

SCN4 2138 19.5 39 0.40 -0.45 

 

Table 4: Selected transport policies and their impact 

on target traffic scenario 

Nam

e 
Description  

Urban  

(%) 

Rural 

(%) 

Motor

way 

(%) 

Average 

Idle 

Duration 

(s) 

SCN

0 

Current 

Driving 

Scenario  

22 60 18 180 

SCN

1 

High-Speed 

Driving 

Scenario  

7 35 58 65 

SCN

2 

Low-Speed 

Driving 

Scenario  

70 29 1 683 

SCN

3 

Aggressive 

Driving 

Scenario  

20 59 21 127 

SCN

4 

Eco Driving 

Scenario  
22 63 15 310 

3.2. Life cycle assessment of carbon footprint 

in future driving scenarios 

The future driving scenarios selected for this 
article are presented to quantify the carbon 
emissions in various scenarios and driving 
conditions for investigation of more sustainable 
policies. The sensitivity of carbon emissions to 

driving scenarios is displayed in Figure 6. BEVs 
do not show particular sensitivity to changing 
driving scenarios. On the other hand, internal 
combustion engines have higher sensitivity to 
changing conditions making ICEVs and HEVs 

particularly sensitive to traffic conditions. 

 

Figure 6: Distribution of well-to-wheel carbon 

emissions of selected vehicles in different driving 

scenarios 

Distribution analysis of carbon footprint for 
selected vehicles in different driving scenarios 
highlights the consideration of future driving 
scenarios for fleets vehicle selections. In other 
words, transport sustainability is not only 
limited to sustainable vehicular design choices 
like electrification or hybridization, but 

sustainable urbanization and social policies 
should also be investigated for a passenger 

vehicles fleet with mixed vehicle types as well. 

Figure 7 displays tank-to-wheel and well-to-
wheel specific carbon emissions of each vehicle 
type and average specific carbon emissions, or 

carbon footprint, of each driving scenario. 

Despite zero carbon emissions in tank-to-
wheel or driving phase, fossil-heavy electric grid 
in Iran completely diminishes the sustainability 
of BEVs in well-to-wheel scope. In fact, BEVs 
should not be considered as sustainable option of 

transport sector for passenger vehicles in Tehran 
unless the share of renewable sources in energy 
generation of electric grid is increased up to 

30%. 

Total carbon footprint of selected vehicles in 
WTW is displayed again in Figure 8 with 

assumption of substantial increase in renewable  
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energy use, reducing total carbon footprint of 
BEVs towards better sustainability compared to 
ICEVs in all driving scenarios regardless of any 
change in traffic conditions or driving behavior. 
Increasing renewable energies share to 50% 

would make BEVs more sustainable option 
compared to HEVs in all but driving scenario 
SCN2 with more congested urban driving and 
longer driving durations, effectively offsetting 
the previously considered benefits of BEVs in 
longer idle durations with more auxiliary power 

consumption for cabin and battery cooling. 

Switching to HEVs as vehicle of choice for 
passenger vehicles fleet in Tehran would 
immediately cut TTW carbon emissions by up to 

30% in current driving scenario and up to 80% 
in heavily congested urban driving or SCN2. 
Despite BEVs, integration of HEVs into vehicle 
fleets require no additional infrastructure, thus 
making HEV adoption an easy solution for more 
sustainable transportation but urbanization 
policies toward higher average driving speeds, 

SCN1, would negate HEVs advantage over 
ICEVs. Heavier vehicle platforms and tendency 
of hybrid energy management strategies in 
selecting combustion engine as primary traction 
source in high vehicle speeds are primary 

reasons of high carbon emissions in motorway-

oriented future driving scenarios. 

The above examples highlight the challenges 
in policymaking regarding sustainable 
transportation in passenger vehicles fleets and 

demonstrate the interdisciplinary nature of 
policies required for consideration in local 
context to achieve sustainable transportation in 

regional level. 

3.3. Sustainable regional fleet vehicle mix 

The variable carbon footprint sensitivity of 
different vehicle types to future driving 
scenarios requires interdisciplinary decisions for 
optimal sustainability of transport sector. For 
example, in the context of regions with heavy 
reliance of electric grid to fossil fuels like 
Tehran, BEVs were found to be sustainable only 

by substantial increase in electricity generation 
with renewable sources requiring heavy 
investments in infrastructure and revision of 
regional power generation outlooks. These 
findings are scalable to other vehicle types 
capable of recharging from the electric grids like 
PHEVs. On the other hand, despite generally 
better sustainability of HEVs compared to 

ICEVs, the carbon reduction targets of HEV 
adoption would not be fully gained if sustainable 

 

Figure 7: The average tank-to-wheel (left), well-to-wheel (right) and average total carbon emissions of selected 

vehicles in different driving scenarios 
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urbanization and city planning policies resulting 
in higher average driving speed and less travel 

durations come into effect. 

A concept of optimum fleet vehicle mix is 
defined for improved transport sustainability in 
regions with multiple dominant driving 
scenarios or conflicting interdisciplinary 

sustainable policies like promotion of HEVs 
while moving toward higher average driving 
speed or SCN1. Equation 5 is used to optimize 

𝑤𝑗 for each target vehicle types in the fleet by 

minimizing 𝐶𝐹̅̅̅̅
𝑇𝑜𝑡𝑎𝑙,𝑊𝑇𝑊 or mean carbon 

footprint of combined driving scenarios. 

Subsequently, 𝐶𝐹̅̅̅̅
𝑖𝑗 denotes mean carbon 

footprint of a specific vehicle type 𝑗 in scenario 

𝑖.  

∑ 𝒘𝒋𝑪𝑭̅̅ ̅̅
𝒊𝒋 ≤ 𝑪𝑭̅̅ ̅̅

𝑻𝒐𝒕𝒂𝒍,𝑾𝑻𝑾

𝒏

𝒋=𝟏

 (5) 

Optimization of vehicle fleet mix including 
ICEVs, HEVs and BEVs for Tehran based on 
WTW life cycle carbon footprint assessment 
was done for determination of sustainable 
vehicle type shares in case any of the studied 
future driving scenarios occur. The sustainable 

solutions are provided for different share of 
renewable energies in electric grid and displayed 

in Table 5. 

Optimization of fleet mix as sustainable 
solution in case any of the studied future driving 
scenarios occur indicates total domination of 
BEVs as sustainable vehicle choice with only 

30% increase of renewable energy sources in 
power generation as opposed to required 50% 
increase for making BEVs a sustainable choice 
in all future driving scenarios in case of equal 
vehicle type shares. Domination of vehicle fleet 
with BEVs in case of 50% increase in renewable 
energies would result in 24% decrease of total 

average carbon footprint in all driving scenarios. 

3.4.  Challenges regarding regional 

sustainable policies for transport sector 

Consideration of carbon emissions in 
manufacturing and end-of-use phase could 

present different sustainable solutions regarding 
minimization of total carbon footprint in a fleet. 
The battery recycling in HEVs and BEVs, not 
considered due to complexities and lack of data 
on end-of-use carbon emissions in regional 
level, is found to be a significant source of 

carbon emissions for these types of vehicles.  

 

Figure 8:  The average WTW total carbon footprint of selected vehicles in different driving scenarios with increased 

share of renewable energies to 30% (left) and 50% (right) in electric gird 
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Optimization of recycling process and utilization 
of more sustainable materials in manufacturing 
of vehicles and batteries improves the 
sustainability of vehicles. This further validates 
the interdisciplinary nature of sustainability in 
transport sector and how fleet choices must be 
taken with consideration of carbon footprint in 

life cycle of vehicles. 

4. Limitations of current study 

Investigation of changeable local conditions 
and their impact on fuel supply chain or 

electricity generation should also be investigated 
to portray a full picture of environmental impact 
associated with transport sector in a local 
context. Stable power generation efficiency is 
crucial for any sustainable policy in future. This 
is even more profound with integration of 
renewable energy sources in electric grid as they 

are more reliable on environmental conditions 

like weather for sustainable power generation. 

The role of vehicle ageing including powertrain 
and battery degradation on lifecycle specific 
carbon emissions is highly dependent on 
environmental conditions and driving 
parameters. Future works must study these 
mechanisms under varying driving conditions 
for a parametric solution to estimation of 
deterioration factors, applicable to different 

driving and vehicle conditions. 
 
The fleet optimization in this work is purely 
environmental and restricted to carbon emissions 
and social or economic costs are not considered. 
Further research on impacts of transport modes 

on different sectors is required for national fleet 
mix optimization. 
 

5. Conclusions and final remarks 

This article presented a robust framework for 
life cycle assessment of carbon emissions in 

future driving scenarios to evaluate the 
sustainability of interdisciplinary policies with 
impact on transport sector. The well-to-wheel 
scope has been chosen to consider indirect 
carbon emissions regarding electricity 
generation and fuel supply chains, consequently 
resulting in carbon footprint of selected vehicle 

types in selected driving scenarios based on real 

driving data. 

Results highlighted how best available 
pathways in terms of sustainability must be 
investigated in regional context with 
consideration of local conditions like traffic 
flow, driving habits and energy supply grids. In 
other words, not only sustainability solutions 
have to be considered in multidisciplinary 
context, but they should be tailored to the 

specific region as well. 

Based on investigation of carbon footprint in 

Tehran, BEVs are not a viable sustainable 
transportation option unless more than 30% of 
power generation in well-to-tank phase is with 
renewable sources instead of total reliance on 
fossil fuels. Increasing renewables share to 50% 
would yield 24% reduction in total carbon 
footprint when passenger vehicle fleet is all 

BEVs. 

Self-charging hybrids not dependent on 
electric grid for charging are more sustainable 

Table 5: Sustainable vehicle type share for all future driving scenario 

Renewables 

share in electric 

grid 

𝑪𝑭̅̅ ̅̅
𝑻𝒐𝒕𝒂𝒍,𝑾𝑻𝑾 

before 

(g/km) 

Vehicle Type Share (%) 𝑪𝑭̅̅ ̅̅
𝑻𝒐𝒕𝒂𝒍,𝑾𝑻𝑾 

after 

(g/km) ICEV HEV BEV 

0 % 168 60 40 0 157 (-6.5 %) 

15 % 158 60 40 0 157 (-0.6 %) 

30 % 147 0 0 100 143 (-2.7 %) 

50 % 134 0 0 100 102 (-24 %) 
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than ICEVs for passenger vehicles in Tehran but 
more efficient sizing or energy control strategies 
is required in future driving scenarios with 
higher average driving speeds to keep HEVs a 

sustainable solution in future of Tehran as 
urbanization policies tend to lessen the traffic 
congestion and increase the average driving 

speeds. 

The outcome of social policies for improving 
driving habits has been studied through 
investigation of future driving scenario with 
different average accelerations. Although not as 
severe as traffic conditions, promotion of 
smooth driving is recommended as sustainable 

solution. 

Optimization of vehicle type mix in passenger 

fleet further validated the viability of internal 
combustion engines as a sustainable mode of 
transportation in case of fossil-heavy electric 
grid. The combined fleet of ICEVs and HEVs 
with optimized share of vehicle types is capable 
of about 6% reduction in total carbon footprint 
irrespective of driving scenario. Switching to 
low carbon fuels like compressed natural gas 

(CNG) and hydrogen as primary energy source 
for internal combustion engines is highly 
recommended for substantial decrease in 

greenhouse gas emissions. 

CNG is already presented as a fuel option for 
passenger vehicles in Iran but improvements to 
infrastructure is needed for more fleet 
penetration compared to gasoline. More research 
on optimized blends, fuel production, scalability 
and integration with different generations of 

internal combustion engines is recommended for 
achieving sustainability with lower well-to-

wheel costs. 

The LCA framework proposed in this research 
provides a hindsight into future carbon footprint 
based on sustainability assessment of 
multidisciplinary policies and the possible 
resulting future scenarios. Authors suggest 
utilization of AI in determination of different 

characteristics parameters and other regions for 
scalability analysis of the LCA framework 

provided in this article. 
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