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Abstract:   We are currently at the verge of a drastic change in our means of 

transportations. The electric vehicle market is showing promising signals 
all around the world and public and private organizations are preparing 
for it. Stedin in particular, foresees the change and its effect on the grid 
and is working innovatively to find the best solutions for this. This study 
aims to explore the evolution of the BEV market in the Netherlands and 
find the best predictors to adoption levels in an exploratory manner. 
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Executive Summary 
The primary goal of this research will be to study the evolution of the BEV market in the 
Netherlands and find the best predictors to adoption levels in an exploratory manner. The study 
will firstly focus on the general BEV adoption levels and then on the introduction of new low-
cost high-range models such as the Tesla Model 3 and Nissan Leaf into the Dutch market. 
Specifically, this paper studies new trends in the BEV market and how this affect adoption 
growth & distribution and therefore charging infrastructure demand in the Netherlands. By 
modelling the adoption of this new trend of electric vehicles and linking them to the current 
charging infrastructure in the Netherlands this study aims to predict which regions will have 
the biggest growth in BEV adoption levels and which charging infrastructures will be under the 
most strain in the future. 

Research Steps 

1. Model 1 - Socio-demographic Characteristics (Overall BEV): Through previous 
research this study will make a prediction on the BEV adoption levels (by comparing its 
characteristics with Dutch consumer preferences). Demand will be tested against factors 
such as urbanization levels, spendable household income, household age composition and 
charging infrastructure availability.  

2. Changes in the importance of these factors over time:  As time passes and BEV 
models evolve the importance of this factors is expected to change over time. In the 
second part of this paper I attempt to predict how these factors will change and how this 
will affect demand distribution over time. 

3. Prediction Model 2 - Joint Model:  Model 1 will be extended to include vehicle 
characteristics and therefore attempt to create a model which can predict the demand 
volume and distribution of new BEV models into the market.  

Findings 

In the last years, the BEV market has grown significantly. This growth is being fuelled by 
leasing companies and it therefore has affected more highly urban locations such as Amsterdam 
and The Hague. Relative adoption levels were significantly related to urbanization levels and 
income level in most cases in particular for the latter one when considering interactions. The 
results varied in their accuracy and trend. Income level is increasingly important which may 
identify an evolving market which is becoming more competitive. Urbanization level has in 
general maintained a similar importance over this years showing how the effect of leasing 
companies in this market is still very strong. Growth showed to be positively related to 
urbanization level which, as explained before is directly related to the location of the top 10 
leasing companies in the Netherlands.  The dummy variable was always positively significant. 
Price was negatively related to adoption level in some cases while range was positively 
significant. These results still need further research in order to prove their relevance due to the 
limited data set and not yet mature BEV market.   
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Introduction 
Throughout the last few years, electric vehicle (BEV) demand has surged and therefore strongly 
affected energy demand and distribution dynamics across the world. BEV technology has 
improved dramatically; with plummeting battery prices, longer-range models and an increased 
adoption of charging stations by both public and private institutions BEV demand is soaring 
and expected to move to the masses in the next years (NRDC, 2016). Mainstream automakers 
are also catching up to the trend, as of 2016 most of the largest car companies in the world are 
investing or have already announced their new electric vehicle offers and are investing billions 
in research for future models (Bloomberg, 2016). Even though forecasts of future market share 
and adoption levels vary significantly, most sources agree that the 2020's is expected to be the 
decade of worldwide electric vehicle adoption. This shift in the car industry goes hand in hand 
with the evolution of the energy sector. Mass adoption of electric vehicles not only affect 
consumers and producers but all their stakeholders in particular in the energy business. Energy 
producers, grid operators, battery manufacturers and local governments amongst other 
stakeholders are encouraging this change while preparing for its expected disruption. This 
paper aims to look into trends regarding growth and distribution to help the different 
stakeholders prepare for this transition.   

The shifts in energy trends worldwide can be attributed to a multitude of factors. Social and 
legislative factors, in particular, have actively contributed to this trend. World powers are 
campaigning to reduce the impact on the environment, and social organizations are promoting 
the use of green technologies. One example of this global trend is the Paris Climate Accord in 
which 197 nations, representing 97 percent of the world's emissions (now less due to the US 
backing out), agreed to reduce emissions to reduce climate change (UN FCC, Paris agreement). 
In the Netherlands, the government is taking active measures to encourage BEV adoption with 
the goal of having only BEV sales by 2025 (DutchNews.nl, 2017).  From subsidies for green 
emissions to improved infrastructure, governments across the world are rushing to transition 
to green technologies in particular electric vehicles.  

People are also changing their perception of electric vehicles. BEVs used to be considered as 
slow, "lame," toy-like vehicles with little practical functionality and high costs. New models such 
as the Tesla Model S, Nissan Leaf, electric supercars and the growth of hybrid vehicles showed 
to the world the potential electric vehicles have for private and commercial uses (Harrington, 
2017). With the increased infrastructural and legislative support of governments plus improved 
technologies, the world is reaching a tipping point in which internal combustion engine vehicles 
(ICEs) are slowly moving to become obsolete modes of transportation.   
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As these trends continue their path, new technological advances have opened unimaginable 
possibilities for integrating and coordinating this patterns with infrastructure development 
planning. City planning has taken a new, unexpected turn in which smart grids, V2G, and local 
market initiatives are thriving and in which technology is at the center of all. These efforts 
involve a wide variety and number of stake holders who need to work together to reap the 
benefits of technology and planning towards smart cities.  To plan for this is imperative to 
understand how this demand will develop through time and which will be the most affected 
locations. This paper will investigate the different trends in the Dutch electric vehicle market 
in The Netherlands with the aim of giving more insight into growing industry.  

 The BEV Industry 
Even though electric vehicles still hold a small percentage of the world's auto market (around 
1% as of 2016) (EVvolumes, 2016) and are still relatively expensive (compared to ICE, internal 
combustion engine vehicles) (Carrington, 2017), several trends are helping to transition electric 
vehicles from niche markets to the masses. Firstly, electric vehicles (from now on described as 
BEVs) are surpassing internal combustion engine vehicles (ICEs) not only in customer 
perception but also in most technical aspects. One of the main factors that changed the 
perception of EVs compared to ICEs is their efficiency. On average ICEs only have a 30% 
efficiency rate while BEVs tend to have around 80% efficiency, and this is expected to increase 
as the technology develops (Forbes, 2016). ICEs also have a high need of maintenance due to 
their complex technical structures and parts (Lampton, 2017). BEVs are much simpler 
machines with less moving parts, less chance for damage and more compartmentalization of 
parts making maintenance easier (Insideevs, 2016). They also have immediate torque as 
compared to ICEs and are now beginning to surpass ICEs in acceleration and overall speed such 
as is the example of the NIO EP9 electric supercar which is breaking previous records of both 
ICEs and BEVs (Jalopnik, 2017). One of the biggest issues with EVs and one of the main reasons 
for their limited adoption is their short range. Nevertheless, with rapidly improving batteries 
new BEV models are beginning to overcome consumer range anxiety which according to (Oakil, 
Manting and Nijland, 2016) is around 200kms per charge. 

 The BEV Market in The Netherlands 

General  

The Dutch EV market began in 2009 with only around 70 electric vehicles registered in the 
country. The market grew slowly initially but quickly improved. As of 31-12-2016, the Dutch 
auto market reached an outstanding 115 223 registered electric vehicles; 98 903 plug-in hybrids, 
13105 full electric cars and 1628 all electric light-utility vans making the Dutch market the 
fourth biggest market worldwide for all-electric vehicles (Cobb, 2016).  
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In the years after it began developing, the market has shown irregular growth patterns. 
Between 2012 and 2013 the EV market more than doubled due to the sales boom of hybrid 
vehicles while fully electric vehicles (BEVs) kept a constant growth. This is mainly caused by 
the strong incentives given by the Dutch government and the extended range of HEVs according 
to Oakil et al. (2015). This trend has slowed down considerably in the last few years and is 
expected to stagnate as government incentives are being eliminated and better alternatives 
enter the market (Gibbs, 2017). If the market growth of BEVs increases or even follows the 
current pattern, it is likely HEVs will no longer dominate the plug-in market in the next years. 

BEVs are the future of the Netherlands, and the government is pushing for it. New regulations 
imposed by the Dutch government will force Dutch companies to sell only BEVs by 2025, and 
new BEV models are expected to disrupt the market with their attractive specifications. Tesla, 
for example, has shown promising signals in the Dutch market. Not only did their Model S 
become the top selling all-electric vehicle of all times with over 5600 units in circulation by 
October 2016 (Cobb, 2017) but also they installed an 11-acre top-notch production facility in 
Tilburg to match the high demand (Randall, 2017). The highly anticipated Model 3 is expected 
to be a big success and organizations such as Stedin are already preparing for it. Given the 
previous trends, this paper will solely focus on the BEV market and its evolution through the 
years.   

 Future Trends  

As discussed previously, the Dutch BEV market will undergo significant changes in the next 
few years. Amongst the most important ones are market growth & composition, cannibalization 
of demand and the leasing/taxi industry.  

 Market Growth 

Electric vehicles have been at the center of much expectation and speculation of many 
governments worldwide, in particular, considering the growing concern caused by climate 
change. As briefly explained previously, BEV market growth seems to be fuelled by two 
phenomena; demand pull from improved technology & customer perception and supply push 
from government incentives and automaker competition. The Netherlands is a perfect example 
of this as seen by the strong commitment of its government to electric vehicles and its effect on 
sales and general adoption level.  Even though the Dutch BEV market is booming the most 
drastic changes are yet to come.  
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 On a first look, the BEV market seems to 
follow a linear pattern. On the right, we can 
see the historical yearly sales figure and how 
close a simple linear regression comes to 
follow this pattern. Nevertheless, due to the 
trends that I will discuss in this paper 
adoption levels will likely grow much faster 
in the future. As explained by Bockarjova 
from the Tinbergen Institute of Amsterdam 
VU (Tinbergen Institute, 2017), we are still currently at a flat point in demand where adoption 
is mainly based on early adopters and innovators. The demand for BEVs in future years is 
expected to tackle the early majority and, given the elimination of subsidies to HEVs, it will not 
be crowded out and therefore exploit the full potential of the market (Tinbergen Institute, 2017).  

 These phenomena are ubiquitous and can be 
explained through the S Curve Demand which 
shows how the % penetration level of any new 
product changes over time. As indicated on the 
right the world market for electric vehicles seems 
to be at the start of its development (star) with 
the middle section of the demand curve coming 
up. This paper aims to predict the evolution of 
this trend and its effect across municipalities in 
the Netherlands. 

Market Composition 

Regarding its composition, this article will explore two dimensions: lease vs. non lease and "new" 
vs. "old" BEV models. Firstly, new low-cost high-range electric vehicles are entering the market 
which is expected to create a rise in demand growth over the next two years. This will increase 
the BEV market share in the vehicle industry, but it will also affect current BEV owners. 
Currently, the market is split into two groups, privately owned and company owned vehicles. 
As of December 2015, 43.1% of BEVs were privately owned while 56.9% where the company 
owned vehicles (RVO, 2015). These groups also differ from each other in the distance traveled 
by the different fleets. The privately owned fleet covers 13,000km/year on average while 
company owned vehicles travel around 24,000km/year (VNA, 2015).  These two type of vehicles 
also show very various kinds of behaviors which make them a big challenge to model.  
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Figure 1: Dutch BEV adoption 

Figure 2: S-Curve Expectations 
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Even though there is not enough data to calculate the future proportions of this groups I will 
attempt to make a non-quantitative prediction of these markets. On one side, given the low cost 
and high range of new BEV models, leasing companies are likely to have a strong adoption for 
them since it makes no sense for them to stay with ICEs if the cost savings are high.   

  

 

 As seen in Figure 3 above (VNA, 2015), price indexes for diesel and benzene operations are still 
generally lower than alternative fuels. This is expected to change as new high range vehicles 
are introduced into the market. Also, these new vehicles will have a much greater range and 
will be accessible by the masses given their attractive price tags. The question remains though; 
which one will have greater adoption in the next years? What will be the future proportion of 
Lease vs. Private ownership of BEVs? Some possible scenarios are visualized below.   
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To control for this factor, this paper will use the presence of a top 10 lease company in each 
municipality as a dummy variable and will compare results depending on whether the leasing 
company has adopted electric vehicles already or not. The data seems to show that the lease 
market is creating spikes in growth over the last five years and will therefore in the short term 
be the primary driver of demand. This supports disruption scenario 1, but it is likely to end as 
scenario two as times passes and regular consumers adapt to the new trends.  This will be 
further explored in the data analysis of this paper. 

 Cannibalization of Demand 

Secondly, this surge in demand will also cannibalize on previous models and on the PHEV 
market which may also create a contrary effect to growth. Tesla is a good example. Tesla Model 
S cars have been a great success in Europe with Norway, Denmark, and Netherlands leading 
the movement (Rijksdienst voor Ondernemend Nederland, 2015). The Model 3 is expected to 
arrive in the Dutch Market by late 2017 or early 2018 (Musk, 2016) and to create a significant 
shift in the vehicle market, in particular, considering the future goals of the Dutch government 
to eliminate ICEs from circulation.  

Previous models of Tesla will be affected as 
well by this new low-end model. In the future, 
the Model 3 is expected to erode the Model S' 
and X's demand strongly due to its much more 
affordable price tag. At a $35 000 base price, 
the Model 3 undercuts its predecessors and is 
therefore likely to have some cannibalization 
effects on their demand. As discussed during 
an interview with Mr. Mark Schreurs CEO of 
MisterGreen (Schreurs, 2017), for a leasing company it is not feasible to focus on the Model S 
or X when the Model 3 is available. Most leasing companies will shift their demand from Model 
S to Model 3 and given the high market share that leasing companies have in Tesla's Dutch 
sales it is very likely that demand growth for these two models will likely stagnate over the next 
years. Here we see a visualization of expected demand trends to be seen for the Model X and 
Model S. This will probably happen to other BEV and PHEV models but it won't be covered in 
this paper since the effect is likely much smaller than the new growth.  
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Figure 5: Cannibalization Visualization 
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Dutch Energy Industry & Infrastructure 

General 

The Dutch Energy industry is highly diverse with a multitude of stakeholders from consumers 
to private businesses and public institutions. In general, it may be split into four components: 
generation, transmission, distribution and retail of electricity. After the introduction of the 
Electricity act in 1998 (OECD, 1998) the Dutch government split the transmission and retail of 
energy in the Netherlands creating a layered industry in which most players have a fair chance 
at competing, and that has an increased need for cooperation amongst them.  The primary 
system operator is TenneT, and it handles the high-voltage grid in the Netherlands while 
regional network operators such as Stedin and Liander control different regions.  

 Infrastructure 

Dutch electric infrastructure is also leading the electric vehicle trend with over 26 000 standard 
charging points, 612 fast charging points and 72 000 private charging points as of 31-12-2016 
(Rijksdienst voor Ondernemend Nederland, 2015). Even though these are great numbers in 
comparison to the rest of the world, the adoption of new BEV models will create severe strains 
in the grid and charging infrastructure in the Netherlands, in particular, considering its low 
price and high range as predicted previously.  

 Energy Demand  

To know how much pressure future BEVs will put on the grid it is necessary to understand 
where this demand comes from and how it varies per region. Therefore, this study will take a 
general exploratory approach to see how infrastructure (number of charging stations) and 
demand have evolved to find discrepancies in the data and therefore predict which regions will 
be affected the most. These results will be measured quantitatively but interpreted qualitatively 
due to the high level of complexity that exists between the relationship of these variables as 
well as the limited data collected.  

The interaction between BEV and energy demand shows complex patterns within itself. Firstly, 
there is the distance travelled; on average Dutch drivers travel around 13,000 kilometres a year 
averaging 35 kilometres a day. This distance though is different for urban and rural a well as 
for lease vs. non lease vehicles. As explained by Jonas de Vos (De Vos, 2015), neighbourhoods 
with low urban density and therefore, amenity diversity (suburban or rural communities) have 
longer average distances which discourage walking and bicycling. This is mainly due to the lack 
of potential trip destinations in proximity which is lower in rural areas than in amenity-rich 
urban centres.  Energy demand varies by ownership; leased vehicles tend to travel on average 
around 33,500 kilometres a year a much higher number than average Dutch drivers 
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(VNA,2017). The location of these car lease companies in the Netherlands makes it even harder 
to predict energy demand since most fleets are located in the major cities where most 
infrastructure investments have been located as well.  

It is out of the scope of this study to consider the precise amounts of energy demand that these 
vehicles will exert on the grid due to 2 main limitations. Firstly, it was hard to quantify 
transactions across Municipalities in particular for different vehicle types and customer driving 
patterns. Therefore, exchanges of energy due to mobility to other regions were not considered 
which would make the model too unreliable. Secondly, the grid in the Netherlands is affected 
by a wide variety of factors including seasonality patterns amongst other which would broaden 
the scope of this research too much and deviate from the requests of the parties involved. For 
these reasons, this study will only look at infrastructure and investments per vehicle registered 
under the different municipalities and attempt to show correlations or mismatches.  

 Practical Relevance 
This research was conducted in collaboration with Stedin, one of the largest distribution 
network operators (DNO) and gas providers of The Netherlands covering more than 2 million 
households and industrial customers (Stedin.net, 2017). Given this, this paper will follow a more 
practical approach in which it will attempt to use its theoretical findings to give practical advice 
to Stedin on future BEV trends, in particular, new BEV models such as the Tesla Model 3.  

 Stedin 

Stedin, previously named Eneco Netbeheer, was a subsidiary of Eneco Corporation but as of 
2011 and following the "Wet onafhankelijk netbeheer" or WOM Dutch law of 2006, Stedin 
became a fully independent company (Straver, 2016). Stein's current mission is simple 
"Sustainable Energy for All," its primary goals are customer welfare maximization and cost 
minimization (de Brey, 2016) but their scope is broad. They have centered this scope into five 
ambitions:  understand the energy transition, act as an active interlocutor with and between 
stakeholders, maintain "just do it" mentality, embrace the power of change and build a solid 
foundation (Stedin, 2016)  

 It mainly operates in the Randstad and is 
responsible for three out of the four main cities of 
The Netherlands; Rotterdam, The Hague and 
Utrecht as well as Rijnmond port and Botlek area. 
Stedin also manages energy in infrastructure in the 
region of Kennemerland, Amstelland, Northeast 
Friesland and Weert. They also provide energy and Figure 6: Stedin’s Operating Area 
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gas for the largest port of Europe, the Port of Rotterdam (Stedin.net, 2017).  This study will, 
therefore, present the Randstad in the final results for the business case section.  

Stedin is quickly becoming a world leader in grid technology and innovation through a multitude 
of initiatives such as their FLEX acceleration program for variable market rates and their smart 
energy system USEF in Hoogdalen (Stedin.net, 2017). These efforts have allowed them to 
sharply improve their service levels and decrease their costs over the past four years (Stedin 
Annual Report, 2015). All these initiatives have profoundly contributed to BEV adoption growth 
in the Netherlands as presented by Bockarjova et al. (2013) and Wilmink (2015) in their 
research.  

Electric vehicles are thriving in the Dutch market, and they show promising advances which 
open endless opportunities and challenges for a grid operator. One of the main challenges Stedin 
faces as a DNO is to accurately and efficiently place their future infrastructure investments in 
their operating area. To effectively put and improve their infrastructure Stedin needs to 
"understand the energy transition" which is where this study's focus mainly resides. Stedin 
needs to know where will future energy demand peak the most and how big this increase will 
be. The new trends explained in previous sections will, if not attended efficiently, put pressure 
on grid infrastructure by increasing irregularity of energy demand patterns and will, therefore, 
increase social costs (de Brey, 2016). This study aims to give Stedin the right information to 
prepare for this transition. 

 Stedin & The Tesla Model 3 

Stedin has shown particular interest in the Tesla Model 3 due to the very high expectations of 
success and disruption in the Dutch market. Tesla Motors is an American automaker and 
energy storage company that has spearheaded the development and increased-adoption of 
electric vehicles into the car industry. With over 70,000 units sold worldwide in 2016 the 
company's high-end products have outperformed competitors and shattered long-established 
preconceptions of electric vehicles (statista.com, 2017). Tesla Model S cars have been a great 
success in Europe with Norway, Denmark, and Netherlands leading the movement (Rijksdienst 
voor Ondernemend Nederland, 2015). The Nissan LEAF only surpassed Tesla's Model S sales 
in 2016 with 22 982 units sold, around 4000 units more than the Tesla Model S (Kane, 2016).  

The model 3 comes with desirable specifications. The car comes with supercharging capabilities 
as a standard, it will make around 400km per charge and will have a base price tag of $35000 
with the possibility of extra customization. It will still be a relatively fast car with an 
acceleration of 0-60mph in less than 6 seconds. It is also designed to have a 5-star safety rating 
on all features. The most relevant characteristic is its level 3-4 autonomous driving capability 
(Branman, 2016). Even before it entered the market, the Model 3 exceeded the expectations of 
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Tesla, its competitors, and experts of the auto industry. Within 24 hours of opening for pre-
orders, the Model 3 received over 243 000 requests which are more than the aggregated sales 
for plug-in electric vehicles in the US market for 2015 (around 116 000) according to Costa 
Samaras of the Carnegie Melon University (LeBeau, 2017). Preorders for the model 3 have as 
of 2017 reached more than 400 000 units (Statista, 2017). These though, are not very reliable 
numbers since new models such as the new Volkswagen EV are around $8000 cheaper than the 
Model 3, and it is therefore likely that the number of pre-orders for the Model 3 will be much 
higher than the actual adoption level.  

The model 3 is expected to arrive in the Dutch Market by the end of 2017 (Musk, 2016). To 
understand the adoption of this new model into the Dutch market, we must consider the 
adoption of previous models and the differences they have with this new model. Even though 
the Netherlands is very advanced (regarding infrastructure) in comparison to the rest of the 
world, the adoption of the Model 3 will create severe strains in the grid and charging 
infrastructure in the Netherlands. As requested by Stedin this paper aims to create a prediction 
model which can approximate the future adoption levels of the Model 3 across the Netherlands. 
To do this, the model compares patterns in consumer socio-demographics and vehicle 
characteristics.  
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Research Background 

Literature Review Strategy  
To have a comprehensive and up-to-date literature review I firstly looked at all other RSM thesis 
focusing on electric vehicles and the grid. From these theses, I gathered constructs with which 
I continued my research for different papers and points of view from all over the world. I also 
used a fair amount of new online material to take into account the fact that the BEV market is 
still undergoing severe changes every day and not all of this has been previously captured 
through academic research. Afterward, I organized the collection of studies and summarized 
the findings that are relevant to this paper in particular. Throughout this section, I will 
thoroughly explore this research.  

 Approaches to BEV Research  
BEV research is broad, diverse and continuously changing. To reach a comprehensive model, 
this paper will first consider, compare and contrast previous approaches found in the literature. 
By comparing the different methods and then aggregating their respective variables this article 
aims to look at a more generalized model to locate the primary sources of BEV demand, 
understand the changes they've undergone in the last few years and build expectations for 
future trends. Firstly, I will consider all studies that deal with BEV adoption, evolution, and 
likeability. Some examples of variables relative to adoption levels of BEVs are; purchase 
likelihood, penetration level, likeability, the utility of BEV, amongst others. These different 
approaches can be split into two main types: survey studies and market research.  

Survey studies such as Wilmink's (2008) study on purchase likelihood study customers directly 
and try to understand what Dutch consumer's perception of BEVs is. These studies were of high 
importance in particular when the BEV market was still in an early state and to evaluate what 
characteristics customers value the most in BEVs. Another example of this type of studies is 
Boc ̌karjova's (2013) "Stated Choice Experiment" in which she uses a large-scale online survey 

to generate a representative sample of the Dutch population. Dargay (2002) also performed a 
similar study that, even though it covers a different population, it is highly relevant since it 
deals with determinants of car ownership directly and not only directed at BEVs which will help 
to compare BEV research to ICE research. Even though these studies vary on their research 
variables, they take a look at customer perspective before the BEV market is entirely or even 
partially developed making them ideal for this analysis. Survey studies cover variables which 
customers can readily evaluate such as motoring costs, price, range anxiety, and convenience. 
These studies will serve as a base to evaluate the BEV market in the Netherlands in a more 
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granular and precise manner by (for example) including the different municipalities and BEV 
models present in the market.  

Market studies see BEV research from an entirely different perspective since they dive into 
actual purchase/adoption numbers. Given the fact the BEV industry is so new and therefore 
volatile studies on actual market figures are imperative if we want to understand how customer 
perception transfers to real impact. Studies such as Oakil's 2016 study on car ownership use 
market data directly and are therefore increasingly useful as the BEV industry develops and 
takes the main stage in the auto industry. Kerkhof et al. (2016) also used a dataset of electric 
vehicle registrations to see the effect of socio-demographic factors to BEV adoption. Other 
studies such as the "Study into the effectiveness of electric transportation policy of councils" by 
APPM takes an even broader and more vertical approach by considering characteristics 
"external/indirect" to the actual customer such as subsidies and charging infrastructure.   

In general, most approaches to BEV research cover two types of variables: socio-demographic 
characteristics per region and vehicle characteristics per model. Below is an overview of the 
different variables (which showed significant results) studied in the literature:  

Study Type Socio-Demographic BEV Model Specific 
Wilmink (2008) Survey  Range, Range anxiety, 

price.  
Janssen (2016) Market  Age composition, income, 

charging poles. 
De Jong (2016) Market/Qual  Charging infrastructure, 

costs of infrastructure. 
Oakil et al(2016) Market  Urbanization, 

Household composition. 
 

Sprenger (2013) Market/Survey Range anxiety, 
perceived utility.    

Charging Infrastructure 
availability. 

Dargay (2002) Survey Motoring Costs.  
 

As seen above in Table 1 and (more thoroughly) in Appendix II, most research on "Vehicle 
Specific" attributes has been done through surveys and not market data which is why in this 
study I will attempt to include them in a market-figures-based analysis. Also, given the 
relatively advanced nature of the BEV market currently, the second approach (actual BEV 
penetration data) is very practical to gather insights on the dynamics of this market. It won't 
be possible to make a linear model over time though because even though the market is 
developing at a fast rate, there is not enough (reliable) data to create accurate linear predictions.  

Table 1: Studies & Variables Overview 
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Determinants of BEV Adoption & Growth 
Adoption levels of BEVs are affected by a wide variety of factors which, as explained in the 
previous section, can be split into two main types: socio-demographic characteristics per region 
and vehicle characteristics per model. These are mainly based on either the perception of 
consumers to the vehicle they are purchasing in comparison to market alternatives or on the 
socio-demographic characteristics of their communities. In this study, I attempt to create a joint 
model which takes into account both customer and vehicle characteristics. To begin analysing 
this market, it is necessary to understand what are the factors that determine the purchase of 
a BEV. Any purchase may be summarized as a trade-off between cost and utility of owning an 
individual product. Firstly, a customer needs enough money to buy what they want but also and 
most importantly what they want must have enough added value for them to purchase it. 
Throughout this section, I will explore these two dimensions based on the previous literature to 
select the correct variables to use for the models in this paper.  

To be able to afford an electric vehicle (or any vehicle for that matter) a customer must have 
enough income to cover the price of the car. Previous literature has shown different approaches 
to understand this. Janssen's study on BEV adoption in the Netherlands (2016), uses 
standardized disposable household income which takes into account costs. Not only this but the 
research also shows a strong significant relationship between disposable income and adoption 
levels. Gallagher and Muehlegger (2011) also showed a significant correlation between income 
and adoption in this case for hybrid vehicles, this I expect will extend to fully electric vehicles. 
Income allows the customer to overcome the price barrier of the purchase. Not only this but the 
study also shows a high significant relation between disposable income and adoption levels. 
These studies take into account and show proof of a relationship between income level and 
adoption/purchase likelihood of BEVs which is why this will be the first variable to be studied 
in this paper:  

H1: Disposable household income positively affects relative adoption level per 
municipality.  

This relation though is not bound to be static over time in particular with the changes that the 
market is experiencing regarding technology and the benefits of economies of scale that come 
as more automakers shift their production capabilities to electric vehicles. As the industry 
develops and cars become cheaper, more people will be able to afford BEVs making the 
relationship between income and adoption level smaller. People with lower incomes will be able 
to afford BEVs and will, therefore, shift their demand thereby decreasing the importance of 
income levels in BEV purchasing decisions:  
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H1b: The positive relationship between disposable household income and relative 
adoption levels will decrease over time as new cheaper models enter the market.  

Apart from the cost dimension of the purchase of a BEV, customers are looking for a practical 
vehicle which they can use in their daily life. This is where socio-demographic factors come into 
the picture by showing how the decision to purchase a BEV originates from a series of variables 
and not just plain monetary factors. The level of urbanization showed to be a significant 
determinant of BEV adoption. Oakil (2016) et al. explores urbanization levels and shows how 
different levels affect car ownership. In particular, their study discovered that with higher 
urbanization levels there is a lower chance of car ownership. This, they explain, may be due to 
several factors such as the lower likelihood of having a parking garage in highly urban areas 
and the reduced distances needed to travel compared to people living in the countryside. If this 
is true, then as time passes and BEVs with higher range enter the market the adoption growth 
rates in rural areas will increase over time.  

H2: Urbanization Level negatively affects relative adoption level per municipality. 

H2b: This effect will increase over time as higher range vehicles enter the market. 

Another important factor thoroughly studied in the literature and directly related to the purpose 
of this study is the availability of charging infrastructure. According to Kerkhof et al. (2016), 
charging infrastructure has a bidirectional relation with BEV adoption, more charging stations 
result in less anxiety of BEV use and therefore in a higher proportion of charging facilities. EV 
drivers also prefer home charging, and two in three drivers charge their vehicles on one or two 
locations only (Spoelstra, 2014). This is of great value for this study since charging 
infrastructure investments depend on the actual need and the fact that variation is small 
reduces the magnitude of error of this study's practical implications. An important point to take 
into account was investigated by Felix Sprenger in his study on public infrastructure operations 
(Sprenger, 2013). In his study, he discovers a significant relation between infrastructure 
availability and frequency of charging which may mean that the variance of this behavior is 
likely to change in the future. Investments in infrastructure should cover all areas from high to 
low urbanization points according to Glenn de Jong (2016) but as the market keeps developing 
and more people need charging infrastructure investments need to be prioritized which is where 
these papers come in. To study this variable effectively, I will approach it from a relative 
perspective to the number of households in each municipality.  

 H3: Number of charging plugs positively affects relative adoption level per municipality.  

The purchase of a vehicle has also been shown to be related to demographic factors, in 
particular, household and age composition. For example, a person in their 20's is less likely to 
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purchase a vehicle than a person in their 40's. Janssen (2016) showed a significant correlation 
between adoption levels of BEVs in the Netherlands and the presence of 40 to 50-year-olds in 
the area studied.  Other studies such as Oakil’s et al paper on determinants of car ownership 
study household composition (Oakil et al, 2016) in higher terms; married, single, couple with 
kids, etc. Even though this is an interesting approach I will follow Janssen’s (2016) approach on 
age composition. I will consider all age groups from 20’s to 60 year-olds. To consider age 
composition is essential also because it may bring new insights on target groups for future policy 
or even marketing for automakers.  

H4: Age composition will be significantly related to adoption levels in particular for older 
age groups.  

Apart from socio-demographic characteristics this study will take into account the leasing 
market. The lease market is in particular important for the BEV industry as it was seen in the 
abnormal growth that the Tesla Model S had over the past years. Outgrowing its competitors, 
the model S placed itself at the top of the BEV market within just a couple of years. In his 2015 
study on "Emerging Business Model for Electric Vehicle Fleet Owners," Kahlen showed that 
being the first mover is key when taking advantage of electric vehicle potential in the fleet 
management industry. Leasing companies will benefit from high returns due to cost savings 
and improve their social responsibility by being more green. Therefore, it is safe to assume that 
the Dutch BEV market has two growth patterns and this paper aims at understanding them. 
This article will take a similar approach to Janssen (2016) and split the market by bearing in 
mind municipalities with a top 10 leasing company. 

H5: Growth of lease municipalities is significantly higher than growth of regular municipalities.  
H5b: The distribution of growth will be positively correlated to urbanization level 
for both groups but more with Lease Municipalities 
H5c: The distribution of growth will be positively correlated to income level for 
both groups but less with Lease Municipalities 
H5d: The distribution of growth will be positively correlated to charging 
infrastructure for both groups but more with Lease Municipalities 

For model 2 I will be taking into account vehicle characteristics in order to explore how different 
models have done in the market. As noted previously, the decision of purchasing an EV goes 
hand in hand with BEV (relative) prices.  As shown by Wilmink (2015), relative price and annual 
cost-savings are the most important (monetary) factors for Dutch consumers in the purchase 
likelihood of BEVs. Dargay (2002) also showed a significant relationship with monetary factors, 
in particular, motoring costs. Monetary factors are particularly important since we are still in 
the early states of BEVs making them more expensive relative to their ICE counterparts. These 
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factors help ease the financial weight and therefore foster more consumers to move to BEVs. 
With the further development of the BEV market new, better and cheaper models will arise 
which will give more choice and therefore power to consumers. Nowadays, new BEVs such as 
the Fiat 500e, the Tesla Model 3 and the Nissan Leaf show attractive price tags while still 
keeping up with the specifications of their ICE counterparts. These trends are moving the 
market towards a more aggressive pricing behaviour and increasing the potential for high 
disruption (Forbes, 2017). This brings us to the next hypotheses to be tested in model 2:   

 H6: Price negatively affects growth levels per municipality. 

H6b: The relation between price and growth level is moderated by urbanization 
level 

The new BEV models that are entering the market are not only cheaper but they have much 
higher ranges and might, therefore, be more useful for leasing companies as well as people in 
rural areas that need to travel longer.  To begin with, people in rural areas tend to travel more 
than people in urban areas as seen in several previous studies (Cao et al. 2009; Cervero 1996; 
Cervero and Kockelman 1997; Ewing and Cervero 2010; Mohtarian and Cao 2008) which makes 
a high range a necessary condition for the purchase of a BEV. Range and urbanization level 
interact with each other since the lower the urbanization levels of where a person lives, the 
more likely they are to have to travel long distances to work or other amenities as shown by 
Jonas De Vos (2015) in his study on mobility and land use. This relationship is particularly 
important due to the early stages of battery development. As the industry develops and vehicles 
improve the range of their batteries, more people will be able to use BEVs to travel long 
distances making the relationship between range and urbanization level smaller.  

H7: Driving range positively affects relative adoption level per municipality. 
H7b: Urbanization level moderates the relationship between range and relative 
adoption growth. 

Other factors mentioned in the literature include such attributes as fiscal incentives, tax cuts, 
cost savings, etc. As presented in previous studies (Chandra et al. (2008), Gallagher and 
Muehlegger (2010), Jenn et al. (2013), and Bockarjova et al. (2013)) financial incentives such as 
tax cuts and subsidies imposed by the government have a positive influence on EV sales and 
adoption levels. The Netherlands, in particular, is a country which has taken serious measures 
to promote the adoption of BEVs and has even banned the sale of ICEs by 2025 (Dutch News, 
2016).  This success can be seen in the rapid growth of their BEV market which went from less 
than 2000 in 2012 to over 13,000 EVs by the end of 2016 (Electromobility, 2016). According to 
APPM Management and Decisio (2014) though, these subsidies have been highly effective on 
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PHEVs contrary to BEVs which did not show dramatic changes in adoption. For this reason and 
to avoid unnecessary complexity of the model to be studied these factors will not be considered.   
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Methodology 

Rationale 
As described in the previous section, BEV adoption trends will strongly affect grid operators as 
they will have to deal with a more unstable system due to higher demand "peaks" and new 
demand distributions previously unseen in the market. Stedin, one of the biggest Dutch grid 
operators, is concerned about the effect these cars (in particular the Tesla Model 3) will have on 
demand distribution and how they can respond to this changes. This brings us to the primary 
goal of our study, to understand adoption patterns to help institutions like Stedin plan for the 
future. The primary purpose of this research will be to explore how the BEV market has evolved 
throughout its first years across the Netherlands. The central research question of this study 
will be:  

 How has the BEV market’s growth and distribution in The Netherlands evolved? 

I will explore distribution and growth over time using the most important socio-economical 
factors of households and vehicles throughout the different municipalities in the Netherlands.  

 Methods Model 1: Infrastructure & Spatial Characteristics 
In the first model, I will discuss and test BEV demand determinants of an urban and socio-
demographic character against yearly registrations to perform a cross-sectional exploratory 
overview of relative adoption levels and growth across municipalities in The Netherlands. The 
independent variables include attributes such as household disposable income, urbanization 
level, and age composition. I will also include the relative number of plugs per region to create 
a model which takes into account the positive effect of infrastructure to adoption levels of BEVs 
and in this way, also getting insight into infrastructure placement. Also, by taking into account 
all the regions I attempt to show an overview of how demand distribution has evolved through 
time and how it may change in the future. Given the quantitative nature and number of 
variables included in this model, a multilinear regression was chosen as the most suitable test. 
The relevant factors considered in this model are explained below:  

1) Relative Adoption Level & Growth (RAD & GR): Cumulative number of electric vehicles 
registered divided by the number of households in that municipality. In this way, bigger 
municipalities do not skew the data significantly. This also builds upon previous requests 
of Stedin to focus this research on having the most benefits for the most people.  

2)  Income Level (IL): The average income level of private households per municipality. 
Data collected shows income/1000.  

3) Urbanization Level (AD): Number of addresses per km2.  
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4) Number of Plugs (PL): The relative number of charging plugs (not charging stations) per 
municipality divided by total households per municipality.  

5) Age Composition (HH): The number of households registered to a person of a specific age 
range. In this study I focused on 20-30, 30-40, 40-50 and 50-60 years old ranges. 

6) Lease vs. Private (DM): This dummy variable represents the availability of a top 10 
leasing company in the region to test for the two patterns in the data.  

 
The actual test is split into three sections: changes in the distribution of relative adoption level 
over the first five years of the market and correlation to independent variables over time, growth 
distribution and lease vs. non lease municipality distribution. For the first section, I performed 
a multilinear regression per year and compared them to each other to understand how the 
distribution of adoption has changed over the last few years. The purpose of this section is to 
understand the demand shifts and if/how infrastructure has a mismatch with BEV adoption 
levels. This is a vital and relevant part of this study since it gives an overview of the first years 
of the BEV market and it helps us understand how the BEV market might look like in the 
future. The mathematical relationship of the multilinear regressions tested can be seen below:  

 

𝐸𝑉#$% = 	𝛽) + 𝛽+,𝑥+, + 𝛽.,𝑥., +	𝛽/𝑥/ +	𝛽0)/2)33𝑥0)/2)33 +	𝛽2)/4)33𝑥2)/4)33

+	𝛽4)/5)33𝑥4)/5)33	 + 𝛽5)/6)33𝑥5)/6)33	 + 	𝛽%7𝑥%7 + 	𝜀 
RAD: Relative Adoption Level 

IL: Income Level 

UL: Urbanization Level 

PL: Number of Plugs Available 

20/30HH: Number of households registered to 20/30 year olds 

30/40HH: Number of households registered to 30/40 year olds 

40/50HH: Number of households registered to 40/50 year olds 

50/60HH: Number of households registered to 50/60 year olds 

 
Finally, I will try to understand the base issue with the BEV market, its growth. Growth has 
shown to be highly volatile in the BEV industry which causes problems to companies like Stedin 
since they do not know with certainty which will be the most affected areas in the future. For 
this, I will model the 4-year growth of all municipalities with the independent variables 
presented previously. I will also compare the different groups of municipalities in an exploratory 
manner to reach a deeper level of understanding. I will separate municipalities with top leasing 
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companies by using a dummy variable to understand how their growth differs from the regular 
market.  

 

𝐸𝑉9# = 	𝛽) + 𝛽+,𝑥+, + 𝛽.,𝑥., +		𝛽/𝑥/ +	𝛽0)/2)33𝑥0)/2)33 +	𝛽2)/4)33𝑥2)/4)3�

+	𝛽4)/5)33𝑥4)/5)33	 + 𝛽5)/6)33𝑥5)/6)33	 + 	𝛽%7𝑥%7 + 	𝜀 

 
GR: Relative Growth Levels 

IL: Income Level 

UL: Urbanization Level 

PL: Number of Plugs Available 

20/30HH: Number of households registered to 20/30 year olds 

30/40HH: Number of households registered to 30/40 year olds 

40/50HH: Number of households registered to 40/50 year olds 

50/60HH: Number of households registered to 50/60 year olds 

 
 
Interactions 

To control for interactions, I ran the model with extra variables that take this into account. 
Below are are the interactions I took into account with their respective explanations: 

-  PL:RAD = The number of plugs in a certain municipality goes hand in hand with relative 
adoption levels. This relationship is bidirectional.  The more BEVs in a municipality, the 
higher the need for infrastructure and therefore the greater the number of plugs. Also 
the higher the number of plugs the lower the perceived range anxiety of BEV owners as 
explained in the literature review.  

- IL:UL = Urbanization and income tends to go together. People in highly urban cities may 
be expected to have higher incomes due to better work opportunities.   

- PL:UL = The number of plugs are also related to the urbanization level. In the eyes of a 
public organization to install new charging stations in Amsterdam (for example) may 
seem more attractive than in Almere since Amsterdam is a bigger region with more 
population. If we think in a utilitarian view this is not the correct approach since it 
should consider relative levels of adoption and infrastructure and for this reason this 
interaction will be taken into account.  

- No moderators were included in model 1.  
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Methods Model 2: Vehicle Characteristics 
Model 2 will attempt to show how vehicle characteristics affect the growth of the different 
models that are entering the market to build expectations for future models such as the Tesla 
Model 3.  In this model, I will assess relative adoption level and growth distribution. I will also 
explore the different models separately to find other factors which may be interesting to include 
in future studies. The second model incorporates basic data from vehicle characteristics; price(P) 
and range (RA). I will compare the 4-year average growth after introduction with the 
independent variables at the time of introduction to create future expectations. The multi-linear 
regression equation used in this model is presented below:  

𝐸𝑉49# = 	𝛽) + 𝛽+#𝑥+# + 𝛽#𝑥# + 𝛽+,𝑥+, + 𝛽.,𝑥., +		𝛽/𝑥/ +	𝛽0)/2)33𝑥0)/2)33

+	𝛽2)/4)33𝑥2)/4)33 +	𝛽4)/5)33𝑥4)/5)33	 + 𝛽5)/6)33𝑥5)/6)33	

+ 	𝛽%7𝑥%7 + 	𝜀 
4GR: 4 Year Average Growth 

PR: Price in the Netherlands 

R: Vehicle Range 

IL: Income Level 

UL: Urbanization Level 

PL: Number of Plugs Available 

20/30HH: Number of households registered to 20/30 year olds 

30/40HH: Number of households registered to 30/40 year olds 

40/50HH: Number of households registered to 40/50 year olds 

50/60HH: Number of households registered to 50/60 year olds 

 
Apart from the independent variables from model 1 this model will include price and range data. 
For this I include 19 different BEV models and their characteristics: 

1) Price (PR): Retail price of BEVs in The Netherlands in euros. 
2) Range (R): Expected range according to manufacturers.  

Interactions & Moderators:  

- PR:R = The price of a vehicle is affected by its range since a better battery incurs more 
production costs.   

- R:UL = Range should have an interaction with urbanization level since there is a 
bidirectional relation in between these variables. The higher the range, the better suited 
they are for long travel from the rural areas to more urbanized areas. This relation can 
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also be the opposite if we consider leasing companies which want higher range vehicles 
and are mostly located in highly urban settings.  

- PR:HH = It is expected that older people will have higher incomes than younger ones 
and therefore it is important to consider this when evaluating age and price.   

- PL:GR = The number of plugs in a certain municipality goes hand in hand with relative 
adoption levels. As explained previously, this relationship is bidirectional.  The more 
BEVs in a municipality, the higher the need for infrastructure and therefore the greater 
the number of plugs. Also the higher the number of plugs the lower the range anxiety of 
BEV owners as explained in the literature review. 

- I:UL = Urbanization and income tend to go together. People in highly urban cities may 
be expected to have higher incomes due to better work opportunities.   

- PL:UL = The number of plugs are also related to the urbanization level. In the eyes of a 
public organization to install new charging stations in Amsterdam (for example) may 
seem more attractive than in Almere since Amsterdam is a bigger region with more 
population. If we think in a utilitarian view, this is not the correct approach since it 
should consider relative levels of adoption and infrastructure and for this reason, this 
interaction will be taken into account. 

- Moderators: Independent variables for model 1 will be used as moderators. 
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Conceptual Model & Hypothesis Overview 
Model 1 

 

Model 2 

 

Hypotheses of Model 1: 

H1: Disposable household income positively affects relative adoption level per 
municipality.  
 H1b: This effect will decrease over time as new cheaper models enter the market 
H2: Urbanization Level negatively affects relative adoption level per municipality. 
 H2b: This effect will increase over time as higher range vehicles enter the market. 
H3: Number of charging plugs positively affects relative adoption level per municipality.  
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H4: Age composition will be significantly related to adoption levels in particular for older 
age groups.  

H5: Growth of lease municipalities is significantly higher than growth of regular 
municipalities.  

H5b: The distribution of growth will be positively correlated to urbanization level 
for both groups but more with Lease Municipalities 
H5c: The distribution of growth will be positively correlated to income level for 
both groups but less with Lease Municipalities 
H5d: The distribution of growth will be positively correlated to charging 
infrastructure for both groups but more with Lease Municipalities 

 
Hypothesis of Model 2:  

H6: Price negatively affects growth levels per municipality. 

H6b: The relation between price and growth level is moderated by urbanization 
level 

H7: Driving range positively affects relative adoption level per municipality. 
H7b: Urbanization level moderates the relationship between range and relative 
adoption growth. 
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Data Overview 

Collection & General Overview 
The data for this model mainly comes from two sources; CBS and RVO. Income Level, 
Urbanization level and number of households (for calculating relative adoption level) were 
collected through the CBSstatline database and with the help of Ms. Cristina Williams who 
helped gather the most sensitive data. Number of Plugs and Adoption Level were provided by 
Mr. William Vissers from RVO; this data was previously adapted to fit this study. Detailed 
below are the specifications for each variable.  

 
I. Municipalities: The municipalities to be considered are based on the Netherlands 

municipality classification of 2016. The municipal redeployment of 01-01-2017 has not 
been taken into account. The last municipal redeployment involves the merging of three 
Brabant municipalities into one and a border shift in the province of Groningen. 
Municipalities that have been raised will not appear in this file - instead, the new city 
name will be displayed - also on historical data. Changes in municipalities throughout 
the years have been taken into account at the recollection of the data by Mr. William 
Vissers and myself. 

 
II. Relative Adoption Levels: This data set includes the aggregate number of BEVs 

registered per municipality over time divided by the number of households per 
municipality.  The historical BEV registration data date back to June 2012, but because 
RVO knows when each vehicle receives a license plate and (in some cases) when the 
registration has ended, the vehicle history was reconstructed until January 2010. The 
data from January 2010 to June 2012 are therefore Reliable regarding numbers, but less 
reliable regarding municipality. From June 2012 we have monthly historical data, so the 
location of a vehicle is reliable. 

 

This has its limitations, for example, when we see in the June 2012 file that a vehicle 
was installed on 01-01-2008, the data only counts this vehicle in the history from 01-01-
2010. However, if the owner of the vehicle has moved during that period, we can not see 
it (we know the vehicle's zip code by June 2012). For this reason only that from 2012 and 
after will be used in this paper. 

Another Limitation of this data relates to leasing companies and their ownership 
behavior. The municipality of the vehicle is determined by using the zip code on which 
the vehicle is registered. Since many of these vehicles are owned by leasing companies, 
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some vehicles will be registered on leasing companies' postal codes and not at the rider's 
address. This is one of this study's main limitations.  

To make this data reliable and standardized I first multiplied it by the number of 
households in that municipality divided it by the total number of households in all 
municipalities, therefore, creating a "Relative" adoption level which relates to the actual 
likelihood per household of owning a BEV.  This aided in fixing the issue with lack of r 

 

III. Charging Plugs: In this data set, the number of charging plugs per municipality was 
collected. The data distinguish between regular charging stations and quick carriers. 
This is based on the characteristics of the station. Everything over 22 KW is considered 
as a speed charger. The plug history goes back to April 2014. Given the limited amount 
of fast chargers available I will only include regular charging stations. 
The charging stations are provided by oplaadpalen.nl and the file is compiled based on 
crowdsourcing and data delivery by some of the largest operators (Allego, Essent, Stedin, 
etc.). Not all charging stations will be in it. For example, Tesla Superchargers and 
private household chargers are not included. Data for chargers for bicycles have been 
filtered out. 

IV. Disposable Income: The data set shows the average disposable income levels for all 
municipalities. This data is regularly collected and processed by CBS and therefore 
highly reliable. Data is displayed in thousands so, for example, an income of 36.5 will 
equal 36500 euros of disposable income on average per household in a specific 
municipality 
 

V. Urbanization Levels: This data set shows the historical number of addresses per km2 
in all municipalities. It was collected through CBS statline database and needed no 
further processing. 

 

VI. Household Age Composition: The number of households with a reference person in 
the specified age ranges. This data was processed to become a ratio of total households 
per municipality. In this way, the number of households does not affect the relationship. 

 

VII. Top 10 Lease Company Availability: This dummy variable represents the 
availability of a top 10 leasing company in the region. This data was collected through 
VNA the biggest cooperative of Dutch vehicle leasing companies which gathers data from 
more than 95% of the market. 
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VIII. Price: Prices were obtained from online sources such as local Dutch retailers and other 
organizations to take into account Dutch prices rather than base prices. In some cases, 
price varied significantly, and therefore an average value was selected. This may create 
limitations. 

IX. Range: Ranges per vehicle were collected from online sources, in all cases, the official 
automaker websites were used to increase reliability. 

Pre-Analysis 

Normality & Outliers 

To control for unwanted variation several measures were taken previously to the analysis of the 
regression results. The main issue with the data is related to empty adoption levels. Given the 
early stages of this industry, there is a significant amount of data points in which no vehicles 
were bought. For this reason, all observations which 
included 0's were excluded.  Also and as seen from the 
summary statistics, adoption levels have a high degree of 
variation in particular in high urbanization level regions 
such as Amsterdam and Den Haag. Even though the 
mean is similar in most cases, the top adoption data 
points are vastly larger than most other points in the data 
set. This creates problems with the normality of the data 
and therefore makes results unpredictable. To cope with 
this and to make the study more precise I divided the 
adoption level by the number of households in each 
municipality in this way decreasing the size of variation 
amongst points.  

 Another issue with the data is its high BEV adoption variation in some municipalities with 
leasing companies. The issue with these municipalities is that leasing companies have much 
higher demand needs and therefore skew the data giving problems when trying to create 
predictions. This will be a major limitation of this study. This bias can also be seen from Mister 
Green's data plot shown on the right. Even though Mister Green's vehicles are quite spread out, 
they are mostly registered under Amsterdam and The Hague municipality (Schreurs, 2017). 
Data on the actual location of these vehicles are of a private nature, and it was therefore 
inaccessible. To take this issue into account this paper will include a dummy variable in model 
1 which takes into account whether there is a top 10 leasing company in the municipality being 
studied. Below are present the top 10 leasing companies according to VNA and their locations 
(VNA, 2016): 

Figure 7: Mister Green Fleet 

Distribution 
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Lease Company Area of Operations 

ALD Automotive: Amsterdam, Utrecht 

Alphabet Netherlands Breda 

Arval Utrecht 

Athlon Car Lease Netherlands Rotterdam 

BMW Group Financial Services Rijswijk 

International Car Lease Holding Tilburg 

LeasePlan Netherlands Almere, Rotterdam 

Mercedes-Benz Financial Services Utrecht 

Terberg Leasing Utrecht 

Volkswagen Pon Financial Services Utrecht 

Mister Green Amsterdam, The Hague 

Table 2: BEV Lease Market Evaluation 
 Regarding growth and as can be seen from the 
Figure 8 on the right, the increase of BEV 
registrations has some outliers in particular in 
periods G2, G3, and G5. It is imperative to 
understand these points since their 
significance relates directly to the primary 
goal of this study. These cars seem to be the 
first to hit "mass market" in the Netherlands 
fuelled by leasing companies and the general 
public.  

Negative points relate to de-registrations of vehicles; these cases are insufficient. Some of these 
movements are from one municipality to another, while the rest seem to be caused by the 
elimination of lease fleets in certain municipalities. As it can be seen from Table 3 below, the 
FORTWO's fleet transferred the registration from Utrecht to Amsterdam and then deregistered 
completely. This is likely to occur due to companies going bankrupt or changing their fleet of 
cars for a new model. The FORTWO and other similar points were excluded from analysis due 
to this reason. 

 2011 2012 2013 2014 2015 2016 2017 

Amsterdam    318 310 5 4 

Utrecht 3 324 319     

Table 3: FORTWO Registrations per Year 

Normality Tests  

Figure 8: Box Plot Yearly Growth 
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After the data was cleaned of outliers, I tested each of the different variables for normality. For 
this, I used the Shapiro-Wilk normality test. The cleaning of the data was extensive given the 
high skewedness of the points caused by outliers. After data was cleaned the Shapiro-Wilk test 
showed that after the data is normally distributed, as shown in Appendix V. This test is biased 
by large sample sizes. In the case of this paper the sample was small enough to run it without 
any bias.  

The Dutch BEV Market  

 In this section, this paper will review the data collected and further explore the trends noted 
previously. The data set collected includes the number of yearly registrations per BEV Model. 
A major issue with the data relates to the fact that demand is unequally distributed among 
vehicle models (Model S, Leaf, etc.). As we can see in Figure 9 below, the Tesla Model S, Nissan 
Leaf and the Renault Zoe take up more than half of the market. Even though the data set is 
pervasive, not all BEV models will be included. This paper will take into consideration only top 
selling models. The electric vehicles distribution of adoption can be seen below.   

 

As seen in Figure 9 above the Model S, the Leaf and the Zoe are the three most popular vehicles 
holding around 65% of the market. At the lower end of the spectrum vehicle models such as the 
E6 and the Fiorino Elettrico barely had any registrations. This data is only superficial though 
since the cars were introduced at different points in time and had different growth rates. For 
example, the Model S has outpaced the market just one year after its introduction while the 
Nissan Leaf has been around for longer and had lower registrations. To actually understand 
what is going on we need to go deeper into the data and analyse what is happening.  

To have a precise predictive model, we need a clearer view of how demand is distributed amongst 
different BEV models. To do this, below is a representation of aggregate demand for top BEV 

Registrations	per	Model	2017

MODEL	S

ZOE

LEAF

I3

LEAF

ELECTRIC	DRIVE

MODEL	X

GOLF

E-NV200

Figure 9: Registrations per Model 2017 
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models in the Netherlands.  One important thing to consider in this graph is that deviations 
from the same model have been aggregated given the small change that they represent in 
customer perception and adoption levels.  

  

 

 

Figure 10 above shows the number of registrations per model after introduction into the Dutch 
market per year. Figure 11 shows historical registrations per BEV model. As seen in figure 11, 
Models introduced after 2014 seem to have a quicker growth. When compared to the 1st year of 
introduction (Boxplot 2) there seem to be two patterns: on the one hand, most "new" models 
(top-left) are above the rest of the market and follow a similar number of registrations except 
the Tesla Model S which skyrocketed on 2014. On the other hand, old models (bottom right) 
show very steady patterns with small growth rates. It seems that Tesla as a brand has a 
substantial effect on the perceived value consumers give to BEV models.  This is very important 
to note, and it will be taken into account on the business case section of this study. In this paper, 
growth will be considered in 3 dimensions; total registrations per year, changes in growth and 

0

2000

4000

6000

8000

10000

12000

14000

01-2010 01-2011 01-2012 01-2013 01-2014 01-2015 01-2016 01-2017

BEV Models / Time

MODEL	S ZOE LEAF I3 ELECTRIC	DRIVE

GOLF UP C-ZERO I-MIEV FLUENCE	Z.E.

ION ROADSTER TH!NK	CITY

Figure 10: Registrations per Model over 

Time 

Figure 11: High(new) vs Low (old) Adoption Vehicles Trends 



 36 

growth per BEV model. For the latter one, it is important to take into account that some vehicle 
models have less time in the Dutch market and for that reason, the data lines were fitted so 
that the first registration comes in year 1.  

Data was also analysed by year of first registration to get better grasps of how different models 
evolve through time with initially high levels of adoption and later on a slow down in growth. 
For that reason, the data lines were fitted so that the first registration comes in year 1. It is also 
important to note that growth rates in the different regions varied significantly as seen in the 
difference between mean and median in the summary table below. Due to the short amount of 
time the BEV market has emerged in The Netherlands, I will use a different approach rather 
than linear through time to reach more significant in-depth analysis.  

 The outlier points refer to the Tesla Model S and the rest of highly demanded vehicles. I will 
attempt to study both groups separately and combined.  Below I show the 2 main types of 
demand in BEV Models; models such as the Volkswagen Golf entered the market early on but 
showed very small demand over its first four years, models such as the Nissan Leaf and the 
ZOE.   

  

 

As seen from the graphs above not only are the levels of adoption much higher for this new BEV 
models, but also they seem to have smaller, more irregular growth rates. This phenomenon can 
also clearly be seen at the Municipality level where municipalities with leasing companies near 
them have much higher adoption levels than their counterparts. To visualize how important 
this difference is, Figure 13 is a plot between municipalities with a top 10 leasing company and 
their respective cumulative adoption levels:  
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As can be seen from the figure above this increase in growth seems to be linked directly to 
leasing companies. The Model S, Zoe and I3 are currently attractive vehicles for leasing 
companies as it can be seen from their offers.  
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Results: Model 1 (PL & UL & IL & HH & DV) 
In this section, I will discuss the results of the analysis, the strength of relationships and their 
limitations. The statistical tests showed some significant relationships and interesting patterns 
which will be explained below. Due to the nature of the data, it was not possible to do a test over 
several combined years, and therefore data was only analyzed per year.  This is because the 
Dutch BEV Market is still young and therefore there is not yet enough data to make a model 
over time.  

 Distribution - RAD 

Multi-linear Regression 

In this section, I aim to explain what has happened in the past four years to the allocation of 
adoption across the different municipalities and what determines this distribution. This in the 
hope it may serve as a base for future BEV market forecasts in the Netherlands.  

Summary of Results 

The results help us come to some interesting conclusions. Firstly, PL is almost always positively 
related to relative adoption levels but not always significantly. UL showed mostly significant 
positive correlations. IL also showed significant positive coefficients in particular for the last 
two models. Age composition did not show any significant results. The dependent variable for 
municipalities with a top 10 leasing company showed very interesting results; firstly, it did 
show significant results across most years, but it decreased over time. Regarding the R square 
as the models include more variables and relationships, the R square seems to be improving.  

Correlation Over Time 

Income Level 

In terms of income level, the results 
showed to be quite regular. Income level 
seems to be increasingly important for 
BEV adoption as the market develops. 
Consumers appear to be responding more 
to price changes, and therefore regions 
with higher income have higher adoption 
levels. This is especially true when 
considering income level together with 
interactions of other variables in 
particular when taking into 
consideration interactions. IL showed to 
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be significant significant for most cases with the exception of 2015. This results reject hypothesis 
H1b but accepts H1. 

Urbanization Level 
 
The effect of urbanization level on BEV 
adoption shows a high variance of results but 
a continuous positive relation overall. 
Overall in the market, the importance of 
urbanization level for BEV adoption is 
irregularly positive. Even though this effect 
appears to be decreasing over time the 
change is very small and very volatile and 
therefore not enough to come to a conclusion 
on the market transitions. This may be due to the 
sporadic transition of leasing companies to BEVs. Demand is still growing the most in highly 
urban areas. This rejects hypothesis H2 and H2b. 

 

Relative Number of Plugs 
 
The relation between infrastructure investments and adoption levels showed some significant 
positive results. This is logical seen as companies and organizations will install charging plugs 
where there is a demand for them but how accurate is the placement of this infrastructure?  For 
the first two models tested (infrastructure and urbanity) the results show that the coefficient of 
PL decreases over time while when considering socio-demographic determinants and 
interactions the coefficient shrinks and shows no steady pattern over time. The data seems to 
show that with time infrastructure investments (number of plugs per municipality) have not 
kept up with the growth in adoption level. This being said, the data has big discrepancies 
between the different models in particular when adding a dummy variable and considering 
interactions between variables. In most cases, the number of plugs was only significantly 
correlated with adoption levels for models 1 and 2 (Infrastructure & Urbanity). I will further 
evaluate the future of BEV infrastructure investments in the business case section of this study.  
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From these results we can’t assume that charging infrastructure and adoption level are 
positively correlated and the nature of this correlation over time is unknown and changing. 
Unfortunately, when considering this variable with the different models the results were 
inconclusive. There is a strong interaction between the number of plugs and relative adoption 
level. Therefore, hypothesis H3 cannot be accepted.  
 
Age Composition 
Age composition did not show any significant results and even though the correlations were 
generally positive they varied significantly making these results unreliable. For this reason, 
hypothesis H4 is rejected.  
 

Dummy Variable: Top 10 Lease Company 
The dummy variable represented the 
presence of a top 10 leasing company in 
the municipality studied. Apart from 
2014 Interactions model, this variable 
showed significantly positive coefficients 
in most cases. Furthermore, the relation 
seems to be decreasing over time, so as 
years pass leasing companies appear to 
be playing a less important role in BEV 
adoption development. Furthermore, this 
effect is still positive and strong and 
therefore it is fair to assume that most of the adoption is still located in municipalities with 
leasing companies.  
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Growth 

Changes in Growth 

 To calculate growth, I firstly performed paired t-tests across all municipalities for the number 
of new yearly registrations (NC) over the years 2012 to 2017 divided by the number of 
households in the municipality. In all cases, the results show a true difference in means which 
is not equal to 0.  Therefore, the mean number of new vehicles in the market has continuously 
increased over the last five years. Growth has increased in a positive but irregular manner over 
the previous five years with G1/G2 and G4/G5 having the highest mean of differences. In all 
cases, the null hypothesis was disproven. Growth also varies sharply by region as can be seen 
by the bottom quartiles of G1 to G5 in Appendix VII, Minimum values and 1st quartiles have 
very low values in particular when compared to the mean of the population. The median has 
increased much less than the mean which 
shows how growth is highly region-
dependent. It seems as if some parts of 
The Netherlands are catching up to the 
EV trend while others are lagging 
behind. Also, as seen from the summary 
statistics, the rate at which its increasing 
is very sporadic and variable, this may be 
likely due to the introduction of new 
highly attractive BEV models into the 
market or leasing companies entering the 
BEV market. 

 

Lease vs Non Lease Municipalities 

To compare municipalities with leasing companies to their counterparts I took a more 
exploratory approach since the data set does not include enough points to make a statistical test 
possible. Firstly, I evaluated the summary statistics of the two populations. The mean growth 
of regular municipalities spans from 0.3616 in G1 to 8.9 in G7 while for municipalities with 
leasing companies it spans from 5.6 in G1 to an outstanding 183.83 in G7. It is important to 
note though (and as seen in Boxplot 3 below), that Non-Lease Municipalities do not have such 
extreme Max values since these are created by lease companies which register hundreds of 
vehicles at a time. This also skews the mean of these municipalities irregularly. Boxplot 3 shows 
this in a clearer manner:  
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Even though this is logically a significant trend, the lack of enough data points in particular for 
leasing municipalities limits this paper’s ability to academically test whether there is a 
significant difference in means in a statistical manner. It is possible though to see how the 
distribution of this growth changes which will be dealt with in the next section.  

 

Distribution of Growth 

The distribution of growth over the years showed positive results in most cases for the whole 
BEV. When considering the entire market, growth is significantly and increasingly correlated 
in most cases to urbanization level. Growth is higher in high urbanization regions. Growth is 
also positively related to income supporting this study's hypothesis. The issue with approaching 
growth year by year is due to its sporadic and volatile results. For this reason, I also studied the 
distribution of the average 4-year growth later on.  

 The number of plugs was in general 
related positively and significantly to 
growth levels. There is one instance in G2 
where the relationship switched and 
became negative. On further analysis of 
the data, this result was due to the 
sudden growth of the model S in that 
year. This is particularly interesting to 
note for future infrastructure placement.   

   

Figure 19: Boxplot Lease (left) vs Non 

Lease (right) 
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Urbanization level was positively and 
significantly related to growth levels of 
the BEV market across the Netherlands 
in G2, G3, G4 and G5. It seems to be 
increasing but it is not very clear 
therefore we cannot assume it is.  

 

 

 

Income level was significantly related to 
growth in G2, and G3. This significance 
seems to be decreasing over time but the 
lack of accurate results does not allow us 
to come to conclusions on income levels. 
Few of this correlation coefficients 
actually show a significant result.   

 

 

 

 

Growth distribution does not seem to be changing drastically over region, infrastructure, income 
levels, or urbanization levels. Therefore, hypothesis H5b and H5d are accepted while hypothesis 
H5c is rejected due to the lack of significant points.   
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Lease vs Non Lease 

The results of the average 4-year growth distribution of lease vs non lease municipalities showed 
very interesting results.  

When considered Non-Lease 
municipalities have a significant 
positive relationship with income 
level, urbanization level and 40/50 
and 50/60-year-olds. The correlation 
with PL and UL increases when 
considering interactions but 
decreases for age composition. When 
including the whole BEV market, a 
similar (but smaller) correlation is 
found with IL, UL, and PL. When 
interactions are considered this effect 
increases. Interactions play a 
prominent role in these models in particular PL:GR. Income level was found to have a 
significant positive correlation in all models; this effect also increased when considering 
interactions. The best fit model was discovered in the non-lease municipalities as expected since 
leasing companies skew the results due to the sporadic nature of their EV purchases. In this 
case, interactions play a big role in evaluating these models and it is therefore impossible to 
come to conclusions on the distribution correlation of lease vs non lease markets.  
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Results: Model 2 (…+ PR & R) 

4 Year Growth  
In Model 2 I compared the 4 -year average growth rate of specific BEV models with the latest 
characteristics per municipality. To include future expectations, I included the Model S in a 
separate model. The reason is that the Model S' growth pattern is much higher than the rest of 
the market and the different stakeholders in the industry believe it to be the first example of 
mass market vehicles.  

If considered stand alone the ROM or rest of the market (excluding model S) showed a 
significant negative relation with price as expected but no significant relation with range 
(positive coefficient). When considering interactions and moderators both coefficients increased, 
all moderators showed significant results as well as most interactions.   

When considering the whole market (S&ROM) range showed a positive & significant correlation 
as expected from adding the model S since it has a very large range. Price showed a positive not 
significant relationship with growth in the regular model (when including model S), but when 
considering interactions and moderators, this relationship changed to overwhelmingly negative. 
This seems to be mainly due to the strong moderating effects of urbanization level, and number 
of plugs with average growth of the Model S. The model S has the highest range of all BEV 
models in The Netherlands, but it also has the highest price tag.  This seems to go in line with 
our expectations since the model S was thought to be mainly bought by leasing/taxi companies.  

  

 

This model’s results are less reliable than model 1’s due to the high volatility of the data and 
the low number of BEV models with high adoption levels. Moderators play a big role in this test 
as seen in Appendix IX, they all show significant positive correlation.  It is fair to assume that 
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range has a positive relation with adoption and therefore H6 is accepted. Price shows less 
reliable results and it is therefore not possible to accept H7 when considering all the population 
only when avoiding the Model S.  

Discussion 

Key Findings  
Throughout this paper, I have studied the BEV market in the Netherlands from different points 
of view and through various approaches. From this, we can come to a few conclusions that will 
serve as a base for future research. All findings in this study are subject to the main 
characteristics of the population. The data collected showed two trends, one for leasing/taxi 
companies and one for regular customers. This and all other key findings are revised throughout 
this section.  

The first key finding I will discuss relates to the different growth and distribution patterns 
within the Dutch BEV market. From the variables considered all showed promising results that 
either confirmed the previous hypotheses or rejected them while still showing useful 
information. Firstly, income levels in the municipality showed to be positively related to relative 
adoption levels. This comes as no surprise since it is logical that for any purchase you need a 
certain income and the more disposable income you have, the more likely you will commit to 
this purchase. Income works as a weapon to overcome economic barriers related to buying an 
EV. This effect also seems to be increasing over time contrary to this study's expectations. In 
this paper we had theorized that the entry of cheaper models into the market would decrease 
the importance of income level, this was not what the results showed. The reasoning behind this 
trend is less straight forward but there are possible explanations for it. As time passes and the 
industry evolves more attractive BEV models are entering the Dutch market increasing the 
competitiveness of the market. With more and better options, there is more chance that a person 
looking for a car will prefer a BEV over an ICE. As more people see BEVs as a regular substitute 
for ICEs, rather than a luxury or just a greener transport option with less practical use, the 
more people will likely want to buy them. This being said BEV prices are still relatively high 
though as explained by Oakil et al. (2015) and therefore the only people that will be able to 
afford them will have higher incomes which explain the increasing importance of income level 
in their relative adoption distribution. Therefore, this trend shows that hypothesis H1 is true, 
but hypothesis H1b is not.   

The second key finding relates to urbanization level. Urbanization level showed mixed results, 
but in general, it showed a significant positive relationship with relative adoption contrary to 



 47 

this paper’s expectations. The trend over time seems to be decreasing but it does not show a 
regular pattern, and therefore it is not fair to assume this is declining. Contrary to what this 
study had theorized, it seems that urbanization level will keep ruling the adoption of BEVs in 
the Netherlands for the next few years. This has significant consequences for grid operators and 
all stakeholders dealing with charging infrastructure. Cities will have the biggest impact and 
will, therefore, need the greatest infrastructural investments. It is important to note that this 
effect is likely fueled by leasing companies which focus on big urban areas such as Amsterdam, 
The Hague, and Rotterdam since they are the best places to do business. This effect will likely 
decrease as BEV demand from leasing companies is depleted, once their transition to BEVs is 
completed their importance for BEV adoption will decrease. This will not happen still for a few 
years seen as less than 5% of vehicles used by leasing companies are BEVs (VNA, 2016). From 
this, we can say with certainty that hypothesis 2 and 2B are rejected.  

Charging infrastructure proved to be a very intricate part of this study, but it did show some 
interesting results. In general, the variable showed significant positive results but this results 
varied widely throughout the years and the models tested. If tested stand-alone or by taking 
into account urbanity determinants there seems to be an increasing disparity between the 
increase in infrastructure compared to the increase in BEV adoption. This though is not 
reflected in the two other models which take into account more variables and interactions 
between these variables. Unfortunately, when considering this variable with the different 
models the results were inconclusive and therefore it is impossible to accept hypothesis 3.  

Age composition showed highly irregular patterns, and it failed to show a significant correlation 
in most cases. For this reason, hypothesis H4 is rejected. The reasoning behind this may be 
explained by the composition of the market. As described previously, market growth is 
spearheaded by leasing companies which do not need a certain age of the population to operate. 
The fact that most of the adoption comes from this companies makes linking the purchases to 
consumers and their characteristics impossible.  

Growth was also tested and, although the results showed high variance, they did indicate that 
there has been a continuous increase in growth over the last years. The distribution of growth 
shows very high peaks followed by flat growth patterns which are a typical characteristic of the 
leasing industry. Leasing companies tend to buy dozens to hundreds of vehicles at a time 
(Schreurs, 2017). Also from summary statistics and other tests presented previously it seems 
quite clear that the growth seen in the market has been mainly perceived in municipalities with 
leasing companies in them even though this was  not directly tested academically due to the 
limited data set, it seems rather clear the difference even when studies in an exploratory 
manner. Furthermore, growth also showed to be positively related to urbanization level which, 
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as explained before is directly linked to the location of the top 10 leasing companies in the 
Netherlands. It is unclear though how much bigger this growth is due to the limited data set, 
but it is fair to accept hypothesis H5. The growth of lease municipalities is significantly higher 
than the growth of regular municipalities. 

Finally, for the last key finding of model 1 and as briefly explained previously, from the results 
and pre-data analysis it is clear that there are two patterns in the data, one for leased vehicles 
and one for privately owned vehicles. When comparing 4-year growth patterns, it was clear that 
leasing and taxi companies are currently spearheading the growth of the BEV market in the 
Netherlands. This pattern though is very irregular with some periods having 300 new 
registrations while other periods none. The dummy variable showed a significant positive 
relationship between growth and municipalities with leasing companies. This result was also 
correlated to the number of plugs, urbanization level, and age composition.  

For Model 2 vehicle characteristics showed highly relevant results for this paper. Range was 
always positively related to 4-year growth but not always in a significant way. This might mean 
that the market is still not developed enough for customers to differentiate between these. The 
Model S though did change this when included in the analysis as expected due to its high range. 

Regarding price, the relationship showed a negative and significant correlation in the ROM 
tests while when including the model S the relationship became positive (as expected from such 
an expensive vehicle). If interactions are included, we can see that this model was mainly bought 
by leasing companies hence the reason for its abnormal growth.    

 Theoretical & Methodological Contributions & Implications 
This paper serves as a basis for understanding the different distribution and growth patterns 
in the BEV industry in NL. It attempts to merge two big branches of BEV research, vehicle 
characteristics and macro characteristics and although it is not free of flaws, it does serve to 
improve efficiency and accuracy of future research. This study also touches upon barely explored 
topics such as the distribution of growth in the BEV market and the split of this growth between 
lease and non-lease BEV markets. As the market develops and better data can be collected the 
findings and methods of this study can be used to build predictive models dependent on BEV 
characteristics.  

 Managerial Contributions and Implications  
This paper was aimed at creating a guide for organizations working with infrastructure 
placement for their resources to be better allocated.  In particular, this article helps 
organizations such as Stedin to understand where the future adoption levels will be the largest 
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and how to cope with them. Not only does this paper discuss adoption but also the way 
infrastructure investments grow with these changes.   

-  Growth will continue in high urbanization regions but will slowly move to less urbanized 
areas in the future. 

- The Model 3 will have strong effects in the market in particular due to its high range. 
This will be true for any high range vehicles in the market and therefore other vehicles 
such as the new expected Volkswagen EV will likely erode the Model 3s effect on the 
market.    

- Most Affected regions by lease companies: Almere, Breda, Haarlemmermeer, Rijswijk.  
- Most Affected regions by private consumers:  

o Landsmeer 
o Menterwolde 
o Someren 
o Opmeer 
o Mill en Sint Hubert 
o Ten Boer 
o Wierden 

o Tubbergen 
o Oldenzaal 
o Aa en Hunze 
o Hof van Twente 
o Oldambt 
o Almere 

 

Limitations and Suggestion for Future Research 
Even though this paper did manage to find relevant and practical results it is not free of flaws, 
on the contrary, throughout the research, I found plenty of limitations which may serve for 
future researchers interested in the BEV industry. The limitations of this study can be 
summarized into three areas; the market, the dataset and the results. All three categories link 
to each other, and it is of outmost importance to analyze them separately and together.  

The first and most damaging limitation was the current state of the market. The BEV market 
in the Netherlands seems to be in a state of transition, and therefore, it does not show stable or 
clear patterns and correlations. This limits the possibilities and possible generalizations of 
academic research in this subject. The market is highly diverse with some BEV models having 
only a few vehicles sold while others have thousands. Similarly, the fact that there are two 
growth patterns within the data but no straightforward way to split them creates a 
methodological limitation. The main source of growth is in municipalities with leasing 
companies which are the minority compared to the rest of municipalities. Also, the market has 
been affected by a series of factors which (due to increasing complexity and lack of time) is not 
included in this study. A primary example of this is legislation changes and customer's 
perspective of this. Future research might want to compare customer's perception of electric 
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vehicles before and after legislation changes. For example, now that the Dutch government has 
decided to fully transition to electric vehicles Dutch consumers might feel more confident and 
supported which might lead to an increase in adoption.  

The data set presented substantial challenges in particular given the lack of enough good 
quality data. The data set on adoption levels used throughout this study had significant issues 
with de-registrations, volatility of growth amongst other issues discussed previously. This 
forced me to eliminate many outliers which would otherwise negatively affect the reliability of 
results presented in this study.  The main problem with the data set though was the fact that 
it was yearly based and that most of the adoption levels were from just a few BEV models. The 
lack of enough data points limited this study to exploratory research and affected its possibility 
to create a forecasting model. Another issue with the data came to the prices of the vehicles. 
Even though I attempted to approximate the prices as much as possible, this varies a lot over 
year and customer. Some BEV dealers have better offers; some customers manage to get good 
subsidies from the government while others don't even apply for this subsidy which makes the 
price data fluctuate a lot. A fluctuation which proved impossible to correct. The main bias in the 
manipulation of this data set comes with big variance in growth that was seen for certain areas 
in the Netherlands which skewed results and samples.  

Regarding the results, the main limitation is their exploratory nature. Given that these results 
were not generated on a timely basis they cannot be readily used to create prediction models. 
Also, there are still plenty of interactions to test in the data and plenty of variables that can be 
taken into account when evaluating adoption. One clear example is to fully split leased vehicle 
demand and regular demand and see what determinants affect the location of leasing 
companies, who are their main customers and why do they locate themselves in these regions? 
In this study, we saw that the biggest lease companies are located in big cities, and their growth 
seems to be bigger in general than regular buyers, but this needs more data to be fully proven 
therefore it is recommended for future research.  
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Conclusion 
In conclusion, this paper was successful at identifying changing trends in the BEV market. Over 
the last few years, the BEV market has begun setting a foothold in the Netherlands growing at 
an irregular but positive rate. The distribution of growth and general adoption has also changed 
in a significant manner. In general, growth is being fuelled by leasing companies and it, 
therefore, has affected more highly urban locations such as Amsterdam and The Hague. This 
growth is not yet depleted as it can be seen by the small percentage of vehicles in the leasing 
market that are BEVs. The S Shape will not likely occur in the next couple of years, but as more 
lease companies enter the BEV market, there will be a high peak in demand. After the lease 
market reaches saturation only the regular adoption growth and the demand will slowly 
plateau.  Therefore, from the results recovered it is fair to assume that the most significant 
growth will still be in highly urban areas and by leasing companies. 

Relative adoption levels were positively related to urbanization levels, infrastructure (number 
of plugs) and income level but only significantly to the last one. In most cases in particular for 
the latter 2 when considering interactions. The results varied in their accuracy and trend. 
Income level is increasingly important which shows how the market is becoming more 
competitive and urbanization level has, in general, maintained a similar importance over this 
years showing how the effect of leasing companies in this market is still powerful. Age 
composition did not show any significant results. Regarding growth, it was clear that there were 
two growth patterns one for lease and one for not leased. Furthermore, growth also showed to 
be positively related to urbanization level which, as explained before is directly linked to the 
location of the top 10 leasing companies in the Netherlands.  The dummy variable representing 
leasing regions was always positively significant.   

Finally, Model 2 showed the expected results. The price was negatively related to adoption level 
in most cases while the range was positively significant. This was true in particular when 
considering only the rest of the market (excluding Model S). These results still need further 
research to prove their relevance though due to the limited data set and not yet mature BEV 
market. Therefore, even though the model shows significant results, further studies will be 
needed to prove this relationship.  
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Forecasting – Business Case 
To predict the adoption levels throughout the Netherlands in the next four years I compared 
the average growth per BEV model of the first four years of introduction to the independent 
variables in the first year after introduction. In this way, I can use the figures of 2017 to predict 
the next four years of growth. Using a model based on the previous findings I incorporated 
income level, urbanization level, the presence of lease companies and age composition into a 
predictive model for the whole BEV market and the Model 3. In this way, I take into account 
lease market growth and private market growth.  

To take into account Tesla's brand value into the model I ran the prediction against for the 
Model S and then compared the predicted results with the historical data. From this, I 
calculated the difference and multiplied the Model 3s predicted growth by this ratio to have a 
final prediction.  

I then compared this to current adoption and infrastructure levels to the predicted growth rates 
to create an expected "infrastructure need" ratio which shows which will be the most affected 
municipalities. Below are the results of this prediction for municipalities in Stedin's operating 
area; The Randstad. For a full overview of all municipalities, please see: Appendix XI: Business 
Case – Infrastructure Investments & The Future (page 70).   

 The Randstad – Growth Expectations 
Municipality Current 

Adoption  
4YPGR Model 3 PL WBEV 

Need 
Amsterdam 1855 276.0796348 124.2358357 3216 159.2436948 
Almere 876 64.04482708 28.82017219 353 158.932772 
Amersfoort 318 95.55130754 42.99808839 376 80.8120101 
Haarlem 71 133.3976524 20.00964786 155 61.10473111 
Haarlemmermeer 620 63.50907976 28.57908589 735 53.57228497 
Delft 51 133.6711166 20.05066749 143 47.67291572 
Dordrecht 75 94.47192799 14.1707892 257 27.56962879 
Rotterdam 359 156.6227106 23.49340658 2114 26.59770723 
Alkmaar 66 81.92688147 12.28903222 205 26.3764594 
Zaanstad 62 72.26615869 10.8399238 179 25.03073653 
Alphen aan den 
Rijn 

76 62.1838384 9.32757576 245 19.28968048 

Westland 74 46.878933 7.03183995 200 17.34520521 
Utrecht 301 40.53551911 18.2409836 1217 10.02562962 

Confidence Interval: 20-30%.       Table 4: Predictions 

 
 
 
 



 53 

Limitations of Forecast 
Like any forecast, this method has its limitations. Firstly, the predicted 4-year growth forecast 
is based on highly volatile growth rates. This means that although the 4-year growth 
prediction is likely to be within the confidence interval prediction, the actual yearly growth 
might be spread out unevenly.  Also, some cities and in particular Amsterdam can be considered 
early adopters as it can be seen from their high growth and will, therefore, see a faster slow 
down in growth. Regarding the Model 3, the main limitation is that its demand will highly 
depend on other vehicles. This is because most of its demand will be based on leasing companies 
and these businesses will quickly change their demand to another cheaper and higher-ranged 
model. This means that if a model like the Volkswagen EV undercuts the Model 3s price its 
demand is likely going to drop dramatically. Production limitations are one of the biggest 
limitations to this forecast due to their unknown nature. As stated in Tesla’s quarterly report 
production limitations are being dealt with in a timely manner. Tesla will reportedly increase 
their global production to up to 5000 vehicles a week by the end of 2017 and expects up to 10000 
by the end of 2018. This will affect actual adoption levels of the Model 3 therefore; it is vital to 
understand not only the total production of Tesla over time but also how much of this will be 
allocated to the Netherlands.  

Conclusion  
In the next years, growth will be fuelled by 
leasing companies with most of it occurring 
in top cities such as Amsterdam and The 
Hague. According to the regression model, 
Model 3 is expected to have a growth rate of 
around 2400 vehicles per year; this growth 
rate though will not likely be linear. It will 
have high variance (some years it may be 
much lower while others higher) and will be likely affected by other models such as the 
Volkswagen EV. Also, this growth rate will be limited by Tesla's production capabilities, in 
particular, this will be true for its first year after introduction. Even though the prediction is 
based on real data, it is my prediction that this will likely change depending on how the Model 
3 performs in the market during the first months and how its competitors respond to this.  
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Appendices 
 

Appendix I: Municipality Overview 
Municipality Overview 

's-Gravenhage Montferland Epe Utrecht 

's-Hertogenbosch Montfoort Ermelo Utrechtse Heuvelrug 

Aa en Hunze Mook en Middelaar Etten-Leur Vaals 

Aalburg Neder-Betuwe Ferwerderadiel Valkenburg aan de 
Geul 

Aalsmeer Nederweert Franekeradeel Valkenswaard 

Aalten Neerijnen Geertruidenberg Veendam 

Achtkarspelen Nieuwegein Geldermalsen Veenendaal 

Alblasserdam Nieuwkoop Geldrop-Mierlo Veere 

Albrandswaard Nijkerk Gemert-Bakel Veghel 

Alkmaar Nijmegen Gennep Veldhoven 

Almelo Nissewaard Giessenlanden Velsen 

Almere Noord-Beveland Gilze en Rijen Venlo 

Alphen aan den Rijn Noordenveld Goeree-Overflakkee Venray 

Alphen-Chaam Noordoostpolder Goes Vianen 

Ameland Noordwijk Goirle Vlaardingen 

Amersfoort Noordwijkerhout Gooise Meren Vlagtwedde 

Amstelveen Nuenen, Gerwen en 
Nederwetten 

Gorinchem Vlieland 

Amsterdam Nunspeet Gouda Vlissingen 

Apeldoorn Nuth Grave Voerendaal 

Appingedam Oegstgeest Groningen Voorschoten 

Arnhem Oirschot Grootegast Voorst 

Assen Oisterwijk Gulpen-Wittem Vught 

Asten Oldambt Haaksbergen Waalre 

Baarle-Nassau Oldebroek Haaren Waalwijk 

Baarn Oldenzaal Haarlem Waddinxveen 

Barendrecht Olst-Wijhe Haarlemmerliede en 
Spaarnwoude 

Wageningen 

Barneveld Ommen Haarlemmermeer Wassenaar 
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Bedum Onderbanken Halderberge Waterland 

Beek Oost Gelre Hardenberg Weert 

Beemster Oosterhout Harderwijk Weesp 

Beesel Ooststellingwerf Hardinxveld-
Giessendam 

Werkendam 

Bellingwedde Oostzaan Haren West Maas en Waal 

Berg en Dal Opmeer Harlingen Westerveld 

Bergeijk Opsterland Hattem Westervoort 

Bergen (L.) Oss Heemskerk Westland 

Bergen (NH.) Oud-Beijerland Heemstede Weststellingwerf 

Bergen op Zoom Oude IJsselstreek Heerde Westvoorne 

Berkelland Ouder-Amstel Heerenveen Wierden 

Bernheze Oudewater Heerhugowaard Wijchen 

Best Overbetuwe Heerlen Wijdemeren 

Beuningen Papendrecht Heeze-Leende Wijk bij Duurstede 

Beverwijk Peel en Maas Heiloo Winsum 

Binnenmaas Pekela Hellendoorn Winterswijk 

Bladel Pijnacker-Nootdorp Hellevoetsluis Woensdrecht 

Blaricum Purmerend Helmond Woerden 

Bloemendaal Putten Hendrik-Ido-Ambacht Wormerland 

Bodegraven-Reeuwijk Raalte Hengelo Woudenberg 

Boekel Reimerswaal het Bildt Woudrichem 

Borger-Odoorn Renkum Heumen Zaanstad 

Borne Renswoude Heusden Zaltbommel 

Borsele Reusel-De Mierden Hillegom Zandvoort 

Boxmeer Rheden Hilvarenbeek Zederik 

Boxtel Rhenen Hilversum Zeewolde 

Breda Ridderkerk Hof van Twente Zeist 

Brielle Rijnwaarden Hollands Kroon Zevenaar 

Bronckhorst Rijssen-Holten Hoogeveen Zoetermeer 

Brummen Rijswijk Hoogezand-
Sappemeer 

Zoeterwoude 

Brunssum Roerdalen Hoorn Zuidhorn 

Bunnik Roermond Horst aan de Maas Zuidplas 

Bunschoten Roosendaal Houten Zundert 
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Buren Rotterdam Huizen Zutphen 

Capelle aan den IJssel Rozendaal Hulst Zwartewaterland 

Castricum Rucphen IJsselstein Zwijndrecht 

Coevorden Schagen Kaag en Braassem Zwolle 

Cranendonck Schiedam Kampen Littenseradiel 

Cromstrijen Schijndel Kapelle Lochem 

Cuijk Schinnen Katwijk Loon op Zand 

Culemborg Schouwen-Duiveland Kerkrade Lopik 

Dalfsen Sint Anthonis Koggenland Loppersum 

Dantumadiel Sint-Michielsgestel Kollumerland en 
Nieuwkruisland 

Losser 

De Bilt Sint-Oedenrode Korendijk Maasdriel 

De Fryske Marren Sittard-Geleen Krimpen aan den 
IJssel 

Maasgouw 

De Marne Sliedrecht Krimpenerwaard Maassluis 

De Ronde Venen Slochteren Laarbeek Maastricht 

De Wolden Sluis Landerd Marum 

Delft Smallingerland Landgraaf Medemblik 

Delfzijl Soest Landsmeer Meerssen 

Den Helder Someren Langedijk Menameradiel 

Deurne Son en Breugel Lansingerland Menterwolde 

Deventer Stadskanaal Laren Meppel 

Diemen Staphorst Leek Middelburg 

Dinkelland Stede Broec Leerdam Midden-Delfland 

Doesburg Steenbergen Leeuwarden Midden-Drenthe 

Doetinchem Steenwijkerland Leeuwarderadeel Mill en Sint Hubert 

Dongen Stein Leiden Moerdijk 

Dongeradeel Stichtse Vecht Leiderdorp Molenwaard 

Dordrecht Strijen Leidschendam-
Voorburg 

Lingewaal 

Drechterland Súdwest-Fryslân Lelystad Lingewaard 

Drimmelen Ten Boer Leudal Lisse 

Dronten Terneuzen Leusden Twenterand 

Druten Terschelling Eersel Tynaarlo 

Duiven Texel Eijsden-Margraten Tytsjerksteradiel 
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Echt-Susteren Teylingen Eindhoven Uden 

Edam-Volendam Tholen Elburg Uitgeest 

Ede Tiel Emmen Uithoorn 

Eemnes Tilburg Enkhuizen Urk 

Eemsmond Tubbergen Enschede  

Appendix II: Literature Review 
Authors, 

(Year) 

Title of 

Study 
Constructs Relevant Findings 

Method / 

Context 

Brenda Janssen 
(2016)  

A Quantitative 
Study on BEV 
and PHEV 
Adoption in 
The 
Netherlands 
 

Battery Electric Vehicle, 
Charging Infrastructure, 
Degree of Urbanization, 
Demographic Drivers, 
Distribution System 
Operator, Non-financial 
Municipal Incentives, Plug-
in Hybrid Vehicle 

EV adoption, standardized 
spendable household income is 
the most important factor 
(β=0.310), followed by the relative 
presence of 40 to 50 year olds 
(β=0.124) and the number of public 
charging poles (β=0.339). 

Dataset 

Kristinka 
Wilmink (2015) 

A study on the 
factors 
influencing the 
adoption of 
Hybrid and 
Electric 
Vehicles in 
The 
Netherlands 

Annual Cost Saving, 
Charging, Detour time, 
Electricity infrastructure, 
Electric Vehicle, Fast 
charging, Fuel Price, 
Government, Governmental 
Incentives, Grid, Grid 
Operator, Hybrid Electric 
Vehicle, Purchase Price, 
Range, Range Anxiety 

For full electric vehicles, range 
(β=0.329) is the most important 
factor followed by price (β=- .283) 
and annual cost savings (β=.087). 
This difference in importance of 
range is likely caused by the 
inability to switch to a combustion 
engine when driving an EV, 
thereby increasing range 
anxiety. 

Survey 

M.Boc ̌karjova 

P.Rietveld 
J.S.A.Knockaert 
(2013) 

Adoption of 
Electric 
Vehicle in the 
Netherlands – 
A Stated 
Choice 
Experiment 

Stated preferences, revealed 
preferences, non-monetary 

costs, innovation. 

Results suggest abolishment of 
subsidization of hybrid vehicles 
as they potentially crowd out EV 
adoption. Time costs associated 
with rapid charging are a 
substantial hindrance to EV 
adoption. Environmental costs 
of CO2 reductions determine EV 
choices only at a later stage of 
adoption. 

Large-scale 
Internet 
Survey 

Jonas De Vos 
(2015)  

The influence 
of land use and 
mobility policy 
on travel 
behavior: A 
comparative 

--- To protect remaining open spaces 
and reduce car use, mobility 
policy in Flanders should focus on 
transportation in and between 
large and regional cities, 

Data set 
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case study of 
Flanders and 
the 
Netherlands 

strengthening the link with spatial 
planning policies. 

Abu Toasin Md 
Oakil, Dorien 
Manting, Hans 
Nijland  
(2015) 

Determinants 
of car 
ownership 
among young 
households in 
the 
Netherlands: 
The role of 
urbanisation 
and 
demographic 
and economic 
characteristics 

Car mobility Demography 
Generation Y Life stage 
Millennials Urbanisation 

Urbanisation level and 
household composition are 
essential factors influencing car 
ownership. In addition, they found 
significant interaction effects 
between these two factors: the 
influence of urbanisation level on 
car ownership was much stronger 
for young couples than for young 
families or singles 

Data set 

Joyce M. 
Dargay (2002) 

Determinants 
of Car 
Ownership in 
Rural and 
Urban Areas 

Transport modelling, car 
ownership, demand 
elasticities, pseudo-panel, 
family expenditure survey 
data 

The results show that rural 
households' car ownership is far 
less sensitive to motoring costs 
than that of their urban 
counterparts. 

Pseudo-
Panel 
Analysis / 
Survey 

M. van Kerkhof, 
H. Idema, J.S. 
Veger. (2016) 

PEV policy 
study in 
California 

--- Significant and positive effect of 
incentives for home and workplace 
charging on the number of electric 
vehicles within a municipality. 
Population density has a 
significant negative effect. 
Incentives for charging 

infrastructure provide more 
charging facilities and result in a 
higher proportion of electric 
vehicles. 

Dataset / 
Survey 

APPM 
Management & 
Decisio 
Consultants 
(Supplied by 
RVO William 
Vissers)(2014) 

Study into the 
effectiveness 
of electric 
transportation 
policy of 
councils 

--- The possibility to charge electric 
vehicles is the most determining 
factor with 
regard to the proportion and 
increase in the number of electric 
vehicles in a municipality. 
Subsidies for the purchase of EVs 
appear to contribute to the increase 
in the number of plug-in hybrids 
in particular not BEVs. 

Dataset  
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J. C. Spoelstra 
(2014) 

Charging 
behaviour of 
Dutch EV 
drivers 

Electric vehicle charging 
behavior, PHEV, FEV, 
charging infrastructure, 
range anxiety.  

Location: two in three EV drivers 
charged on one or two locations 
only, which indicates that EV 
drivers use charging points they 
already know, and do not differ 
from them. Strong preference for 
home charging was perceived by 
EV drivers. Charging transactions 
are evenly spread among battery 
levels, no influence of charging 
point density on charging 
behavior was found.  

Dataset / 
Interview 

Micha Kahlen 
(2015) 

New 
Technologies, 
New Services. 
A Emerging 
Business 
Model for 
Electric 
Vehicle Fleet 
Owners. 

--- Being the first mover is key. 
Fleet owners can benefit from 
high returns per EV at the 
beginning. Fleet owners and car 
producers can use energy price and 
CO2 reductions to build an image 
of a socially responsible 
company.  

Dataset / 
Simulation 

Felix Sprenger 
(2013) 

Analysing 
Public 
Charging 
Infrastructure 
Operations: - 
Consumer 
Profiles of 
Electric 
Vehicle 
Drivers 

--- Users want access to wider 
network of charging stations. If 
they have this access they also use 
charging stations more frequently. 
Consumers perceive it as very 
beneficial, if public charging 
stations offer a fast-charging 
possibility. The integration of this 
technology augment the 
consumer’s perception of reliability 
and convenience of stations which 
is equally linked to the frequency of 
usage. 

Dataset / 
Survey 

Glenn de 
Jong(2016) 

Investing in 
Public EV 
Charging 
Infrastructure: 
Fast and 
Regular 
Charging 
Facilities 
across 
Different 

Electric vehicles, electric 
cars, EV, charging, fast 
charging, high speed 
charging, charging 
infrastructure, slow 
charging, public charging 
facilities, EV infrastructure 
investments, Stedin, EV 
adoption, energy planning. 

Fast charging stations should not 
only be placed in areas with a low 
degree of urbanisation such as 
along highways in order to enable 
long- distance travelling, but also 
in highly urbanised areas such as 
in or near city centres. 

Dataset / 
Online 
Sources 
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Levels of 
Urbanisation 

Hidde P. F. van 
Heijst (2016) 

Valet 
Charging: 
Influence on 
Load Shifting, 
Charging 
Station 
Utilization 
and 
Prioritizing 
Queues 

Valet charging, (plug-in) 
electric vehicles, demand-
side management, load 
shifting.  

Valet Charging has a positive 
effect on charging station 
utilization and load shifting. 
Charging stations are rarely 
utilized3 efficiently.  

Dataset / 
Survey 

 

Appendix III: Lease Market Overview 
Company Headquarters 

ALD Automotive Amsterdam, Haarlemmermeer 

Alphabet Netherlands Breda 

Arval Utrecht,  

Athlon Car Lease Netherlands Rotterdam 

BMW Group Financial Services Rijswijk 
International Car Lease Holding Tilburg 

LeasePlan Netherlands Almere, Rotterdam 

Mercedes-Benz Financial Services Utrecht 

Terberg Leasing Utrecht 

Volkswagen Pon Financial Services Utrecht 

Mister Green Amsterdam, The Hague, 

Table 10: BEV Lease Market Evaluation 
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Appendix IV: Model 2 Vehicles  

 

 

Appendix V:  Summaries & Outliers 
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Normality Tests  

Number of observations may vary slightly depending on the model being tested.  

DATA W P-VALUE OBSERVATIONS 
(~) 

WHOLE BEV 
2013 

0.9941 0.01223 387 
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WHOLE BEV 
2014 

0.9831 0.03689 387 

WHOLE BEV 
2015 

0.9772 0.02332 387 

WHOLE BEV 
2016 

0.9900 0.03423 387 

WHOLE BEV 
2017 

0.9790 0.02344 387 

ROM 0.9881 0.01112 1165 
SROM 0.95415 < 2.2e-16 1377 
WBEV GROWTH 0.9786 0.02112 387 

 

Appendix VI: Model 1 – Overall Distribution & Evolution per Year 

2013 

Regression Outputs  

 Infrastructure Urbanity SD & DV Interactions 

PL 0.108283*** 0.0857708*** 0.001149 5.033e-03(.) 

UL  0.0008458*** 7.954e-04 *** 2.289e-03*** 

IL  0.0017129 3.510e-02** 8.122e-02** 

20/30HH   3.504e+00 2.512e+00 

30/40HH   7.483e+00* 6.736e+00* 

40/50HH   8.517e+00* 8.870e+00* 

50/60HH   6.816e+00 5.549e+00 

DV   2.073*** 2.081e+00 

PL:UL    -2.693e-06 

UL:I    -4.120e-05 

PL:RAD    2.688e-05 

Observations 305 301 299 330 

R-Squared 0.3878 0.4799 0.492 0.5075 

Adjusted R-

Squared 

0.3858 0.4747 0.4804 0.4919 

P-Value Model < 2.2e-16 < 2.2e-16 < 2.2e-16 < 2.2e-16 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

2014:  

Regression Output  

 Infrastructure Urbanity SD & DV Interactions 
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PL 0.073400*** 0.0029907*** 1.623e-05 6.109e-04 

UL  0.0015427*** 4.355e-04*** 1.106e-03 

IL  0.0075718 3.054e-02 7.495e-02* 

20/30HH   -3.193e+00 -3.847e+00 

30/40HH   2.175e+00 -7.980e+00 

40/50HH   -9.880e-01 3.671e+00 

50/60HH   -4.732e+00 -9.819e+00 

DV   1.904e+00*** 1.160e-02 

PL:UL    -2.820e-07 

UL:I    -3.963e-05(.) 

PL:RAD    1.002e+01*** 

Observations 370 365 365 364 

R-Squared 0.3959 0.5016 0.2572 0.5283 

Adjusted R-

Squared 

0.3939 0.4974 0.2196 0.4949 

P-Value 

Model 

< 2.2e-16 < 2.2e-16 < 2.2e-16 < 2.2e-16 

Signif. Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

2015: 

Regression Output  

 Infrastructure Urbanity Socio-
Demographics 

DV 

PL 0.047638*** 0.0389576*** 4.898e-04 1.675e-05 

UL  0.0006307*** 4.340e-04*** 1.241e-03 

IL  0.0054661 3.056e-02 7.579e-02 

20/30HH   3.816e+00 3.497e+00* 

30/40HH   9.654e+00* 4.248e+00 

40/50HH   4.699e+00 6.899e+00 

50/60HH   9.304e+00 7.753e+00 

DV   1.779e+00*** 9.055e-01** 

PL:UL    -7.812e-08 

UL:I    -4.275e-05(.) 

PL:RAD    2.089e+00*** 

Observations 315 313 313 381 
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R-Squared 0.3148 0.352 0.24 0.5805 

Adjusted R-

Squared 

0.3126 0.3457 0.2106 0.5737 

P-Value 

Model 

< 2.2e-16 < 2.2e-16 < 2.2e-16 < 2.2e-16 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

2016: 

Regression Output & Analysis:  

 Infrastructure Urbanity SD & DV Interactions 

PL 0.004757*** 0.0294933*** 4.588e-04(.) 1.592e-03* 

UL  0.0005419*** 1.279e-04 1.537e-03* 

IL  0.0142027 7.584e-02*** 1.242e-01*** 

20/30HH   1.432e+00 4.615e-01 

30/40HH   6.291e+00* 4.211e+00 

40/50HH   2.651e+00 3.096e+00 

50/60HH   2.563e+00 1.934e+00 

DV   1.335e+00*** 9.735e-01** 

PL:UL    -3.025e-07* 

UL:I    -4.534e-05* 

PL:RAD    6.411e-02* 

Observations 387 297 297 381 

R-Squared 0.3074 0.3409 0.2392 0.2953 

Adjusted R-

Squared 

0.3056 0.3341 0.221 0.272 

P-Value Model < 2.2e-16 < 2.2e-16 < 2.2e-16 < 2.2e-16 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

2017 

 Infrastructure Urbanity SD & DV Interactions 

PL 0.003652*** 0.0194933*** 4.391e-04* 1.972e-03** 

UL  0.0006419*** 1.103e-06 1.694e-03** 

IL  0.017201 8.397e-02*** 1.325e-01*** 

20/30HH   1.185e+00 4.949e-02 

30/40HH   4.626e+00 2.473e+00 
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40/50HH   3.840e+00 4.077e+00 

50/60HH   2.949e+00 2.263e+00 

DV   1.400e+00*** 9.848e-01*** 

PL:UL    -3.831e-07*** 

UL:I    -4.633e-05** 

PL:RAD    4.269e-02* 

Observations 387 297 297 381 

R-Squared 0.3074 0.3409 0.3179 0.3838 

Adjusted R-

Squared 

0.3056 0.3341 0.3025 0.3645 

P-Value Model < 2.2e-16 < 2.2e-16 < 2.2e-16 < 2.2e-16 

 

Appendix VII: Model 1 – Growth Changes 
 

 G1 G2 G3 G4 G5 

Min 1 1 1 1 1 

1st Q 1 3 3 3 4 

Median 2 5 6 6 7 

Mean 2.644 9.752 11.37 12.96 22 

3Q 3 10 11 13 16 

Max 26 88 125 147 412 

Mean of DF  7.108911 1.613861 1.594059 9.554455 

T-Value  5.8739*** 1.6317*** 1.5808*** 2.2048*** 

P-Value  5.601e-08*** 0.1059*** 0.1171*** 0.02976*** 

 

G1= 2012-2013 

G2= 2013-2014 

G3= 2014-2015 

G4= 2015-2016 

G5= 2016-2017 
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Appendix VIII: Model 1 – Lease Vs Non-Lease Municipalities 
Growth Distribution 

 G1 G2 G3 G4 G5 

Min 1 1 1 1 1 

1st Q 1 3 3 3 4 

Median 2 5 6 6 7 

Mean 2.644 9.752 11.37 12.96 22 

3Q 3 10 11 13 16 

Max 26 88 125 147 426 

PL 1.538e-03** -1.912e-03** 1.233e-03* 1.070e-03* 4.722e-04 

I 1.340e-02 4.566e-02*** 3.593e-02** 2.009e-02 (.) 2.022e-02 

UL 1.958e-04 2.903e-04*** 4.827e-04*** 3.562e-04*** 4.338e-04*** 

MR2 0.2901 0.4475 0.4982 0.438 0.4699 

AMR2 0.2581 0.437 0.4878 0.4275 0.4603 

P-Value 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 

 

4 Year Growth Lease vs Non-Lease Municipalities 

 Non-Lease Non-Lease + 
Interactions 

Whole BEV Whole BEV + 
Interactions 

PL 4.870e-04(.) 3.681e-03** 1.661e-04 1.498e-03* 

UL 1.300e-04* 8.884e-04 (.) 1.223e-04* 1.631e-03*** 

IL 6.897e-02*** 9.761e-02*** 6.923e-02*** 1.162e-01*** 

20/30HH 3.579e+00* 3.406e+00* 4.174e+00* 3.295e+00* 

30/40HH 2.803e+00 2.967e+00 3.048e+00 3.217e+00 

40/50HH 8.764e+00*** 7.250e+00** 9.420e+00*** 8.019e+00*** 

50/60HH 8.136e+00** 7.437e+00** 8.790e+00** 7.842e+00** 

DV   9.142e-01*** 1.886e-02 

PL:UL  -1.206e-06***  -5.029e-07*** 

UL:I  -2.522e-05(.)  -4.348e-05** 

PL:GR  5.892e+00***  2.210e+00*** 

Observations 361 361 371 371 

Multiple R-

Squared 

0.4914 0.4146 0.3189 0.4079 
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Adjusted R-

Squared 

0.4844 0.3982 0.3041 0.39 

P-Value  < 2.2e-16 < 2.2e-16 < 2.2e-16  

 

Appendix IX: Model 2 – Distribution & Growth 
 Basic (ROM) Interactions 

(ROM) 
Basic 
(S&ROM) 

Interactions 
(S&ROM) 

PR -1.029e-
05*** 

-3.894e-05 3.183e-06 -5.563e-
05*** 

R 2.971e-04 1.240e-03 2.923e-03*** 6.338e-03*** 

PL 4.217e-04*** 3.868e-04(.) 4.448e-04*** 7.149e-04*** 

IL 4.673e-02*** 2.927e-02 5.875e-02*** 2.724e-03 

UL -5.277e-
04*** 

-1.952e-
03*** 

-4.556e-
04*** 

-1.782e-
03*** 

20/30HH -1.040e-01 1.760e-01 -
2.729e+00*** 

-
2.288e+00*** 

30/40HH 9.540e+00*** 8.131e+00*** 7.482e+00*** 5.777e+00*** 

40/50HH -1.702e+00 -1.985e+00 -
5.032e+00*** 

-4.264e+00** 

50/60HH 6.049e+00* 6.019e+00* 3.380e-01 1.436e+00 

PL:UL  2.873e-08  -2.854e-08 

UL:I  2.629e-05*  2.260e-05* 

PR:R  -1.849e-07  1.308e-07*** 

R:UL  3.090e-06***  2.905e-06*** 

I:PR  -4.752e-07  6.356e-07** 

PL:AVG4G  1.064e-01***  1.097e-01*** 

Observations 1520 1528 1850 1850 

Multiple R-

Squared 

0.2231 0.2543 0.2817 0.361 

Adjusted R-

Squared 

0.2185 0.2503 0.2782 0.3559 

P-Value  < 2.2e-16 < 2.2e-16 < 2.2e-16 < 2.2e-16 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Moderating Variables 
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 Basic (ROM) Interactions 
(ROM) 

Basic 
(S&ROM) 

Interactions 
(S&ROM) 

PR -8.882e-06** -3.865e-05* 4.736e-06* -2.069e-07 

R 9.216e-04 3.887e-03 3.433e-03*** 2.853e-03*** 

AVG4G:PL  6.158e-01**  -9.870e-01*** 

IL:AVG4G  -2.829e+02***  -2.625e+01** 

UL:AVG4G  2.126e+00***  1.532e+00*** 

20/30HH:AVG4G  8.512e+04***  2.239e+04*** 

30/40HH:AVG4G  -1.154e+05***  -6.217e+04*** 

40/50HH:AVG4G  8.756e+04***  8.209e+04*** 

50/60HHAVG4G  1.487e+04*  -3.121e+04*** 

PL:UL  1.482e-08  3.406e-08*** 

UL:I  -2.173e-05***  -1.713e-05*** 

PR:R  -2.230e-07*  9.515e-08*** 

R:UL  1.853e-06***  9.233e-07*** 

I:PR  1.989e-06***  1.250e-06*** 

Observations 1527 1515 1865 1853 

Multiple R-

Squared 

0.006589 0.6152 0.1244 0.5987 

Adjusted R-

Squared 

0.005286 0.6117 0.1235 0.5957 

P-Value  0.006468 < 2.2e-16 < 2.2e-16 < 2.2e-16 

 

Appendix X: Business Case – Infrastructure Investments & The Future 
Predicted Growth & Needs - All Municipalities 

4Y PRGR= 4 Year Growth Prediction 

Municipality 
Current 

Adoption 4Y PGR Model 3 PL 
WBEV 
Need 

Landsmeer 10 30.68138068 4.602207102 1 306.8138068 
Amsterdam 1855 276.0796348 124.2358357 3216 159.2436948 
Almere 876 64.04482708 28.82017219 353 158.932772 
Breda 648 89.83926257 40.42766815 411 141.6443848 
Oldenzaal 60 49.8392459 7.475886885 23 130.0154241 
Tilburg 298 117.0410601 52.66847704 306 113.9811631 
Hillegom 31 52.51618835 7.877428253 15 108.5334559 
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Hilversum 99 98.83604129 14.82540619 110 88.95243716 
Amersfoort 318 95.55130754 42.99808839 376 80.8120101 
Laren 29 40.90966088 6.136449132 15 79.09201103 
Zeist 167 54.34401223 8.151601835 121 75.00371936 
Houten 163 50.07633325 7.511449988 111 73.5355164 
Purmerend 59 79.81102409 11.97165361 65 72.44385264 
Enkhuizen 6 47.12894241 7.069341361 4 70.69341361 
Leiderdorp 17 89.55332295 13.43299844 22 69.200295 
Rijswijk 171 34.79616285 5.219424427 89 66.85554884 
Someren 10 19.23449683 2.885174525 3 64.11498944 
Veldhoven 20 58.84440559 8.826660839 19 61.94147957 
Haarlem 71 133.3976524 20.00964786 155 61.10473111 
Lisse 13 55.69471114 8.35420667 12 60.33593706 
Kerkrade 13 62.14072966 9.321109449 14 57.70210612 
Zandvoort 9 63.54283363 9.531425045 10 57.18855027 
Smallingerland 82 44.9314314 6.73971471 65 56.68272884 
Noordwijk 29 52.73866332 7.910799498 27 56.64523097 
Oldambt 9 24.52283554 3.678425331 4 55.17637997 
Assen 65 53.1117208 7.966758119 63 54.79780717 
Wierden 27 18.12725399 2.719088099 9 54.38176197 
Haarlemmermeer 620 63.50907976 28.57908589 735 53.57228497 
Valkenswaard 15 49.24968001 7.387452002 14 52.7675143 
Teylingen 36 45.43033567 6.81455035 31 52.75780916 
Heemstede 26 61.79746436 9.269619654 31 51.8301314 
Beverwijk 20 101.0602653 15.1590398 39 51.82577708 
Nuenen, Gerwen 
en Nederwetten 26 35.78525923 5.367788884 18 51.68981888 
Winterswijk 12 38.62194695 5.793292043 9 51.49592927 
Hoogezand-
Sappemeer 6 41.59126712 6.238690068 5 49.90952054 
Eindhoven 173 109.0418477 49.06883147 379 49.7737194 
Sittard-Geleen 76 51.06400036 7.659600053 78 49.75466701 
Bloemendaal 36 33.81609866 5.072414799 25 48.69518207 
1s-Gravenhage 361 216.8157401 97.56708305 1610 48.61520632 
Delft 51 133.6711166 20.05066749 143 47.67291572 
Enschede 62 76.76209031 11.51431355 107 44.47896822 
Hengelo 60 61.6934023 9.254010344 85 43.54828397 
Schiedam 33 125.2268977 18.78403466 99 41.74229924 
Druten 13 21.8844757 3.282671354 7 40.64259772 
Borne 20 39.95973462 5.993960193 20 39.95973462 
Baarn 14 56.32533559 8.448800338 20 39.42773491 
Uden 32 45.2287173 6.784307595 37 39.11672847 
Huizen 28 70.49722135 10.5745832 51 38.70435682 
IJsselstein 32 65.29541104 9.794311656 55 37.99005733 
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Midden-Delfland 26 43.03274916 6.454912374 30 37.29504927 
Heerlen 37 63.8158204 9.572373059 65 36.32592853 
Stede Broec 7 36.18237728 5.427356592 7 36.18237728 
Opmeer 10 10.72193856 1.608290784 3 35.73979519 
Nijmegen 68 90.2741983 13.54112975 172 35.68979933 
Almelo 38 54.30469273 8.145703909 59 34.97590379 
Wijk bij 
Duurstede 15 36.36073014 5.454109521 16 34.0881845 
Soest 31 50.32431426 7.548647139 46 33.91421178 
Hof van Twente 18 14.73653562 2.210480343 8 33.15720514 
Venlo 41 56.42604932 8.463907398 70 33.04954317 
Heerhugowaard 45 59.37543364 8.906315046 81 32.98635202 
Leidschendam-
Voorburg 29 107.4545542 16.11818314 95 32.80191656 
Gooise Meren 44 71.65506275 10.74825941 97 32.50332743 
Waddinxveen 17 53.40087403 8.010131105 28 32.42195923 
Etten-Leur 23 57.75537116 8.663305674 41 32.39935455 
2's-
Hertogenbosch 142 80.29657208 36.13345744 353 32.30060407 
Heemskerk 15 85.81380041 12.87207006 40 32.18017515 
Lansingerland 51 40.96924548 6.145386822 65 32.1451003 
Kampen 20 48.15332777 7.222999166 30 32.10221851 
Gilze en Rijen 21 33.55661608 5.033492412 22 32.03131535 
Haaksbergen 7 31.43031566 4.714547349 7 31.43031566 
Oisterwijk 25 29.5102369 4.426535534 24 30.7398301 
Uithoorn 34 49.2608018 7.38912027 55 30.45213202 
Haren 13 25.65203149 3.847804724 11 30.31603722 
Pijnacker-
Nootdorp 44 49.44896397 7.417344595 72 30.21881131 
Vlissingen 7 68.3426371 10.25139556 16 29.89990373 
Blaricum 12 29.58318701 4.437478052 12 29.58318701 
Diemen 15 90.65614322 13.59842148 46 29.56178583 
Voorschoten 9 64.92238497 9.738357745 20 29.21507324 
Leerdam 7 41.64093619 6.246140428 10 29.14865533 
Raalte 12 16.80142235 2.520213353 7 28.80243831 
Gouda 16 91.65409363 13.74811404 51 28.75422545 
Zoetermeer 53 92.9648126 13.94472189 174 28.31686821 
Velsen 37 64.95929164 9.743893746 85 28.27639754 
Weesp 12 60.25747074 9.038620611 26 27.81114034 
Deventer 50 61.39542683 9.209314025 111 27.65559767 
Dordrecht 75 94.47192799 14.1707892 257 27.56962879 
Gemert-Bakel 22 21.23545899 3.185318848 17 27.48118222 
Wassenaar 26 49.54582999 7.431874498 47 27.40833148 
Vlaardingen 30 104.3366539 15.65049809 115 27.21825755 
De Bilt 45 41.0978901 6.164683515 69 26.8029718 
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Capelle aan den 
IJssel 51 83.39954211 12.50993132 159 26.75079653 
Beuningen 17 29.75164477 4.462746715 19 26.61989268 
Rotterdam 359 156.6227106 23.49340658 2114 26.59770723 
Alkmaar 66 81.92688147 12.28903222 205 26.3764594 
Leiden 48 137.3628434 20.60442651 253 26.06093472 
Hoorn 32 58.57845931 8.786768896 72 26.0348708 
Schijndel 3 34.60868176 5.191302263 4 25.95651132 
Hilvarenbeek 11 14.11538347 2.11730752 6 25.87820302 
Venray 34 31.43239605 4.714859407 42 25.44527299 
Maastricht 31 87.38292869 13.1074393 107 25.31654943 
Heusden 24 33.73496117 5.060244176 32 25.30122088 
Leeuwarden 45 81.48004701 12.22200705 146 25.11371312 
Geldrop-Mierlo 21 45.31273057 6.796909585 38 25.04124584 
Zaanstad 62 72.26615869 10.8399238 179 25.03073653 
Franekeradeel 4 18.65398821 2.798098231 3 24.87198428 
Zuidplas 25 38.33212746 5.749819119 39 24.57187658 
Helmond 37 61.41561325 9.212341988 94 24.17423075 
Oosterhout 34 53.45992576 8.018988863 76 23.91628257 
Heiloo 10 42.93417085 6.440125627 18 23.85231714 
Best 17 46.1757762 6.92636643 33 23.78752107 
Middelburg 27 41.23182718 6.184774076 47 23.6863688 
Duiven 17 37.4475907 5.617138604 27 23.57811266 
Zutphen 27 56.75201887 8.512802831 66 23.21673499 
Vught 27 42.97407402 6.446111103 50 23.20599997 
Amstelveen 72 95.76573085 14.36485963 298 23.13802893 
Zwijndrecht 17 74.79824159 11.21973624 55 23.11945649 
Losser 9 20.19057382 3.028586073 8 22.71439555 
Doetinchem 30 36.15017627 5.422526441 48 22.59386017 
Apeldoorn 97 60.59127278 9.088690917 261 22.51859563 
Bodegraven-
Reeuwijk 19 35.05643657 5.258465486 30 22.20240983 
Veghel 25 32.37746492 4.856619738 37 21.87666549 
Sint-Oedenrode 11 17.87891227 2.68183684 9 21.85200388 
Roermond 17 52.09224009 7.813836013 41 21.5992215 
Goes 33 43.61250221 6.541875332 67 21.48078467 
Veenendaal 35 77.98995878 11.69849382 129 21.16006634 
Drechterland 13 9.73422836 1.460134254 6 21.09082811 
Bergeijk 12 10.51944253 1.57791638 6 21.03888507 
Sint-
Michielsgestel 21 14.91212277 2.236818415 15 20.87697187 
Weert 19 44.40692609 6.661038914 41 20.57881941 
Woensdrecht 12 16.84636708 2.526955062 10 20.2156405 
Wormerland 8 47.60408394 7.140612591 19 20.04382482 
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Roosendaal 28 60.12247248 9.018370872 84 20.04082416 
Oudewater 8 25.03024481 3.754536722 10 20.02419585 
Waterland 16 17.39080792 2.608621187 14 19.87520905 
Boxmeer 16 15.85885275 2.378827912 13 19.518588 
Bergen op Zoom 21 64.02954371 9.604431557 69 19.48725243 
Uitgeest 10 34.95801495 5.243702242 18 19.42111942 
Oostzaan 8 33.87866029 5.081799044 14 19.35923445 
Asten 4 29.03229826 4.354844738 6 19.3548655 
Laarbeek 15 15.44396527 2.316594791 12 19.30495659 
Alphen aan den 
Rijn 76 62.1838384 9.32757576 245 19.28968048 
Zwolle 54 71.38328696 10.70749304 200 19.27348748 
Oss 40 45.75546745 6.863320118 95 19.26545998 
Echt-Susteren 10 19.24259032 2.886388548 10 19.24259032 
Zevenaar 17 41.88072637 6.282108955 37 19.2424959 
Menterwolde 4 4.767550228 0.715132534 1 19.07020091 
Hellendoorn 19 23.06092011 3.459138016 23 19.05032531 
Heerenveen 50 35.00632924 5.250949385 92 19.02517893 
Drimmelen 17 21.1562798 3.17344197 19 18.92930298 
Zeewolde 25 22.57550312 3.386325468 30 18.81291927 
Urk 9 33.09542838 4.964314257 16 18.61617846 
Aalten 10 22.26149344 3.339224016 12 18.55124454 
Voerendaal 6 12.29357348 1.844036022 4 18.44036022 
Epe 17 19.50109391 2.925164087 18 18.4176998 
Brunssum 4 59.16443647 8.87466547 13 18.20444199 
Tiel 35 48.35718746 7.253578119 94 18.00533576 
Culemborg 16 49.49562837 7.424344255 45 17.59844564 
Beesel 7 20.02507796 3.003761694 8 17.52194322 
Ridderkerk 43 60.65833461 9.098750191 149 17.50542542 
Landerd 12 8.742780913 1.311417137 6 17.48556183 
Westland 74 46.878933 7.03183995 200 17.34520521 
Rheden 16 49.74376646 7.461564969 46 17.30217964 
Oude 
IJsselstreek 19 16.31785456 2.447678184 18 17.22440204 
Krimpen aan den 
IJssel 11 69.41482678 10.41222402 45 16.96806877 
Waalre 11 24.41917618 3.662876426 16 16.78818362 
Goirle 7 38.30245672 5.745368508 16 16.75732482 
Meerssen 12 15.23676046 2.285514068 11 16.6219205 
Overbetuwe 37 22.31039884 3.346559826 50 16.50969514 
Berkelland 29 17.07751536 2.561627304 30 16.50826485 
Renkum 23 27.0481774 4.057226609 38 16.37126527 
Arnhem 82 77.36294011 11.60444102 390 16.26605407 
Katwijk 20 77.57758996 11.63663849 96 16.16199791 
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Utrechtse 
Heuvelrug 63 21.52786042 3.229179062 84 16.14589531 
Halderberge 14 20.69975395 3.104963092 18 16.09980862 
Den Helder 13 60.36677519 9.055016279 49 16.01567505 
Rhenen 7 27.015357 4.05230355 12 15.75895825 
Ermelo 14 24.75462612 3.713193918 22 15.75294389 
Gennep 13 15.73385926 2.360078889 13 15.73385926 
Lelystad 50 46.19123131 6.928684697 147 15.71130317 
Alblasserdam 9 51.91480374 7.787220561 30 15.57444112 
Ten Boer 3 5.181074435 0.777161165 1 15.54322331 
Lingewaard 12 28.4737586 4.27106379 22 15.53114105 
Ede 53 50.19110279 7.528665419 172 15.46586307 
Hendrik-Ido-
Ambacht 18 61.67991045 9.251986567 72 15.41997761 
Montferland 20 20.75146807 3.112720211 27 15.37145783 
Wijchen 18 39.24807826 5.887211738 46 15.35794367 
Landgraaf 9 49.43245192 7.414867787 29 15.34110577 
Loon op Zand 14 33.40288039 5.010432058 31 15.08517179 
Stichtse Vecht 54 38.37284588 5.755926882 138 15.01546143 
Noordoostpolder 31 20.68828 3.103242 43 14.91480651 
Ouder-Amstel 17 41.02919777 6.154379666 47 14.84034813 
Maasdriel 12 9.81936986 1.472905479 8 14.72905479 
Edam-Volendam 18 43.47507454 6.52126118 54 14.49169151 
Bladel 17 17.85245792 2.677868688 21 14.45198974 
Emmen 21 24.85376871 3.728065306 37 14.10619305 
Oegstgeest 8 61.84419549 9.276629323 36 13.74315455 
Waalwijk 29 42.11119709 6.316679564 89 13.72162602 
Oud-Beijerland 14 46.89710497 7.034565745 48 13.67832228 
Boxtel 15 40.94115751 6.141173626 45 13.6470525 
Bedum 3 18.16058748 2.724088122 4 13.62044061 
Krimpenerwaard 29 22.00277525 3.300416288 47 13.57618047 
Súdwest-Fryslân 34 25.79850481 3.869775722 65 13.49460252 
Castricum 14 45.0365476 6.755482139 47 13.41514184 
Dongen 10 37.20076893 5.580115339 28 13.2859889 
Montfoort 12 20.62030832 3.093046248 19 13.02335262 
Tynaarlo 22 10.61708071 1.592562106 18 12.97643197 
Dronten 27 21.55934078 3.233901117 45 12.93560447 
Aalsmeer 33 27.33704905 4.100557358 70 12.88746598 
Gorinchem 22 60.81111815 9.121667723 106 12.62117547 
Horst aan de 
Maas 37 12.87307564 1.930961345 38 12.53431049 
Hattem 7 24.99315853 3.74897378 14 12.49657927 
De Ronde Venen 38 25.23889941 3.785834911 77 12.45556075 
Harderwijk 17 51.88295528 7.782443292 71 12.42267943 
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Woerden 35 44.92946508 6.739419762 127 12.38213604 
Westervoort 1 37.08611338 5.562917007 3 12.36203779 
Bernheze 29 16.59431566 2.489147349 39 12.33936293 
Lochem 26 14.64207466 2.196311199 31 12.28044972 
Barendrecht 31 58.14145826 8.721218739 150 12.01590137 
Son en Breugel 16 17.73359121 2.660038681 24 11.82239414 
Hoogeveen 12 38.32840607 5.749260911 39 11.79335571 
Zaltbommel 24 17.37555755 2.606333633 36 11.58370503 
Kaag en 
Braassem 21 13.22885283 1.984327924 24 11.57524622 
Nuth 7 11.55338239 1.733007358 7 11.55338239 
Schagen 20 19.52106508 2.928159762 34 11.48297946 
Bunschoten 9 36.99676072 5.549514107 29 11.48175333 
Noordenveld 10 18.29986403 2.744979605 16 11.43741502 
Terneuzen 15 25.59478243 3.839217364 34 11.29181578 
Tytsjerksteradiel 24 8.839784555 1.325967683 19 11.16604365 
Cromstrijen 18 17.07686497 2.561529745 28 10.97798462 
Langedijk 8 27.43904307 4.11585646 20 10.97561723 
Steenbergen 13 18.51423774 2.777135661 22 10.94023139 
Beek 10 18.17733064 2.726599596 17 10.69254744 
Vianen 12 27.61769377 4.142654065 31 10.69072017 
Cuijk 12 24.761278 3.714191699 28 10.61197628 
Westvoorne 14 16.20289733 2.4304346 22 10.31093466 
Oost Gelre 10 20.41253955 3.061880932 20 10.20626977 
Bronckhorst 33 5.865324695 0.879798704 19 10.18714289 
Leek 6 20.36034758 3.054052137 12 10.18017379 
Heeze-Leende 9 13.54462135 2.031693202 12 10.15846601 
Nissewaard 23 73.1460695 10.97191043 166 10.13469638 
Noordwijkerhout 9 33.60825964 5.041238945 30 10.08247789 
Rozendaal 3 26.77014098 4.015521147 8 10.03880287 
Utrecht 301 40.53551911 18.2409836 1217 10.02562962 

 


