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Abstract 
 

In this study, an agent-based model is developed to forecast the market share evolution of 

passenger car and light commercial vehicle and to estimate the fossil fuel demand in the 

Netherlands for the period of 2020 to 2060. The model takes into account the emerging 

electric vehicles and internal combustion engine vehicles that are currently dominant. The 

vehicles compete for consumer acceptance through a buying module dictated by the total 

cost of ownership of the vehicles. The model also considers two modes of vehicle ownership, 

i.e., direct purchase and leasing. Three different scenarios are ideated with the combination 

of fuel prices, the future price of electric vehicles, and the availability of subsidy. In different 

scenarios, 50% electrification of passenger cars is achieved between 2034 to 2040. However, 

50% of electrification for light commercial vehicles happen between 2034 to 2044. The result 

shows that high fuel prices and the rapid decline in vehicle prices are important for the market 

penetration of electric vehicles. The direct subsidy plays a vital role in accelerating the same. 

Furthermore, the model predicts in all scenarios that gasoline demand will reduce by half 

between 2030-2035 and almost become negligible by 2045-2050. The reduction in gasoline 

demand is faster than the electrification of passenger cars. This is because electric vehicles 

are more economical for consumers that have higher driving requirements. In the case of 

diesel demand, it drops by 50% in all scenarios as it is also consumed by other modes of 

transport, mainly heavy commercial vehicles. The study also investigates new market 

opportunities with biofuels for fossil fuel storage facilities. Biofuels are a good alternative to 

reduce greenhouse gas emissions and they can also provide sufficient time to ensure the 

enabling conditions for EV deployment. However, biofuels currently sold on the market have 

substantial differences in terms of sustainability. Some biofuels are also responsible for the 

depletion of natural resources, and therefore, fuel suppliers and storage providers should 

actively look and market biofuels containing a high proportion of waste and residue. 
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Chapter 1.  

Introduction 

Almost a century, since their inception, Electric Vehicles (EVs) have started to gain 

momentum globally. EV possesses a plethora of advantages and immense potential to 

combat climate change and global warming compared to the Internal Combustion Engine 

Vehicle (ICEV) [1]. The increasing amount of greenhouse gases (GHGs) in the atmosphere has 

created an alarming condition. At present, the transportation sector is mainly powered by 

fossil fuels and accounts for nearly 24% of global CO2 emissions (a primary GHG). 

Intergovernmental Panel on Climate Change (IPCC) argues the current rate of fossil fuel usage 

“will lead to high to very high risk of severe, widespread and irreversible impacts globally” 

and requires “an urgent and fundamental departure from business as usual.” [2]. The growing 

concerns about climate change and the reliance of ICEVs on fossil fuels accelerate a global 

transition towards a cleaner and more sustainable mode of transportation. 

 

At the moment, EVs present only a small fraction in the global vehicle fleet, particularly in the 

passenger car sector. But this is just the start of a radical change. Besides its promising 

capability of zero tailpipe emissions, an EV is 3-5 times more energy-efficient [3] and also 

offers the possibility of large-scale integration of intermittent renewable energy sources in 

the electricity grid through advancing Vehicle-to-Grid (V2G) technology. The cost of Li-ion 

batteries and EVs is dropping year-over-year (y-o-y), and charging infrastructure is being 

installed to enable the adoption of EVs across other modes of transport such as two/three-

wheelers, light commercial vehicles (LCVs), buses, and heavy-duty vehicles with short-range 

requirements such as urban deliveries [4]. 

 

Nevertheless, as promising as it sounds, EVs also have many challenges for consumer 

acceptance. The initial purchase price of an EV is still higher than an ICEV, and hence it is not 

affordable by many. The limitations on the driving range and insufficient charging 

infrastructure prohibit long-distance travel. Additionally, EV charging at peak load time can 

lead to grid failures [5]. To overcome these hurdles and catalyze EV acceptance among 
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consumers, countries across the globe invest heavily in R&D and infrastructure development 

along with extensive policy measures. The development of EV has also played a significant 

role in political agenda-setting in European countries. The Netherlands being one of the 

frontrunners in Europe, is not leaving any stones unturned. The new subsidy scheme for EVs 

launched in June 2020 provides a direct subsidy of €4000 on new vehicles and €2000 on used 

ones. This is in addition to the existing lower tax rate scheme for EVs [6]. As of June 2020, 

with 120,000 EVs on the road, EVs represent 1.4% of passenger cars fleet. Moreover, in 2019 

passenger EVs witnessed more than 100% y-o-y growth and contributed nearly 10% in the 

annual registrations. Electric Light commercial vehicle (LCV, < 3.5 tons) fleet only consisted of 

nearly 5000 vehicles presenting merely 0.53% [7]. But with more strict air-quality regulations 

coupled with the escalating volume of parcel shipments due to internet commerce, the 

logistics sector is quite probable to electrify their vehicle fleet soon for city operations. 

Companies investing in EVs also get the additional benefit of deducting investment amount 

from the taxable revenues [8].  

 

When such a radical innovation change rapidly the existing system, decision-makers want to 

use data and insights that they can rely upon with confidence to consider whether they should 

enter new markets or expand existing capacity in markets where they already operate. As the 

transportation sector starts to shift from ICEVs to EVs, the demand for fossil fuels will decline. 

There is quite a lot of uncertainty that surrounds EV diffusion, but the only certain thing about 

EVs is they will eclipse the ICEV one day, and the question remains how fast this change will 

happen and how big it will be? 

 

The study addresses the issue by making use of agent-based modeling (ABM) developed upon 

the qualitative knowledge of the socio-technical system surrounding EVs in the Netherlands. 

ABM has gained popularity in modeling innovation diffusion in recent years. One primary 

reason is its nature of bottom-up methodology, which enables to model complex emergent 

phenomena that more traditional modeling approaches cannot capture easily. It allows 

parameterization at the individual level and therefore facilitates the simulation of complex 

systems in a realistic manner [9]. The study is developed on the pillars of two ABMs, one 

projecting the market share evolution for passenger EVs and another for commercial EVs. The 
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ABM takes into consideration various social, technical, and economic parameters with a 

decision tree simulating the vehicle buying process. The successful market penetration of EVs 

not only relies on these characteristics but also on the availability of different modes of 

vehicle ownership (direct purchase and leasing) [10]. The study also aims to quantify 

consumer preferences for the same in the context of EV diffusion. The combined output of 

EV market share is then used to capture the fluctuation in fossil fuel demand. The projections 

are examined in three different scenarios ideated based on critical factors that will influence 

the EV diffusion. These scenarios represent future states that might be achieved if EV 

observes a high growth (Visionary scenario), medium growth (Business as usual scenario), or 

low growth (Challenging scenario). Lastly, a case study was carried out to assess the 

implications of EV diffusion on fossil fuel storage facility in the Netherlands. As demand for 

fossil fuel storage declines, companies providing storage facilities can explore new business 

opportunities with biofuels as alternatives, helping them to be part of the new clean energy 

landscape. 

 

Scientific contribution 

The study aspires to supplement the existing literature on EV diffusion modeling by extending 

the research on LCV and incorporating the leasing of vehicles. It also focuses on the 

implications of electrification of road transport on the fossil fuel demand currently lacking in 

the existing literature. Moreover, it establishes the foundation to investigate various 

elements that would be impacted as the LCV sector electrifies, such as the problem of electric-

grid overload, assessment of Li-ion battery demand, or estimating GHG emissions. 

 
Report structure 

The research questions mentioned earlier are answered in a formalized manner by means of 

this report. Chapter 2 forms the backbone of the study by presenting background and 

literature review of sustainability transitions and transportation systems followed by the use 

of EVs in the passenger car and light commercial vehicle sector. It sheds light upon the current 

scenario, existing challenges, ongoing developments, policies, and future targets set by the 

Dutch government and the automobile industry to electrify mobility.  

 



  

 

 
Page |   

 

4 Graduation Project Report | S. Chourasia 

The core of the study revolves around Chapter 3 and 4. Chapter 3 first focuses on the different 

methods used to assess innovation diffusion, elucidates ABM, and its advantages in 

simulating the socio-technical system. The latter subsections describe the development of 

ABM in detail. It defines the structure of the model, along with the assumptions undertaken 

for the study. The ideation of various scenarios is described in chapter 4. These scenarios are 

utilized to generate forecasts for the EV market share evolution and fossil fuel demand in the 

Netherlands under different conditions.  

 

Chapter 5 scrutinizes the simulation output thoroughly, followed by its implications on the 

fossil fuel storage demand in chapter 6. It also investigates new storage opportunities with 

biofuels as a replacement for fossil fuels. Lastly, chapters 7 and 8 conclude the study by 

discussing the main findings, limitations, and possibilities of further research.  
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Chapter 2.  

Background and Literature Review 

2.1. Sustainable Transition Theory 

Decarbonization of the transportation sector will involve a convergence of energy and 

transport policy goals, which will facilitate a smooth transition towards emission-free, 

renewable energy-based sustainable transport. This requires an in-depth understanding of 

interactions and changes related to the automobile industry, fossil fuel industry, governance, 

research, emerging innovations, society, and environmental aspect. However, such a 

transition process is considered as complex evolutionary reconfiguration and requires the use 

of theoretical frameworks. Multi-Level Perspective (MLP) and Sustainability Transition 

Pathways have been commonly used for understanding and analyzing EV development from 

the perspective of social-technical transitions [11]. 

 

MLP is an analytical framework that aims to interpret the unfolding of sociotechnical 

transitions. MLP focuses on the dynamics of the overall socio-transitionary developments 

instead of specific technological advances. Building on ideas from evolutionary economics, 

science and technology studies, structuration theory and neo-institutional theory, MLP 

postulates transitions as irregular developments resulting from the interaction of processes 

at three analytical levels which form a nested hierarchy of stability; landscape (macro-level), 

regimes (meso-level) and niches (micro-level) [12]. The three levels of hierarchy are illustrated 

in Figure 1. Firstly, regimes are locked-in, path-dependent configurations that act as a 

selection environment for radical innovations and are characterized by a set of rules, cognitive 

routines, and institutions that might be constraining or enabling. Secondly, the landscape 

refers to the exogenous, more significant contextual developments, trends, and crises that 

stabilize or put pressure on regimes. Lastly, niches refer to small-scale ‘spaces’ where many 

radical innovations are generated and protected with the potential to challenge the regime 

[13]. A sociotechnical change can happen due to internal tensions in the incumbent system 

(regime), pressures from the context (landscapes), development of alternatives (niches), or a 
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combination of any of these factors [14]. It is also possible that developments initiate from 

outside the focal system [15]. The degree of alignment of the three dimensions defines the 

stability of the regime. When in a locked-in equilibrium situation, the regime is considered as 

an incumbent. Incumbent’s vested interests may seek to maintain and prolong the existing 

regime, and therefore can be a barrier to innovations that tend to challenge regime change 

[16].  

 

Figure 1 The multi-level perspective on sustainability transitions. Adapted from Geels (2002)[12]. 

Based on different forms of interactions between the landscape, regimes, and niches, Geels, 

and Schot [14] identify four types of transition pathways: 

1. Reproduction process: No external landscape pressure, the regime remains stable, 

and technological innovation is confined to shallow niches. No transition occurs. 

2. Transformation/Re-orientation pathway: Moderate pressure from the landscape on 

the regime, innovation is not sufficiently developed. The incumbent regime’s actors 

re-orients and modify the regime in response. 

3. De-alignment and re-alignment pathway: Strong and rapid pressure from the 

landscape, but the niche is underdeveloped. The incumbent regime disintegrates, 

creating space for multiple innovations, and eventually, one becomes dominant and 

forms a new regime. 
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4. Technological substitution: Strong and disruptive pressure on a stable regime from 

the landscape. Innovations in the niche are developed and take advantage of the 

window of opportunity and replace the incumbent regime. 

5. Reconfiguration: Similar to the transformation pathway, the landscape pressure is 

moderate, and innovations in the niche are not fully developed. The main difference 

compared to the transformation pathway is that innovations from niches are adopted 

by the incumbent regime to solve its problem reconfiguring the underlying 

architecture of the regime. 

 

The existing literature uses the MLP framework on transitions to interpret EV adoption and 

transportation sector transition. Findings suggest that environmental and energy security 

pressures have created a favorable policy landscape promoting alternate fuel vehicles, 

alongside technological developments and serious commitment from policymakers. Figure 2 

describes a simplified representation of the landscape, regime, and niche of the 

transportation system. 

 
Figure 2 Simplified representation of landscape, regime, and landscape of the transportation system [11]. 
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Yet EVs, as a niche in the quest to challenge the established incumbent regime, encounter 

substantial barriers against such a transition [5]. The transition to a new regime of mobility 

primarily dominated by EVs will require actions from a range of actors such as institutions, 

infrastructure providers, government, finance providers, consumers, and also from actors 

outside the regime having an important role, initiating new actors’ practices and networks 

[17]. Figure 3 shows the transition process for an EV dominated transportation system in a 

socio-technical context. 

 
Figure 3 Crossing the barriers for EV market penetration: A Multi-Level Perspective [5]. 

 

As the transition takes place, stakeholders of the fossil fuel industry. currently the key actors 

in the existing ICEV incumbent regime. will be left out from the new EV dominated regime. 

However, the transition will take place gradually and hence allow them to develop strategies 

and explore new opportunities to transform their business operations. 

2.2. Fossil Fuel Demand 

For over a century, road transport has been powered by fossil fuels. be it a two-wheeler or a 

heavy vehicle. The Netherlands itself consumed 5600 million-liter motor gasoline and 7700 

million-liter diesel in 2019 [18]. Motor gasoline demand is entirely generated from two/three-

wheelers and passenger cars, whereas diesel demand consists of mainly commercial vehicles 

(Figure 4). But this picture of the automobile industry is changing in every part of the world. 
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The change is slow for many, but the pace is increasing. With the ever-rising concern of 

climate change, the automobile industry is now looking for alternative technologies for a 

more sustainable mode of transportation to mitigate CO2 emission and energy security 

problems. So far, EV has proven to be the best possible option for an ICEV. From the different 

scenarios forecasted by the International Energy Agency (IEA), the projected global EV fleet 

is estimated to avoid 127 million tons of oil equivalent (Mtoe) (around 2.5 million barrels per 

day [mb/d]) to 215 Mtoe (4.3 mb/d) of fossil fuel mineral demand by 2030 globally [19]. The 

fossil fuel industry is one of the major stakeholders, which would be impacted the most by 

the EV diffusion.  The rapid transition from ICEVs to EVs will certainly cause a dent into the 

demand for fossil fuel. 

 

 

Figure 4 Scope of the study. 

2.3. Passenger Vehicles 

Since its inception more than a century ago,  cars have become one of the most commonly 

traded commodities and a basic necessity for many in the 21st-century. In 2019, the global 

passenger vehicle sales stood at 75 million [20] with the Netherlands registering 450,000 new 

cars [7]. Passenger vehicle being one of the most convenient modes of transportation is also 

accompanied by problems such as dependency on fossil fuel and CO2 emissions.  
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2.3.1. Electric Vehicles 

In 1890, William Morrison first invented an EV, and the next two decades saw further 

technological development. But from the 1920s onwards, EVs were overshadowed by the 

inception of ICEV, having upper hand on technical specifications. Since then,  ICEVs dominated 

the automobile industry for nearly 80 years, and EVs were forgotten until the early 2000s [21]. 

With the adverse impact of the changing climate coupled with the breakthrough in the Li-ion 

battery technology, EVs have become the most promising and one of the cleanest modes of 

transport today. The cost drop of Li-ion battery from 1160 $/KWh in 2010 to 176 $/KWh in 

2018 (Figure 5) [22] has led to a decline in the EV price and catalyzed diffusion of EVs all over 

the world.  

 

Figure 5 Li-ion battery pack historical price [22]. 

 

The global stock of electric passenger cars continued to expand at a rapid pace in 2019, 

reaching 7.2 million units, 40% higher than in 2018. While significant, this pace was slower 

than in previous years as the EV fleet expanded by 63% in 2018 and 58% in 2017. With a 

penetration rate of 2.2%, EVs still only represent a fraction of the overall passenger car market 

[4]. A similar story can be witnessed in the European market, where the Netherlands is at the 

forefront of investing in the roll-out of EVs for more than a decade. The number of electric 

passenger cars, buses, and charge points has grown exponentially since 2010. Moreover, 

there are ambitious targets set by the Dutch government for the coming years, supported by 

1160

899

707
650

577

373
288

214 176 156

0

200

400

600

800

1000

1200

1400

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

P
ri

ce
 (

$/
K

W
h

)

Li-ion Battery Pack Price



  

 

 
Page |   

 

11 Graduation Project Report | S. Chourasia 

the national climate policy. Currently, The Netherlands has 120,000 registered EVs (Figure 6) 

on the road with new car registration, reaching a record high in December 2019 [7] [8].  

 

Figure 6 EVs in the Dutch passenger car fleet [7]. 

 

EVs not only reduce CO2 emissions, but theyare also 3 times more efficient in energy 

conversion as compared to an ICEV and requires much less maintenance cost because of the 

simplicity of the electric drive train of the vehicle. Hence, a significant reduction in the 

operational cost can be achieved. , EVs have great potential to serve as an energy storage 

system with Vehicle-to-Everything (V2X) technology. Here X can be the electric grid, home 

storage, vehicle, or infrastructure. This will also enable improved integration and 

consumption of renewable energy, making transportation cleaner. Despite the great 

potential to transform the transportation system, EVs still have many limitations and negative 

perceptions among the consumers [3]. 

2.3.2. Affordability 

The high initial cost of an EV is considered one of the primary barriers to their diffusion and 

consumer acceptance. However, the total cost of ownership (TCO) of an EV compared to ICEV 

with government subsidies for a period of 10 years is almost near to breakeven [23]. Further, 

the initial purchase cost of an EV has dropped significantly in the past few years. Nevertheless, 

it is still not as cheap as compared to ICEVs and hence not affordable by many. The sales of 
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EVs are expected to accelerate at a faster pace as their price becomes competitive year by 

year [24].  

 

Policies play an important role in overcoming the cost barrier. National and regional public 

authorities implement various policy measures to provide additional benefits for EV users. 

The subsidy and income-tax benefits are the most frequent incentives provided by many 

countries along with free charging, free parking, and access to bus lanes within the cities. 

However, to achieve a significant cost reduction requires technological improvement. 

Batteries make up half the cost of an EV, and hence they have been the epicenter of R&D. 

Compromising on the battery size will lead to a compromise on the range [23]. 

2.3.3. Range 

The range of the EVs in the current market varies from 300-500km in one full charge. Many 

argue that it is sufficient to fulfill the need for daily use, such as commuting to the office but 

not for long-distance travel. EVs run on Li-ion batteries, and hence the range of an EV is 

constrained by the size and energy capacity of the battery. The energy density for a Li-ion 

battery is currently 250 Wh/Kg and expected to reach 400Wh/kg by 2025. Plenty of research 

is being conducted for the use of silicone as the energy carrier, nano-technology for enhanced 

fabrication, and solid-state batteries for further improvement in energy density [3]. 

 

On the contrary, ICEV has a fuel energy density of 12000Wh/kg, much higher than the current 

Li-ion batteries, and therefore with small space required for storage, ICEV can provide a much 

longer range. Moreover, due to the easy accessibility of gas stations, the range of an ICEV is 

considered to be unlimited. Therefore, a solution to overcome the range anxiety problem of 

an EV is the ubiquitous availability of charging stations [3]. 

2.3.4. Charging infrastructure  

The development of the charging infrastructure is like a chicken and egg problem. There are 

not many public charging points available as there are not many EVs on the road, but 

consumers are also not buying EVs as there are not many charging points available. This 

creates constraints and difficulties in planning long-distance travel as consumers have to plan 

every trip in advance according to the availability of charging points. Such a problem also 
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contributes towards the negative perception of the EVs and influences consumer preference 

to a considerable extent. The majority of the current EV users use charging at home, but 

consumers living in apartments rely on public charging infrastructure. In the field of charging 

infrastructure, the Netherlands has the highest density of charging points globally. As of June 

2020, there are nearly 60,000 charging points (regular charging: 58,234 and fast charging: 

1,333) provided by the government (Figure 7)[7].  The number of charging points is expected 

to increase swiftly with the vast capability of smart charging [25]. Even though charging 

infrastructure can overcome the range anxiety, charging time is next on the list of problems. 

 

 

Figure 7 Number of EV charging points in the Netherlands [7]. 

2.3.5. Charging Time 

Currently, an EV takes around 6-8 hours to fully charge with a regular AC charging depending 

upon the size of the battery. This is incomparable with the refueling of an ICEV, which hardly 

takes minutes for a full tank. Though fast DC charging can charge an EV for 250km within 

15mins and for EVs to compete with ICEVs, fast DC charging will be needed. But fast DC 

charging degrades the batteries faster, requires more substantial initial investment as 

compared to regular AC charging, and can create problems with the grid such as high-power 

demand at peak time [3]. 
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2.3.6. Hybrid Electric Vehicles 

EVs can be classified into Battery Electric Vehicles (BEVs), Plugin-Hybrid Electric Vehicles 

(PHEVs), and Hybrid Electric Vehicles (HEVs). Where BEVs entirely run on Li-ion battery, PHEVs 

and HEVs use both fossil fuel and battery and hence can help overcome range anxiety.  

 

A PHEV operates in charge-sustaining and charge-depleting modes. The operation of the 

vehicle is optimized for battery usage and to reduce fossil fuel consumption and hence the 

tailpipe emissions by combining two modes, which is defined as a blended mode or mixed-

mode. As PHEVs still uses the internal combustion engine, there is not much room for a bigger 

Li-ion battery. Hence, the driving pattern and the distance traveled in each journey dictate 

power management and, consequently, the amount of fossil fuel and electricity consumption. 

The dependency on the variability of fuel use makes it difficult to assess the clean 

characteristic of PHEVs [26]. HEVs on the other side cannot be connected to external charging 

of the battery, the battery charges through the in-vehicle generator, and generative braking 

technology. The use of the battery in HEV is primarily for better fuel economy and 

performance improvements [27]. Hybrid models have proven to be the right solution for 

range anxiety though it does not overcome the primary issue of an ICEV, i.e., tailpipe 

emissions. From a relative perspective, Hybrid vehicles do have less tailpipe CO2 emission as 

compared to an ICEV. However, it is still significant against the zero-emission BEVs. Hybrid 

vehicles were once increasing in numbers, but the focus is now shifted towards BEV for 

passenger cars. The majority of the upcoming PHEV models are focused on larger vehicles. 

This can be partially explained by the fact that installing two powertrains is more challenging 

for smaller vehicles, and PHEV powertrains would take up a large share of the vehicle volume 

and cost [4]. 

 

As passenger cars electrify, commercial vehicles too are not very behind. The first electric 

models in the commercial vehicle market are mainly Light Commercial Vehicles (LCVs), having 

the least difference with the passenger cars. 
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2.4. Light Commercial Vehicles 

LCVs come in all shapes and sizes. What they have in common is, by definition, a maximum 

permitted total weight (kerb weight plus load capacity) of 3,500 kg [28]. Currently, as of 

January 2020, there are 940 thousand LCVs on the road in the Netherlands, with annual sales 

of nearly 70 thousand [29]. 96% of these vehicles are powered by diesel. The average mileage 

of LCVs is around 20,800 km per year. However, they are deployed in various ways, resulting 

in a considerable spread. In 2015, within the Netherlands, LCVs drove almost 16.6 billion km 

in total, or 13% of the road-vehicle kilometers, but contributed 14%, 24%, and 34% of CO2, 

NOx, and particulate emissions (from exhausts) respectively. Out of the cars and LCVs, cars 

cause more air pollution, but also drive much further distances than LCVs. Therefore, per 

driven kilometer emissions from LCVs are significantly higher than cars [28]. Furthermore, 

according to a study by TNO and CE Delft [30], LCVs are responsible for 75% of the distance 

driven and for 50% of the CO2 emissions in urban logistics. Hence, electrification of these 

vehicles is considered as an important option for improving air quality and reducing CO2 

emissions to meet Paris Agreement commitments. 

2.4.1. Electric-LCV 

The adoption of EV technology in the freight sector appears to be progressing faster than 

expected, potentially presenting a significant threat to the diesel-LCVs. However, the share of 

electric-LCVs in the Dutch fleet is merely 0.5% (Figure 8) [7]. 

 

Figure 8 EVs in the Dutch LCV fleet [7]. 
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The primary driver for the electric-LCV is the cost parity with the diesel alternative. Once the 

electric-LCV has lower TCO as compared to ICEV, many commercially driven business 

operations would switch their fleet to electric. The majority of LCV requires a relatively 

constant driving requirement of 100-150 km per day, which is a sufficient range for business 

operation and also avoids Li-ion battery cost being too high. For instance, businesses like retail 

and parcel delivery have clear economic benefits for going electric [31].  

 

The secondary driver is the electrification readiness, which includes the availability of electric-

LCV models and the supporting infrastructure. Early adopters are not expected to  depend on 

the public infrastructure but to charge their fleet at their facility. Not being able to charge the 

vehicle while on the road implies that battery size must meet the daily driving requirement, 

which increases vehicle cost. However, once electric-LCV becomes more common, it is 

expected that supercharging infrastructure would be available at Highways enabling long-

distance travel with smaller battery sizes [32]. Further, local and national level regulations 

could promote electric-LCV penetration beyond the levels of reaching cost parity alone by 

tightening CO2 and NOx emission targets and implementing diesel-LCV bans in urban areas. 

With more strict air-quality regulations and the escalating volume of parcel shipments due to 

internet commerce, the logistics sector is more likely to electrify their fleet soon for city 

operations within Europe [33]. 

 

The successful market penetration of EVs, be it passenger car or LCV, may not only depend 

on the characteristics of the technology but also the different modes of ownership available 

on the Dutch market. 

2.5. Business Models for Electric Vehicles 

Many researchers argue that pursuing the same technology in the market through different 

business models can yield different outcomes [34]. The market value of emerging technology 

is subject to changes based on the ways it is commercialized. Novel technologies do not 

possess a fixed inherent value as existing technologies do. Innovative sustainable 

technologies like EVs are usually accompanied by specific barriers for widespread market 

penetration where current business models may be inadequate to address these barriers. 
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Therefore, for such technologies to fulfill their potential and become commercially viable, 

new business models are required [35]. 

 

The most common business model for vehicles is the classical business model which is 

currently adopted by ICEVs, the value proposition is the full ownership of the vehicle, and the 

revenue model is a one-time payment of full purchase price. This widely accepted model, 

however, faces some obstacles when applied to EVs [10]. As mentioned in previous sections, 

the TCO for EV throughout its lifetime is nearly around the same that of an ICEV. However, 

the high EV purchase price, which has to be paid at once, creates a financial barrier for many 

potential customers. Secondly, many potential consumers are concerned about the multiple 

risks surrounding EV, including battery life, maintenance accessibility, rate of technology 

development, and residue value. The “sell-and-disengage” model lets consumers deal with all 

the risks which are acceptable for ICEVs but less for EVs, which are still new to most [36]. 

Leasing is another business model in which consumers do not have the ownership of the car, 

nor do they pay the purchase price upfront. Instead, they have exclusive access to the car for 

a specified period (usually 3 to 4 years) by making a fixed monthly payment. In many countries 

(including the Netherlands), leasing sometimes also covers insurance cost, road tax, and 

possible maintenance and repair costs [10]. 

 

In the Netherlands, it has become a common practice to include a vehicle-lease clause in the 

employment agreement. In a study conducted within the Netherlands, it was observed that 

more than 90% of the multinational companies provide the facility to lease vehicles for 

transportation purposes [37]. Opting to lease a vehicle helps an employee to avoid the high 

initial cost of the vehicle and additional savings through tax benefits. However, this benefit is 

also coupled with the limitation of driving limits for private use. Any overhead occurred adds 

fiscal addition to the employee on his/her pre-taxation income. This is calculated based upon 

the CO2 emission and listed value of the vehicle. Therefore, lower CO2 emission means lower 

fiscal addition. This is where EVs have the edge over ICEVs. With the low emissions of PHEVs 

and HEVs and zero-emission of BEVs, employees can overcome the monetary barrier for the 

private use of the vehicles. Such incentive has enabled employees to save up to approximately 

2000 euros per year as compared to leasing an ICEV. Further, the Netherlands also provides 
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benefits to companies (employers) to facilitate business investments into clean technology 

(including investments in EVs), making such investments partially deductible from corporate 

income taxes. Thus, helping companies to operate their corporate social responsibilities [8], 

[38].  

 

By the end of 2018, one among 10 passenger cars was a leased car, the Dutch leased car fleet 

had an estimated one million passenger cars and LCVs together. There were 150,000 (1.7 %) 

cars leased by a private consumer (private lease) showing significant growth year-over-year, 

675,700 (7.7 percent) cars were leased by a legal entity making up to 68% of all company cars, 

and 175,000 LCV were leased (Figure 9) [39]. The lease market has become an important first 

mover for the automotive sector. Majority of the leased vehicle has an average lifespan of 4 

years, and the lease companies often sell these vehicles at the second-hand vehicle market 

after use. Usually, the majority of the company cars belong to the luxury segment whereas, 

households on the other side prefer compact and medium-sized family cars. Hence there 

exists a mismatch in the supply and demand of car segments in the Dutch market, which is 

balanced by import and export of cars. 

 

Figure 9 Passenger car distribution in the Netherlands [39]. 
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As leasing of the vehicle is found to be useful in increasing the market share of EVs, the 

government should also dedicate more effort in stimulating business model innovation in 

addition to implementing financial incentives and policies focusing on technical R&D. 

2.6. Policy Review 

The deployment of EVs over the past decade was driven by ambitious government policies to 

reduce fossil fuel usage in transport along with a view to the environmental benefits of 

tackling climate change and air pollution. Today, there are already over 200 cities around the 

world, including big cities like Madrid, Paris, Mexico City implementing emission-free zone 

regulations, and banning diesel vehicles. Many countries have set goals to stop sales of ICEVs 

between 2030-2040 [32]. The European Green Deal, presented by the European Commission 

(EC) in 2019, is a major initiative that aims net-zero zero GHG emissions by 2050 and promotes 

robust clean progress. It incorporates several actions across all economic sectors, including 

more strict CO2 standards to accelerate the transition to sustainable and smart mobility [4].  

 

In the Netherlands, the Dutch government has committed to the ambitious target of all new 

passenger car sold in 2030 being zero-emission, whether battery-electric or hydrogen-electric 

(an estimate of 1.9 million passenger EVs out of 10 million passenger cars on-road) along with 

1.7 million charging points [8]. To accelerate the transition to emission-free transport, 

government authorities, research organizations, and the business sector are collaborating. 

Over 100 participants joined the Zero-Emission City Logistics Green Deal; an initiative started 

in 2014 to achieve zero-emission city logistics by 2025. The Netherlands is also the leading 

player in rollout of charging infrastructure featuring bidirectional charging devices that allow 

for renewable energy storage. Some major cities such as The Hague, Utrecht and Rotterdam 

have taken the first steps towards introducing a zero-emission zone, with 30-40 largest 

municipalities agreed to implement the same by 2025. As part of this agreement, the 

transport authorities also require all public bus transport to be 100% zero-emission by 2030 

and all new buses entering service from 2025 to be zero-emission at the onset [6]. 

 

Furthermore, from July 2020 onwards, any individuals in the Netherlands who buy or lease a 

new or used electric car are eligible for a direct subsidy scheme from the Dutch government. 
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The subsidy reduces the price difference between an EV and an ICEV. Currently, there is a 

€4000 subsidy on new EVs and €2000 for used ones only available for private cars costing less 

than €45000 in combination with an exemption from road tax until 2025. EVs have the 

potential to become more attractive in the small and medium-class segments. The budget for 

subsidy is spread over the period 2020 to 2025, with a € 17.2 million budget for 2020. The 

annual budgets for 2021 and later will be announced later [40]. In September 2019, the Dutch 

government also decided to revise income tax incentives for the private use of company cars 

beginning in 2020. Under the new plan, tax rates known as Bijtelling for EVs will steadily 

increase (4% in 2019, 8% in 2020), and become even with ICEVs in 2026. At the same time, 

the price for eligible electric-company cars dropped to 45,000 euros in 2020 and to be 40,000 

euros in 2021. Any EV with more than the eligible price will be subjected to a 22% tax rate, 

same as ICEV. The change in tax rate actually led to a significant sales spike for Tesla Model 

3, which retails for nearly 49,000 euros in the Netherlands and therefore was no longer 

eligible for company car benefits from 2020 onwards. This is a good exemplification of the 

influence of policies and TCO on EV diffusion [4]. 

2.7. Industry Trends 

EV models are available for most vehicle segments and in all major markets. In 2019, 279 EV 

models were estimated to be available globally, a 26% increase from 2018. China had the 

largest number of available vehicle models at 171, while the European Union had 45, and the 

United States had 49 models. The availability of models is wider for BEVs than for PHEVs, with 

BEV models mostly available for small and medium cars [41], [42].  

 

Major automobile manufacturers have announced plans for the roll-out of EVs for the coming 

years, suggesting that EVs could become a central technology in this decade. Upcoming BEV 

models are more evenly distributed across vehicle sizes than are currently available as 

manufacturers aim to offer EV solutions for all market segments. BMW Group advanced their 

EV roll-out plan from 2025 to 2023, Honda has both increased its electric car deployment 

target and advanced the target year of its plan from 2025 to 2022 for the European market 

from its 2018 announced targets [42]. A similar trend can be witnessed by other major 
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automobile manufacturers. Table 1 summarizes future targets set by the key players of the 

industry.  

 

Table 1 Summary of future targets set by major automobile manufacturers. 

Automobile 

manufacturer 
Future targets 

BMW 15-25% of the BMW Group sales to be EV in 2025 and 13 new EV models 

by 2023 [43]. 

Daimler 0.1 million sales in 2020, 10 new EV models by 2022, and 25% of group 

sales in 2025. More than 50% of sales will be PHEV and BEV by 2030 [44]. 

General Motors 22 EV models by 2023. More than 1 million EV sales around 2025 [41]. 

Honda Two-third EV sales globally by 2030 and 100% by 2022 in Europe [45]. 

Hyundai 29 EV models by 2025 (23 BEV models, 6 PHEV models). 500 thousand 

BEV sales by 2025 [46]. 

PSA 0.9 million sales in 2022. 14 new EV models by 2021 (7 BEV models and 

7 PHEV models) [47]. 

Renault-Nissan Renault plans 12 new EV models by 2022 and 20% of the brand’s sales 

in 2022 to be fully electric. Nissan targets 8 new BEV models by the end 

of 2022 [40]. 

Tesla Gigafactory-4 in Berlin to commission by 2021 with estimated annual 

production capacity 500 thousand Model 3 and Model Y [48]. 

Volkswagen 1 million EVs produced by 2023, up to 3 million electric car sales in 2025, 

25% of the group’s sales in 2025, 75 new EV models, and about 26 

million cumulative sales by 2029 [49]. 

Volvo 50% of the group’s sales to be fully electric by 2025, and a new EV model 

will be launched every year until 2025 [50]. 
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Chapter 3.  

Methodology 

3.1. Innovation Diffusion Modelling 

The study of innovation diffusion helps to comprehend how new ideas, products, and 

practices spread over time within society [9]. In 1943, Ryan and Gross first laid the foundation 

for the diffusion paradigm. And, since the early 1960s, mathematical modeling of innovation 

diffusion has attracted keen academic interest [51]. The uptake of new innovations usually 

follows an S-curved pattern where diffusion is initially slow, followed by a take-off phase of 

fast diffusion before the market is saturated [52]. Rogers [52] explains this S-curve from social 

processes where different groups, with different socio-demographic characteristics, decide 

to adopt the innovation at different points in time, starting with adoption by innovators 

followed by early adopters, early majority, late majority, and laggards. The concept is 

illustrated in Figure 10. 

 

Figure 10 Rogers’ diffusion of innovations theory [53]. 
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Following Rogers’ diffusion of innovations theory, Bass [54] further characterizes the diffusion 

of innovation as a contagious process driven by external influence (e.g., advertising, mass 

media) and internal influence (e.g., word-of-mouth). The diffusion processes are defined by 

the interaction mechanism between two adopter groups (Innovators and Imitators) in a social 

system [55]. More precisely, Bass provides an empirical generalization based on a differential 

equation formulation which specifies that an individual’s probability of adopting a new 

product at any time, depends linearly on two influences: one that is not related to previous 

adopters and is represented by the parameter of external influence, and an influence that is 

related to the number of previous adopters, represented by the parameter of internal 

influence [9]. Because these traditional models of innovation diffusion look at the market as 

a whole, they are commonly referred to as aggregate or macro-level models. Aggregate 

models such as the Bass model provide support only to a limited degree, as it falls short to 

answer what-if type questions. Furthermore, these models do not explicitly consider 

consumers’ heterogeneity and the complex dynamics of social processes that shape the 

diffusion and can, therefore, tackle only a limited set of theoretical issues [9]. 

 

Agent-based modeling (ABM) has increasingly been adopted in diffusion research in recent 

years to overcome the previously mentioned limitations. Its bottom-up methodology 

actualizes its ability to model complex emergent phenomena such as the diffusion of 

innovation in a socio-economic system that more traditional modeling approaches cannot 

capture easily.  

 

3.2. Agent-Based Modelling 

ABM differs fundamentally from traditional aggregate modeling approaches. It is a bottom-

up, disaggregate approach and allows the inclusion of micro-level drivers of adoption, 

bounded rationality, imperfect information, and individuals' heterogeneity in terms of 

attributes, behavior, and linkages in the social network [56]. The basic modeling unit is not a 

complex system, but rather autonomous entities (called agents). An agent can be both an 

individual or a collective entity such as an organization or group. The agents interact with 

other agents and/or with the environment both in time and space-based upon a set of rules 

which dictate the behavioral choices of the agents. When these micro-level emergent 
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behaviors and the interactions between agents are aggregated, they give rise to the macro-

level dynamics of the system without describing the system in advance [57], [58]. This makes 

ABM well suited for studying systems that are being transformed by radical innovations [59]. 

Moreover, because each agent has a different environment and partly different (e.g., 

stochastic) behaviors, the agents closely correspond to real-world entities. This makes ABM 

suitable to investigate complex non-linear diffusion patterns observed in the real world, 

especially studying socio-technical systems [9]. 

 

The existing literature on ABM for innovation diffusion can be categorized into two sub-

sections. The first is related to broad manifestations of diffusion processes. The second, which 

gaining momentum in recent years, is focused on the practical application of ABMs to provide 

forecasts, policy analyses, and decision support for specific applications based on empirical 

data [60]. Many studies have already been conducted for EV diffusion using ABM, ranging 

from country level, city level to neighborhood level. ABMs have been used to consider the 

interdependencies among the critical agents of the vehicle market, such as manufacturers, 

consumers, and governmental agencies. Some researchers are focused on modeling 

consumer vehicle choice while other associate manufacturer perspective with purchasing 

behavior of consumers in order to simulate the market penetration [61]. The current study is 

inspired by a number of such researches, which are summarized in the following section. 

 

3.2.1. Previous Researches 

Janssen & Jager, [62] in their study, claim that most models developed in the diffusion study 

of the technology use utility theory for technology preference, which assumes that agents 

purchase a particular technology based on the attribute with the highest utility. The utility of 

adopting and using a technology consists of an individual component and a social effect 

component. Namatame & Matsuyama 60 [60] assert some of the EV diffusion models use 

individual decision rule, which is derived based on the probability of vehicle purchase using 

Multinomial Logit Models. The research conducted by Shafiei et al. [63] uses an agent-based 

model to study the market share evolution of passenger vehicles in Iceland. The model 

considers ICEV and EVs  and vehicles compete for market penetration through a vehicle choice 
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algorithm which also considers consumer’s attractiveness for vehicle attributes and social 

influences. The same model was replicated by Noori & Tatari [4] to assess the regional market 

penetration of EVs in the United States. Suitable concepts from these researches are utilized 

to ideate the development of the ABM. 

3.3. Model description 

The ABM developed in this project attempts to replicate the vehicle buying process of the 

consumer for the Netherlands. It consists of three different agents, i.e., Dutch Household, 

Passenger Car, and Commercial Van (Light Commercial Vehicle). All agents are defined by key 

parameters identified in the literature review. These parameters are then assigned values 

specific to the Netherlands to represent the Dutch characteristics. The agents interact with 

the other agents and the environment governed by a set of rules. The agent level interaction 

at every time set of the simulation when aggregated give rise to a national level projection of 

the EV diffusion for both passenger and light commercial vehicle (LCV) and, in-turn the fossil 

fuel demand. An overview of the model is illustrated in Figure 11, and the model is described 

in detail in the preceding sections. 

 

 

Figure 11 Description of the ABM. 
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3.4. Model Assumptions 

Considering the complexity of the problem, there are many uncertainties regarding the 

factors affecting the market share evolution of EVs. To simplify this complexity, certain 

assumptions are made. All the assumptions apply to both passenger car and LCV diffusion 

ABM. Below mentioned are these assumptions in detail. 

 

3.4.1. Hybrid-Vehicles 

For the purpose of the study, PHEV and HEV are considered as an ICEV. This is due to the fact 

that both types of hybrid vehicles contain a combustion engine and a Li-ion battery pack.  

Because of the combustion engine, there is not much room left in the vehicle to have a bigger 

Li-ion battery. For hybrid vehicles, the average battery size has been roughly constant over 

the past five years at around 11 kWh, equivalent to an electric range of around 50-60 km [7]. 

Moreover, the sales of hybrid vehicles have been constant for the past four years; in fact, they 

declined slightly [7]. The number of registered PHEVs in the Dutch fleet is shown in Figure 12. 

 

 
Figure 12 Registered PHEVs in the Netherlands [28]. 

3.4.2. Used Vehicles 

The assessment of the composition of the Dutch vehicle fleet is determined by the inflow of 

vehicles to the Netherlands and outflow of vehicles from the Netherlands. The inflow of 
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vehicles is the new registration of vehicles, either direct purchase or lease. The outflow of the 

vehicles is the vehicle exports or vehicles going to scrap (end of life). Therefore, the reselling 

of vehicles in the used vehicle market within the Netherlands will occur within the defined 

model boundary, and hence it will not influence the composition of the Dutch vehicle fleet as 

illustrated in Figure 13. Thus, for the development of the model, consumers are only provided 

with two options, direct purchase of new vehicle and leasing of a vehicle. The assumption 

does not hold true if a used vehicle is bought from outside of the Netherlands. The inclusion 

of import and export of the vehicle would have made the problem more complex, and 

therefore the has not been included in the study.  

 
Figure 13 Illustration of the flow of vehicles for the Netherlands. 

 

3.4.3. Vehicle Segment 

Another important assumption is assigning a fixed vehicle segment to agents throughout the 

simulation. The vehicle segment defines the type of vehicle a consumer is interested in 

buying. Buying a vehicle is a personal decision, and therefore it cannot be directly correlated 

with the income segment of the consumer. In real life, it is also possible that a consumer 

belonging to the lower-income segment might buy a luxury car or single-person household 

might buy an SUV. But at the national level, vehicle segment distribution has remained 

uniform over the years. Thus, an agent in the model will always buy/lease a car/LCV from the 

assigned vehicle segment. This assumption also overcomes the irrationality in the buying 

preference of a consumer but to a limited extent. The vehicle segment distribution for the 

Netherlands is presented in Figure 14. 
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Figure 14 Passenger car and LCV segment distribution for the Netherlands [29], [64]. 

 

3.4.4. Influence of Externalities 

The decision-making process is entirely established on the Total Cost of Ownership (TCO) 

comparison, a purely rational approach. But in reality, the decision to buy a car is very 

personal and not always based on rationality. A household’s decision can be influenced by its 

concerning attitude towards climate change, having anxiety about range, or unavailability of 

charging infrastructure. However, the influence of the externality factor will diminish as more 

EVs penetrate the market. That is because as the number of EV increases, it will force the 

development of technology and infrastructure hence reducing the anxiety of consumer, 

which in turn accelerate the EV diffusion. Similarly, as the purchase cost of EV decreases in 

the future, the extra cost that a household will have to pay to adopt cleaner technology will 

also decrease, and so is the influence of buying decision. Therefore, the model neglects the 

psychological influence of external factors on the consumers’ buying process.  

3.5. Model Environment 

The model environment is where agents exist and interact with each other. These interactions 

may also be influenced by the characteristics of the environment. For the course of study, the 
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model environment represents the Netherlands. The parameters that are used to define the 

environment are described below: 

1. Cost of fuel. It is utilized in the TCO calculation for ICEVs. 

2. Cost of electricity/charging. It is utilized in the TCO calculation for EVs. 

3. Availability of subsidy. It is utilized in the TCO calculation for EVs. 

4. Annual change in Li-ion battery pack and fuel price. 

5. The number of households and the number of passenger cars and LCVs. 

3.6. Passenger EV Diffusion 

3.6.1. Agent: Household 

The population of the Netherlands is represented by 1000 household agents. It is assumed 

that only households will buy a passenger car. The parameters that are used to define the 

Dutch household are described as follow: 

1. Household driving pattern (Figure 15). It is used in the TCO calculation for both types 

of cars. Every household is assigned a value at the start of the simulation based on the 

Dutch population statistics. 

 

Figure 15 Dutch household driving pattern [65]. 

2. Household size distribution (Figure 16). The household size can vary from a single 

person to five persons with either one or two adults; only adults within the household 

will own a car. Hence a household can have zero, one, or two cars. 
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Figure 16 Dutch household size distribution [29]. 

3. Probability of an adult owing a car. It is used to assign car(s) to a household agent at 

the start of the simulation, it is calculated based on the current (by January 2020) 

number of passenger cars and the number of adults in the Netherlands. 

4. Probability of buying a new car. It is used to decide if an adult within a household 

without a car will buy a new car.  

5. Probability of leasing a car. Every household has two business model options for 

owning a car, i.e., direct purchase and lease; the parameter dictates the same 

decision. It is calculated based on the previous year’s trend for the Netherlands. 

3.6.2. Agent: Car 

At the start of the simulation, the model assigns cars to adults of every household. The 

following parameters characterize every car agent: 

1. Type of car (EV and ICEV). 

2. Mileage range of car (liters of fuel for ICEV and KWh of energy for EV for driving 

100km). 

3. Purchase/lease price and annual maintenance cost. 

4. Passenger car-segment distribution (Figure 14); every adult owning a car is assigned a 

car-segment (A: small and mini car, B: medium family car, C: large family car, D: Luxury 

car, E: executive car). An adult will always buy a new car for the same car-segment. 
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5. Age distribution of the existing cars on the road (Figure 17). Agents are assigned an 

existing age at the start of the simulation. It is utilized to decide if the car agent has to 

be replaced with a new one or not. 

6. The average car age. It is used to generate a normal distribution, which dictates the 

decision of replacement of the car. 

 

Figure 17 Age distribution of passenger cars in the Netherlands [39], [28]. 

 

As the simulation proceeds, at every time step, if a household decides to buy a new car, a new 

agent is added in the model, and if the household decides to replace their previous car, 

characteristics of the assigned car agent are updated correspondingly. The decision to buy a 

vehicle by household is governed by the buying module. 

3.6.3. Buying Module 

At every timestep, a buying module is triggered. This module is used to decide if a household 

agent will buy a new car, second new car, replace their existing car(s), or no car.  

 

If the household doesn’t have a car, a random uniform variable is generated which is 

compared with the threshold which is equal to vehicle purchasing probability for the 

Netherlands, if the variable is less than the threshold, the agent buys a new vehicle. Based on 
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ownership is assigned to the household. Then a TCO comparison is carried out between EV 

and ICEV. The car type with the lower TCO is the final result of the buying module. 

 

The TCO calculation consists of three parts. First, the initial purchase cost or the lease cost 

depending upon the type of ownership. This value for EV decreases with every timestep of 

the model and secondly, annual operation and maintenance costs. The operation cost is 

calculated using the driving pattern of the household, mileage of the car, and fuel/charging 

cost. The calculated annual operation and maintenance cost is then summed over the lifetime 

of car usage. If a household buys a new car, the lifetime value will be the average age of the 

car in the Netherlands. If a household replaces its car, then the age of the previous car is 

taken. The same condition is valid on both types of ownership. Lastly, direct subsidy on EV. 

The TCO calculation is illustrated in Figure 18. 

 

 

Figure 18 TCO calculation for passenger cars. 

If a household agent with two adults already has one car, the above mention process is 

repeated to check if it wants to buy a second car.  

 

The agent can also replace its existing car. The model generates a normal distribution with 

the average age of cars in the Netherlands as the distribution mean and compares it with the 
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age of the current car. If the variable is less than the age of the car, the agent decides to 

lease/purchase a new vehicle. It is assumed that the car-segment of the new car will always 

be the same as the previous car. The TCO comparison is carried out, and the household agent 

decides to lease/purchase the car with lesser TCO, and the characteristics of the car agent 

assigned to this household are updated. Finally, if the household already has two cars, the 

same process is also carried out twice. The decision tree is presented in Figure 19. 

 

 

Figure 19 Decision tree for buying a passenger car. 
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3.7. Commercial EV Diffusion 

3.7.1. Agent: Van 

The agent Van represents the LCV in the model. The Dutch LCV fleet is represented by 1000 

agents at the start of the simulation. Every agent is characterized by the following parameters: 

1. Type of van (EV and ICEV). 

2. Mileage (liters of fuel for ICEV and KWh of energy for EV for driving 100km). 

3. Purchase price and annual maintenance cost.  

4. Commercial sector distribution of LCVs (Figure 20). Every sector has a specific average 

age of vans and daily driving requirements. 

 

Figure 20 LCVs % distribution per commercial sector  in the Netherlands [29]. 

5. Van size distribution. It categorizes the van size as small, medium, and large. The value 

is assigned at the start of simulation to all Van agents.  

6. Van driving requirement. It is used in the TCO calculation for vans. Every agent is 

assigned a value at the start of the simulation based on the type of commercial sector 

of the van. 

7. Age distribution of the existing vans on the road (Figure 21). Agents are assigned an 

existing age at the start of the simulation. It is utilized to decide if the car agent has to 

be replaced with a new one or not. 
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Figure 21 Dutch LCV fleet age distribution [60]. 

At every time-step of the model, all Van agents are checked if they need to be replaced 

by a new van. This decision is carried out by the buying module. 

 

3.7.2. Buying Module 

The TCO calculation for LCVs is similar to that of Cars. The only difference is that direct subsidy 

is not available for LCVs. Figure 22 describes the TCO calculation of LCVs. 

 

 

Figure 22 TCO calculation for LCV. 

 

6.5

5.8 5.7

6.5 6.7

5.2 5.1

7.8

7

4.9 4.7

5.9

4.5
4.1

3.4 3.2

2.6

2

1.3
0.8

0.4 0.4 0.4

0

1

2

3

4

5

6

7

8

9

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

P
er

ce
n

ta
ge

 o
f 

to
ta

l f
le

e
t

Age (Years)

Age distribution of LCVs



  

 

 
Page |   

 

36 Graduation Project Report | S. Chourasia 

The decision-making process for Van is slightly different from the passenger car. As the 

simulation proceeds, the age of every agent is compared with the number generated by a 

normal distribution with the mean as the average age of Van in the commercial sector. If the 

age is higher, the model compares the different options of Vans available from the database. 

The decision to choose a new Van depends on two factors. Firstly, as the LCV are mainly used 

in commercial purpose, the TCO of the chosen vehicle should be the smallest so that the new 

van has the least cost for business operations. The TCO calculation for LCVs is similar to that 

of Cars. Figure 22 describes the TCO calculation of LCVs. Secondly, the vehicle should meet 

the driving range requirements for business operations. When both the conditions are 

satisfied, the agent Van is updated with new information on its characteristics. The decision 

tree is presented in Figure 23. 

 

Figure 23 Decision tree for LCV. 

3.8. Fossil Fuel Demand Calculations 

The demand for fossil fuel from ICEVs (both car and van) is calculated based on the outcome 

of the previous two sections. As the EVs penetrate in the Dutch market, every EV displaces 

the need for fossil fuel. This is calculated utilizing driving patterns and mileage assigned to 

every vehicle (both car and van). The agent level summation then generates national level 

displacement of fossil fuel demand at every timestep. 
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3.9. Model Variables 

Few of the parameters that define the model environment or agents change at every timestep 

based on trends and projections from literature research. Battery cost for the EV is the most 

critical varying parameter. The battery forms the majority of the EV purchase price, and hence 

as the battery cost decreases with every time step of the simulation, EV purchase price also 

decreases and hence TCO for EVs, making them more competitive against ICEV. The purchase 

price decrease is different for different segments of the vehicle (both car and van) as the 

battery cost in the total price of EV also varies. Other parameters that define the environment 

are the electricity price, fuel price, household population, and van population. All the 

parameters also vary at every time step based on the historical data for the Netherlands.  
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Chapter 4.  

Scenario development 

Forecasting of EV market share pictures a future state that might be achieved based on the 

different socio-technical elements of the system. Different future states are considered as 

scenarios. The process of scenario development can help actors in the regime to strategize 

suitable measures to catalyze the transition to more sustainable mobility. Moreover, it also 

provides insight to the industry stakeholder to make appropriate decisions for their business 

operations. The section discusses the development of three different scenarios for EV 

penetration in the Dutch vehicle fleet based on the critical parameter that can be influenced 

by the actors and the system. 

4.1. Parameters for Scenario Analysis 

Research conducted by Shafiei et al. considers fuel and EV cost for forecasting the EV market 

share in Iceland [63], the same is replicated by Noori et al. in the development of ABM for EV 

adoption in the US [66] and, by Zhuge et al. for Beijing [11]. The existing literature suggests 

that the key factors that drive the TCO of vehicle and consumer behavior are the vehicle 

purchase price, fuel price, and subsidy on vehicles [67]. Therefore, to check how the market 

share of EVs in the Netherlands evolves in the future, various scenarios can be defined based 

on the aforementioned parameters.  

4.1.1. Vehicle Purchase Price 

As more and more EVs penetrate the passenger car and LCV market, the initial purchase price 

of EVs will go down as a result of mass production and technological learning. However, it is 

difficult to comment on how fast this change will be. Almost 40-50% of the cost of an EV is 

the Li-ion battery cost. Battery prices, which were above $1,100 per kWh in 2010, have fallen 

by 87%, to $156/kWh in 2019. BloombergNEF forecasts the price of an average battery pack 

to be around $94/kWh by 2024 and $62/kWh by 2030 (Figure 24) [67]. The decreasing rate in 

the scenarios is based on the same projections. A 10% year-over-year(y-o-y) reduction of 

battery cost until 2025, followed by 5% y-o-y until 2030, is the expected change in the cost. 
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Along with this, a higher growth scenario and lower growth scenario are ideated with a higher 

and slower rate of change, respectively. 

 

Figure 24 Bloomberg Battery Curve (Price Forecast) [68]. 

4.1.2. Fuel Price 

Gasoline and Diesel price change is based on the average annual change for the last 5 years 

for the Netherlands. From 2015 to 2020, gasoline price changed with a rate of 3% y-o-y 

whereas, diesel price changed with a rate of 5% y-o-y (Table 2) [68]. This value is taken as the 

expected change. Similarly, as the battery price changes, a higher growth scenario, and lower 

growth scenario are developed with a higher and slower rate of change for fuel prices, 

respectively. 

Table 2 Historic fossil fuel prices in the Netherlands [6]. 

Year 
Euro 95 

(euro/liter) 

Annual Change 

(%) 

Diesel 

(euro/liter) 

Annual Change 

(%) 

2010 1.431 - 1.091 - 

2011 1.583 10.6 1.268 16.2 

2012 1.651 4.3 1.386 9.3 

2013 1.724 4.4 1.441 4 

2014 1.697 -1.6 1.44 -0.1 

2015 1.501 -11.5 1.207 -16.2 

2016 1.438 -4.2 1.067 -11.6 
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2017 1.563 8.7 1.256 17.7 

2018 1.576 0.8 1.283 2.1 

2019 1.496 -5.1 1.268 -1.2 

2020 1.689 12.9 1.422 12.1 

Average annual change (10 years) 1.9  3.2 

Average annual change (5 years) 2.6  3.8 

 

4.1.3. Subsidy for EVs 

Currently, there is a direct subsidy in the Netherlands, for the next 5 years (2020-2025), of 

€4000 available for the EVs with a retail price lesser than €45,000 [63].This scheme is meant 

to stimulate market dynamics and promote emerging technology against the existing ones. 

Hence, it is meant to exist for a short timespan as it is also a financial burden for the 

government. For scenario development, the subsidy will either exist with the same amount, 

reduced amount, or will not exist for the period from 2025 to 2030. 

4.2. Scenario Ideation 

As the aim of the study is to assess how fossil fuel demand will fluctuate in a broader context 

due to the electrification of transport and not to evaluate the implication of different socio-

technical elements on EV adoption. The conceptualization of scenarios is inspired by the study 

carried for the US, which investigates the impact of EV adoption on the electricity grid [39].  

Therefore, scenarios are developed based on: what if EV witness high growth, medium 

growth, and low growth in the future. The three different scenarios are described as follows:  

 

Expected Scenario (Business-as-usual) 

It is the scenario that will present the best estimate of the most likely future. This scenario is 

constructed by gathering available data on current trends and forecasts on the development 

of EV technology. 

 

Visionary Scenario (High growth) 

In such a scenario, all the elements that drive the environment collectively, create surprisingly 

positive outcomes for the EV. The ideation pictures a desirable future state, which is based 
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on favorable developments in policy and technology for EVs. Thus, it assumes a rapid EV cost 

decline, high carbon taxes on fossil fuel, and generous government subsidy . 

 

Challenging Scenario (Low growth) 

This scenario emphasizes the challenges for EV deployment. In this scenario, a more 

significant consideration is given to the existing and potential barriers, risks, uncertainties, 

and events that will negatively impact the development. This is quantified as a slow learning 

rate of EV technology, low fossil fuel price, and no incentives from the government. 

 

Based on the expected changes, the three different scenarios developed with the 

combination of the selected parameters are described in Table 3. 

Table 3 Summary of Scenarios. 

Scenarios 
Change in 

Battery Cost  

Direct 

Subsidy 

Change in         

Fuel Price 

Visionary 

Scenario 

2020-2025 14% 4000 euros High 

Gasoline: 5% y-o-y 

Diesel: 7% y-o-y 

2025-2030 7% 4000 euros 

Beyond 2030 Until 50$/kWh Nil 

Expected 

Scenario 

2020-2025 10% 4000 euros Medium 

Gasoline: 3% y-o-y 

Diesel: 5% y-o-y 

2025-2030 5% 2000 euros 

Beyond 2030 Until 50$/kWh Nil 

Challenging 

Scenario 

2020-2025 6% 4000 euros Low 

Gasoline: 1% y-o-y 

Diesel: 3% y-o-y 

2025-2030 3% Nil 

Beyond 2030 Until 50$/kWh Nil 

 
 



  

 

 
Page |   

 

42 Graduation Project Report | S. Chourasia 

Chapter 5.  

Result Analysis 

5.1. EV Forecast 

Based on the different scenarios simulated, electrification of the passenger cars will reach 

50% between 2034 to 2040. In the visionary scenario, the pace of EV diffusion is faster as 

compared to the other scenario, as it was expected. The availability of greater subsidy 

coupled with high fuel prices and a rapid decline in battery cost favors EVs to penetrate faster 

in the market. Whereas, in the Challenging scenario, EVs struggle to compete with ICEV in the 

initial years, and hence the market is dominated by ICEVs. Nonetheless, it is important to 

notice that in the long term, for all scenarios, 90% EV penetration is achieved at almost the 

same time. That is because once the TCO becomes lesser for EVs as compared to ICEVs, it just 

the matter of annual sales of passenger cars. As the TCO is same, the agent always buys an 

EV. The slope of forecast is steeper in initial years for Visionary scenario as the TCO is lower 

for EVs and starts to flatten up as higher penetration of EVs is achieved. It takes 7 years to 

reach 25% penetration, another 7 years for 50% penetration, and so is for 75%. On the other 

hand, the slope of the forecast is relatively slower for the challenging scenario in the initial 

years but catches up as battery price keeps decreasing. It takes 12 years from 2020 to reach 

25% EV penetration but only 8 years for the next 25%. The Expectable scenario represents an 

intermediate result of the other two scenarios. The initial 25% penetration is relatively slower 

as compared to the visionary scenario and takes 10 years from 2020. Although the next 25% 

is achieved at a faster pace, within the timeframe of 7 years, same as visionary scenario but 

slower than challenging scenario. Same as passenger car forecast, LCV forecast follows the 

same trend. However, the time difference in reaching 50% electrification is wider, i.e., 10 

years in different scenarios. This is due to the unavailability of the subsidy, and therefore TCO 

is mainly driven by the battery cost. As LCV is meant to carry heavier loads, it needs a bigger 

battery for the same range. Hence, battery cost represents the largest part of the LCV cost. 

Moreover, as LCVs travel more as compared to passenger cars, their operational cost is also 
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higher, and hence LCVs diffusion is significantly dependent on fuel price. The ABM output is 

shown in Figure 25 and Figure 26 and summarized in Table 4. 

 

Figure 25 Passenger vehicle forecast. 

 

Figure 26 LCV forecast. 
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Table 4 Summary of the ABM output. 

Forecast 
Visionary Scenario Expectable Scenario Challenging Scenario 

T25 T50 T75 T90 T25 T50 T75 T90 T25 T50 T75 T90 

Percentage EV 

Share in Car Fleet 
2027 2034 2041 2049 2030 2037 2043 2052 2032 2040 2048 2056 

Percentage EV 

Share in Van Fleet 
2029 2034 2041 2053 2031 2037 2044 2058 2035 2044 2051 2060 

 

Where, 

T25: Year when 25% EV share is achieved, T50: Year when 50% EV share is achieved  

T75: Year when 75% EV share is achieved, T90: Year when 90% EV share is achieved  

5.2. Fossil Fuel Demand Forecast 

The model predicts that gasoline demand will reduce by half between 2030-2035 in all 

scenarios and will be almost negligible by 2045-2050. Gasoline demand originates entirely 

from passenger cars, and it is crucial to notice that the reduction is faster than the 

electrification of passenger cars (50% electrification is achieved between 2034-2040). This is 

because EVs are more economical for the consumer with greater driving requirements. 

Hence, ICEVs requiring a higher gasoline amount per km are the ones replaced by EVs in initial 

years, and ICEVs requiring lesser gasoline amount per km are replaced later. This translates 

into a higher rate of change in gasoline demand than electrification. In the case of diesel 

demand, LCVs and passenger cars only contribute to a fraction of the diesel demand as it is 

diesel is also consumed by other modes of transport, mainly heavy commercial vehicles. So, 

in the study time frame, the demand only drops by 50% in all scenarios and differences. By 

2030, there would be a 20% decrease in diesel demand in the visionary scenario and only a 

10% decrease in the challenging scenario. This difference increases by 2040, where there 

would be approximately 40%, 35%, and 25% decrease visionary, expectable, and challenging 

scenario, respectively. The difference in the rate of decrease is because of the dependency of 

LCVs on the battery price change and operational fuel cost in TCO. The ABM result is shown 

in Figure 27 and Figure 28. 
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Figure 27 Gasoline demand forecast for passenger cars under three scenarios. 

 

Figure 28 Diesel demand forecast for passenger cars and vans under three scenarios. 
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5.3. Result Validation 

The validation of ABM output can be carried out by an indirect calibration approach. It is the 

comparison of aggregated statistics of the bottom-up dynamic model with the real statistics. 

 

The developed ABM model calculates the average age of vehicles (passenger car and LCV) 

under different business models (leased and owned). The average age of leased vehicles is 

comparable to average leasing lifespan, which varies between 4-5 years [28]. The lifespan of 

LCV in the Dutch fleet is approximately 9-11 years[69] also similar to the average age of LCVs 

in the model (Figure 29). On the contrary, in the case of purchased passenger cars, the 

average lifespan is higher in the model as compared to real values. 

 

Similarly, the annual registration of passenger cars and LCV is nearly 5% and 7%, respectively, 

for the Netherlands [18]. The same is observed to vary around the actual values (shown in 

Figure 29). The fluctuation is a result of the stochastic nature of the model, but the values can 

be considered near to the real values. 

 

 

Figure 29 Aggregated statistics of average age and annual registration of vehicles in the developed ABM. 

 
Lastly, the gasoline demand is calculated using driving pattern distribution and vehicle 

segment-specific mileage of ICEVs. The model estimates 4929 million liters of gasoline 

demand for 2020. Whereas, the average gasoline consumption in the Netherlands is 5300 

million liters [70]. However, a small fraction of the gasoline is also consumed by two/three-

wheeler, which elucidates the difference in the estimated and real value. 
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Chapter 6.  

Case Study: Impact on Fossil Fuel Storage Facility 

in the Netherlands 

As EVs diffuse in the Dutch passenger car and LCV market, they will also displace the demand 

for diesel and gasoline. Therefore, EV diffusion will impact the fossil fuel industry and its 

stakeholders the most. This section tries to assess how the national level forecast of gasoline 

and diesel demand translates to the fossil fuel storage facility in the Netherlands.  

6.1. Koole Terminals 

Koole Terminals is an independent international storage and transport company specializing 

in vegetable oils and fats, oleochemicals, waxes, biodiesel, base oils, non-hazardous 

chemicals, and minerals. The company operates at Rotterdam, Zaandam, Nijmegen, 

Avonmouth, Liverpool, and Gdynia [18]. Its Rotterdam port also serves as the gateway for 

gasoline and diesel distribution for Europe. In the past 3 years, Koole’s Rotterdam port has 

distributed 760-780 million liters of gasoline annually within the Netherlands. It served for 

approximately 14% of the national level gasoline demand (Table 5). 

 

Table 5 Koole's Rotterdam terminal annual gasoline throughput [18]. 

Year 

Gasoline 

demand in the 

Netherlands 

(million lit annually) 

Annual 

Change 
 (%) 

Koole's Gasoline 

Throughput 
(million lit annually) 

Annual 

Change  
(%) 

Koole's share 

in National 

demand 
 (%) 

2016 5181.18 - 633.048 - 12.22 

2017 5364.3 3.5 759.044 19.9 14.15 

2018 5501.43 2.6 785.564 3.5 14.28 

2019 5620.84 2.2 779.376 -0.8 13.87 
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Due to the unavailability of the past data and expansion of its storage facilities, it was not 

possible to establish a correlation between national level gasoline demand and Koole’s annual 

throughput. Thus, assuming a direct correlation, an average share in national level gasoline 

supply and, ABM output for gasoline demand, the forecast of was generated. It is estimated 

that the company will witness a decline of 50% in storage demand between 2030-2035 in 

different scenarios and almost zero demand by 2050 (Figure 30). However, equal distribution 

of the decrease in demand over all storage facilities is not a reasonable assumption. In a real 

scenario, the translation will be different for every company. The accurate estimation will 

require in-depth knowledge of all storage providers, which is hard to access. Even port level 

data is not available publicly. Nevertheless, thinking from an economic point of view, large-

scale storage providers will anticipate less impact as compared to small companies.  

 

Figure 30 Estimated decrease in Koole’s Rotterdam terminal's annual gasoline throughput. 

 

Similarly, the company distributed approximately 850-900 million liters diesel annually within 

the Netherlands in the past 3 years. It served nearly 10.8% of the national diesel demand, less 

than it served for gasoline (Table 6). 
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Table 6 Koole's Rotterdam terminal annual diesel throughput [71]. 

Year 

Diesel demand 

in the 

Netherlands 

(million lit annually) 

Annual 

Change  
(%) 

Koole's Diesel 

Throughput 
(million lit annually) 

Annual 

Change 
 (%) 

Koole's share in 

National 

demand 
 (%) 

2016 7535.73 - 825.084 - 10.95 

2017 7760.61 3 850.356 3.1 10.96 

2018 7986.13 2.9 782.86 -7.9 9.8 

2019 7785.01 -2.5 906.672 15.8 11.65 

 

Same as gasoline projections, diesel demand was forecasted assuming a direct correlationof 

the average share in national level diesel supply to the ABM output for diesel demand. In this 

case, the demand doesn’t go beyond 50% in the study timeframe. That is because the demand 

for diesel also comes from other vehicles apart from LCV and passenger cars (Figure 31). 

 

Figure 31 Estimated decrease in Koole’s Rotterdam terminal's annual diesel throughput. 
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As demand for fossil fuel is expected to decrease in the future, demand for biofuel is expected 

to increase, at least in the near future. Biofuel is not only a good alternate for reducing GHG 

emission but could also help in a gradual and smooth transition towards zero-emission 

mobility allowing sufficient time to develop enabling conditions for EV development. 

 

6.2. Biofuel for Transportation Sector 

Since 2003 all the EU Member States undertake efforts to increase the share of biofuels (or 

other types of renewable energy) in the transport sector. As Europe desired to expand the 

use of energy from renewable sources, the European Commission (EC) established Renewable 

Energy Directive (RED) (2009/28/EC) setting targets to stimulate the use of sustainably 

produced biofuels. All EU countries were required to ensure that at least 10% of their 

transport fuels come from renewable sources by 2020. Fuel suppliers were also required to 

reduce the GHG intensity of the EU fuel mix by 6% by 2020 in comparison to the 2010 level 

[72]. 

 

The use of biofuels can  significantly reduce GHG emissions from the transportation sector. 

There are different types of biofuel, like biobutanol, biogas, bioethanol, and biodiesel. Most 

biofuels are made from plant material, like sugar cane, maize, palm oil, rapeseed, and other 

grains. These raw materials often come from tropical countries, and their production may 

come at the cost of food crops and in the indirect change in land use (ICLU) that can occur 

through the production of biofuels. For example, when the use of agricultural land for food 

production changes to land use for biofuel production, food demand still needs to be met. 

This can be done, by intensifying current food production, or by using non-agricultural land 

elsewhere. In the latter case, food production is as it were, displaced to a different location. 

The production of biofuels, therefore, indirectly causes a change in land use. When this 

indirect change in land use leads to the conversion of land with a high carbon stock (for 

example, forests or peat soils), it can result in high GHG emissions. This could have a 

significant effect on CO2 saving from the biofuel [73]. 

 

To overcome the above-mentioned problem, in December 2018, the recast Renewable 

Energy Directive (RED2) (2018/2001/EU) entered into force. The new directive moves the 
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legal framework to 2030 and sets a new binding target of 14% renewable energy in the 

transportation sector for the EU member states and strengthened criteria for ensuring biofuel 

sustainability. Biofuels can also be made from waste, such as agricultural waste, used frying 

fat, woodchips, or algae. This does not take up any extra agricultural land and hence are 

proven to be more sustainable [74]. 

6.2.1. Biofuel in the Netherlands 

The Netherlands implemented the EU Directive in national legislation by gradually increasing 

the proportion of energy from renewable sources such as biofuels for road transport. Both 

previously mentioned obligations have been converted into Dutch Energy and Transport 

legislation and regulations. Companies that supply fuels to the Dutch transport market have 

obligations under these laws and regulations. The Dutch Emissions Authority (NEA) is the 

implementing organization and supervisor for Energy for Transport. Companies that supply 

fuels to transport are obliged to use an increasing annual share of renewable energy, from 

12.5% in 2019, rising to 16.4% in 2020. The annual obligation is further divided with a sub-

objective for the use of advanced biofuels and a limit on the use of conventional biofuels [75]. 

The annual obligation is expressed in 'renewable fuel units’ (HBE). One HBE is created when 

a quantity of 1 gigajoule (GJ) of renewable energy is supplied to the Dutch transport market 

and is registered in the Register for Energy for Transport (REV). Renewable energy includes 

deliveries of sustainable (certified) biofuels to the Dutch transport market and (the renewable 

part of) electricity supplied to road vehicles in the Netherlands. Due to the sub-objective and 

the limit, three types of HBEs are distinguished as HBE-Advanced, HBE-Conventional, and 

HBE-Other. The type of raw material of the biofuel determines which type of HBE is obtained.  

Companies meet their annual obligation if they have sufficient HBEs in their account in the 

REV by 1 April at the latest for the total obligation that applied for the previous calendar year, 

with a minimum of HBE- Advanced and a maximum of HBE- Conventional. In addition, HBE-

Other can also be used for the total objective. To have sufficient HBEs on account, companies 

can choose whether they supply renewable energy themselves and register (book-in) and 

thus create HBEs, or whether they buy HBEs from other companies [76]. 
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In addition to the annual obligation, companies that supply fuels must also ensure that the 

GHG emissions of their fuels will be reduced by 6% from 2020 compared to the baseline value 

for 2010. This is the reduction obligation. The reduction obligation concerns the reduction of 

GHG emissions in the entire fuel chain, from extraction to use in transport. The use of 

renewable energy in transport makes an essential contribution in achieving the reduction 

obligation as the GHG emissions of the various forms of renewable energy are lower than 

those of fossil fuels [77].  

 

In 2019, the Netherlands reported a total of 458.2 million-gigajoule (mGJ) in gasoline and 

diesel deliveries to which the mandatory renewable energy share applies. The total amount 

of gasoline and diesel deliveries in 2019 was almost the same as in 2018. However, the 

mandatory share of renewable energy rose from 8.5% in 2018 to 12.5% in 2019. This resulted 

in a significantly higher annual obligation, 57.3 mGJ in 2019, compared to 39.6 mGJ in 2018. 

The biofuel consumption in the Netherlands is presented in Table 7. 

 

Table 7 Biofuel consumption in the Netherlands [75]. 

Year 

Biogasoline 

consumed in the 

Netherlands 

(million liters) 

Gasoline 

consumed in the 

Netherlands 

(million liters) 

Share of 

Biogasoline in 

Gasoline 

consumption (%) 

Biodiesel 

consumed in the 

Netherlands 

(million liters) 

Diesel consumed 

in the 

Netherlands 

(million liters) 

Share of 

Biodiesel in 

Diesel 

consumption (%) 

2010 278 5413.43 5.14 121 8914.66 1.36 

2011 309 5499.53 5.62 221 9014.42 2.45 

2012 258 5245.79 4.92 270 8741.59 3.09 

2013 259 5116.35 5.06 249 8127.15 3.06 

2014 266 5052.91 5.26 316 7619.63 4.15 

2015 295 5057.7 5.83 229 7637.6 3 

2016 250 5181.18 4.83 175 7535.73 2.32 

2017 267 5364.3 4.98 260 7760.61 3.35 

2018 354 5501.43 6.43 486 7986.13 6.09 

 

 

 



  

 

 
Page |   

 

53 Graduation Project Report | S. Chourasia 

The share of the 'advanced' category has increased significantly since the introduction of sub-

objective, from 0.1% in 2017 to 1.9% in 2019. In 2019, more than twice as much advanced 

biofuel was delivered as needed for the 0.8% sub-target. This increase indicates that the 

implemented policy to stimulate the use of waste and residues in biofuels is working. The 

share of conventional biofuels is 1.2% and has, therefore, remained well below the set limit. 

The low percentage of conventional biofuel is impressive because the E10 obligation has also 

been in place since October 2019 (the mandatory offering of gasoline with at least 8.5% 

bioethanol). Bioethanol is often made from (sugar and starchy) crops. The introduction of the 

E10 obligation consequently created the expectation that the share of conventional biofuels 

will increase. The fact that this didn’t happen is partly due to the increasing use of bioethanol 

produced from waste streams (in particular low-quality starch slurry) in 2019 [75].  The 

different type of biofuels in use are defined below: 

 

Diesel substitutes 

As in previous years, fatty acid methyl ester (FAME) is by far the most significant biofuel within 

the group of diesel substitutes, but the share is considerably smaller than in previous years. 

This is due to the enormous growth of Hydrotreated Vegetable Oil (HVO), approximately 10 

times as much as in 2018. FAME can only be mixed into the diesel up to a volume of 7%. 

Whereas, HVO has the greater advantage that it is technically high-quality and can be mixed 

to a high degree. It can even be supplied pure (as a B100) to the market. Due to the ever-

increasing annual obligation, companies are focused on using more HVO [75]. 

 

Gasoline substitutes 

Bioethanol is the main gasoline replacement used. Bionaphtha also played an important role. 

Bionaphtha can be added additionally to bioethanol in gasoline. The use of bionaphtha, 

therefore, offers fuel suppliers the opportunity to achieve a higher proportion of biofuel in 

gasoline than only with the limited admixture (10%) of bioethanol, while still meeting the fuel 

quality requirements. Other gasoline replacements are only used to a very limited extent [75]. 
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Other liquid biofuels 

In addition to the diesel and gasoline replacements mentioned above, there was also a 

substantial increase in voluntary deliveries of biofuel to inland, maritime, and aviation, 

contributing 8% of all renewable energy for transportation (up from 3% in 2018). Though 

these biofuels played an insignificant role in the total supply of renewable energy, supply to 

these sectors is still in a start-up phase [65]. 
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Chapter 7.  

Discussion and Conclusions  

The century-old incumbent regime of the transportation system is now receiving enormous 

pressure from the social-technical landscape (because of rising GHG emissions and 

dependency on fossil fuel). Innovations like EVs, V2X, and Li-ion battery technology  develop 

in the niche and also receive support from various actors of the socio-technical regime. As the 

existing ICEV dominated incumbent regime makes the transition towards an EV dominated 

regime, the majority of the fossil fuel industry stakeholders will be eliminated and suffer a 

substantial adverse impact on their business operations. Most of the oil giants like Shell, 

British Petroleum, and Chevron have already started to invest in the development of the 

charging infrastructure, and many others look for new business opportunities. 

 

The ABM developed for the study predicts the Netherlands will witness a decline of 50% in 

the gasoline demand between 2030-2035 in different scenarios and almost zero demand by 

2050. In the case of diesel, the demand declines only by 50% by the end of the study 

timeframe (2060). That is because the demand for diesel also originates from other vehicles 

(such as heavy-duty vehicles) apart from passenger cars and LCVs. Nevertheless, the results 

assume that other modes of transportation remain the same, which will not hold true in real 

life. Moreover, due to stricter regulations on emissions and fuel quality, the efficiency of ICEV 

is expected to improve in the future. This will further decrease the demand for fossil fuel, 

which is also not captured in the ABM. 

 

Unlike other stakeholders such as oil exploration and production companies and, refineries 

which might go entirely out of fossil fuel business (business serving transportation system), 

storage facility providers can still transform their business operations by exploring new 

opportunities with biofuel storage. All EU member states are required to achieve 14% 

renewable energy share in the energy delivered to the transportation sector under the new 

Renewable Energy Directive (RED2) (2018/2001/EU). Heavy vehicle transport is not expected 
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to electrify in the near future, and so are aviation and shipping [78]. Biofuel presents a good 

alternative to avoid fossil fuel usage and keep GHG emissions under control.  

 

However, it is also important to acknowledge that some biofuels are also responsible for the 

depletion of natural resources. Biofuels currently sold on the market have significant 

differences in terms of how sustainable they are. Biofuels are linked to food crises and indirect 

land-use change (ILUC). Producing food is already causing worldwide depletion of aquifers, 

deforestation, and severe soil erosion. Multiplying agriculture output to produce more biofuel 

is therefore highly controversial. Nevertheless, new types of biofuels, such as the one 

containing a high proportion of waste and residue, are also emerging and are perceived to be 

relatively more sustainable. Fuel suppliers and storage providers should actively look and 

market such biofuels that achieve higher GHG emissions reduction. Biofuels are not only a 

good alternative for reducing GHG emission but can also provide a smooth and gradual 

transition towards zero-emission mobility by providing sufficient time to ensure the enabling 

conditions for EV deployment. 

 

The diffusion of EVs is not just dependent on technology development but requires an all-

round support from transportation system actors. Fossil fuel industry stakeholders have 

vested interests as they will be the ones losing the most. The current regime actors comprise 

a lock-in mechanism of stabilizing the established regime of automobility. Thus, vehicle 

manufacturers and policymakers need to play a vital role in stimulating the future pace and 

directionality of the mobility transition. The path of the transition process is expected to 

follow either a de-alignment and re-alignment pathway or a reconfiguration pathway 

depending upon the types of policy interventions and also on the future improvement of 

multiple technologies. Effective policy instruments and strategic interventions should be 

introduced across the regime and niche levels. Increased investment in infrastructure 

development will also lead to amplified acceptance of EV among consumers and, in return, 

improve the learning curve of the technology.  

 

At present, EVs are accompanied by many challenges for consumer acceptance. The initial 

purchase price of the vehicle is the primary identified challenge. Unavailability of charging 
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infrastructure and constraints on the driving range of the EV further creates a negative 

perception among consumers. But as early adopters prove the usability of EVs, it will 

accelerate the technology and infrastructure to development, and thus overcome the cost 

barrier and range anxiety, respectively. This, in turn, will create a positive feedback loop, 

further promoting the consumer acceptance of EVs.  

 

Another potential approach to overcome the purchase price barrier is to make available 

different business models for vehicle adoption. The traditional business model for vehicles is 

the full ownership of the vehicle with a one-time payment of full purchase price. This widely 

accepted model, however, constitutes some obstacles when it is applied in the case of EVs. 

The high purchase price, which has to be paid at once, creates a financial barrier for many 

potential consumers. Moreover, consumers are concerned about the multiple risks 

surrounding EV, including battery life, maintenance accessibility, rate of technology 

development, and residual value. Leasing vehicles is a promising alternative to avoid the 

previously mentioned problems. Consumers do not have the ownership of the car, nor do 

they pay the purchase price upfront. Instead, they have exclusive access to the car for a 

certain period by making a fixed monthly payment. Leasing vehicles has been perceived as an 

attractive alternative in the Netherlands for the past few years. The Netherlands also provides 

fiscal benefits to the consumers leasing an EV instead of ICEV. 

 

The availability of subsidy accelerates the electrification of the passenger car fleet. A 

difference of 6 years is observed for achieving 50% electrification in different scenarios. The 

same electrification for the LCV fleet is spread over 10 years. This is because of the 

unavailability of subsidy for LCVs, and therefore TCO is mainly driven by the battery cost. 

Hence, to achieve higher penetration of EVs in the LCV market, a rapid decline in battery cost 

is vital. Furthermore, for the electrification of both passenger cars and LCV, a higher carbon 

tax on fossil fuel is required. Key findings of the study are summarized in Table 8. The Dutch 

government has set targets of 20% electrification of passenger car fleet by 2030, which is 

lower than the results of expectable (business as usual) scenario. The difference in the 

outcome can be explained by the limitations of the developed ABM discussed in the next 

section. 
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Table 8 Summary of the key findings of the study. 

Forecast 

Visionary 

Scenario 

(high growth) 

Expectable 

Scenario 

(business as usual) 

Challenging 

Scenario 

(low growth) 

Passenger Car 

2030 35% 26% 17% 

2040 72% 65% 53% 

LCV 

2030 33% 23% 12% 

2040 73% 64% 38% 

Gasoline Demand 

(from 2020 level) 

2030 55% 64% 71% 

2040 25% 31% 38% 

Diesel Demand 

(from 2020 level) 

2030 80% 86% 91% 

2040 61% 65% 76% 
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Chapter 8.  

Limitations and Future Work 

The ABM is developed on the foundation of TCO comparison. Though it provides a good basis 

to model the consumer buying process, it does not entirely replicate the real-world scenario. 

Not all consumer does not take TCO into consideration while buying a vehicle and give more 

weightage to the initial purchase price of the vehicle. Every individual perceives the 

investment they make in different ways. The concept of personal Net Present Value (how an 

individual perceives an investment it makes) can be utilized to improve the decision-making 

process. Additionally, the strict TCO comparison makes decision-making a very rational 

process. Even with €1 difference, consumers will always choose the least TCO, which again 

deviates from reality. The strict TCO comparison can be improved by assuming a range in TCO 

difference and then using other characteristics like environmental consciousness or long-

distance travel requirement of consumers to make the buying decision.   

 

The study also falls short in capturing the influence of psychological factors such as 

environmental consciousness and range anxiety. The decision to adopt new technologies also 

depends on the process of word-of-mouth, social influences, and imitation. However, the 

inclusion of such factors is very complex as it varies for every individual. The quantification of 

such influence in decision-making can be achieved by conducting public surveys.  

 

In the ideated Visionary scenario, it is assumed that EV price declines rapidly, fuel prices are 

high along with the availability of subsidy, and similarly, in the challenging scenario, it is 

assumed that EV price decreases slowly, fuel prices are low, and there is no subsidy available. 

From a logical point of view, it should have been the other way around. A subsidy is meant to 

lower the financial barrier. So, if EV price is low and fuel prices are high, there will not be a 

need for subsidy as assumed in visionary scenario. Similarly, the government would provide 

subsidy when EV price is high, and fuel price is low. This was realized at the very last stage of 

the study and hence could not be improved. However, the aim of the study was to assess the 
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impact on fossil fuel demand under high, medium, and low growth for EVs and the ideated 

scenarios provide a reasonable foresight for the same. 

 

Finally, emerging technologies such as V2X, autonomous vehicles, and car-sharing along with 

electrification of heavy commercial transport possess immense potential to accelerate the EV 

adoption. Such transition will also contribute to the decline of fossil fuel demand and would 

be interesting for the fossil fuel industry stakeholders to make strategies and better decisions. 
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Appendix 

Appendix A 
 
A.1. Data used for household agent characterization in the ABM 

Table 9 Household Size Distribution in the Netherlands [64]. 

Household Size Distribution in the Netherlands 

Type Percentage 

1 adult 38.4 

2 adults 28.4 

2 adults 1 child 9.8 

2 adults 2 children 11.6 

2 adults 3 children 5.2 

1 adult 1 child 4.5 

1 adult 2 children 2.1 

1 adult 3 children 0.7 
 

Table 10 Driving Pattern Distribution in the Netherlands [64]. 

Driving Pattern Distribution in the Netherlands 

Km Percentage 

0 - 10 km 29.4 

10 - 20 km 22.1 

20 - 30 km 16.5 

30 - 40 km 14.7 

40 - 60 km 9.2 

60 - 70 km 6.6 

70 - 100 km 1.5 

 
 

Table 11 Passenger Car Segment Distribution in the Netherlands [29]. 

Passenger Car Segment Distribution in the Netherlands 

Segment Percentage 

A: Compact/Mini 10 

B: Small Family Car 20 

C: Large/Medium Family Car 40 

D: Executive 20 

E: Luxury/Sports/Others 10 
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A.2. Data used for passenger car agent characterization in the ABM 

Table 12 Passenger Car Life Distribution in the Netherlands [39]. 

Passenger Car Life Distribution in the Netherlands 

Age Percentage 

<1 year 5 

1-3 years 10.6 

3-5 years 10.3 

5-7 years 9.8 

7-9 years 12.3 

9-12 years 14.9 

12-15 years 13.4 

15-20 years 15.6 

> 20 years 8.1 

 
 

Table 13 Passenger Car Lease Contract Distribution in the Netherlands [7]. 

Passenger Car Lease Contract Distribution in the Netherlands 

Time Percentage 

0-1 year 1 

1-2 years 10 

2-3 years 19 

3-4 years 29 

4-5 years 41 

 
 

Table 14 Available ICEV Models in the Netherlands [79]. 

Available ICEV Models in the Netherlands 

Segment 
Purchase Price 

(€) 
Mileage 

(liter/100km) 

Annual 
Maintenance 

Cost (€) 

Monthly Lease 
Price (€) 

A 14,000 7.3 600 250 

B 20,000 8.7 600 300 

C 35,000 9.4 900 400 

D 50,000 10.7 900 500 

E 70,000 11.2 1,200 700 
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Table 15 Available EV Models in the Netherlands [29]. 

Available EV Models in the Netherlands 

Segment 
Purchase Price 

(€) 
Mileage 

(kwh/100km) 

Annual 
Maintenance 

Cost (€) 

Monthly Lease 
Price (€) 

A 35,000 12.2 300 300 

B 45,000 15.3 300 300 

C 60,000 17.7 450 450 

D 75,000 20.6 450 450 

E 1,20,000 23.4 600 600 
 
 
A.3. Data used for van agent characterization in the ABM 

Table 16 LCV Age Distribution in the Netherlands [28]. 

LCV Age Distribution in the Netherlands 

Start End Percentage 

0 1 6.5 

1 2 5.8 

2 3 5.7 

3 4 6.5 

4 5 6.7 

5 6 5.2 

6 7 5.1 

7 8 7.8 

8 9 7 

9 10 4.9 

10 11 4.7 

11 12 5.9 

12 13 4.5 

13 14 4.1 

14 15 3.4 

15 16 3.2 

16 17 2.6 

17 18 2 

18 19 1.3 

19 20 0.8 

20 21 0.4 

21 22 0.4 

22 23 0.4 
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Table 17 LCV Commercial Sector Distribution in the Netherlands [28]. 

LCV Commercial Sector Distribution in the Netherlands 

Sector 
Number of 

LCVs 

Percentage in 
Dutch LCV fleet 

(%) 

Average 
Age (year) 

Average Annual 
Driving 

Requirement (km) 

Construction 229800 27 8.3 20000 

Trade 158100 19 8.7 22000 

Private individuals 93700 11 8.7 21000 

Rental and other 
commercial services 

77400 9 7.5 22500 

Industry 65400 8 8 22000 

Agriculture, forestry and 
fisheries 

45100 5 11.3 18000 

Specialist commercial 
services 

39000 5 8.5 22000 

Transport and storage 36700 4 7.3 30000 

Hospitality and catering 18400 2 10.3 18000 

Other 85700 10 8.7 21000 

 

Table 18 LCV Segment Distribution [28]. 

LCV Segment Distribution 

Size 
Percentage in Dutch LCV 

fleet (%) 
Number of LCVs 

Small 36 316000 

Medium 46 400000 

Large 18 160000 

 
 

Table 19 Available LCV Models in the Netherlands [7]. 

Available LCV Models in the Netherlands 

LCV Type 
Purchase Price 

(€) 
Mileage 

(liter/100km) 

Annual 
Maintenance 

Cost (€) 

Monthly Lease 
Price (€) 

Small 20,000 5 2,000 350 

Medium 25,000 5.9 2,500 450 

Large 30,000 6.7 2,500 600 
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Table 20 Available Electric-LCV Models in the Netherlands [79]. 

Available Electric-LCV Models in the Netherlands 

LCV Type Range (km) 
Purchase 
Price (€) 

Mileage 
(kwh/100km) 

Annual 
Maintenance 

Cost (€) 

Monthly 
Lease Price 

(€) 

Small 60 35,000 20.12 1,000 500 

Small 110 40,000 22.14 1,000 600 

Small 160 55,000 23.75 1,000 700 

Medium 60 65,000 33.14 1,500 600 

Medium 110 80,000 35 1,500 750 

Medium 160 95,000 37.69 1,500 900 

Large 60 70,000 32.73 1,500 700 

Large 110 90,000 37 1,500 850 

Large 160 105,000 39 1,500 1,000 

 

A.4. Available EV models in the Netherlands 

 
Table 21 Available EV models in the Netherlands [7]. 

Brand/Model Segment Electric range Price 
Available 

since 

Lexus UX 300e Electric C 230 - 310 km € 49,990 Jun. 2020 

Polestar 2 D 360 - 490 km € 59,800 Jun. 2020 

Hyundai Kona Electric 39 kWh B 210 - 290 km € 36,795 May 2020 

Audi e-tron Sportback 50 quattro E 250 - 330 km € 65,100 Mar. 2020 

Audi e-tron Sportback 55 quattro E 330 - 430 km € 82,800 Mar. 2020 

Mini Electric B 155 - 210 km € 34,900 Mar. 2020 

Opel Corsa-e B 245 - 335 km € 30,999 Mar. 2020 

Peugeot e-2008 SUV B 235 - 315 km € 40,930 Mar. 2020 

Peugeot e-208 B 250 - 345 km € 36,250 Feb. 2020 

Porsche Taycan 4S E 315 - 425 km € 109,900 Feb. 2020 

Porsche Taycan 4S Plus E 365 - 490 km € 116,786 Feb. 2020 

SEAT Mii Electric A 170 - 230 km € 23,400 Feb. 2020 

DS 3 Crossback E-Tense B 235 - 320 km € 43,190 Jan. 2020 

Kia e-Niro 64 kWh C 320 - 435 km € 44,995 Jan. 2020 

Kia e-Soul 64 kWh B 315 - 425 km € 42,985 Jan. 2020 

Porsche Taycan Turbo E 335 - 445 km € 157,100 Jan. 2020 
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Brand/Model Segment Electric range Price 
Available 

since 

Porsche Taycan Turbo S E 325 - 430 km € 191,000 Jan. 2020 

Skoda CITIGOe iV A 170 - 230 km € 23,290 Jan. 2020 

Smart EQ forfour A 80 - 110 km € 23,995 Jan. 2020 

Smart EQ fortwo cabrio A 80 - 110 km € 26,995 Jan. 2020 

Smart EQ fortwo coupe A 85 - 120 km € 23,995 Jan. 2020 

Volkswagen e-Up! A 165 - 230 km € 23,475 Jan. 2020 

Audi e-tron 55 quattro E 315 - 415 km € 80,400 Dec. 2019 

Audi e-tron 50 quattro E 245 - 325 km € 62,700 Nov. 2019 

Hyundai Kona Electric 64 kWh B 335 - 460 km € 41,595 Nov. 2019 

MG ZS EV B 195 - 260 km € 30,985 Nov. 2019 

Renault Zoe ZE50 R110 B 270 - 370 km € 33,590 Nov. 2019 

Renault Zoe ZE50 R135 B 265 - 365 km € 35,190 Nov. 2019 

Hyundai IONIQ Electric C 215 - 300 km € 36,995 Oct. 2019 

Mercedes EQC 400 4MATIC D 305 - 405 km € 80,995 Sep. 2019 

Tesla Model S Performance E 430 - 585 km € 105,715 Jul. 2019 

Tesla Model X Performance E 380 - 505 km € 110,815 Jul. 2019 

Nissan Leaf E C 275 - 375 km € 45,850 Jun. 2019 

Tesla Model S Long Range E 440 - 600 km € 88,815 Jun. 2019 

Tesla Model X Long Range E 390 - 520 km € 94,615 Jun. 2019 

Tesla Model 3 Standard Range Plus D 260 - 365 km € 49,995 Apr. 2019 

Tesla Model 3 Long Range Dual 
Motor 

D 385 - 535 km € 59,995 Feb. 2019 

Tesla Model 3 Long Range 
Performance 

D 370 - 510 km € 65,595 Feb. 2019 

BMW i3 120 Ah B 200 - 275 km € 42,411 Oct. 2018 

BMW i3s 120 Ah B 195 - 265 km € 46,106 Oct. 2018 

Jaguar I-Pace E 320 - 415 km € 81,800 Jun. 2018 

Nissan e-NV200 Evalia C 160 - 215 km € 44,689 Apr. 2018 

Nissan Leaf C 185 - 250 km € 36,990 Feb. 2018 

Opel Ampera-e B 290 - 395 km € 34,149 Sep. 2017 

Peugeot Partner Tepee Electric C 95 - 125 km € 30,470 Aug. 2017 

Renault Kangoo Maxi ZE 33 C 140 - 190 km € 37,985 Jul. 2017 

Volkswagen e-Golf C 160 - 220 km € 34,295 May 2017 

Citroen C-Zero A 75 - 100 km € 22,360 Apr. 2016 

Peugeot iOn A 75 - 100 km € 22,360 Apr. 2016 
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Appendix B 
 
B.1. ABM output for Visionary Scenario  

 
 

 
 

 
 



  

 

 
Page |   

 

76 Graduation Project Report | S. Chourasia 

 

 

 
 

 

 



  

 

 
Page |   

 

77 Graduation Project Report | S. Chourasia 

B.2. ABM output for Expectable Scenario 
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B.3. ABM output for Challenging Scenario 



  

 

 
Page |   

 

80 Graduation Project Report | S. Chourasia 

 


	List of Figures
	List of Tables
	List of Abbreviations
	Chapter 1.  Introduction
	Scientific contribution
	Report structure

	Chapter 2.  Background and Literature  Review
	2.1. Sustainable Transition Theory
	2.2. Fossil Fuel Demand
	2.3. Passenger Vehicles
	2.3.1. Electric Vehicles
	2.3.2. Affordability
	2.3.3. Range
	2.3.4. Charging infrastructure
	2.3.5. Charging Time
	2.3.6. Hybrid Electric Vehicles

	2.4. Light Commercial Vehicles
	2.4.1. Electric-LCV

	2.5. Business Models for Electric Vehicles
	2.6. Policy Review
	2.7. Industry Trends

	Chapter 3.  Methodology
	3.1. Innovation Diffusion Modelling
	3.2. Agent-Based Modelling
	3.2.1. Previous Researches

	3.3. Model description
	3.4. Model Assumptions
	3.4.1. Hybrid-Vehicles
	3.4.2. Used Vehicles
	3.4.3. Vehicle Segment
	3.4.4. Influence of Externalities

	3.5. Model Environment
	3.6. Passenger EV Diffusion
	3.6.1. Agent: Household
	3.6.2. Agent: Car
	3.6.3. Buying Module

	3.7. Commercial EV Diffusion
	3.7.1. Agent: Van
	3.7.2. Buying Module

	3.8. Fossil Fuel Demand Calculations
	3.9. Model Variables

	Chapter 4.  Scenario development
	4.1. Parameters for Scenario Analysis
	4.1.1. Vehicle Purchase Price
	4.1.2. Fuel Price
	4.1.3. Subsidy for EVs

	4.2. Scenario Ideation
	Expected   Scenario  (Business-as-usual)
	Visionary Scenario (High growth)
	Challenging Scenario (Low growth)


	Chapter 5.  Result Analysis
	5.1. EV Forecast
	5.2. Fossil Fuel Demand Forecast
	5.3. Result Validation

	Chapter 6.  Case Study: Impact  on Fossil Fuel Storage Facility in the Netherlands
	6.1. Koole Terminals
	6.2. Biofuel for Transportation Sector
	6.2.1. Biofuel in the Netherlands
	Diesel substitutes
	Gasoline substitutes
	Other liquid biofuels



	Chapter 7.  Discussion and Conclusions
	Chapter 8.  Limitations and Future Work
	References
	Appendix
	A.1. Data used for household agent characterization in the ABM
	A.2. Data used for passenger car agent characterization in the ABM
	A.3. Data used for van agent characterization in the ABM
	A.4. Available EV models in the Netherlands
	B.1. ABM output for Visionary Scenario
	B.2. ABM output for Expectable Scenario
	B.3. ABM output for Challenging Scenario


