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ABSTRACT
As part of the "Electric Drive Systems (EDS)" programme oí the European Community, a study
has been carried out conceming the effects of a large scale introduction of electric vehicles in the
city of Amsterdam on the environment and on electricity distribution and production,. The study
is based on a detailed investigation oî car traffic on a working day in Amsterdam. It is assumed that
in principle all cars which regularly drive in Amsterdam can be replaced by an electric vehicle.
Several scenario’s, with market shares ranging ffom 20 to 80%, are developed to describe the
possible effects.
The efl:ects on the local environment are calculated using the so-called CAR-model (Calculation of
Air pollution by Road traffic), by which concentrations of CO, benzene, NO2 and black smoke can
be determined. Calculations for the year 2000 show that the legal limits of CO are met everywhere.
With regard to benzene, NO2 and black smoke, large scale introduction of electric vehicles reduces
the total street length exceeding legal limits considerably, especially for benzene and black smoke.
The eí~ects on noise pollution are less significant, since only electric buses and trucks reduce the
average noise level.
With regard to electricity distribution it is concluded that in the future load management will be
essential, in order to avoid capacity problems in the local grid. The opportunities for (fast) charging
during daytime are limited.
It is furthermore concluded that electric vehicles will be much cleaner than internal combustion
engined cars, despite drastic improvements of the latter. The reason is that electricity production
will also become much cleaner than today, even if the role of nuclear energy and renewables is very
small.
Finally, the social acceptance of electric vehicles by inhabitants of the inner city is measured by
means of a questionnaire. Although the attitude of most citizens is positive, it is recognized that
electric vehicles are not the solution lior all traffic problems
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
This study is part of the European Community project on electric vehicles entitled ’Advanced
e]ectric drive systems for buses, vans and passenger cars to reduce pollution’ (EDS)o The motive
for this project is the growing concern about the environmental pollution caused by road traffic. The
contribution oí~ road traffic to the emissions of air polluting substances in the Netherlands is very
high: 65% of the CO-emissions, 55% of the NOx-emissions and 45% of the HC-emissions. In urban
areas these percentages are even higher. Especially in busy streets ’in the long run detrimental
efl~ects on human health cannot be excluded’ [1, p.4]. For this reason, ]imiting values are ]aid down
for several substances (SO2, airborne particles, NO~, CO, lead and benzene). Within urban areas,
these limits are usually only exceeded in busy traffic situations.
Trafííc a]so causes noise pollution. The number of Dutch citizens suffering from noise pollution
caused by road traffic has risen from 49% to 60% in the last ten years. About 19% experience
serious nuisance defined as a noise level of more than 70 dB(A) [1].
The conclusion drawn is that the situation is serious in metropolitan areas such as the Randstad
(the area including the fout largest Dutch cities Amsterdam, Rotterdam, Utrecht and the Hague),
particularly in cities such as Amsterdam. The aim of this study is to investigate the extent to which
electric vehicles can contribute toa ]ess polluting traffic system, taking into account the emissions
due to additional electricity production and the capacity limits of local electricity distribution
networks. As apart of the study, a detailed analysis is made of the potential market for electric
vehicles in Amsterdam, taking info account the limited range of e]ectric vehic]es and their
acceptance by the public.
For several parts of the study, invaluable support has been given by the Department of Physical
Planning anti the Environment al Department of the City of Amsterdam, the Environmental Research
lnstitute of the City of Amsterdam anti the Municipal Energy Company.
There are many types of electric vehicles: battery vehic~es, hybrid vehicles and fuel cell vehicles.
The study concentrates on battery electric vehicles. The limited range of battery electric vehicles
does hot seem to be a crucial factor in the Dutch situation because the average daily distance
travelled by passenger cars and vans is low and because promising developments towards higher
energy density of batteries are increasing the range of battery vehicles. For trucks it is assumed that
hybrid vehicles are the most suitable alternative. Buses can be powered soleIy by batteries because
recharging can take place at the frequent stops.
The medium and long term goals of the large American car manufacturers are adopted as the
performance standard for elèctric vehicles. With regard to costs it is assumed that large-scale
production of electric vehicles will reduce the price of vehicles (excluding the battery) to such a
level that the sum of capital costs and maintenance costs (which are relatively low for electric
vehicles) will approach that for internal combustion engined vehicles. This implies that the energy
costs are crucial in the cost comparison. It is shown that in the long run energy costs (battery,
charger and electricity) of the electric vehicle are likely to drop to a level comparable to the level
of the fuel costs of an internal combustion engined vehicle.
Whether electric vehicles do save primary fuels depends on the assumptions made on the
eflïciencies of electric vehicles, electricity generation, and the internal combustion engined vehicles.
It is concluded that electric vehicles do save primary fuels in urban traffic, but in mixed traflïc cycles
(city plus highway) the outcome depends on the eflíciencies assumed for the various systems.
The acceptance of EVs is not solely dependent on technical performance and economic factors.
Social acceptance of EVs is expected to be strongly related to historical practices of electricity
applied in transport systems. The key question is whether EVs are seen as cars and consequently
have to compete with the current car, usually presented as strong, dynamic, aggressive and male
in advertisements. A survey was carried out in the Amsterdam inner city (N--494) in order to
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determine attitudes towards EVs and to identify barriers towards social acceptance of EVs in relation
to current car characteristics.
One third of (mainly smaller) cars are newly bought for an average price of 29,700 guilders for the
first car and 25,600 guilders for the second car. Cars are bought for the purpose of mobility and
for commuter traffìc. People travel between 16,000 and 21,000 kilometres per year, 18,000
kilometres being the average. Careful examination of the daily mobility reveals that between 53%
and 85% of the car owners living in the inner city travel less than 100 kilometres per day, with the
true percentage nearer to the high boundary. Holidays pose a problem for the introduction of EVs:
nearly one third mention ’holidays’ among the two toost important reasons for purchase. 56% have
used their car for holidays (in 1991), travelling about 3200 kilometres on an average.
About 43% park directly in front of their house. The remaining 57% need to walk 5 minutes to reach
their parked cars. The time to reach the Amsterdam ring-road is reported tobe 11 to 12 rninutes
on average. Parking and traffic are not declared to pose a great problem. Nevertheless, many
people view parking and traffic as problematic. This leads toa positive attitude towards car limiting
measures: 70% want to curb car traffìc in the inner city, while 41% want to exclude EVs from tough
limiting measures.
The attitude towards EVs is quite favourable: about 80% have a positive attitude towards EVs (less
than 10% is negative). The difference between the 80% and the aforementioned 41% results partially
from the prevailing ideas that EVs still occupy scarce space and are a source of pollution because
of the need to generate more electricity. The conclusion is that a car free inner city district is more
important to the inhabitants than cleaner surroundings as a consequence of the large-scale
replacement of current cars by EVs.
Although it was expected that financial considerations would dominate the attitude towards EVs,
a reversed relationship was found. Nevertheless, the financial considerations were based on a stated
price example in which EVs were 25% and hybrid cars were 40% more expensive than their
identical, conventional make and type. Income and price of current car were less important
predictors of the intention to buy an EV or hybrid car. Finally, the toost important barfiers for a
large-scale introduction are price and sphere of action of the EVs.
The market potential for electric vehicles in Amsterdam is based on a detailed analysis ofthe traffic
streams. Vehicle ownership and vehicle use are considered separately. Fout types of vehicles are
identified (passenger cars, vans, trucks and buses), and five different types of use: comrnuter traffic,
private traffic other than commuter traffic, passenger transport, goods delivery and business traffic.
A penetration algorithm is developed which determines the annual volume of electric vehicles as
a percentage of the total car sales, taking info account the maximum range of electric vehicles. The
main parameters of this aIgorithm are the maximum marker penetration, the starting year and the
speed of marker penetration. These parameters are varied t:or the different vehicle types and type
of use. It is assumed that substantial market penetration will not start before 1995. If a maximum
market penetration of 80% is assumed the algorithm gives the following result:
Table 1. Market penetration of electric vehicles as a percentage of the total vehicle fleet in 2OOS and
2015
’Slow’ penetration
2005
2010
2015
Passenger cars
Vans
Trucks
Buses

18%
26%
4%
14%

51%
56%
22%
53%

68%
72%
38%
78%
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’Fast’ penetration
2005
2010
2015
30%
28%
10%
44%

60%
56%
30%
78%

68%
72%
40%
80%

The market shares of electric vehicles are deliberately set high. The reason for this is twofold.
1. It is extremely difficult to predict whether the economic conditions and social acceptance will
be t:avourable to electric vehicles in the future. However, il: this is the case, there seems tobe
no fundamental restraint on marker penetration except the limited range of electric vehicles. The
analysis of average daily dlstances travetled by cars in the Amsterdam area shows that a market
share ol: 80% is feasible. This finding is supported by the results ofthe survey. The only restraint
is the use of the car l:or holidays and other occasional long distance travel. This restraint can be
avoided by promoting the use ol: other transport modes or rental cars for long distance trips. Il:
hybrid vehicles penetrate instead ol: electric vehicIes~ the ’range problem’ is non-existent. The
conclusion is that the marker shares in this report are l:easible, provided that costs, battery
technology and social acceptance develop l:avourably. How l:ast these marker shares can be
reached depends heavily on how quickly costs, technology and acceptance develop. This is very
hard to estimate. The actually chosen timepaths in the scenario’s, which suppose a positive
development, are thus of minor importance.
2. The use of electric vehicles is promoted because of their environment-íTiendliness. However,
electric vehicle marker shares ol: a few percent do hot have a noticeable impact on air and noise
pollution, as the results of this report show (see below). Il: the conventional intemal combustion
vehicles are banned fl‘om inner cities and electric vehicles are allowed toa certain extent,
marker shares of electric vehicles may hOt have tobe large to create a positive impact on air
and noise poIlution in these inner city areas. However, in such cases it is the banning of internal
combustion vehicles which produces the largest positive environmental effects and hOt the
introduction of electric vehicles. If the application of EVs is also supposed to have a positive
effect on the environment in areas where internal combustion vehicles are hot banned,
significant market shares are required.
It should be stressed that this study tests on current views ol: future traffìc streams, without
fundamental changes in the transportation system. The scenario’s presented in this report are hot
the only way to curb air anti noise pollution. Banning (part of) car traffic fl‘om the city is another
possibility. It is hot the aim of this report to present the electric vehicle as the ideal solution; the aim
is to analyse the possibilities and effects of large scale introduction of electric vehicles, as one ol:
the possible solutions.
The main purpose of promoting the use of electric vehicles in urban traffic is to reduce air and noise
pollution. The city ol: Amsterdam uses computer models to calculate the concentration ol: several
harmful substances and also the noise level in every busy street, Ieading toa so-calIed
Environmental Traflïc Map ol: the city. These models are used to assess the beneficial effects of
electric vehicles on air and noise pollution. The results show that the introduction of electric vehicles
would yield a substantial reduction of the number of instances where the legally acceptable
concentrations are exceeded. The results are summarised in table 2.
Table 2. Total street length exceeding legal limits

Reference
Slow penetration 2005
Fast penetration 2005
Fast penetration 2010

NO~

Benzene

Black smoke

42.2 km

18.6 km

13.7 km

-23%
-44%
-84%

-47%
-80%
-98%

-55%
-80%
- 100%

The model also computes average noise intensities at the facades of domestic houses. In almost
all streets this intensity corresponds to the noise production of vehicles at a constant speed of
50 km/hout. Consequently, the effect of electric passenger cars and vans on the results of the
Environmental Traflìc Map is negligible because there is little difference in noise intensity between
electric vehicles and internal combustion engined vehicles at a constant speed ol: 50 km/hr. This
does hOt mean that electric passenger cars and vans would not reduce the annoyance caused by
noise pollution: they would probably reduce many of the peaks of noise intensity caused by the
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acceleration of vehicles, especially in the neighbourhood oî the numerous road junctions. It is
assumed that the average noise intensity of electric buses and hybrid trucks is 10 dB(A) lower than
that of their equivalent conventional vehicles with combustion engines. The model computes the
total length of the streets exceeding the legally acceptable noise intensity, as well as the number
of houses affected. Table 3 shows the results for a typical daytime situation.
Table 3. Total street length and number of houses exceeding the legal daytime noise level
Street length
Reference

Number of houses

117.6 km

44,240

-3%
-13%
-23%

~ 1,8%
-9,5%
-20,3%

Slow penetration 2005
Fast penetration 2005
Fast penetration 2010

The results show that only large-scale introductinn of hybrid trucks anti electric buses can have a
significant effect on average noise intensities. The effect of electric buses especially is considerable.
However, it should be noted that electric buses are hot the only solution to noise pollution. The city
of Amsterdam is currenfly considering the introduction oí buses mnning on natural gas which are
quieter than diesel buses. The results also show that the contribution oi~ electric vans is very small
compared to the contribution of passenger cars, because the number of trips with vans in
Amsterdam is relatively small.
It should be noted that trucks produce more air and noise pollution (per kilometre) than passenger
cars and vans. It thus seems logical to concentrate on altematives for trucks. In the scenarios,
however, the percentage of hybrid trucks is relatively low, because it is assumed that hybrid trucks
will become available at a later date then electric passenger cars and vans, and that many heavy
trucks are not suited for hybrid propulsion. The contributinn of hybrid trucks to the reduction of air
and noise pollution in the scenarios is thus relatively low, and could be higher theoretically.
With regard to the capacity of the electricity distribution network, the most important conclusion
is that load management is crucial when EVs are introduced on a large-scale. At the level of low
voltage cables as well as the at the level of the total grid in Amsterdam, charging during daytime
or uncontrolled charging during the night can easily cause capacity problems. The possibility of
charging during daytime almost bas tobe excluded in order to avoid large investments. This is
especially true for fast recharging, with the exception of buses and maybe taxis. The consequence
is a reduced flexibility of the use of electric vehicles. This may well hamper the large-scale
introduction of electric vehicles. Nevertheless, when load management is applied, charging the
batteriês of all vehicles during the night without causing peaks in electricity demand is feasible.
Moreover, the introductinn of electric vehicles may lead to better utilisation of the grid. This means
a decrease of costs per kWh. However, charging of EVs will also lead to extra investments with
regard to the capacity of the grid:
- In the first place the costs of load management itself;
- Fleet owners may have to install an (extra) transformer;
- If the ’density’ of electric vehicles in certain areas is extremely high, the number of households
per low voltage cable may have tobe reduced or more expensive cables may have to be used;
Non-domestic users may need a higher capacity of their AC power supply;
- If the charging of EV batteries takes place at parking places, transformers have to installed;
Fast recharging of the batteries of buses and taxis also requires the installation of transformers.
It is difficult to estimate the total cost of these investments and to assess whether the benefits of
higher utilisation of the grid balance these costs. But it is clear that ~f electric vehicles are
introduced on a large-scale, battery charging deserves careful attention.
ff electric vehicles are introduced hot only in Amsterdam but in the whole Randstad area the total
number of electric vehicles would reach about 3 million and total electricity demand would increase
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considerably. This affects total emlssions as well as the total cost of electricity production. There
are several ways of assigning these emissions anti costs to electric vehicles: average or marginal
emissions and costs can be assigned, and secondary effects on the type of installed capacity and
on the fuel mix in electricity production can be accounted for. The average emissions per kilometre
in 2015 are calculated for two electricity generation scenarios, one with nuclear power plants and
coal gasification combined cycle plants with CO2 removal for base load production (this is one of
the scenarios of the Dutch National Energy Outlook), and one with only coal gasification combined
cycle plants without CO2 removal for base load production. The names of these scenarios are the
BG scenario and the VAR scenario respectively. With regard to the emissions of ICEVs drastic
efficiency improvements are assumed (30% for passenger cars between 1990 and 2015, 35% for
vans, 20% for tmcks), as well as the application of three-way catalysts on all passenger cars. The
results, expressed as indices, are shown in table 4.
Table 4. Emissions in g/km, expressed as an index (ICEV= 100)
SO2

NOx

Dust

CO2

CO

HC

Reference

100

100

100

100

100

100

Electric BG
Electric VAR

38
87

28
31

19
22

73
123

2
2

3
3

From this table the following conclusions can be drawn:
- For SO~, emissions in both electric cases are lower than in the 1CEV case. However, in the VAR
case, with a massive use of coal (without CO~ removal), the difference with the ICEV case is
small. In the electric BG case, SO~-emissions are only one third of the SO~-emissions in the ICEV
case. In this case less coal is used and a large part of the SO~ is removed together with the CO~.
It should be noted that in most studies carriêd out so far, EVs show higher SO~-emissions than
ICEVs. The figures presented here partly reflect the large Dutch effort in reducing SO~-emissìons;
- For NOx, emissions in the electric cases are less than one third of the emissions in the ICEV case;
- For dust, emissions in the electric cases are only one fifth of the emissions in the ICEV case;
For COl, emissions in the electric BG case are 25% lower than in the ICEV case, but the
emissions in the electric VAR case are 25% higher, due to the extensive use of coal without
CO~-removal;
For CO and HC, the emissions are approximately the same in the two electric cases and almost
negligible compared to the 1CEV case.
The overall conclusion is that in 2015 the emissions of the electric vehicle are drastically lower than
the emissions of the already very efficient and clean internal combustion engined vehicle of the
future, with one exception: the CO~ emissions when electricity production is largely coal based. The
results do not change fundamentally when the effect of electric vehicles on the primary fuel mix are
raken into account.
Due to the large-scale introduction of EVs the average electricity production costs could increase
in the short term, because the extra electricity would be generated with relatively expensive peakload units. In the long run, however, when the electricity production system is adapted to the extra
demand, average production costs are llkely to decrease. In the Dutch situation, if approximately
one third of all motor vehicles were electric by 2015, average production costs would decrease by
about 5%.
Govemmental support of EVs can be very active as shown by the Califomian measures prescribing
that a certain percentage of car sales must be electric in some future year. At the city level, the
toost rigorous measure would be to ban all motor vehicles except EVs from the inner city. In this
report another (’bottom up’) approach is discussed, which involves all kinds of short terra measures
aimed at small-scale introduction of EVs for certain applications, in order to help EVs over the
threshold of market penetration. If these measures succeed, at a later date the more rigorous
measures can be taken when marker forces alone are hOt sufficient.
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Dutch transportation policy is aimed at a reduction of (passenger) car use, so that a governmental
EV policy is subject to the ’boundary condition’ that stimulation of EVs must hOt lead to an extra
demand for cars. This implies that in the long run EVs must hOt be too inexpensive. In order tobe
able to influence the varìable as well as the fixed costs of EVs, an extra taxon electricity may be
necessary. This would require a separately metered circuit for EVs. Because in the long terra
separate circuits are necessary for load management, a taxon EV electricity can theoretically be
implemented. The problem of avoidlng an extra demand for cars only applies to private passenger
cars. With regard to business cars stimulation of EVs is a straightforward matter without
unintentional adverse effects. For this reason, and because currently the market focuses on electric
vans, it seems advisable to start stimulation of EVs for business purposes. However, as the results
of the Environmental Traffìc Map show, passenger cars must be included at some stage.
In the short term a variety of measures, suggested by EV legislation in other countries, can be raken
in order to stimulate EVs. It is essential that the different levels (national government, local
government, anti electricity companies) and the different types of measures (social, physical,
financial and institutional) work together in the same direction. The toost important tasks for the
national govemment are to adapt current transportation legislation to account for the ’existence’
of EVs and to give financial incentives. Adapting current legislation means, for example, that EVs
become a separate category for road tax, and that standards are defined which EVs must satisfy
in order tobe allowed on the road. Financial incentives are, for example, (partial) exemption of road
tax and special consumer tax, and investment subsidies (note that the current policy to increase
fuel tax is already an incentive for EVs). These financial incentives are primarily focused on
business cars. Another possibility to focus on business traffic in urban areas could be to oblige fleet
owners in the ’Randstad’ to equip their fleet with a certain percentage of EVs. To enable local
authorities to set an example, special incentives for these local authorities could be created.
Moreover, in view of the results of the Environmental Traffic Map, an active stimulation policy for
buses can be undertaken. Road pricing, if implemented satisfactorily, could be a useful instrument
to stimulate EVs especially in urban areas. With reference to the national legislation, the local
government could introduce EVs in their own vehicle fleets, consider electric buses and take a
variety of measures to make EVs attractive for firms and private persons, such as creating special
parking places and tariffs for EVs and requiring taxi companies to make a certain percentage of
their fleet electric (the Environmental Department of the City of Amsterdam is considering the
possibility of electric taxis). Again with reference to the national legislation, the electricity distribution eompanies could introduce EVs in their own vehicle fleets and take a variety of measures to
support national and local legislation, such as installing charging facilities at EV parking places,
offering special tariffs t:or battery charging, creating EV service stations, and offering deferred
payments for EV batteries.

Recommendations for further research
o Comparison of different alternatives
In this report EVs are considered as the only altemative to ICEVs, provided the range of the EV is
sufficient. It is concluded that EVs can, in principle, achieve a large market shaÆe. However, this
does not guarantee that EVs will indeed become the primary alternative for ICEVs. Other
altematives such as hybrid vehicles, fuel cell vehicles, transportation systems with overhead wires
or roadway powered vehicles, or any combination of these alternatives might also be feasible. Each
of these systems bas its own effects on the environment, costs, and electricity grid. Comparison of
these effects and of the requirements for implementation is necessary.

o The use of EVs in relation to closing off inner cities
The main reason to consider closing off inner cities for car traffic is often the scarcity of space and
the associated congestion problems. However, to a certain extent altematives have tobe offered
for passenger transport as well as the business traffic to maintain the economie viability of the inner
city. For example, exemptions could be given only to electric business cars, and for passenger
transport electric minibuses could be used. In order to make clear the possible role of EVs in the
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discussions on closing off inner cities, investigation into the feasibility and integral costs of such
options is required.
O Alternatives to alleviate capacity problems in the grid
This report shows that large-scale introduction of EVs and/or quick recharging during daytime can
easily lead to capacity problems in the local electricity distribution network. Adapting the grid is
very costly, so for certain applications battery swapping or decentralised electricity generation may
be cost-effective options.
O Social acceptance of electric vehicles by the business community
In this report the attitudes of individuals towards electric passenger cars is studied. For
entrepreneurs, the considerations underlying the purchase of a motor vehic|e are of course different.
Knowledge of the attitudes and opinions of entrepreneurs and insight into decision processes could
yield suggestions for the introduction of EVs in the business community, especially in the context
of car limiting measures in inner cities, which are heavily opposed by the business community in
Amsterdam.
O Better quantification of the effects of EVs on traffic noise levels
The results on the effect of EVs on noise pollution in this report are based on noise levels produced
at constant speed. This does not yield a realistic picture of the possible contribution of EVs to the
reduction of noise levels. Noise nuisance in citles is a consequence of variatlons in the nolse level,
partly caused by accelerating motor vehicles. Because EVs produce less noise than ICEVs during
acceleration, it is expected that EVs can contribute to less noise nuisance. It is hot clear, however,
at what scale EVs have tobe introduced to achieve a significant effect.
O Marketing aspects
The results of this report raise several questions on marketing. Should the electric vehicle be
advertised as an ICEV equivalent or as an altemative ’green’ transport mode? lnformatinn on the
general publics’ knowledge about electricity generation, EVs and ICEVs in terms of performance
and pollution could give valuable information for communication strategies. Another marketing
questlon is: what institutional design should be chosen to overcome the range limitations of EVs?
Combined lease contracts of an EV and an 1CEV or inexpensive rental ICEVs for holidays for EV
owners are two ofthe many possible solutions. Finally, the technical, economical and social aspects
of market penetration of electric vehicles should be integrated.
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1. INTRODUCTION
1.1. Background to the study
A brochure [1 ] has recently been published by the Ministry of Housing, Planning and Environment
anti the Ministry of Transport on the subject of ’traffìc and environment’ in urban areas. The first
sentences of this brochure read: ’Ir is becoming increasingly difficult to combine growing car traffic
and a clean environment in our society. We can experience this almost daily in our own personal
surroundings’. In the words of Van Witzen in the book ’The Environment: ideas for the 21st century’
[2]: ’As a bulk consumer of energy and resources and as a bulk producer of harmful substances,
traffic should be considered as an important part of the depressing development of the
environment’. This poses a dilemma for society because ’traffic and transport perform an essential
task anti constitutê, as it were, the vascular system for the economic and social activities of the
human being’. There are many possible solutions for this dilemma. This report aims to assess
whether the electric vehicle can make a significant contribution.
There is a strong connection between traffic and the environment in a densely populated country.
The Netherlands has the highest number of cars per square kilometre [2]. Of all passenger
kilometres 75% are performed by individual motorised vehicles [2]. If government policy does hot
change, a 60% growth of car mobility is anticipated between 1986 and 2010. The govemment
hopes to restrict this growth to 35% by means of higher taxes, promoting car pools, restrictive
parking and improvement of public transport facilities. Thus, despite considerable government
intervention car traffic will grow strongly in the coming decades.
In the Netherlands the contribution of road trafiíc to the emissions of air polluting substances is
already very high: 65% of the CO-emissions, 55% of the NOx-emissions and 45% of the
HC-emissions. In urban areas these percentages are even higher [1]. Especially in busy streets ’in
the long run detrimental efîects on human health cannot be excluded’ [1, p.4]. For this reason,
limiting values are laid down for several substances (SO~, airbome soot particles, NO» CO, lead
and benzine). Within urban areas, these limits are usually only exceeded in busy trafíic situations.
Traffic also causes noise pollution. The number of Dutch citizens suffering from noise pollution
caused by road traffic has risen from 49% to 60% in the last ten years. About 19% experience a
serious nuisance, corresponding toa noise level of more than 70 dB(A) [1].

1.2. Traffic, environment and national policy
Serious environmental problems are caused by road traffic. Other problems are the space taken up
by traffic, traffìc jams and the many car accidents. Several policy documents which address these
problems have recently been published viz; the Second Memorandum on Trafflc and Transport
(SVV-11, [3], the National Environmental Policy Plan (NMP, [4]) and the National Environmental
Policy Plan Plus (NMP+, [5]), the Memorandum on Energy Savings [6] and the Fourth Memorandum
on Physical Planning Extra (Vinex, [7]). From these policy documents it is clear that transport,
environment and urban planning are inextricably linked. The goal expressed in these documents
is ’art environmentally clean transportation system which is efficient in its use of energy and space’
[3,p.10]. In other words: ’to keep our country accessible within the limits of a durable society’
[3,p. 11]. To achieve this goal, five policy lines are developed: strengthening government policy,
offering selective accessibifity by road, improving alternatives for the car, restriction and guidance
of car mobility, and developing/stimulating clean, energy-saving, silent and safe cars.
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1.3. The place of e|ectric vehic|es in the national po|icy plans
The use of electric cars is thus nota specified policy objective, partly because it is only in the last
two years that the electric vehicle bas heen considered as an alternative to the conventional car with
an internal combustion engine.
In [3] and [5] no significant decrease in the use of oil products in traffic is foreseen. Nevertheless,
in [4] urban traffìc is proposed as the spearhead action for the demonstration and application of
clean technology by use, for example, of electric and hybrid vehicles.
In [3] emphasis is placed on clean and silent technology for heavy vehicles (trucks and buses) in
urban traffic. Electric buses are identified as one of the possibilities. For goods traffic it is proposed
to develop large distribution centres outside the inner city with connection to the inner city by a
system using environmentally friendly vehicles. Here again electric vehicles are identified as one
of the possibilities. It is further noted that utiIities traffìc, taxi companies and other small-scale
businesses are highly suitable for electric traction.
Thus, although not immediately apparent, the electric vehicle does indeed feature in the national
policy documents. In addition, the General Energy Council states in its advice [8] on [5] and [6]:
’ for environmental and health reasons, as well as for diminishing the dependency on imported oil,
... much more attention should be given to the use of natural gas and electricity for local and
regional transport’. In its outline of a policy for a durable relationship between traffic and
environment in the 21st century, [2] highlights as one of the main characteristics: ’maximum use
of electric traction in all kinds of traffic in urban areas (train, tram, trolley-bus, electric passenger
car and electric van)’.

1.4. The situation in the ’Randstad’ in general and Amsterdam in
particular
The largest eoncentration of population in the Netherlands and the economie heart of the country
are located in the ’Randstad’ (the area including the fout largest cities Amsterdam, Rotterdam,
Utrecht and The Hague). In [7] emphasis is placed on ’further development of ~~isting (author’s
italics) urban areas’ (p.13). This means that future housing and new employment creation will be
concentrated in existing cities: the urban areas are hot expanded, but used more intensively. Cities
need tobe compact. Of the estimated expansion in the number of houses in the period 1995-2015
of 835,000,485,000 will be located in the ’Randstad’. It is expected that up unti12015 530,000 new
jobs will be created in the Randstad. Together with the expected increasing individualization of
society, this increases mobility demand. In the proposed development of existing urban areas
’neamess’ is more important than ’accessibility’. Together with a drastic improvement in the quality
of public transport facilities, this should solve the ’mobility problem’ in the Randstad. According to
[2], the traffic problems in the Randstad are comparable with the problems in Southem Califomia:
although the Randstad is only half as large, the population density is higher and the number of cars
per square kilometre is similar. Because the ’Randstad’ is so small (relatively), the distances are
also very short: 40% of all car movements are less than 5 kilometres!
The city of Amsterdam has about 765 thousand inhabitants, of which around 25% owns a car.
Although car property is less dense than for the Netherlands as a whole, the car use in Amsterdam
on an average working day is high, mainly due to the high level of economic activities. The number
of people working in Amsterdam is about 440 thousand in 1990 and is expected to increase 11%
between 1990 and 2010. In 1990 commuter traffic by car amounts to more than 100,000 cars (for
more details see chapter 5). The historically determined infrastructure of Amsterdam, especially in
the inner city, limits the accessability for cars (especially for goods supply traffic) and aggravates
the environmental effects of car use. Consequently, Amsterdam is one of the cities in the
Netherlands where air and noise pollution caused by traffic bas become very serious. In 1990, the
results of computer model computations showed that the maximum recommended levels of CO,

16

NO2 and noise were exceeded at many places [9]. In a reaction to these ’shocking results’ [10], the
city council decided to prepare a report on the relationship between traffic and the environment.
In this document, the two main goals of the Amsterdam traflïc-environment policy are set down:
’on the macro level the aim is to reduce the emission of air polluting substances in Amsterdam as
a whole. On the micro level, the aim is to improve the quality of life’ [10,p.7]. It is then argued that
the concept of the ’compact city’, the essential feature of the Amsterdam urban planning policy,
leads toa paradox: the compact city contributes to the macro level aim of reducing air pollotion
by reducing travel distances and by favouring the use of public transport. However, on the micro
level, the intensified use of public space in the compact city leads to ’a major distortion of the
quality of lire’ [10, p.7]. Thus, in order to maintain the concept of a compact city, measures are
needed to improve local air quality. A wide range of measures is proposed: positive discrimination
for the bicycle and for public transport, traffic guidance measures, limiting the available space for
car traffìc, and taxing the use of cars (expensive parking). One of the measures proposed is to
stLmulate alternative means of traction, but ’the possibilities for local governments to enforce
technological innovations are limited’ [10, p.16].

1.5. Short description of the study
In ~his report, scenarios are developed which describe the large scale penetration of electric and
hybrid vehicles in the trafflc system in Amsterdam. The goal of these scenarios is twofold: to
identify those problems which can arise during the realization of this change and to indicate the
environmental consequences. In other words: the goal is to analyze the advantages and
disadvantages of electric vehicles.
The results of this analysis should ideally give a basis for the assessment of the desirabil~ty of the
introduction of èlectric vehicles and, if the answer is positive, should also generate ideas on how
to stimulate this change.
The large scale penetration of electric vehicles has many aspects:
- Technical: performances of electric vehicles;
Economic: the price of electrlc vehicles, the govemmental income fl‘om taxes, and, fl‘om the
point of view of a city, the effects of measures to improve local air quality on the economic
viability of the city, the extemal costs of different transportation modes;
- lnfl‘astructural: a network for selling and servicing electric vehicles, and the charging requirements
of the batteries of electric vehicles;
- Environmental: air and noise pollution due to traffic, the recycling of batteries;
- Social: the relationship between knowledge, values, experiences, attitudes and behaviour with
regard to mobility in general in electric vehicles in particular.
Many of these aspects are discussed in the following chapters. For several chapters in this report,
invaluable support has heen given by the Department of Physical Planning of the City of Amsterdam
(chapter 5), the Environmental Research lnstitute of the City of Amsterdam (chapter 6) and the
Municipal Energy Company (chapter 7).
In chapter 2, the general background of the scenarios is outlined. Chapter 3 describes the most
important characteristics of electric vehicles: electricity consumption, range and energy costs.
Chapter 4 deals with the social acceptance of electric vehicles. In chapter 5, a penetration algorithm
is developed to quantify the scenarios on the basis of the results of chapters 2, 3 and 4. The
subsequent chapters are based on these scenarios. In chapter 6 the effects of the scenarios on local
air and noise pollution are discussed. Chapter 7 treats the possible bottlenecks in the electricity
distribution network. In chapter 8 the introduction of electric vehicles is extended to cover the whole
’P, andstad’, and the effects on the emissions and costs of electricity production are evaluated.
Finally, chapter 9 describes how local and national governments can stimulate the introduction of
electric vehicles.
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In conclusion, the aim of this study is to assess the possible contribution of the electric vehicle to
the reduction of the harmful effects of road traflìc. As a consequence, the study is inherently
somewhat biased: the merits of electric vehicles are discussed at length, but consideration of
alternatives is limited. However, it is recognized that eIectric vehicles are not the solution to all
problems (for example, traffic jams, the use of scarce space, car accidents), electric vehicles can
not in themselves solve all the prob|ems of air and noise pollution and electric vehicles are not the
only solution. In urban areas it is clear that the emphasis lies in reducing the number of car
movements by shortening travel distances (concentration of housing, work and facilities) and on
stimulating the use of public transport and bicycles. The electric vehicle is not an altemative for this
policy, it can, however, contribute significantly because the demand for individual personal travel
by car is expected to continue for the foreseeable future.

~8

2. GENERAL SETTING OF THE SCENARIOS
2.1. lntroduction
This chapter begins with an explanation of the term ’scenario’ and how the scenarios relate to the
Amsterdam traffic policy (2.2). Next, some key assumptions in this report are discussed. Firsfly,
the choice of the type of cars is justified (2.3) and secondly the role oí the costs of the different
vehicle types is discussed (2.4). In the literature, electric vehicles are often associated with the
banning oí~ internal combustion vehicles from city centres. In 2.5 this relationship is further
discussed. Finally, section 2.6 treats some more specific assumptions.

2.2. The meaning of the term ’scenario’
In a ’scenario-study’ such as this it is important to explain the meaning behind the terra ’scenario’.
The subject of this report is the introduction of a new technology, the electric vehicle. A scenario
describing such an introduction does not only depend on technical factors (can electric vehicles,
in practice, replace internal combustion vehicles). The ’social environment’ also plays an important
role: the electric vehicle has to fit into society in a consistent manner. This point is elaborated in
chapters 4 anti 5. In this report the electric vehicle is considered in one of the scenarios in the
Dutch National Energy Outlook [11], the so-called ’Balanced Growth’ (BG) scenario. In this
scenario world-wide economic growth is assumed and an optimistic view taken with regard to
technological progress. Moreover, it is further assumed that serious concern about the greenhouse
effect leads to a world-wide carbon tax. This BG scenario is more extensively described in appendix
1. The combination of technological optimism, environmêntal concern and high energy prices
motivates the introduction of new clean energy techniques. The use of the electric vehicle thus fits
conveniently into this scenario.
It is assumed in this report that each individual and each firm has the freedom to make its own
choice in the purchase of a vehicle. This means that electric and hybrid vehicles can only penetrate
into the market if they have decisive advantages over the internal combustion vehicle. This
advantage can be financial, resulting from a significant price decrease of electric vehicles, or from
governmental measures (taxes, subsidies) to stimulate electric and hybrid vehicles. It can also be
a ’mobility’ advantage il:, for exampte, internal combustion vehicles are banned from inner cities.
In the scenarlos in this report, it is assumed that a situation arises in which the financial
disadvantage of electric vehicles disappears. This is exemplified in section 2.4. The scenarios
describe how the penetration of electric vehicles could take place (chapters 4 and 5) and how this
would affect air anti noise pollution as well as electricity production and distribution (chapters 6,7,
and 8).
The quantification of the scenarios is based on data on future traffic flows in Amsterdam, provided
by the ’Dienst Ruimtelijke Ordening’ of the City of Amsterdam. This implies that the electric vehicle
is hot seen as an altemative to public transport. The electric vehicle is only seen as an altemative
for vehicles with an internal combustion engine and does not replace other transportation modes.
This implies that it is assumed that electric vehicles do not create an additional demand for cars
(for instance by environment-minded people who do hOt want to drive an internal combustion
engined car but see the electric vehicle as an opportunity to drive a ’clean’ car). See also section
9.2.2 on this issue.

2.3. Electric, hybrid and fuel cell vehicles
In this section the different assumptions concerning electric, hybrid and fuel cell vehicles are
motivated. An electric vehicle (EV) is defined as a road vehicle with an electric drive train and a
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battery to store the electricity. A hybrid vehicle (HV) is defined as a road vehicle with an electric
motor with an associated storage battery as well as an internal combustion engine with an ordinary
fuel tank for petrol or diesel. A fuel cell vehicle (FCV) is defined as a road vehicle in which
electricity is generated using a fuel cell led with hydrogen or methanol, possibly in combination with
a small battery.
These three types of cars have in common the ability to travel a certain distance without (or almost
without in the case of a methanol fuel cell) producing air pollution. Thus, from consideration of air
quality at the driving site they have the same positive effects. Other than this common characteristic, the vehicle types show many significant d~fferences. In the case of EVs and HVs, energy is stored
as chemical energy in the vehicle, which is transformed into electricity while driving. The main
technical anti environmental issues are the method of electricity generation and file eflìcient storage
of the electricity in batteries. In the case of the fuel cell, the energy is carried along in the vehicle
in the form of methanol or hydrogen. The main issues here are: file method of producing methanol
or hydrogen, the method of storage of hydrogen and the development of a suitable fuel cell. To
summarise, in the case of EVs and HVs the issues are batteries and electricity production and
distribution, in the case of FCVs the issues are methanol or hydrogen production, hydrogen storage
and fuel cells development.
It is not possible to address all these issues within the scope of a single report. FCVs are hot
considered in this report. The most important justification for this is the fact that EVs and HVs are
much further developed than FCVs. This is evident ffom the volume of published literature on each
type of car and flora the numbers of EVs, HVs and FCVs which are presenfly on the road. Moreover,
this study is hot of a technical nature: it concems file consequences of the introductinn of a new
but well-known technology. It would be very difficult and maybe also premature to write a detailed
report on the consequences of the introduction of a new technique which is fat from being mature.
This study is thus restricted to electric and hybrid vehicles. The hybrid vehicle appears in many
various forms rêlated to the precise role of the internal combustion engine (ICE) which in rum
determines the amount of air pollutinn, ff the introduction of electric anti hybrid vehicles is pursued
for environmental reasons, it is appropriate to compare their ’environmental friendliness’. This is
hot a simple task. The advantage of the HV over the EV is the fact that its ’range’ is hot limited.
This means that, in principle, all road vehicles can be replaced by a HV, where only a (small)
proportion of all vehicles can be replaced by an EV. This advantage is especially important in the
short terra given the current state of the art in battery technology.
The hybrid vehicle also has several disadvantages:
1. When the internal combostion engine is used, the vehicle produces air pollution and significant
levels of noise pollution.
2. The HV user always has the possibility to use the ICE, even if the battery is fully charged. So,
in contrast with the case of EVs, the environmentai effect of the HV depends on the behaviour
of the vehicle user. For example, the HV user need hot recharge the battery or can always use
the ICE because it gives better performance. And il: the use of an internal combustion engine is
banned from inner cities, the HV poses a control problem. Finally, again in contrast with the EV,
the HV gives no inherent incentive to reduce the use of cars. This can be seen as an advantage
for the HV but a disadvantage for the environment.
3. Hybrid vehicles cause some of the same environmental problems as vehicles with an internal
combustion engine, fur êxample, leakage of oil and evaporation of petrol.
It is difficult to compare precisely the levels of EV and HV energy consumption. It is generally
accepted that EVs consume less energy than ICEVs in city traffic due to the low efficiency of the
internal combustion engine. On highways the efficiency of the internal combustion engine is much
higher. It seems possible that the HV, driving electric in city traffic and using the internal
combustion engine on highways, is the toost energy efficient. This is discussed further in chapter 3.
It will become clear, in chapters 3, 4 and 5, that when the development of battery technology
advances, the range of purely electric vehicles will be sufficient for a very large proportion of the
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passenger cars and vans in Amsterdam. This seems to eliminate the only large advantage of HVs.
It should be noted, however, that even if average actual driving distances are short, the possibility
to drive a great distance in a short time (for instance during holidays) is a highly-valud property
of a road vehicle (see section 4.4.1). This could lead to the conclusion that these people will
strongly prefer hybrid vehicles to electric vehicles. However, if EVs are cheaper than HVs and other
transport modes or rental ICEVs can be used for the occasional long distance trips, EVs can be
more attractive than HVs. Because of the environmental advantages of EV’s, this report generally
assumes the use ot: purely electric passenger cars and vans. Nevertheless, at various points,
attention will be given to hybrid vehicles in order to make a comparison with electric vehicles. The
hybrid vehicle is assumed to have a purely electric range of at least 50 kilometres.
In the case of trucks the assumption is reversed: only hybrid trucks are considered. This is justified
because in most cases trucks travel long distances daily, mainly on highways. This implies that
trucks need high power and much energy which is not consistent with purely electric traction. The
hybrid vehicle is assumed to have a purely electric range of at least 50 kilometres.
City buses also drive long distances daily and demand high power. However, they almost
exclusively drive in city traffic (which implies low speeds) and they often stand still at fixed places,
which enables battery recharging. Experiments in Germany showed that a daily distance of 360
kilometres could be achieved. [t is therefore assumed that city buses can be purely electric.
Finally, the category of special vehicles (mobile cranes, fire engines, street cleaning vehicles) are
not considered. It should be noted, however, that the City of Amsterdam uses several small electric
street cleaning vehicles. Moreover, in Paris and Japan electric garbage collection vehicles are used.
Different types of electric passenger cars are offen proposed for different types of traffic (urban,
suburban, highway). Interest has been shown in the lightweight compact passenger car which is
already being used, mainly in Switzerland. In chapter 5 more attention is given to this issue.
Meanwhile, the term electric vehicle is used for all different types.
For clarification, the following definition is given for vans and trucks. According to the Dutch Central
Bureau of Statistics a van is a vehicle with a gross vehicle weight (i.e. including the weight or
payload and/or passengers) of 3,500 kilograms. AII vehicles with a higher weight are termed trucks.
Ifan ICE van with a gross vehicle weight close to 3,500 kilograms is replaced by an equivalent
electric van, this electric van is likely to weigh more than 3,500 kilograms due to the weight of the
batteries. Nevertheless, this vehicle is still termed an electric van.

2.4. A cost comparison between EVs and ICEVs
ff the electric vehicle is to be a real alternative to the prospective purchaser of a car, the current
costs of electric vehicles will have to decrease drastically. Here, a distinction is made between the
short and the long term. In the short term electric vehicles will be expensive in comparison to ICEVs
due to the limited numbers produced. However, when production volume increases, the price of the
EV anti the battery will decrease. Opinions differ with regard to the extent of this decrease. [12]
states: ’However, with the advenf: of ac power trains, and the development of low-cost inverters and
on-board chargers, it is now thought that the initial cost of an EV (excluding the battery) will be
about the same as that of its ICE counterpart, and perhaps lower’ (italics added). In the case of
vans a production of 10,000 per year would reduce the price of electric vans down to the price of
ICE vans, according to [12]. In [13] it is concluded that the cost of an EV (excluding the battery)
can approach that of the 1CEV if the number of electric vehicles produced is 100,000 per year. In
[141 en [151 a somewhat more pessimistic view is taken: even if production numbers are large,
electric vehicles will remain more expensive than their ICE equivalents. With regard to maintenance
costs it is usually assumed that EVs show a considerable advantage (see for example, [14]).
Based on this restricted literature survey, the following assumption is made: the sum of yearly
capital costs (excluding the cost of the battery and the charger) and maintenance costs of the EV

21

and ICEV are equal. This implies that the cost comparisons between EVs and ]CEVs only depends
on the energy costs (battery, charger and electricity against diesei/petrol). The comparison of
energy costs is made in chapter 3. Given that EVs wil] be cost-competitive in the long run, it may
be of interest for govemments to stimulate the purchase of electric vehicles. This issue is addressed
in chapter 9.

2.5. Banning motor vehicles from inner cities
Banning ICEVs from inner cities is often raised as a critical factor in the introduction of EVs. It
should not be forgotten, however, that one of the most important reasons to ban certain categories
of road vehicles from inner cities is the scarcity of space. A referendum on this question will be held
in Amsterdam in March 1992. The physical space required by motor vehicles anti the traffic jams
and accidents caused by motor vehicles are important grounds for this referendum. It should be
recognised that electric vehicles are hot the solution to these problems. Electric vehicles are not
an issue in the referendum. In the preparation of the referendum, only the possibility of using
electric taxis in the inner city is raised I16].
St]Il, it is clear that closing inner cities to motor traffìc combined with the introduction of electric
vehicles has certain attractive features, even if the Inner city is closed for all types of vehicles.
Essential services and public transport within the inner city could be limited to electric vehicles.
Moreover, parking garages which would probably be built just outside the inner city would provide
]deal sites for charging batteries.
There are many variations on the theme ’closing off inner cities for motor vehic]es. For each of
these variations, however, it wouid be difíícult to predict the market penetration of electric vehicles,
the effect on traffic flow and the overal] economic impact. For this reason the possibility of closing
off inner cities is hot considered in further detail in this report.
In a way, the results of this study (the effect on local air clua]ity and quaIity of lire when ICEVs are
replaced by EVs) can be seen as an alternative to closing inner cities. It could be argued that the
electric vehicle is a ’techno]ogical’ solution, whereas c]osing the city is a ’behaviourial’ solution. The
advantages of ’replacing ICEVs l~y EVs’ over ’banning motor vehicles from the inner city’ are:
- Fewer economic implications;
- No control problems for non-permitted driving or parking in the inner city;
- No extra parking on the outskirts of the inner city.
The advantages of ’banning motor vehicles from the inner city’ are:
More space for other activitiès;
No traffic
Less traffic accidents;
More attractive for cyclists and pedestrians.
Clearly both options have their advantages. The scenarios in this report are only concemed with
the first option, the replacement of ICEVs by EVs, without any restrictions on the use of certain
types of vehicles in the inner city.

2.6. Further assumptions and remarks
Performance of electric vehicles
The only performance criterion taken into account for the electric vehicle is the range. This implies
that all other factors, such as maximum speed, acceleration, comfort etc. do not restrict the
introduction of eIectric vehicles. For example, it is assumed that the maximum speed of electric
vehicles is sufficient to drive on highways. Even if cars are mainly used in urban traffic, they will
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often have to use the Amsterdam ring road where 70 km/hour is the minimum speed and a speed
of 100 km/hout is advised.

lncoming traffi¢ for private reasons
Most incoming traffìc is commuter traffic. Private cars driven into Amsterdam for other reasons are
excluded fl‘om the scenarios because the pattern changes daily.

Possible future developments for EVs
In [3] it is proposed to establish distribution centres just outside cities, combined with clean and
silent goods delivery in the city. This provides a promising potentia] for electric goods traffic.
According to [17] these centres would reduce the number of goods delivery vehicles by 50%. Every
two thousand goods delivery vehicles would be replaced by 160 large vans. For Amsterdam this
would mean approximately 1000 (possib]y electric) vans (out estimate).
Furthermore, in [3] the establishment of ’transferia’ is suggested. These transferia can be seen as
extensive ’park & ride’ facilities, which are integrated with car service centres and/or shops. This
could imp]y shorter distances in commuter traffic by car: people drive to the nearest transferium
instead of to their work. This opens up new possibilities for EVs, especially because these transferia
are ideal places to install ’battery chargers.’ It was not possibie to incorporate these developments
in our scenarios bêcause they are hot dealt with in the data concerning the traffìc flows in
Amsterdam (on which the scenarios are based). Nevertheless it is clear that they increase the
potential for the use of electric vehic]es.

Geographical definitions
When the terra ’Amsterdam’ is used in this report, the area consisting of the municipa]ity
Amsterdam and Schiphol, Badhoevedorp, Amstelveen, Diemen and Ouderamstel is meant. The
inner city is defined as the area enclosed by the Singelgracht and the river l J.
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3. ENERGY CONSUMPT|ON, FUEL USE AND RANGE
3.1. Introduction
Range is a critical feature of electric vehicles in determining the likely market penetration. The most
important factors influencing the daily range are:
- Electricity consumption per kilometre from the battery;
- Energy density of the battery;
- Weight of the battery;
- The possibility of recharging and the charging rare.
The electricity consumption per kilometre itself is determined by:
The driving cycle;
The weight of the car, including battery and payload;
The battery efficiency;
The efficiency of the drive train;
The use of regenerative breaking;
Other vehicle characteristics.
Electricity consumption is hot only important to determine the daily range, but also to calculate the
emissions from the electricity production attributable to EVs. Moreover, electricity consumption per
kilometre is one of the factors to be raken into account in the comparison of EV and ICEV primary
energy use. It also partly determines the total energy costs of electric vehicles. These factors
(electricity consumption and range, primary energy consumption and energy costs) are treated in
this chapter. The analysis is focused on passenger cars and vans. The electricity consumption of
hybrid vehicles and electric buses is treated separately in section 3.3.4.

3.2. Assumptions
In the calculation of electricity consumption, assumptions are made on the factors listed above.
Using these assumptions in the model developed in [18], the intrinsic energy and gross electriclty
consumption as a function of the weight of the battery can be calculated. Then the weight of the
battery and the extent of charging during day-time together determine the daily range.

Energy density of the battery
With regard to the energy density, power density, costs and lifetime of future batteries, the mid term
and long terra goals of the battery consortium recently set up in the USA are raken as a point of
reference. The mid term goals are for design and pilot-production in 1994 of an h-nproved
specification battery and for full production before the turn of the century. The long term goals for
a high specification battery are for a prototype test in 1994 and application between 2000 and
2010. The goals are as follows [19].
Table 3.1. USABC mid term and long terra goals
Mid term
Energy density
Power density
Lifetime
Costs
Charging time

[Wh/kg]
[W/kg]
[years]
[dollars/kWh]
[hours]

80-100
150-200
5
¯ 150
6

Long terra
200
400
]0
~ 100
3-6

Note that the type of battery and the discharge characteristics are hot listed. The type will be
determined by the research programme and it is assumed that the discharge characteristic is
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applicable to in city traffic use. It is also assumed that the energy density is calculated using the
weight of the battery including auxiliary equipment.
It is interesting to compare current battery technology with these goals. Table 3.2 shows data from
Fiat [20] and from [21 ] on currently available batteries and a comparison with lead-acid batteries.
Table 3.2. Currently available batteries

Lead-acid
Ni-Cd
Na-S
Li-V6-03
Zn-Br

Wh/kg

W/kg

26-36
twice as much
fout times
five times
twice as much

80-120
four times
the same
higher
the same

Ecu/Wh
0.1
three times
the same
slightly higher
lower

Although there are batteries which meet one of the mid term US goals there is no single battery
meeting all goals. Moreover, current battery technology still falls well short of the long terra US
goals. A more detailed study of the state of the art of battery technology can be found in [22], one
of the other contracts in the EDS-program.

Battery efficiency
The efficiency of the battery depends on its type. In [23] efficiencies of 58% for Ni-Fe, 75% for Zn-Br
and Ni-Cd and 91% for Na-S are reported. In [ 18] a possible efficiency oI: 98% for lithium batteries
is given. For batteries working at a high temperature, heat losses have to be raken into account.
In [24] and [12], the efficiencies ot: different battery types are grouped around 75%. In this report
an efficiency of 75% is assumed. In section 3.4.2 a sensitivity analysis on battery efficiency is
performed. The battery efficiency is the product oI: the charging efficiency and the discharging
efficiency. It is assumed these efficiencies are equal and together lead to an overall efficiency of
75%.

Drive cycle
The urban ECE-15 cycle, which is typical t:or city traffic, is mainly used. Energy consumption at
constant speeds of 50, 80 and 100 km/hout is also determined.
Vehicle characteristics
Fout types of vehicles have been defined: the compact urban car, the ’middle class’ passenger car,
the light van and the heavy van. The parameters for these vehicles are raken fl’om [18]. For the
compact urban car the fl’ontal area and drag coefficients ot: the Peugeot 205 are used, with a vehicle
weight ot: 450 kg (compare the Swiss Penguin 7 [25]). For the other three types the characteristics
oi: the Citystromer, the Renault Express and the Renault Master are used respectively. For a
passenger car a load oí~ 150 kg is assumed (two persons), t:or the vans a payload of 300 and 1000
kg respectively. AII parameters are listed in appendix 2. In [181 it is shown that for the ECE- 15 drive
cycle, vehicle weight bas more influence on energy consumption than fl’ontal area and drag
coefíícients.

Regenerative braking
In [18] regenerative braking energy is slightly more than 10% of intrinsic energy for the ECE-15
driving cycle, with a maximum of 17% for the Renault Master. In [261 10% is reported foran ’urban
cycle’. In this report a figure of 10% is assumed. This means that only 90% of intrinsic energy has
to be supplied.

Efficiency of the drive train
The literature figures for the efficiencies of the motor, the controller and the transmission foran
’urban cycle’ range from: 85% in [18], 67% in [27] for the FUDS-cycle, 62% in [28] and down to
52% in [26]. In this report 75% is assumed.
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3.3. Range, battery weight, charging capacity and charging time
3.3.1. Introduction
Two of the main issues considered in this chapter are: the maximum attainable daily range for
electric vehicles and how a certain specific range can be attained. The daily range of an EV ]:or a
given driving cycle anti efficiency can be extended by adding more batteries, using a higher
charging capacity or by recharging the battery during the day. Each of these possibilities is
expensive, so a compromise needs tobe made between range and cost. A distinction is made
between the maximum attainable range and the necessary range. For the maximum attainabli
range costs are hOt considered. If the range necessary for a certain application is known costs can
then be minimised.

3.3.2. No structural charging during the day
There are several reasons to exclude structural charging during the day. Firstly, a relatively
extensive inffastructure is needed if charging facilities for night-time as well as day-time are
required (for example, charging facilities not only at people’s homes but also at their place of
work). Secondly, the dependency on day-time charging reduces the EV flexibility. Thirdly, day-time
charging would, due to the almost fiat demand pattern during the day, almost inevitably lead toa
higher maximum load anti thus toa need for extra electrlcity generating capacity. If the costs of this
extra capacity are assigned to the EV, day-time charging becomes very expensive. In chapter 8 the
average yearly cost of one kW extra installed capacity is given as 85 ECU. This is high compared
to the long terra yearly cost of an extra kWh ot: battery capacity: 11 ECU (87 ECU/kWh investment
costs over a lifetime of ten years with a real interest rate of 5%). Fourthly, day-time charging can
lead to capacity problems in the distribution network. Enlarging the capacity of the network is very
costly. This subject is treated in chapter 7.
These fout arguments are given as reasons to exclude structural day-time charging of EV batteries.
Day-time charging is only seen as a possibility for an occasional extension of range (opportunity
charging).

3.3.3. The maximum attainable range
Using the assumptions in section 3.2 the electricity consumption for a given type oí vehicle and a
given drive cycle can be calculated as a function of battery weight. From [18] the following
relationship is derived (the model in [18] is based on [29]):
Intrinsic energy consumption [wil/km] -- a ÷ b x (battery weight)
For the urban ECE-15 driving cycle b=0.1 and a varies from 67 for the compact urban car to 314
for the heavy van. The parameter a depends on vehicle weight, payload, air resistance coefficient
anti ffontal area. The parameter b depends on the rolling resistance coefficient, which is assumed
equal for all vehicles considered [18].
Using this relationship and the efficiencies of drive train and battery it is possible to relate battery
weight directly to range, where the range is defined as the battery weight times the energy density,
divided by the electricity consumption per kilometre from the battery. It can be derived that
doubling the desired range requires more than doubling battery weight. Moreover, it appears that
the ratio between (empty) vehicle weight and battery weight determines the range, independently
of other vehicle characteristics (a heavy vehicle consumes more electricity per kilometre, but this
is counterbalanced by the heavier battery). Using the old tule of thumb for EVs with lead-acid
batteries that battery weight can be one third of empty vehicle weight (see, for example, [30]), the
mid term and long term US goals for energy density lead toa range of 130 and 260 kilometres
respectively, for all fout vehicle types and for the ECE-15 drive cycle. An energy density of 50
Wh/kg results in a range of 60 to 70 kilometres. The condition is set that charging the battery from
0% up to 100% can take place within six hours. From the energy content of the battery and the
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charging efficiency the necessary charging capacity can then be derived. This ]eads to the results
shown in table 3.3.
Table 3.3. Battery weight and charging capacity
Battery
weight [kg]
Compact urban car
Middle class passenger car
Light van
Heavy van

Electricity consumption Charging capacity [kW]
ex battery
MT
LT

150
275
275
650

113.2
198.2
201.3
521.3

2.5
4.6
4.6
10.8

5.0
9.2
9.2
21.6

MT (raid term) : Energy density 0.1 kWh/kg, range 130 km
LT (long term): Energy density 0.2 kWh/kg, range 260 km
From this table it is clear that the normat domestic charging capacity, approximately 3 kW (220 V,
one-phase), is not suffìcient in most cases. It is assumed that sufficient charging capacity will be
installed when electric vehicles are used (see chapter 7).
In order to determine the rate of penetration of electric veh~cles in chapter 5, it is assumed that the
following average daily distances can be covered by EVs (assuming a gradual development
between 2000 and 2015):
- From 1995:50 km;
- From 2000:100 km;
- From 2005:150 km;
- From 2010:200 km.
Note that there is a margin of about 50 kilometres between the average daily range and the
theoretical attainable range.

3.3.4. Electricity consumption of hybrid vehicles and electric buses

Electric buses
The electricity consumption of electric buses has been calculated as 2 kWh/km using the known
electricity consumption of trolley-buses in the Netherlands [31], and taking into account battery
losses.

Hybrid trucks
It is assumed that hybrid trucks have a battery only range of 50 ki]ometres and that electricity
consumption per kilometre is on average equal to the electricity consumption of buses.

Hybrid passenger cars and vans
As for trucks, it is assumed that hybrid passenger cars and vans have a battery only range of 50
kilometres. Moreover, tota! vehicle weight (vehicle plus battery) equals the weight of the
corresponding electric vehicle (the lower battery weight is ofl¢-set by the weight of the ’double’ drive
train). The electricity consumption is thus equal to the electricity consumption of EVs. The
consumption of ga soline or diesel is higher than the consumption of ICEVs due to the higher weight.

3.3.5. Optimisation of battery weight and charging capacity for a given range
If structural day-time charging is excluded, the energy content of the battery must be sufficient for
the desired range, and the charging capacity large enough to charge the battery in six hours during
the night. The determination of the energy content (and thus the weight of the battery) is complex
because battery weight influences range as follows: a) range increases when more battery weight
is installed because the total energy content increases and b) electricity consumption increases
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(and thus range decreases) due to the higher total weight of the vehicle. In the future a high range
is possible with a moderate battery weight because the energy densities are hi9her, but this might
imply a very long charging time with the normally available charging capacity.
In other words, in the past, battery weight was the critical factor: to achieve an adequate energy
content very heavy batteries had to be installed. If the long terra US goals are realised this problem
will be solved: with an energy density of 0.2 kWh/kg, a battery of 300 kg gives an energy content
of 60 kWh. The (new) critical factor then becomes charging the battery in a reasonable time. Note
that the issue here is not (re-)charging the battery within an hour or so during the day, but charging
of a battery of say 60-100 kWh within six hours.
Thus, for given boundary conditions battery weight and charging capacity have to be determined
simultaneously. In appendix 3 a method is presented which calculates the optimum battery weight
and charging capacity from a given range. The results of the calculations show that doubling the
energy density more than halves the required battery weight. Moreover, charging capacity is rather
insensitive to changes in the energy density: the required range more or less fixes the energy
content of the battery which, in turn, determines the charging capacity (given the charging time of
6 hours).

3.4. Potential for energy savings
3.4.1. The aims of energy savings
The introduction of electric vehicles could lead to primary energy savings. Energy savings are
pursued in order to:
1. Slow down the depIetion of finite energy reserves.
2. Reduce CO2 emissions.
3. Reduce air pollution.
4. Reduce the dependency on foreign energy sources.
If electricity production is fully based on fossil fuels, the comparison between primary energy
consumption of EVs and ICEVs is unambiguous. This is hOt so when electricity production is partly
based on nuclear energy and/or renewable energy sources. For example, although the efficiency
of hydro-electric power is higher than the efficiencies of wind and solar energy they contribute
equally to the goals of energy savings, in the case of nuclear energy the reduction of air pollution
anti CO2 emissions is an attractive feature despite the low efficiency of nuclear power plants
compared to the efficiency of coal or natural gas-fired power plants. If energy savings are primarily
pursued in order to slow down depletion of finite energy reserves, the size of the reserves of fossil
fuels and uranium are crucial.
In short, it is clear that the question of energy savings cannot be separated fl.om the aim of energy
savings. In this report the fullowing approach is chosen: the use of renewable energy sources in
electricity production in the Netherlands will be exploited to the maximum extent possible, whether
there are electric vehicles or not. Consequêntly, if electric vehicles are introduced, the extra
electricity is produced fl.om other sources i.e. fossil fuels or nuclear energy, or electricity imports
have to be increased. In order tobe able to make a ’clean’ comparison, it is assumed that imports
will hot be increased, so that the extra electricity is produced in the Netherlands using fossil fuels
or nuclear energy (ir could also be assumed that the imports would be generated using fossil fuels
or nuclear energy).
3.4.2. Potential for fuel savings
In [18] the fuel consumption of EVs and ICEVs (gasoline and diesel) is studled. The conclusion is
that EVs do lead to fuel savings, but that the results are very sensitive to changes in the efficiency
of the internal combustion engine.
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lndeed, there are many factors influencing the fuel consumption of eleetric and internal combustion
engined vehicles:
- The eleetricity consumption of EVs. In section 2 o~: this chapter it is shown that there are many
t:actors determining this parameter;
- The efficiency of combustion engined vehieles;
- The drive eycle: the efficiency ot: EVs and ICEVs depends strongly on the type of drive cycle: in
urban traffic the EV benefits from regenerative braking, while ICEVs have significant losses of
energy when the engine is runnin9 but the vehicle is stationary. On the highway the EV looses
its advantage and the efficiency of ICEVs improves significantly;
- The efficiency of electricity production and distribution;
- The efficiency of extraction, transport, refinin9 and distribution ot: fuels.
In view of the uncertainties in these factors, it is very diflícult to make a sound comparison between
the fuel consumption of EVs and ICEVs, even for the present situation. Because many factors are
likely to change in the future, a comparison for a future situation is almost impossible and therefore
the evaluation in this report is limited to a sensitlvity analysis.
As a point of reference, the following assumptions are made:
1. The efficiency of the EV is based on the data from section 2 of this chapter.
2. The efficiency of the ICEV is the future efficiency of a gasoline car with a threeoway catalyst,
according to the World Energy Council [32]: 16% in urban traffic, 21% on highways.
3. Computations are made for the urban cycle ECEo 15, constant speeds of 80 and 100 km/hour
and for a cycle composed of 50% ECEo15, 25% at a constant speed of 80 km/hour and 25% at
a constant speed of 100 km/hout.
4. The efficien¢ies of electricity production and distribution are based on the BG scenario (see
appendix 1 for a description of this scenario): 42% for production and 95% for distribution.
5. The efficiencies for extraction, transport and refinery of fossil fuels are taken from [33]: 94% for
extraction and transport of íossil fuels for electricity production and 83.5% for the extraction,
transport and refinery ol~ oil products and the distribution of diesel/gasoline.
6. Energy needed to keep the EV battery at a certain temperature is hOt explicitly considered but
included as a part ot: overal! battery efficiency. This energy consumption may decrease the
efficiency oí the battery considerably, depending on the kilometres driven. If a permanent
capacity of 0.05 kW is needed to keep the battery at the desired temperature, then the primary
energy use for this purpose is 13% of the total primary energy consumption, assuming 10000
km/year and a primary energy consumption for driving of 800 Wh/km.
The results of the comparison do hOt differ much for the four different types of vehicles. In table 3.4
the results are shown for the ’middle class’ passenger car. A sensitivity analysis is carried out with
regard to fout parameters:
A: The efficiency of the battery and the drivetrain.
B: The efficiency of electricity generation and distribution.
C: The efficiency of an 1CEV in city traffic.
D: The efficiency of an ICEV in highway traffic.
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Table 3.4. Comparison of primary fuel consumption for a ’middle class’ passenger car
Assumptions:

Basis
A (or B) +25%
C and D +25%
C -10% and D +25%

A

B

C

D

56%
70%
56%
56%

40%
40%
40%
40%

16%
16%
20%
14%

21%
21%
26%
26%

Primary fuel consumption ICEV and HV with respect to EV (EV = 1 ):
ICEV
Urban 80 km/la 100 km/h
traffic
Basis
A (or B) +25%
C and D +25%
C -10% and D +25%

1.42
1.78
1.14
1.58

1.09
1.36
0.87
0.87

1.12
1.40
0.89
0.89

Mixed
traflíc

HV
Mixed
traffic

1.21
1.52
0.97
1.12

1.13
1.33
0.98
0.98

The following conclusions can be drawn:
- In urban traffic the electric vehicle uses less fuel than ICEVs, even if the efficiency of ICEVs in city
traffic improves significantly;
- In other traffic, the EV also uses less fuel, but this is very sensitiv to changes in ICEV efficiency.
However, il: EV efficiency improves by 25%, the EV clearly wins. This improvement in efficiency
could come from a better efficiency of the drive train and/or the battery. Note that an increase
in battery efficiency from 75 to 90% would impIy a 20% increase in the overall EV efficiency;
- ff the efficiency oi~ ICEVs is lower (compared to the base case) in city traffic, but higher on
highways, a situation may arise where the hybrid vehicle which combines the toost favourable
features of EVs and ICEVs becomes the most fuel efficient car in ’combined’ traffic.
The overall conclusion is that the fuel efficiency of EVs, HVs and ICEVs strongly depends on the
parameters chosen and on the drive cycle. Depending on the assumptions made, each type of
vehicle can be shown tobe the most effficient. It is clear, however, that EVs use less fuel in urban
traffic (but almost all cars frequently use highways).
In view of the foregoing discussion, a neutral assumption is made in this report, namely that
average primary fuel consumption of EV and HV passenger cars and vans equals the primary fuel
consumption of their ICEV counterparts as given in the BG scenario. From this assumption the
electricity consumption can be computed. Note that the fuel consumption figures in the BG scenario
are averages, not specifically for urban traffic. For buses and hybrid trucks the electricity
consumption derived in section 3.3.4 is used. In table 3.5 the fuel consumption of ICEVs, according
to the BG scenario, and the electricity consumption of EVs (and HV trucks) is shown. These figures
play an important role in chapter 8.
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Table 3.5. Fuel and electricity consumption
Consumption
Passenger car
gasoline [litre/km]
electricity [Wh/km]

0.056
228

Van

gasoline [litre/km]
LPG
[litre/km]
electricity [Wh/km]

0.095
0.132
385

Truck
gasoline [litre/km]
diesel
[litre/km]
electricity [Wh/km]

0.37
0.26
2000

Bus

diesel
[litre/km]
CNG
[m3/km]
electricity [Wh/km]

0.27
0.36
2000

3.5. Energy costs
3.5.1. Passenger cars and vans
In chapter 2 it is argued that in the long terra, taking into account lower maintenance costs, fixed
costs for the electric passenger car and van need not be more than the corresponding ICEV.
Consequently, a comparison of total yearly costs of EVs against ICEVs is reduced to a comparison
of energy costs. The energy costs for an 1CEV are only fuel. The energy costs for an EV are the cost
of electricity, the cost of the battery, the cost of the charger, and possibly the cost of the charging
station. In this section a comparison is made between the energy costs for passenger cars and vans,
in the short terra, the medium terra and the long terra.
The cost of the charging station is hot taken into account. In [34] and [35] cost figures of public
charging stations are given. Normally these charging stations can be used by many cars. The cost
of a private ’charging station’ (i.e. some sort of power supply without billing facilities, etc.) is likely
to be much lower. The required power supply is discussed in chapter 7.
The following assumptions are made, which are summarised from appendix 4:
1. The costs and lifetime of batteries are taken from section 2.
2. The fuel and electricity prices are taken from the BG scenario.
3. The costs of an off-board charger is, according to Peugeot, approximately 1300 ECU. In [12]
a price of 1000 dollar for an on-board charger is assumed and it is asserted that in future the
price of an on-board charger will be a negligib]e part of total vehicle price. However, because
it is assumed that the charger must in future have a higher capacity (see section 3.3), which will
be more expensive, no decrease in the price of the charger is considered.
4. The size of the battery is taken from section 3.3. The yearly distance driven is determined by
the energy content of the battery for the short and medium terra, and for the long terra by the
average distance per year in the BG scenario.
5. The possible extra costs associated with the increased capacity ofthe electricity distribution grid
are hot considered. These aspects are treated in chapter 7.
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In the comparison between EVs and 1CEVs the main issue is whether the lower variable costs of EVs
are offset by the extra fixed costs for the battery and the charger. A sensitivity analysis is performed
in order to investigate the effect of some cost assumptions being unfavourable for the EV. The
results are summarised in table 3.6.
Table 3.6. Energy cost comparison ICEV-EV (1 ct = 0.01 ECU)
Short term

Mid term

Long terra

-13
-18

-4
-4

-2
1

-13
- 19

-4
-5

-3
0

-27
-38

-9
-12

-6
-2

-20
-28

-7
-8

-4
-I

Break-even values passenger car [km/year]
Fixed eosts: battery anti charger

31,000

23,000

17,000

Break-even values van [km/year]
Fixed costs: battery and charger

30,000

20,000

14,000

Cost advantage EV per km (incl. yearly costs
of battery and charger)
Passenger car
[ct/km]
Van
let/km]
Sensitivity analysis: cost advantage EV per km il:
E-price +50%
Passenger car
[ct/km]
Van
[ct/km]
Lifetime battery -50%
Passenger car
[ct/km]
Van
let/km]
Battery costs +50%
Passenger car
[ct/km]
Van
[ct/km]

The following conclusions can be drawn:
1. In the short and middle term EV energy costs are considerably higher than ICEV energy costs.
In the long term, the energy costs of the EV van are lower than of the 1CEV, but the costs of the
passenger car are still a little higher.
2. The h~gher the yearly distance travelled, the more sensitive the results are to changes in
electricity price. This is especially so in the case of the van, in the long term. Nevertheless, even
with a 50% increase in electricity price, the long term EV energy costs of a van are not higher
than ICEV energy costs.
3. The results are very sensitive to the lifetime assumed for the battery.
The conclusion is that, due to the high costs of the battery and the charger, the EV energy costs
are higher than ICEV energy costs, except for a van in the long term. It should be noted that only
unfavourable trends are discussed in table 3.6. There may be favourable developments in the
energy costs of EVs: in parficular, the costs of the charger may decrease.

3.5.2. Hybrid vehicles, trucks and buses
In the case of hybrid vehicles, the energy cost comparison is more complicated, because the
percentage of purely electrically driven kilometres now becomes an important factor. Moreover, in
the case of HVs there are extra costs which remain even with large series production. For HVs no
calculations have been made. It is certain, however, that the cost of the charger is a heavy burden
for the HV because there are less electric kilometres to counterbalance these extra fixed eosts.
Large scale production of hybrid trucks and buses is not expected in the short or medium terra
future. It is therefore unlikely that the investment costs of the vehicle (excl. battery) will reduce to
the level of trucks and buses with internal combustion engines, so energy costs are no longer the
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crucial factor and a detaiIed comparison of energy costs serves no useful purpose. For buses it is
clear that the large distances driven reduce energy costs but that the expensive charger needed for
rapid oppor~unity charging during the day-time increases costs as does making use o1: higher tariff
electricity during the day. Moreover, in chapter 7 it is shown that day-time charging with high
current requires cosfly changes to the AC power supply at stopping places.
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4. SOCIAL ACCEPTANCE OF ELECTRIC PASSENGER CARS
4.1. Introduction
In the previous chapters the technical and economie aspects of electric drive systems have been
discussed. Both these aspects are important in any meaningful analysis of the likely marker
penetration of EVs. However, the social aspects are also important and these are examined in this
chapter particularly for the case of the inner city district of Amsterdam. The main questions tobe
addressed are:
- What is the attitude to EVs in the inner city?
- Which are the toost important barriers towards social acceptance of EVs?
As described in chapter one, the traffic flow in Amsterdam requires the use of an increasing
proportion of scarce space. In addition, there is generally a growing concern about the concentrations of exhaust gases and the impact of these on the urban environment particularly in the inner
cities of large conurbations. The combination of these factors prompted the local authorities to take
severe measures. Because of political considerations the authorities decided to organize a plebiscite
on the limitation of conventional vehicles entering the inner city. This referendum will be held in
spring 1992. These environmental concerns created a climate whereby it would be possible to think
in terras of combining the introduction of electric passenger cars with a restricted access to the
inner city. Advantage has been taken of this climate of opinion to conduct a field experimental
study which has a high degree of reality fur participants.

4.2. Alternative fuel practices in the Netherlands
The first oil crisis in 1973 highlighted the dependence of the Dutch economy on foreign oil. About
this time compressed natural gas (CNG) as a motor fuel was introduced on a small-scale in the
north of the Netherlands, where large natural gas reserves were found. The local gas distribution
company took the initiative to install CNG equipment in apart of their own car fleet. At various
times about 150 cars were equipped to run on the new fuel. Since 1989 a new interest has emerged
as a result of environmental concern. Public transport companies, supported by local gas
distribution companies started to use CNG in buses. It has been indicated that this is a profitable
shift [36], and more fleet owners are considering the possibility.
Electricity has a long history in Dutch transport systems. The oldest transport utilisation is in the
national railway infrastructure. In addition to the railways, electricity is employed as the energy
source in tramways (Amsterdam, Rotterdam, Utrecht and the Hague), in trolley buses (Arnhem)
and underground railways (Amsterdam and Rotterdam). In these cases vehicles are directly
connected to the electricity grid which ties the movement to fixed tracks or wire systems.
For quite some time, battery powered vehicles have also been used. Delivery cars for dairy products
are a well-known feature in the strèets, with characteristic low noise level anti low speed. Fork-lift
trucks are also wldely used examples of the use of electricity in vehicles. Special battery powered
vehicles are used by some categories of disabled persons. The public perception of these vehicles
is dominated by slow acceleration, low speeds and technical vulnerability.
For Amsterdam, the ’witkar’ (white car) constitutes a special case. This electrically driven vehicle
was introduced as an alternative to the conventional polluting and noisy car (1972). The latter was
considered to cause an intolerable climate in the city. The implementation of this initiative,
stemming ffom a flower-power party in the late sixties, never attained the status of an economically
sound exploitation, lnfrastructure was inadequate: only a few rental stations offered about 10
vehicles [37]. The latter were operated by a foundation that was sponsored by about 4,500
members. The operation was marred by technical problems while an adequate servicë structure was
lacking. Affer a few years, without sufiícient investments, and with the motivating forces
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disappearing from the political scene, the ’witkar’ receded from the Amsterdam transport system.
An image ofthe ’witkar’ lingered on, being a small electric vehicle, only a little more sophisticated
than an electric car for a disabled person, mainly used for shopping and limited toa maximum
speed of about 20 kilometres per hout.
Electric vehicles are now ready for re-introduction into the market. New technical developments in
battery design allow electric vehicles to perform a variety of tasks. More generally, environmental
concerns - typical inner city problems such as noise and exhaust gas levels and legislation in the
US, especially California - go a long way to promote the EV. Big car producers have become
interested in what may develop into a promising marker in the near future. In the Netherlands, Royal
Dutch Transport (KNV) has been testing seven different electric vehicles in widely varying
circumstances for about a year. The cars are used all over the country and attract much attention
from local newspapers and sometimes even from the national media.
It can be concluded that electricity for transport uses has a history in Dutch society. However, the
wire independent systems, working on a battery have established an image of slow, heavy,
technically vulnerable systems, used by disabled persons or for dairy delivery (none of these
applications are looked upon as very dynamic). This is virtually the opposite of the images
emerging from modern car advertisements: the car is portrayed as fast, aggressive, technically
perfect with a high performance. EVs have to compete for their share in the market against this
background.

4.3. A definition of social acceptance
A definition of social acceptance is based on attitude psychology. The attitude towards electric cars
is believed to relate to general ideas about mobility and environment. The majority of the Dutch
adult population believe that car ownership is a prerequisite for full mobility, ldeas about mobility
are shaped by the current state of public transport systems and traffic flows: for example, the
Amsterdam inner city has parking problems and traflíc congestion but a well developed public
transport system. The introduction of EVs as a means of transport faces this situation. From a
rational point of view it could be concluded that the public favour conditions that satisfy their
immediate needs. However, psychological research on decision processes bas revealed that this
assumption is often wrong. A psychological model wi]l be described which relates knowledge,
experiences, values, attitudes and behaviour (figure 4.1).

~

Figure 4.1. Relationships between knowledge, experiences, values, attitudes and behaviour
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The model depicted in figure 4.1 shows that knowledge or information about EVs does hOt have
a direct relationship with attitudes and certainly not with behaviour. Knowledge, as well as values
and experience influence beliefs about EVs. Beliefs can be described as assumptions about EVs in
terms of their performance, their implications for the environment and the social system etc. Beliefs
are subjectively defined probability judgments, for example, the EV is bad for the environment
because electricity bas tobe generated with fossil fuels. If asked to rate this statement on a onedimensional scale ranging fl.om complete agreement to complete rejection a subjective probability
judgment is obtained. A positive or negative value can be attached to these ratings, which again
is a subjective judgment [38,39].
In practice, the public can have many beliefs concerning EVs. Beliefs ean differ in subjective
probability as well as in evaluative loadings. For each individual, his attitude is the overall
evaluation of all the beliefs taken together. Depending on the consideration of pros and cons and
the weighing of them, attitudes are developed and constitute strong behaviourial motivations. In out
model, attitudes define a behaviourial intention which, in the end, leads to actual behaviour.
Although one might have a favourable attitude towards EVs, for a number of individuals the
decision to purchase one may be hampered by, for example, the necessity to allocate the purchase
sum to renovation of the house: behaviourial intentions are competing with each other. On the level
of behaviour, technical and economic aspects are influencing factors: without the necessary amount
of money or without adequate performance, the purchase of EVs is impossible or, at best, very
unlikely.
Because of the usually weak relationship between attitude and behavinur, it is less worthwhile to
specu]ate on behaviour. In addition, EVs are hot at present available on a substantial scale on the
market in the Netherlands, which makes the possibility of buying one highly hypothetical. The
social acceptance of EVs can hot be measured by sales figures. Therèfore, other aspects are
expected to piay a major role in the acceptance of EVs are measured: the attitude towards EVs,
current car use, costs and benefits of EVs, attitude towards car limiting measures for the
Amsterdam inner city. These aspects are measured by means of a questionnaire presented to
randomIy selected inhabitants of the Amsterdam inner city. The questionnaire is shown in appendix
5 (the figures indicate the frequencies of the alternatives). The sample comprises of 545
respondents. If frequencies do hot add to 545, the remaining number equals the missing values for
that question. In appendix 6 comments are given on the sampling methodology including
considerations of generalizability.
The following paragraph contains the iesults of this investigation.

4.4. Results
4.4.1. Use of currently owned ICEVs
Most persons surveyed owned one car (503) and 42 owned two cars, bringing the number of cars
in the sample to 587. tn appendix 6 it is shown that the sample results can be generalized to the
entire inner city of Amsterdam. The distribution of makes and types of cars in the inner city is very
different from the national distribution of cars (Chi-test, one-sided probability, significant at .001%
level). In the Amsterdam inner city smaIler cars prevail: Citroën, Fiat, Austin and Renault take a
much larger proportion than their corresponding national marker share, while the makes which
dominate nationally (Opel, Ford) account for a much smaller proportion. The cylinder capacity
ranges fl.om less than 1200 cc (26%), 1200 to 1500 cc (32%), 1500 to 2000 cc (33%) and more
than 2000 cc (9%). This distribution confirms that smaller cars dominate the sample. The shares
of fuels used differ fl.om the national figures which is hot unexpected in view of the regulations
concerning LPG in and around Amsterdam: 48% is unleaded petrol, 35% is normal petrol, 9% is
diesel and 8% is LPG. About 19% of the cars in the sample are company owned and 80% are
privately owned. This possibly reflects a significant participation of entrepreneurs such as corner
stores. One third of the cars are new, while 58% are second hand and a small fraction are rented
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or obtained as a gift. The average price of the newly bought first car is 29,700 guilders (N=149;
standard deviation is 16,580). The average price of the newly bought second car is 25,625 guilders.
(N=12; standard deviation is 19,880). The standard deviation indicates large difl:erences in
acquisition costs for new cars.
What use does the public make of their cars in terms of kilometres driven and travel goals? A
distinction was made between households owning one or two cars. The reasons for buying a first
and second car were ranked separately. For purpose of travel the first car is bought primarily to
obtain a higher degree of mobility and secondly for commuter travel, with reduced daily expenditure
on public transport and decreased dependence on weather conditions of much less importance
(N--384, eigenvalue of scaling solution Princals--.42). The second car is generally bought for the
same reasons, but with mobility and commuter trafiíc in reversed order (N=29). The other reasons
rail far behind in importance compared to these main factors. Only commuter traffic shows a clearly
defined reason for the use of a car, whereas increased mobility reflects values placed on independence and freedom.
Because of the decisive role of the number of kilometres travelled per day in the shift from ICEV
to EV, different independent approaches were made to calculate this figure. The average distance
driven in 1991 is expected to be 18,253 kilometres. This is useful as a reference base, because car
insurance companies ask for this figure as a basic parameter for the level of insurance premium
charged. A cross check with a categorized question about the yearly distance travelled reveals a
lower limit of 16,252 kilometres and an upper limit of 21,109 kilometres. The self estimation of the
respondents fits well into these boundaries. The yearly distance travelled is of less interest than the
distribution of kilometres per day: does it exceed current battery performance? The average number
of kilomêtres travelled per day is given in table 4.1.
Table 4.1. Number of respondents indicating to travel less than 100 kilometres on any day in the
previous week

Number of respondents
travelling < 100 km
Other car
Other transport mode

mo

tu

we

th

fr

sa

su

472

459

449

444

439

427

421

7

6

4

4

3

4

3

24

19

23

20

24

28

27

N/(%)
421/(85%)

Respondents were asked to specify their car use for the previous week, detailing the number of
kilometres travelled per day. People indicating more than 100 kilometres travel per day in their first
car were asked if they could have used their second car instead or if it would have been possible
to use any other mode of transport. The positive answers are found under the headings ’Other car’
and ’Other transport mode’. The proportion of people travelling more than 100 kilometres on any
day of the week and indicating the second car or other transport modes might have been used is
30% to 50%. Subsequently, respondents were requested to indicate whether or hot their car usage
of the previous week was comparable to normal. For 82% use was alleged tobe normal or above
average. A cross check with the number of days per month that respondents travelled more than
100 kilometres shows a somewhat lower figure: about 71% travel 100 kilometres per day less than
4 times per month. The following types of respondents were allocated to the category ’Number of
respondents travelling less than 100 kilometres’ (table 4.1 ) which was computed as follows:
- Respondentswithmissingvalueswereassumedtodrivelessthan 100kmoneachofthesedays;
- About 80% of ttae respondents completing the relevant questions indicated to drive less than 100
km, taking into account that their use was about normal or more in the previous week;
- People driving more than 100 km, but indicating that they could have used their second car or
anothêr mode of transport;
- People indicating that they travel twice a month or less more than 100 km.
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About 40% filled out the pertinent questions. The remaining 60% is assumed to travel less than 100
km per day because the condition of 100 km per day is mentioned twice in this section of the
questionnaire and could hardly be overlooked. A cross check with the number of times per month
people travel more than ] 00 km shows the plausibility of assigning missing values to the less than
100 km category. The number ot: respondents drlving less than 100 km on Monday is 472. This
number drops throughout the week to 421 because every day some more respondents drive more
than ] 00 kilometres. It is concluded that 494-42] ~73 respondents (i.e.14.7%) travel more than ] 00
km on one or more days per week.
The overall conclusion of the survey response is that about 85% (421 respondents) may be able
to satisfy their mobility needs if their conventional car should be replaced by an EV. This result can
be interpreted as an upper limit of the socially defined marker penetration possibilities of EVs.
A lower limit might be calculated with the help of the figures derived from the kilometres allocated
to the various destinations. These figures are presented in table 4.2.
Table 4.2. Estimated average numbers of kilometres per motive per day in an auerage week
Less than 100 km
per day [%]
Commuter transport
Commercial transport
Visiting friends/family
Sport/recreation
Shopping
Total

86
75
89
97
100
53

Average number of
kilometres
(N)
51.6
80.6
63.6
57.1
12.6

(287)
(202)
(353)
(189)
(246)

Again high percentages are found for the different uses of the car. The percentages in the first
column are expected to be higher than 85% on an average because, for example, the number of
kilometres per day in the set of commuter transport is a sub-set of the total number of kilometres
per day in table 4.1. The 75% for commercial transport is lower, which may be due to missing
values for the questions underlying table 4.1. In that case this implies a violation of the assumption
that ~no answer’ may be raken as less than 100 kilometre per day. On the other hand all figures
given by the respondents are estimations so this can account for the small difference between the
two figures.
The total in table 4.2 is calculated on the basis of the assumption that all numbers ol~ kilometres
stated for the different categories of car use are covered during one day. This assumption leads to
an overestimation, because it is very unlikely that all joumeys will be made on the same day: going
to work, realizing business oriented transport, visiting t:riends, going out for recreation purposes and
shopping. This leads to the conservative estimation that 53% of the sample use their cars less than
100 kilometres per day. The conclusion is that the potential for marker penetration based on the
share of the category ’Distance covered less than 100 kilometres on average’ is in the range 53%
to 85%.
Holiday travel by car is not considered in the computation because holidays are not seen as usual
car use. Very few people give the reason for owning their car as use only for holidays. It is quite
clear that EVs are not practical for the typical holidays enjoyed in 1991. About 56% of the
respondents used their cars for holidays during which the average total number of kilometres driven
exceeded 3200. The typical use of cars during holidays certainly exceeds 100 kilometres per day.
Currently available ICEVs meet the mobility requirements for holidays. This is hOt the case for EVs
with which the free choice of destination and time are limited. It is not clear to what extent the
usage for holidays affects market penetration. Nearly one third of the respondents identify holidays
among the two toost important reasons for tbe purchase of their car.
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4.4.2. Parking and traffic problems
A limited number of people possess a private garage (11.7%). This percentage probabiy bas tobe
somewhat lower because people using a pubiic parking garage may aiso have completed this
question. About 46% of the sample are able to park in their place of choice. This leaves 54% who
need to look for a place to park, which reflects the general impression that parking is a problem
in the inner city of Amsterdam. About 43% are able to park in front of their house, which is in line
with the figure of 46% given above. The remaining 57% need 5 minutes on an average to 0each their
parked cars. Time necessary to reach the Amsterdam ring-road is reported to be 11.30 minutes on
an average. Most of the time it is the circu~ar artery road itself which is heavily congested during
rush hout. On average~ a trafiíc jam is encountered on the route to the ring-road 2 to 3 times per
week. It is not clear whether these traffic jams are included in the time estimations or hot. It is also
possible that atternative routes are chosen in case of traffic jams. About 44% use their cars during
rush hour and 56% beyond rush hour. Time necessary for reaching tt~e ringoroad or the number of
traí~ic jams encountered throughout the week did not differ much for both groups. The on|y
difference seems tobe the time necessary for parking: outside rush hout more than six minutes on
average and during rush hour fout minutes. This is expected because of the higher frequency of car
movements during the rush hour. In general parking time and trafiíc density are hot declared to
pose great prob~ems. Nonethe~ess, subjective~y it may well be a heavy burden. This is also borne
out by the fact that these questions were almost all completed by all respondents, which was hot
the case with the preceding and subsequent quesfions. Moreover, at the end of the questionnaire
several remarks were made on the parking issue. This leads to the conclusion that response to the
cluestions on parking should be incorporated in the final analysis on the attitudes towards EVs.
4.4.3. Att~tude towards car limiting measures
Consistent with the conclusions of the preceding paragraph that prob~ems are experienced with
parking and trafl~ic congestion, the solufion may be found in limiting accessibility to the inner city.
70% of the survey respondents favoured a curb on car traí~ic in Amsterdam. A joint analysis of the
replies to a~l the questions on this topic revealed that there are a few key questions which are
identified with a principal components ana|ysis (Princals; see appendix 7 for an explanation) and
which under~ie the answers to all the questions summarised in table 4.3. (The remaining questions
do not add significantly to the principal components).
Table 4.3. Different beliefs about car limiting measures
1.
2.
3.
4.

I think that measures to limit car traffic in Amsterdam are urgently needed.
If there was a good public transport system I would give up my car.
I can easily give up my car.
EIectric cars should be excluded from any car limiting measures applied to the centre of
Amsterdam.
5. 1 would consider giving up my car if the inner city is made car free.
6. 1 believe that replacing current cars by electric vehicles is a better approach than making the
inner city car free.
7. It is a good idea to admit only the cleanest cars (with regard to exhaust gases and airborne soot
particles) in the inner city.
8. In the long term (after 2015) only electric cars should be admitted in the inner city.
9. In the long term (af~er 2015) all cars should be kept out of the inner city.
In figure 4.2 the anaIysis l~or two dimensions is shown. The two most relevant features in the figure
are that the two numbered groups of vectors all point in the same direction and that the bulk of
points is concentrated in the right half of the figure.
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Figure 4.2. Attitude aspects represented by questions and responses
The vectors are representations of the questions summarised in table 4.3. Every vector is an overall
weighing of all responses on that particular question. The starting point of the vector is the weighed
disagreement with the statement and the arrow corresponds to agreement. A small distance
between two points is the consequence of having a similar or identical pattern (points are covering
one another) of responses to all questions. The spread on the horizontal axis, i.e. the first principal
component underlying the response patterns, is larger than on the vertical axis. This is reflected in
the 23% explained variance for the first dimension compared with 18% for the second. The
interpretation of the figure is that the majority of respondents agree with most of the questions
because the majority of points is found on the side of the arrows, being in agreement with the
statements. The interpretation of the x-axis is that it is strongly related to the questions l, 5, 3, 2
and 9. Examining the content of these questions shows that they can be interpreted as behaviourial
consequences of car limiting measures: people on the IeR edge of the figure strongly oppose the
statements while respondents on the right accept the consequences. The vertical axis is related to
statements 6, 4, 7 and 8. The dimension might be interpreted as the position of electric cars if car
limiting measures are imposed. The people found in the lower part of the figure want EVs tobe
excluded fl‘om these measures, while in the upper part the opinion is that all cars should be
excluded. Examining the fl‘equencies in table 4.4 it can be concluded that 70% of the sample is in
favour of car limiting measures.
Table 4.4. Frequencies ofcar limitation measures (condensed table)
Question
1
2
3
5
9

Agree and tend to agree

Disagree and tend to disagree

[%1

[%1

70
26
18
10
32

20
64
70
81
56

At the same time the respondents seem to assume that measures are tobe raken for other car
owners, not including themselves. They are, in general, not willing to give up their private cars: with
a good public transport system 26% are prepared to refl‘ain from using their cars. On the other
hand, 18% indicate that it would hot be inconvenient to give up their car. However, asking for their
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intention if the inner city is made car fl‘ee, only 10% would consider giving up their car. Even in the
long term a car free inner city does hOt seem tobe a desirable goal, with 56% opposing this idea.
Table 4.5. Perception of EVs in the light of car limiting measures (condensed table)
Question
4
6
7
8

Agree and tend to agree

Disagree and tend to disagree

[%1

[%1

41
30
36
31

41
48
46
44

In table 4.5 the response frequencies on the perception of EVs indicate that about 41% want to
exclude EVs from tough measures if this possibility should be presented at the referendum. In
general, frequencies ranging fl.om 44% to 48% demonstrate the broad public acceptance of car
limiting measures, but exèmpting EVs does hot receive strong approval, although the percentages
in favour are considerable.
The final conclusion is that there is broad public acceptance of car limiting measures, but the
inhabitants of the inner city (56%) believe they should be excluded fl‘om the measures. The
introduction of electric cars obtains considerable support in the case of restricted accessibility to
the Amsterdam inner city.
4.4.4. Attitude towards electric vehicles
It was anticipated that the public may hot be well informed about EVs. In order to obtain valid
information the questions concerning the attitude towards EVs were preceded by an information
sheet which gave some basic information about EVs. The research thus avoided being an
examinatlon of knowledge instead of an inquiry into the beliêfs and values of the respondents. The
information in the questionnaire is given in table 4.6.
Table 4.6. lnformation about electric vehictes in the questionnaire
The current electric vehicle has the following characteristics:
Maximum speed is 100 km/hr;
Accelerates as a conventional car;
Travels approximately 100 km on one battery charge;
Braking distance longer due to the battery weight;
Batteries can be charged 800 to 1000 times (lire is 4 years);
Needs less maintenance than a combustion engine powered car;
No motor noise; tyre noise on the road remains;
Does hot cause exhaust gases or airborne soot particles;
The battery is charged from the public grid;
Fully charging the battery takes about 7 hours: the availability of an EV is less than that of an
internal combustion engine powered car;
- Less gear shift is needed.
This information sheet contained comments that were partly derived fl.om about 20 interviews with
people experienced in driving an EV [40]. The information obtained this way appears to give a
reasonably balanced picture of the performance of the current electric car. The only anticipation
of future attainment yet tobe realised is the life cycle of the battery which is unknown yet and
maybe the range being 100 km is a little overestimated. Currently available cars are reported to
have a range of 80 kilometres. The questions on the EV are summarized in table 4.7.
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Table 4.7. Response options concerning the attitudes towards electric vehicles
1. l think the electric car is an appropriate means of transport for city use.
2. I have a positive attitude towards electric cars.
3. I think an extra taxon new cars with an intemal combustion engine is a good idea, provided
that this money is used to subsidize the price of electric cars.
4. If electric cars cost the same as cars with an internal combustlon engine, then I would consider
buying an electric car when my current car needs tobe replaced.
5. 1 think that special low tariffs for charging electric vehicle batteries is a good idea.
6. I think that inexpensive, separate parking places for electric cars is a good idea.
7. 1 think that parking places reserved exclusive]y for electric vehicles is a good idea.
8. I think that charging points should be insta]led at the residence of electric car owners for a
simi]ar cost to telephone connections (about 200 Dfl).
9. I think that car po]icy in the Netherlands should ensure that electric vehicles make up at least
10% of al] cars in the Netherlands by 2015.
10. 1 feel that my personal freedom wou]d be restrained when travelling by electric car.
11. 1 think it is important to rep]ace current cars with e]ectric cars.
12. My fTiends and acquaintances would value the purchase of an electric car positively.
The frequencies of the response options of the questions shown in tab]e 4.7 are summarized in table
4.8. Figures in brackets represent the number of valid answers. The answers clearly suggest that
a considerable proportion of the respondents agree with the first two questions: the majority of
respondents believes that EVs having the characteristics described seem to be suitable for city use:
61% are positive and only 7% negative. In order to analyse the relationships between the various
questions, another principle component analysis has been carried out.
Table 4.8. Percentages of answers on attitude statementsJ
Question (N)

Agree

Tend to agree

Neither agree
nor disagree

1
(484)
ô0
20
11
2
(485)
61
21
11
3
(485)
24
19
13
4
(481)
27
16
13
5
(483)
56
19
11
6
(484)
39
14
13
7
(484)
28
14
16
8
(470)
42
17
27
9
(481)
49
17
21
10
(478)
35
18
15
11
22
(477)
24
27
12
(461)
20
17
49
1 The percentages do not add to 100% because of rounding errors.

Tend to
disagree
2
2
12
12
4
9
9
3
3
10
8
5

Disagree
8
5
33
32
10
26
33
11
11
23
19
10

The analysis reveals that about 54% of the variance can be explained by two factors underlying
these questions. The first factor is 43%, leaving only 11% for the second factor. It can therefore be
interpreted that the questions are almost onê dimensional: all questions relate to the use of EVs anti
nothing else.
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Figure 4.3. Attitude towards EVs represented by questions and responses
Figure 4.3 indeed shows that all veetors are pointing in the same direetion. Respondents in the two
right quadrants show support for the 12 statements. The second dimension is mainly defined by
question 10: l feel that my persona] freedom would be restrained when travelling by electric ear.
Respondents agreeing with this statement generally oppose EVs, which can be eonc]uded from the
negative value on the x axis.
The first dimension is interpreted as the attitude towards EVs. In the right quadrants a positive
attitude is found while a negative attitude is reflected in the left quadrants. Questions 2, 6 and 9
dominate this dimension, which is reflected in the length of the vectors. The small angles between
the veetors teveel high inter-¢orrelations among the questions. So questions 1, 2, 6, 7 and 9 forto
one group and 3, 1 1 and 12 another. Both groups are strongly related to the first dimension but are
opposed to the se¢ond dimension. The seeond dimension is dominated by questions 10 and 4. Both
questions have in common that they are more strongly related to personal consequenees, while the
other statements are more general in nature. It is interesting to note that the signs indieate a
reversed relationship between the two variables: approval of the ¢omment that eonsideration would
be given to the substitution of the current car with an EV when in the position to buy a new ear does
hOt easily go with the ¢onfirmation that personal freedom is restrained by an EV. Although hot
mutually ex¢lusive the relationship found was expected.
The overall conclusion is that there is a rather positive attitude towards EVs by a majority of the
survey respondents. But, as explained in 4.3 a respondent with a positive attitude towards EVs will
hot necessarily toean that he buys one. In the next section the behaviour model described in 4.3
will be evaluated in which all aspects of the psychological acceptance of EVs are put together.
4.4.5. Social acceptance of EVs
In the introduction to this section of thê report two questions are raisêd: what is the attitude to EVs
in thê inner city of Amsterdam and which are the toost important barriers towards social acceptance
of EVs. In paragraph 4.3 the relationship between various components of attitude formation are
described and set out in a model. Social acceptance was expected to be defined by current car use
(as an indication ot: the need for personal mobility), the costs and benefits of current EVs, the
expected situation arising from ear limiting measures in the Amsterdam inner city and finally the
attitude towards EVs including all kinds of correct and false ideas about EVs. These four aspects
are described extensively in the preceding paragraphs.
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In this paragraph a final analysis is made to find out which of the various aspects can be identified
as the toost crucial in the acceptance of EVs. The question is how to define a methodology to
measure the acceptance of EVs. The best approach is offered by interpreting the question ’which
car he would choose when buying a new car’ as a behavinurial intention. This question follows the
cost comparison between EVs, hybrid cars and 1CEVs, and is used as the dependent variable in a
regression analysis.
Cost is expected to be of decisive importance at the moment the indivldual is faced with the
purchase of a new car. A regressinn analysis is commonly used to predict a dependent variable (in
this case: which car should be bought) with a number of independent variables (attitude, mobility
need etc.) The results of the regression analysis are given in table 4.9.
Table 4.9. Regress~~n c~ef~cients and s~gni~cance levels ~f varlables; stepwise add~ti~n ~f variables
Variables
Attitude towards EVs
Attitude towards EVs and car limiting measures
Freedom of choice
lncome
Purchasing costs current car
Time to reach ring road
Time to reach parked car

R

d.f.

0.378
0.396
0.415
0.426
0.433
0.439
0.444

1;485
2;484
3;483
4;482
5;481
6;480
7;479

T-value Significance
- 8.17
30.69
30.05
- 2.89
1.96
1.87
1.66

0.00
0.00
0.00
0.00
0.05
0.06
0.09

A commonly used measure of the goodness of fit of a linear model is R2. It is the squared
correlation between the observed value and the predicted value of the dependent variable fl.om the
fitted line. The correlation coefficient for the most important predictor (the attitude towards the EV)
is .378. The squared value of the correlation coefficient is .14, which is usually interpreted as the
amount of variance of the dependent variable explained by the attitude towards EVs only. Additional
variables enter the model according to their explanatory power as reflected in the smaller additions
to Rand the increasing probability of rejection (sign.). The observed significance level is the
probability that a difference at least as large as that observed would have arisen if the means of
both variables were really equal. So, the variables entering last in the equation are less significant
and are interpreted as tending to add explained variance, although the statistical basis allows a
somewhat stronger interpretation. It is concluded that the most important variable for the prediction
of purchasing behaviour is the attitude towards the EV.
The overall conclusion is that both attitude variables are more important than the variable
interpreted as freedom of choice (an EV makes one less flexible) and the financial variables. A
reverse relationship with financial variables being more important than general attitudes is usually
expected. It may be concluded that the beliefs are valid measurements of the attitudes. The entering
of the variables ’time needed for reaching the ring road’ and ’time needed for reaching the parked
car’ confirms the conclusion that the perceived importance of these variables can not be
overestimated, in spite of the recorded time for both questions, which did hOt seem to reveal a big
problem.
The negative T value reflects a negative correlation between this variable and the dependent
variable. The behaviour intention to buy an EV or hybrid car goes with a positive attitude towards
EVs and a high income, while the reverse relationship holds for these variables anti the choice of
an ICEV or hot considering the purchase of an EV.
Less than 15% of the respondents (67/494) indicate not to consider the purchase of an EV or hybrid
car. They express a mixture of motivations and barriers. There are 22 people who believe that an
EV has too many constçaints: small range, charging the battery is a nuisance, high costs for the
battery, expectations of problems with the connection to the grid, lire cycle of the battery is too
short and EVs have less carrying capacity. Another 18 respondents state that they never buy new
cars for financial reasons. 12 Respondents express the convictinn that they do hot need a car any
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longer anti 9 persons say hot to use the car in the inner city: they prefer their bicycle. Some
answers with minor frequencies are:
5 persons indicate hot to know about EVs in suffìcient detail;
- 3 persons expect driving an ICEV to be nicer than an EV;
- 3 persons take the position that hot owning a car is bètter than driving an EV;
- 3 persons think that the EV is not yet ready for the market.
The general remarks (186/533) at the end of the questionnaire contain interesting information on
perceived barriers as well:
- Replacement of ICEVs with EVs do hot solve parking- and environmental problems (N--34). On
the contrary: battery waste may pose a problem and nuclear energy generation may be
necessary;
- Good and inexpensive public transport is preferable to a car (N--16);
- My car is hot a status symbol; my car use is limited; in the inner city 1 use a bicycle (N--19);
- Range is too small: 1 use my car solely for long distances outside the city (N--12).
In the evaluation of the behaviourial model relating to the questionnaire it is clear that predicting
the actual purchasing behaviour is not yet feasible. As long as the possibility to buy an EV remains
hypothetical the behaviourial intention can be chosen as the best predictor for purchasing behaviour
(see figure 4.4). This research highlights important aspects of the intention to buy an EV. From
earlier research [40] it is known that the general public has limited knowledge of EVs and their
performance.

Figure 4.4. Revised model of social acceptance of EVs
Values associated with cars do hot form part of this research. Societal or group values on
environment and mobility were also not investigated. The relationship between be]iefs and attitude
is evaluated as an internally and externally validated robust measurement. The relationship between
the attitudes and the behaviourial intention is strong, variance is explained more by attitudes than
by financial variables. The revision of the model on the basis of the observed relationships suggests
that costs and benefits and technical performance should be considered separately. In fact, these
variables may penetrate the model at different places: which costs and benefits are perceived
reasonable in relation to the degradation of the environment; or which technical performance is
sufficient in relation to the use people make of their car? Both questions reveal something of the
personal value structure or the belief system of the respondent. That is why these variables are
depicted above or behind the model. The implication is that the relationships among different parts
of the model are hot yet fully understood.
EVs with the given technical characteristics and costs (as described earlier in the questionnaire) are
broadly accepted by the population of the Amsterdam inner city. The level of acceptance may even
be enhanced if there is a decision to adopt car limiting measures.
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4.5. Conclusions and recommendations
The main conclusion is that the market potential for EVs in the Amsterdam inner city lies between
53% and 85% of the current car population. With approximately 25,000 cars owned by people living
in the inner city the market potential is thus in the range from 14,000 to 20,000 EVs. This potential
is derived fl.om current EV performance compared with current car use, the general attitude towards
EVs and the costs and benefits of EVs as presented in the survey. In practice, the true potential will
be influenced by advertisements accompanying the introduction of EVs.
The findings presented here are vulnerable to changes related to elapsed time and special factors.
Survey research can only give results for a certain population in a specific situation at a given time.
This can be illustrated by the research findings reported in a special issue of Urban Transport
Research published in 1983, in which it was concluded only ten years ago that there was no marker
potential for EVs [41 ]. Technical advances in battery design and increased environmental concern
have changed the situation considerably. In the same issue a positive attitude towards EVs was
reported: 78% of the respondents (N=100) were in favour of EVs. Special factors such as car
limiting measures for inner cities but with an exception applied to EVs, or a gradually decreasing
net income per household could influence the introduction of EVs. It is emphasized that a high
standard of education and a high income dominate in the population of the Amsterdam inner city.
The relevance of the resu]ts in this survey should be treated with caution when applied to other
conurbations.
A practical point not fully evaluated in this survey is the battery charging procedure which involves
connecting cars to the electricity grid at charging points in the street. These charging points may
give rise to safety questions and be prone to vandalism. Even more important: the image of an EV
can be damaged by the vision of cables running along the street. In contrast: the development of
a proper infrastructure for EVs could promote a favourable attitude. This points to the question of
the completeness of the survey: were all relevant variables takèn up in the questionnaire and was
the presentation of the facts sufficiently detailed? There can be no certainty in the answer except
that it is clear that future attitudes towards EVs will differ fl.om those evaluated in the present
survey.
The price of EVs must be competitive with those of ICEVs bearing in mind that new cars cost on
average 29,700 guilders. Special attention should be given to battery costs because of the high
expense incurred for replacement. An altemative may be the development of a system in which
batteries are rented.
Recommendations for the introduction of EVs can be derived from the survey results and fl.om more
general information concerning the attractiveness of EVs for different groups of potential customers
obtained during other research on this topic [40].
lf, relatively to ICEVs, prices for EVs and hybrid cars (+25% and +40% respectively) are raken for
granted and a solution is found for incidental long distance use (specially for holidays), the
introduction strategy for EVs should be switched fl.om the fleet owner marker to the marker segment
comprised by the new car buyers. Battery lire and replacement costs may pose a problem that bas
tobe resolved. From an environmental point of view it is much more significant to approach the
larger marker segment of new car buyers instead of the relatively small business segment.
It is usually thought that fleet owners have a special interest in the introduction of EVs. Interviews
with entrepreneurs revealed that this assumption may hot be correct. In fleets limited to only one
make of car the introduction of a second make may give rise to serious logistic problems. Not all
drivers can be deployed at any time in all cars (EVs need to be charged). Contracts with customers
can contain clauses on poor service. Operatlonal availability in these cases is very important. In one
case it appeared to be worth 30% higher investment costs for new cars. Logistics may be of less
importance in small enterprises but fl.eedom of action may be limited by lack of finance. Because
of the range of different considerations it is recommended to investigate the decision making
processes accompanying the purchase of cars and EVs in particular because it is expected that EVs
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will be bought in any event by companies and entrepreneurs in inner eities (with or without car
limiting measures). Opinions and considerations fl.om entrepreneurs can be a valuable source of
suggestions for the introduction o1: EVs and can contribute toa user fl.iendly design. It is not clear
whether car limiting measures for Amsterdam’s inner city will promote a larger demand for EVs.
At the present time it is impossible to obtain valid information fl.om the entrepreneurs located in the
inner city hecause they strongly oppose the idea of car limiting measures (legal action is being
taken to prevent the plebiscite being held).
The social costs of trafiíc and transportation systems are often difficult to evaluate. In the special
issue of Urban Transport Research [41] the costs of damaging effects to human health and
psychological stress are reviewed and divided into direct and indirect costs. Both methodological
problems and inadequate knowledge concerning the effects of any given emission levels hamper
determination of social costs. It is recommended to carry out a social cost study (il hOt already
commissioned by DG17 of the EC) into the effects of emissions on human health specifically for
inner cities, where costs are expected tobe considerable. The reduction in social costs as a
corollary of a large-scale introduction of EVs may be used as an incentive to overcome financial
barriers for the EV.
Among EV industrialists and researchers there is an ongoing discussion about positioning EVs as
a conventional car with special characteristics or as a ’green’ alternative. Adherents to the
conventional car view believe that EVs must be made comparal~le to conventional cars by using
electrically operated functions, even when this fully electric design requires more batteries.
Supporters of the green alternative argue that EVs are hOt comparable so they have tobe presented
differently in the market. It appears that there is a fundamental difference in view: one characterized
as a consumer view and the other environmental. Prior to the large-scale introduction of EVs
accompanied by advertisement campaigns and as a contribution to the direction of future research
and designs, it is important to investigate the underlying motives of purchase behaviour. In terras
of the behaviourial model this requires research into the relationship between values, societal and
personal norms and beliefs.
Finally, it is recommended to study the relationship between behaviour and behaviourial intentions
as soon as EVs are available on the market. It will then be possible to identify how costs and
benefits fit into the behaviourial model. The positive attitude now found towards EVs does hot
necessarily mean that purchase behaviour at the time of full-scale introduction will be realized.

48

5. THE MARKET FOR ELECTRIC VEHICLES IN AMSTERDAM
5.1. Introduction
This chapter analyses the flow of traffic in Amsterdam in 1990. The type of car, the reason for
travel and the distance travelled on working days are thè cmcial variables. The flow of traffic in
2000 and 2010 is estimatêd and used as the basis for a penetration model describing the
penetration of electric vehicles in 2000, 2005, 2010 and 2015. The assistance of Mr. G. Brohm
from the Physical Planning Department of the City of Amsterdam in collecting the data bas been
indispensable.

5.2. Traffic flows in the Amsterdam conurbation
5.2.1. Introduction
Traffic flow in Amsterdam arises hot only fl’om inhabitants and firms established in Amsterdam but
also by third parties supplying firms, tourists and other visitors coming to Amsterdam, people
coming to work in Amsterdam, etc. Daily traffic in Amsterdam comprises of all these types of
traffic. The amount of traffic in the inner city is a particular cause of many problems. Some of the
many plans developed by the City authorities to alleviate these problems are:
- Creation of more space for cyclists and pedestrians;
- Restricting through traffic by introducing one-way traffic leading to parking places;
- Making a distinction between short and long term parking places;
- Reduction in the number of parking places on public roads;
- Improvements in public transport.
Even with the implementation of all these plans, future traffic flow will be extensive in the inner city
as well as in the periphery. Statistics show that car ownership by citizens of Amsterdam is growing
at the same (slow) rare as the number of citizens (see figure 5.1). In 2000 26% of Amsterdam’s
inhabitants will own a car (this figure is low compared to the estimated 43% in 2000 for the whole
of the Netherlands). Car ownership in the inner city will remain at 22% to 23%. For this research,
the following types of traffic are identified:
Traflìc for private reasons other than commuting by citizens of Amsterdam~;
- Commuter trafl~ic. A distinction is made between ommuter traffic coming to Amsterdam and
commuting by Amsterdam citizens;
- Passenger transport trafíic;
- Traffìc by utility companies;
- Goods supply traffic;
- Business traflíc.
In the following sub-sections each of these traffic types is further discussed.

1 Note that the terra ’Amsterdam’ refers hot only to the inner city, but to the entire city, according
to the definition in section 2.6.
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Figure 5.1. Development of car property
5.2.2. Private traffic by citizens of Amsterdam
The Department of Physical Planning of the City of Amsterdam has fairly good data on car use for
private reasons on working days. However, car use during weekends and holidays is difficult to
estimate. Approximately 40% of the car owners living in the inner city use their car only during
weekends and holidays. Thus they do not contribute to the trafl:ic density on working days in the
inner city but they do use parking space. The car owners living in the inner city who do use their
cars on working days (the other 60%) have various reasons, for example, visiting family, going to
work, going to sports facilities etc. In table 5.1 an overview is given of car use by citizens of
Amsterdam for private reasons on a working day (Note: commuter traffic is not included).
Table S. I. Number of cars used for private reasons on working days by citizens of Amsterdam, and
their average daily distances travelled

< 50 km/day
51 - 100 km/day
101-150 km/day
151-200 km/day
> 200 km/day

78,300
10,800
900

Total

90,000

5.2.3. Commuter traffic
Of the people living in the Amsterdam conurbation, approximately 309,000 have a job. About 76%
work in the conurbation itself, 24% work outside the conurbation. Of this latter group 40% travel to
the south of Amsterdam (Amstelveen, Haarlemmermeer, Schiphol), 30% to the north of Amsterdam
and 30% in the rest of the Netherlands. Approximately 13,500 people working outside Amsterdam
commute by car.
Commuter traffic by car by people living and working in Amsterdam is approximately 45,000 cars.
Although this type of commuter traffic is likely to decrease (as a consequence of governmental
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policies and growin~ environmental awareness), in the future many Amsterdam inhabitants will still
use a car to go to work.
Table 5.2. Commuter traffic by Amsterdam% inhabitants
Passenger cars
_< 50 km/day
51-100 km/day
101-150 km/day
151-200 km/day
> 200 km/day

45,430
11,800
1,770

Total

59,000

Approximately 58,000 commuter cars come to Amsterdam each working day. Use of the car for
other reasons on the same day is taken into account, 70% of these cars cover less than 100
kilometres per day.
Table 5.3. Commuter tra~c coming to Amsterdam
Passenger cars
<- 50 km/day
51-100 km/day
101 - 150 km/day
151-200 km/day
> 200 km/day

20,300
20,300
10,440
4,640
2,320

Total

58,000

From tables 5.2 and 5.3 it can be derived that 56% of all commuter cars cover less than 50
kilometres per day and that 83% cover less than 100 kilometres per day.

5.2.4. Passenger transport traffic
This category consists of taxis and city buses. Other types oí~ public transport such as the subway
and the tram are hOt considered.
Table 5.4. Passenger transport traffic by taxis and city buses
Taxis

Mini buses

_< 50 km/day
51-100 km/day
101-150 km/day
151-200 km/day
> 200 km/day

0
120
300
120
60

o
3
8
3
2

Total

600

15

Buses

350

5.2.5. Utilities traffic
This category consists of public utilities traffic, for example energy companies, waterworks, police,
the city cleansing and waste collection company, departments of the city council, etc. The category
of special vehicles (mobile cranes, street cleaning vehicles) is not considered.
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Table 5.5. Public utilities traffic
Passenger cars

Trucks

249
429
285
40
75

~355
220
30
9
2

187
263
52
28
73

1,078

616

603

_< 50 km/day
51 - 100 km/day
101 - 150 km/day
151-200 km/day
~ 200 km/day
Total

Vans

Most of these vehicles remain in the city all day. Daily distances covered are small (75% cover less
than 100 kilometres per day), but many of these vehicles are used frequent]y making many short
trips in one day.

5.2.6. Goods supply traffic
The historically determined infrastructure of Amsterdam causes many problems for goods supply
traffic: the canals, narrow streets, pedestrian areas, and in many cases no ’back door’. There are
many small retail shops in the inner city (shopping in Amsterdam is a popular activity), as well as
many hotels, restaurants, theatres and pubs. Often there is no toom to expand, leading to
economizing on storage space. Less storage space means a higher supp]y frequency. A retail shop
in the inner city is supplied 2.8 times per day, hotels and restaurants etc. 1.7 times per day [17].
The number of supply trips has risen for several years now and the unit size of supplies has
decreased. In [17] a further increase in supply trips is foreseen. Table 5.6 is based on [42] and [17].
The daily distances covered specific for Amsterdam are derived fTom [17].
Table 5.6. Goods supply traffic
Passenger cars

Vans

Trucks

<- 50 km/day
51-100 km/day
101-150 km/day
151-200 km/day
> 200 km/day

1,177
2,354
1,177
883
294

530
2,118
5,295
2,118
530

353
1,059
1,412
2,824
1,412

Tota]

5,884

10,591

7,061

5.2.7. Business traffic
This category consists of traffic connected with practising a profession or running a firm, for
example, traffic by salesmen, plumbers, maintenance engineers, building contractors, etc. In the
calculations, this category is the remaining group. In [42] the figures on business traffic by
passenger cars and vans include part of passenger transport traffic, goods supply traffic and public
utilities traffic. Atìer correction, almost 56,000 cars remain. It is assumed that vans make up 10%
of this total [43]. The number of trucks engaged in business traffic equals the total number of trucks
driving in Amsterdam according to [42] minus the number of trucks in goods supply traffic. The
results are summarised in table 5.7.
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Table ~.7. Business traffic
Passenger cars

Vans

Trucks

_< 50 km/day
51-100 km/day
101 - 150 km/day
151-200 km/day
~ 200 km/day

23,564
19,466
5,123
2,049
1025

2,618
2,163
569
228
114

367
1,100
1,467
2,935
1,467

Total

51,227

5~692

7~336

Many passenger cars and vans in business traffic are also used for commuting, partly coming from
outside Amsterdam. Therefore, the daily distances covered are based on a mixture of the daily
distances covered in commuter traffic coming to Amsterdam and commuter travel by citizens of
Amsterdam.

5.3. Car use in 2000 and 2010
From the results in the previous section it can be concluded that 89% of all vehicles driving in
Amsterdam are passenger cars, owned t:or the greater part by private persons. Passenger cars are
mainly used in commuter traffic (44%), private traffic (34%) and business traffic (22%). Vans (6%
of the total number of vehicles) are mainty used in goods supply traffic (63%) and business traffic
(34%). Trucks (5% ofthe total number of vehicles) are also mainly used in goods supply (46%) and
business traffic (54%).
Estimates of traffic flow in 2000 and 2010 are made on the basis of the results in the previous
section. Growth percentages are determined according to [421 and [43], using figures on population
growth and employment growth and assuming reaIisation of the Amsterdam policy concerning the
stimulation of public transport. Figures for 1995, 2005 and 2015 are obtained through interpolation.
Table 5.ô. Population and employment growth in Amsterdam
1990

2000

2010

Population
Number
Index

764,900
100

810,794
106

856,688
112

Employment
Number of employees
Index

440,000
100

470,000
107

490,000
111

The following assumptions have been made. Commuter traffic by car will initially increase 22 to
25% in the period 1990-2000, but then decrease in 2010 due to the successful public transport
policy, to a level 6% above the 1990 level. Consequently, the number of vehicles in publi¢
passenger transport will increase significantly: 18% in 2000 and 27% in 2015, compared to the level
in 1990. The number of cars in private traffic and business traffic will increase at the same rate as
the population. Supply goods traffic and public utilities traffic will increase at a rare which is the
sum of the population growth rate plus hall: the employment growth rate. The results are
summarised in table 5.9.
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Table 5.9. Car use on a working day in Amsterdam in 1990, 2000 and 2010
1990
Number of cars in Amsterdam
Passenger cars
Vans, mini buses
Trucks/buses

298,053
265,789
16,914
15,350

2000
337,297
302,853
18,025
16,418

2010
329,071
292,825
18,985
17,260

5.4. Marketing electric vehicles
5.4.1. Different types of electric vehicles
There are currently three types of electric passenger cars: the compact urban car, the ’traditional’
car and the ’newly developed’ car. The ’traditional’ car is based on the normal internal combustion
engined passenger car. An example of the ’newly developed’ car is the GM-lmpact.
The compact electric urban car is based on the diesel-engined micro cars which are used mainly
in Paris, but also in the rest of France and in Japan. lts popularity stems primarily from its small
size, which makes it easy to handle. These cars are not manul~actured by the well-known car
manufacturers but by small companies. Not much attention is given to styling, partly because
aerodynamics is hot so important at low speeds. Several Swiss companies manufacture electric
vehicles based on these micro cars.
The large car manufacturers have until now constructed electric vehicles based on their
conventional models. Several American and European car manufacturers have developed electric
vehicles which can, in principle, be manufactured in large numbers. Prototypes are or will be tested
all over the world, in series of up to 100 cars. According to General Motors, introduction of electric
vehicles is more a question of marketing than of technology [44]. According to the large car
manufacturers, electric vehicles should be equal to 1CEVs with respect to styling and performance.
5.4.2. Market segmentation
There are many ways of introducing electric vehicles. For example, the electric vehicle can be seen
as an altemative to the ICEV or as part of an integrated transportation system, consisting of public
as well as private transport. In such an integrated transportation system electric vehicles could be
seen as a means of individual public transport, infrastmctural problems would hot be as large as
in the case of private electric car ownership, but several management problems will have to be
solved. Another possibility, which is currently being investigated [45] is to bring together in one
single hire contract an electric car for local and city use and an ICKV for the longer distances. This
would be combined with an automated subscription system. Such a system could be an altemative
for city inhabitants: the electric vehiclê for inner city traflìc and the 1CEV for longer distances during
weekends and holidays.
If the electric vehicle is to be part of a new integrated transportation system fundamental changes
are required in car use which are not considered in this report. In this report the electric vehicle is
simply seen as an alternative for car buyers.
The role of local, regional and national govemments can be crucial for the success of electric
vehicles (see also chapter 9). These bodies are able to set an example: in buying the first series of
electric vehi¢les they can support manufacturers/importers in the introduction of electric vehicIes
and in that way stimulate the introduction of electric vehicles in other sectors (business traffic,
commuter traffic).
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There are several other parties which could be important for the introduction ot: electric vehicles,
for example, cars in business trafflc travelling no more than 50 kilometres per day and driving only
in the city where limited range and limited top speed are not important. Hybrid vehicles may be of
interest for the more expensive hire cars where the high initial cost of an EV or HV is less important.
The wealthier inhabitants oi~ the inner city could also play an important role in the acceptance
electric vehicles as an altemative in city traffic. If the City Council would consider giving parking
licenses only to electric car owners, this group of people would be the first to buy an electric car.
The ’two car’ households could aid the introduction of EVs on the assumption that one carcan be
used for long distances and the other, the electric vehicle, for short distances. However, households
often have two cars both covering long distances (t:or example, in commuter traflíc), because the
members of the household lead more or less independent lives. In another group o1: ’two-car’
households, the second car is an inexpensive second hand car. $o there is probably a rather limited
number of ’two-car’ households suited to the introduction of EVs (see also section 4.4.1 ).

5.4.3. Evolution of market penetration
Two parties capable of manipulating the rate of penetration are the government and the car
manufacturers. The role of the goviçnment is further discussed in chapter 9. On the role of
manufacturers, it seems that as well as commercial motives to introduce new technologles, social
pressure and environmental rules and regulations also necessitate the developrnents of new
products. Car manufacturers are more or less forced by the environmental problems caused by road
traffic, especialty in urban areas, to acknowledge the need for electric vehicles. It is expected that
within a t:ew years several large car manufacturers will include electric vans and passenger cars in
their line of products. To achieve successful marketing of these vehicles, extra attention will have
tobe given to after-sales care in order to creatê a positive image of the EV and to ensure that
electric vehicle purchasers are hOt confronted with the teething problems of this new technology.

5.5. The penetration algorithm
The penetration of electric vehieles is modelled in two steps. Firstly, the number of vehicles which
could be electric from consideration of the required daily range (on working days) is determined,
based on the results in chapter 3 and the analysis of traffic flow in this chapter, lnitially, only purely
electric passenger cars, vans and buses and hybrid trucks are considered. The hybrid trucks are
assumed to have an electric range of 50 kilometres. The daily range of buses is no restriction
because it is possible to recharge the battery. For passenger cars and vans, the maximum
attainable range derived in chapter 3 implies that cars in the following distance classes are
considered for reptacement by an electric vehicle:
From 1995 onwards: only the distance class 0-50 km/day;
- From 2000 onwards: 0-50 km/day and 50-100 km/day;
- From 2005 onwards: 0-50, 50-100 and 100-150 km/day;
- From 2010 onwards: 0-50, 50-100, 100-150 and 150-200 km/day.
Consequently, there could be discontinuities in the rate of penetration: in 2000, 2005 and 2010 the
number of candidates for replacement by an EV increases as a step function. This could be a
realistic representation of the rare of penetration because these discontinuities could be caused by
break-throughs in battery research.
The second step in modelling the rate of penetration of EVs is an algorithm which determines, l:or
each year and for each traffic category, the number of electric vehicles as a percentage of new car
sales. This algorithm reflects the influence of the different factors affecting the penetration. The
most important factors are:
1. The availability of EVs on the marker. In this report this issue is not considered. It is assumed
that the (european or world-wide) production capacity will be sufficient to meet demand (see,
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for example, the statement fl.om Volkswagen in [20]: ’In five years the battery-powered car will
be ready to run off the assembly line’).
2. Road vehicles have an average life of ten years which implies that the introduction o1: EVs can
on|y occur gradually. This is raken into account by not modelling marker share directly but by
modelling the rare of penetration of EVs fl.om year to year as a percentage of car sales.
3. Penetration will be hampered by the high initial costs. In chapter 2 ít is conc|uded that in the
long term the decisive factor in EV and 1CEV cost comparison will hot be the initial costs but the
energy costs. The analysis in chapter 3 shows that if the US goals conceming battery density,
battery lit:e and battery costs are achieved, EV energy costs will be faifly close to the ICEV
energy costs. Therefore, the influence of high initial costs on the rate of penetration is purely an
introductory problem which could be solved by governmental stimu|ation. This issue is
addressed in chapter 9.
4. Large-scale introduction of electfic vehicles requires a large-scale infrastructure, hOt only
charging batteries but also for technical assistance (repairs, maintenance). The infl.astructure
for charging batteries will be difficult to set-up, especial~y for private owners of EVs. There are
about 400,000 parking places in Amsterdam but only 12% are in garages or courtyards (see
also secfion 4.4.2). This implies that charging facilities need to be instalied ïn the open~, causing
many (legal, financial, etc.) problems (see [34]). The current trend towards increasing the
number of parking garages can only help to a very |imited extent. Moreover, charging lectric
vehic|es may cause capacity problems in the electricity distribution grid. This issue is addressed
in chapter 7. It is ciear that the involvement of the electricity distribution company will be crucial.
For technica! assistance, existing service stations will have to be adapted or new stations created
and personnel will have to be trained, especially in battery techno|ogy. According to [27], the car
industry will be able to support e~ectric and hybrid vehicles easily and adequately.
5. The electric car will have to be socially accepted. This issue has been covered in chapter 4.
6. Current legislation wi~l have tobe amended. This issue will be addressed in chapter 9.
The penetration algorithm gives the number of car sales as a percentage of new car sa|es for each
year and each trafl.ìc category. The aigorithm is based on the following penetration curve:
F
P(year) =
1 + exp(H x (year - starting year - G))
This curve has fout parameters:
- The maximum penetration percentage F;
- The starting year of the penetration;
- The slope of the curve H;
- Tt~e number of years G required to attain a 50% penetration.
One of these parameters can be eliminated on the assumption that the penetration in the starting
year itself is negligible. Tl~e penetration in the starting year is:
1
1 + exp(-H x G)
The following arbitrary condition is imposed:
H x G -- -6
This implies that the penetration in the starting year is only 0.25%. The parameter H can thus be
eliminated fl.om the penêtration formula.
F
P(year) -1 ÷exp~-6x(year-startingyearG -G))
Three parameters remain: the maximum penetration F, the starting year and the rapidity of the
penetration G.
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The maximum penetration (F) is an indication that a certain percentage of all vehicles will not be
replaced by electric vehicles for various reasons, even if the normal range on working days is hot
a bottleneck. For example, for some passenger cars the possibility to travel long distances during
weekends may be indispansable, or the inffastructure may not be adequate in certain areas. Or in
the case of vans, certain special models may be not available as an electric variant. A maximum
penetration percentage of 80% implies that the number of electric vehicles will, in the very long
term, approach 80% of all vehicles which travel less than 200 kilometres per day. The final market
share is therefore proportional to the parameter F.
The starting year of the penetration is determined by the availability of vehicles with the required
specifications and by the willingness of potential buyers to be the first to drive an electric vehicle.
It is assumed that penetration will start with electric vans because car manufacturers target attention
on vans and fleet owners who are seen as suitable ’early adaptors’. Private car owners will probably
be more reluctant to buy EVs especially when the car is primarily used during weekends and
holidays. It is therefore assumed that penetration of passenger cars will start with Amsterdam’s
commuters. Commuter traffic travelling to Amsterdam and private traffic will follow a few years
later. Because of their ’public’ character, electric buses are assumed to be introduced at an early
stage. The hybrid trucks are the last category of EVs to penetrate.
The rap~dity of the penetration is determined by factors such as the rapidity of infrastructure
development, social acceptance and the cost (dis-)advantage. It is assumed that for vans owned
by firms it will be relatively easy to develop the necessary infrastructure and the cost disadvantage
will be relatívety small. Moreover, the pressure to buy a clean car will primarily affect categories
driving regularly in Amsterdam. It is assumed that public utilities and the public transport company
will set a good example resulting in rapid penetration.
The choice of the values for most of these parameters is only important for the shorter term
transitional period. In the long term the parameter F is the only important factor. Because largescale introduction is the issue in this report, the parameter F is fixed at 80% (an exception is made
for commuter traffic coming to Amsterdam: many of these vehicles do hOt actually drive in
Amsterdam because there are some concentrations of employment on the city outskirts and for this
category a maximum penêtration of 50% is assumed).
In the short terra the starting year and G are also important. Two sets of parameters are used,
reflecting ’slow’ (scenario A) and ’rapid’ (scenario B) penetration. With regard to the starting year
of the penetration an optimistic view is taken of the availability ot: EVs on the marker. If the
availability is delayed, marker penetration of EVs is postponed.
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Table :5.10. The values of the penetration parameters
Scenario A
Starting year Parameter (G)

Scenario B
Starting year Parameter (G)

Commuter traffic
Going out
Coming to
Private traffic

1996
1998
1998

5
6
6

1995
1997
1997

4
5
5

Goods supp~ traffic
Passenger cars
Vans
Trucks

1996
1995
1998

6
4
7

1995
1995
1998

4
5
5

Passenger transport
Taxis
Mini buses
Buses

1995
1995
1996

6
4
6

1995
1995
1996

4
4
4

Ut~itiestra~c
Passenger cars
Vans
Trucks

1995
1995
1998

3
3
7

1995
1995
1998

3
3
5

Bus~esstraffic
Passenger cars
Vans
Trucks

1996
1995
1998

6
4
7

1996
1995
1998

4
3
5

A detailed description of the penetration modelling can be t:ound in appendix 5.

5.6. The results
The numbers of electrlc vehicles driving in Amsterdam are shown for scenario A in table 5.11 and
for scenario B in table 5.12.
Table 5.11. Numberofelectric vehiclesin Amsterdam according ~ scena~o A

Passenger cars
Vans
Trucks
Buses

1995

2000

2005

6
1
0
0

2,955
836
15
1

52,270
4,846
714
62

2010
149,459
10,552
3,718
252

2015
195,214
14,084
6,475
384

Table 5.I~ Numberofelec~ic vehiclesin Amsterdam according ~ scenario B

Passenger cars
Vans
Trucks
Buses

1995

2000

2005

18
1
0
0

14,492
1,082
25
28

89,392
5,117
1,682
198
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2010
177,072
10,576
5,032
369

2015
197,244
14,084
6,839
392

The evolution of marker share is shown in figures 5.2 and 5.3.
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Figure 5.2. Market share of EVs according to scenario A
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Figure 5.3. Market share of EVs according to scenario B
The following observations can be made:
- Penetration approaches its maximum in 2015. This implies that the number of electric vehicles
in 2015 is almost the same in both scenarios because maximum penetration was set at 80% in
both cases;
- Even though the penetration percentages allow a quicker penetration of vans than of passenger
cars, market share of electric passenger cars grows relatively quickly. The reason is that daily
distances covered in commuter traffic and private traffic by inhabitants of Amsterdam are low.
The daily distances travelled by vans are on average much higher. Therefore the growth of
market share is relatively low, despite the ’optimistic’ penetration parameters;
- The market share of electric buses actually reaches 80% because ’range’ is not limited. Marker
share of passenger cars does not come close to 80% because of the 50% restriction on commuter
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trat~ic coming to Amsterdam and because of a small percentage of cars travelling more than 200
kilometres per day. The market share of trucks stays relatively low because penetration of hybrid
trucks is only assumed in the marker for light trucks. One third of all trucks are heavy (often a
combination of truck and trailer) and in this category no penetration of hybrid trucks is assumed;
Compared to nation-wide averages, the number of vans in Amsterdam is low and the number of
trucks is high. This wil! play an important role in the analysis in chapter 6.
If the penetration aIgorithm is applied to hybrid vehicles instead of battery powered vehicles, there
would be no range restriction hampering penetration. Thus, if the penetration parameters of
scenario A are applied to hybrid vehicles (thereby assuming that hybrid vehicles are available at
the same time as electric vehicles), the market share of HVs would increase faster than the market
share of EVs. The following table compares market shares.
Table 5.13. Market shares of EVs versus HVs in 2005
EV scenario A
Passenger cars
Vans

EV scenario B

HV scenario A

30%
28%

19%
52%

18%
26%

It is clear that for passenger cars, HVs have little advantage in the Amsterdam situation (assuming
that covered distance on working days is the only criterion). The reason is, as previously
mentioned, that many of the passenger cars travel only small distances. Hybrid vans would achieve
a much larger marker share in 2005, because of the relatively high daily distances travelled by
vans.

It could be argued that hybrid vehicles should get priority over EVs in order to achieve better results
concerning local air quality in Amsterdam in the ’near’ future. However, because 89% ol: all vehicles
are passenger cars, the figures in table 5.13 show that the advantage of HVs over EVs is very
limited. So fl.om an envlronmental point of view, there seems tobe no reason to stimulate HVs
instead of EVs (see also the discussion in chapter 2).
The calculations in this chapter are partly based on the US goals conceming the energy density of
future batteries, lfthese goals are hOt achieved, the potential market share of electric vehicles would
be reduced. The extent of this reduction is determined by assuming that future batteries do hot
allow a daily distance of more than 100 kilometres. In other words, no significant improvements in
battery technology are achieved after the year 2000. The same penetration algorithm is used to
calculate EV market shares in 2015 when this assumption is maintained. Table 5.14 shows the
results.
Table 5.14. Sensitivity analysis on battery technology; market shares in 2015 for scenario A
US goals are achieved
Passenger cars
Vans

68%
72%

Maximum range 100 km
62%
38%

Since 89% of a[l cars are passenger cars, it is clear from table 5.14 that disappointing battery
developments do not affect the long run market share of EVs significantly. However, il: the
availability of batteries offering a 100 kilometre range is delayed, the penetration of EVs will be
postponed and slowed down.
In order to be able to calculate the effects of electric vehicles on electricity production it is
necessary to compute the yearly distances travelled by electric vehicles. It is assumed that the
majority of passenger cars are also used during weekends, but that vans are not used during
weekends. It is furthermore assumed that there are on average 200 working days per vehicle plus
and additional 100 days for passenger cars which are also used during weekends. Table 5.15 gives
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the average yearly, electrically driven, distances for scenario A (the figures for scenario B are only
slightly higher). These figures will be used in chapter 8.
Table 5.15. Yearly ’electric kilometres’ travelled per vehicle according to scenario A

Passenger cars
Including weekend use
Without weekend use
Vans
Trucks
Buses

2000

2005

2010

2015

6,421
4,280
5,205
6,915
64,000

10,449
6,966
9,745
7,429
64,000

12,877
8,585
14,409
8,820
64,000

14,419
9,613
18,1_ 19
9,419
64,000
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6. LOCAL ENVIRONMENTAL EFFECTS
6.1. Introduction
Air and noise pollution in city streets is primarily caused by traffic [46]. As already noted in chapter
1, the Dutch government bas formulated criteria on permitted noise intensity, concentrations of CO,
benzene, black smoke1 and btO2 (the criterion for benzene is hOt yet final). For air pollution, these
criteria apply to the concentrations experienced by people on the streets. For noise pollution, the
criteria refer to the noise intensities at the facades of domestic houses. There are criteria for the
current situation as well as for the year 2000. The criteria for the year 2000 are of course more
stringent. Because it would be very expensive to measure the noise intensity and the air pollutinn
concentrations in every street in every city, the Ministry of Housing, Physical Planning and the
Environment allows cities to calculate these values with the aid of a computer model. The model
to calculate air pollution concentrations has been developed by TNO and RIVM anti is referred to
as the CAR-model (Calculation of Air pollution by Road traffic [47]). With this model a Environmental Traffìc Map can be made oí a city, or part of a city. In 1988 Amsterdam decided to make
such an Map, in which the situation in 1987 and the situation in 1997 for two different scenarios
were analyzed. As noted in [10], the results were ’shocking’. It appeared that the criteria could hot
be met in many streets. One of the consequences of these results was the decision to make a new
Environmental Traffìc Map for the year 2000. The aim of this map was to find out, taking into
account reduced emissions of road vehicles in 2000 (for example, due to the overall introduction
of threeqway catalysts in passenger cars), how much the currenttraffic intensities have to decrease
in order to meet the different criteria which will be effective in the year 2000.
This new map provided an excellent means to assess the possible contribution of electric vehicles
to local air quality and nolse intensities in Amsterdam: if a certain percentage of the traffic
intensities is electric, can the criteria be met without reducing these traffic intensities. Such an
analysis gives an answer on the value of electric vehicles in reducing air pollution in cities.
The computations were carried out by Mr. Adrie de Jong and Mr. Rein Muchall from the
Environmental Research lnstitute of the City of Amsterdam (OMEGAM). A detailed description of
these computations can be found in [48].

6.2. Description of the model
6.2.1. Air pollution
The concentrations of CO, NOg, benzene and black smoke are calculated for all streets with a traffìc
intensity oî at least 2450 vehicles per 24 hours, using the CAR-model. This model uses four types
of input data:
1. The emissions from the different types of vehicles. The model distinguishes between passenger
cars, vans, light trucks, heavy trucks, buses and motor cycles.
2. The number of vehicles per 24 hours in each street, spread over the different vehicle types.
3. Street characteristics: the presence of houses and trees and the distance between the centre of
the street and the pavement.
4. The background-concentration.
The model computes:
1. The annual emissions of CO, NOx and HC from traflìc in Amsterdam as a whole.
2. The 98-percentile of the 8-hout average concentrations of CO.
3. The 98-percentile of the 1-hout average concentrations of NO2.
1 ’Black smoke’ and ’dust’ are two different measures of the amount of fine particles in the
atmosphere.
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4. The year-average concentration of benzene.
5. The 98-percentile of the 24-hout average concentrations of black smoke.
The concentrations are the sum of the background concentrations and the concentrations caused
by the emissions from traffic. The law requires the following accuracy of the computation method:
there must be a 70% probability that the computed values do hot differ by more than 30% from the
real value.

6.2.2. Noise pollution
The noise intensity is computed according to the standard method described in the Law on Noise
Pollution. The input data for this method are similar to the data in the air pollutinn model,
augmented with some additional data on the type of road surface, the height at which the noise
intensity is measured, the reflection of noise by houses, etc.
The model computes the noise intensity at the facades of houses (on a standard height of 4.5
metres) in dB(A) for a typical day-time situation and a typical night-time situation. The accuracy
of the computations is such that the computed values may differ by up to 2 dB(A) from the real
values, mainly due to uncertainties concerning the traffic intensities.

6.3. Description of the computation
The scenarios in chapter 5 give the percentage of electric passenger cars, vans, trucks and buses
in a particular year. The basis for the Environmental Traffic Map, however, is not the number of cars
but the car utilisation. In other words, the input data for the Map are hOt the number of different cars
in a certain street during 24 hours, bui the number of cars passing through. It is therefore necessary
to make the following basic assumption: if x% of the passenger cars (vans, trucks) which are
frequently in Amsterdam are electric, x% of the passenger cars passing through in each street are
electric.
This implies that the average EV drives as many kilometres in the city as the average ICEV. This
does hot seem unreasonable: on the one hand it seems logical that, due to the limited range of
electric vehicles, the average daily distance travelled by EVs is smaller, but on the other hand it
seems reasonable that EV penetration is higher than average in the group of vehicles driving
primarily inside the city. The assumption aIso implies that the use of electric vehicles is spread
uniformly over the city. It may seem more logical to assume that EVs will penetrate more in inner
city trafflc (that is, cars that drive relatively often in inner cities will be the first tobe replaced by
electric vehicles). However, this is difficult to quantify. If true, the results of this chapter
underestimate the effect of electric vehicles on the air quality in inner cities.
According to the scenarios in chapter 5, substantial penetration of electric vehicles is hot to be
expected in the year 2000. Thus it is hot useful to perform computations based on the penetration
percentages of electric vehicles in the year 2000. Computations have therefore been made with the
EV-penetration percentages for the year 2005, for scenarios A and B. Moreover, an extra
computation is made with the EV-penetration percentages for the year 2010 in scenario B, in order
to show the ’maximum’ effect.
In the case of hybrid passenger cars and vans instead of purely electric vehicles, the effects on air
and noise pollution are the same, provided only the electric mode is used inside the city.
The computation is based on the 1987 traffic intensities. The results of the computation indicate
whether the criteria which will be effective in 2000 will be met if these traffic intensities still prevail
in 2000. It is of course possib]e that traffic intensities will decrease in certain areas. However, the
computations are intended to answer the question of how many streets require additional measures
(for example: reduction of the traffic intensity) in order to meet the criteria.
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6.4. Results
6.4.~.. Introduction
The results in this section are pres~nted for four situafions:
- The reference situation: no electric vehicles;
- Scenario A-2005: penetration of EVs/HVs according to the penetration percentages of scenario
A in the year 2005;
- Scenario B-2005: penetration of EVs/HVs according to the penetration percentages of scenario
B in the year 2005;
- Scenario B-2010: penetration of EVs/HVs according to the penetration percentages of scenario
B in the year 2010.
Table 6.1 shows the penetration percentages for the different scenarios. Only the trucks are hybrid
vehicles, all other types are purely electric. The percentages for trucks are higher than in chapter
5 because the number of hybrid trucks is expressed now as a percentage of light tmcks only.
Table 6.1. EV/HV penetration percentages
Passenger cars
Scenario A-2005
Scenario B-2005
Scenario B-2010

18%
30%
60%

Vans
26%
28%
56%

Light trucks
6%
15%
45%

Buses
14%
44%
78%

6.4.2. Air pollution
Table 6.2. Criteria in 2000 for CO, NOz, benzene and black smoke
CO
6,000 microgram/ms
98-percentile of 8-hour average concentrations
NO2
135 microgram/m~
98-percentile oî 1-hour average concentrations
Benzene
l0 microgram/m~
yearly average
Black smoke
90 microgram/ms
98-percentile of 24-hour average concentrations
It is meanhagful to compare these values with the background concentration. The background
concentration increases linearly from the city outskirts to the centre. In table 6.3 the background
concentrations at the outskirts and at the centre of the city are given.
Table 6.3. Background concentrations, in the same units as the criteria in table 6.2
City outskirts
CO
NOz
Benzene
Black smoke

Centre

1,400
85
2.2
26

2,150
115
4.7
46

From tables 6.2 and 6.3 it is clear the limit value for CO is the least difficult to meet. Indeed, the
computations show that this limit value for CO is never exceeded. The background concentration
of benzene is relatively low compared to the criteria. Emissions of benzene are mainly caused by
traffic. Emissions occur especially in city traffic, during acce[eration, braking, starting with a cold
motor, etc. It should be noted that the computations are based on current background concentrations. It is expected that these background concentrations can decrease significantly in the future

[46].
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Table 6.4 shows the total length of the streets where the other limits are exceeded for each of the
scenarios. As a special case, a scenario with all buses being electric and no other electric vehicles
is added.
Table 6.4. Total street length (kilometres) exceeding legal limits1
NO~

Benzene

Black smoke

Reference
42.2
18.6
13.7
Scenario A-2005
32.3
9.8
6.1
Scenario B-2005
23.5
3.8
2.8
Scenario B-2010
6.7
0.3
0.0
All buses electric
32.1
18.0
11.3
i Total street length for which the model calculates concentrations is 328 kilometres.
From this table it is clear that electric vehicles could indeed contribute to better air quafity. Even
the toost ’modest’ scenario would reduce considerably the total street length exceeding the limit.
For benzene and black smoke, scenario A-2005 would reduce the total street length exceeding the
limit by approximately 50%. The reduction for NO~ is less significant, due to the limited number of
(diesel) trucks and buses that are replaced by EVs in scenario A-2005. The maximum scenario
B-2010 would virtually eliminate the percentage of streets exceeding the limits for benzene and
black smoke, while reducing the percentage for NO2 by 84%.
It is worth noting that making all buses electric has the same effect as scenario A-2005 on
exceeding the limit for NOg. In scenario A-2005 there are almost 60,000 electric vehicles, while the
total number of buses is only 440. The reason is of course the high NOx-emissions from diesel
buses and the large number of journeys made by buses in one day compared with other vehicles.
Moreover, especially in the city centre, there are a number of streets where buses constitute a
considerable part of total traffic intensity. In such streets, making all buses electric has much more
effect than making 20% of all passenger cars electric. It should be stressed here that in the
reference situation all buses are diesel. Amsterdam is considering the introduction of natural gas
as a fuel for buses, which also reduces the NOx-emissions considerably [36].
When assessing the effect of electric vehicles on air pollution, the reduced frequency of limits being
exceeded can be considered and also the average decrease of the contribution of traffìc to
concentrations (incl. CO). Table 6.5 gives the average percentage decrease of concentrations. The
concentration in each street is weighted by its length.
Table 6.5. Average decrease of traffic contribution to concentrations
NOz
Scenario A-2005
Scenario B-2005
Scenario B-2010

8%
16%
38%

Benzene
17%
28%
57%

Black smoke
14%
25%
53%

CO
16%
28%
56%

The average percentage decrease is approximately the same for benzene, black smoke and CO,
and much lower for NO2. For benzene and CO, 90% of this decrease can be attributed to electric
passenger cars. For black smoke 81% in scenario A-2015 and 73% in scenario B-2010 can be
attributed to passenger cars. For NOz and black smoke the contribution of buses and trucks is
significant. Together they account for 45% of the decrease of NO2 concentration in scenario A-2005
and 60% in scenario B-2010. For black smoke these percentages are 13% and 23%. The
contribution of vans is never higher than 7% and often only 2% to 4%.
This last result is important because it is frequently assumed that vans are especially suited to
electric traction. For that reason a rapid penetration was assumed in chapter 5. However, it now
appears that, from an environmental point of view, the contribution of electric vans is very small,
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if hot negligible. The reason is a question of numbers. If passenger cars and vans are raken together
(which is the case in the CAR-model), in the average street vans account for only 5% of the total
number of passenger cars and vans passing through. This makes it quite clear that the contribution
of electric vans will always be small, even with a 100% penetration. It should be noted here that the
situation in Amsterdam seems a little different from that in other cities. According to the Central
Bureau of Statistics, the number of kilometres travelled in city traffic by vans is 20% of the total
number of kilometres travelled in city traffic by vans and passenger cars together. The figure of 5%
in Amsterdam is thus very low.
It is now also possible to identify which types of traflíc can contribute most to the reduction of air
pollution. In chapter 5, ó types of traffic are identhíed: commuter traffic, private traffic goods,
delivery, utility traflîc, passenger transport, and business traffic. 44% of the passenger cars are used
for commuter traffic, 34% for private traffic. This implies that if substantial reductinns of air pollution
are tobe achieved, commuter traffic anti private traffic cannot be disregarded. It should be noted,
however, that incoming commuter traflíc is mostly concentrated in a few ’employment areas’ on
the outskirts of the city. Thus for inner cities, this category may hot be so important. To reduce
concentrations of NO2 anti black smoke, trucks are an important category. Trucks are primarily
used for goods delivery and business traffic.

6.4.3. Noise pollution
The Envlronmental Traffic Map gives average nolse intensities at the facades of buildings in dB(A).
This average intensity corresponds to the intensity which is produced when all vehicles drive at a
constant speed of approximately 50 kilometres per hout. This is important if the effect of electric
vehicles is to be measured. Several sources in literature [15,49,50] suggest that electric passenger
cars and vans do produce less noise during acceleration, but produce as much noise as ICEVs when
the speed is constant. The reason is that at constant speeds, thê noise from the engine is not the
dominant source of noise. Because the input for thê Environmental Traffic Map is the noise
production at a constant speed of 50 km/hour, electric passenger cars and vans have no influence
on the computed average noise intensity.
It should be noted that this does hot mean that electric passenger cars and vans do hot have a
positive effect on noise pollution. The extent to which the general public experience traflìc noise as
a nuisance (for example, when awakened by traflìc noise or disturbed while talking on the telephone
or watching television) is generally feit to be caused by variations in the noise intensity, rather than
by the average level. If there are many peaks in the noise intensity, the number of people disturbed
increases [51,52]. With regard to noise from city traffic, people are most disturbed by vehicle
acceleration and deceleration [52]. Electric passenger cars and vans can therefore reduce the
number of people disturbed by traffic noise and the extent to which they are disturbed.
In the computations on the noise intensity, only electric (hybrid) trucks and buses influence the
outcome. On the basis of measurements ofthe noise production by trolley buses [52], it is assumed
that the noise pioduced by electric trucks and buses is 10 dB(A) lower than the noise produced by
diesel trucks and buses.
In the Environmental Traffic Map it is assumed that traffìc is the only source of noise pollution.
According to the Law on Noise Pollution, measures have tobe raken if the average noise intensity
exceeds 65 dB(A) during the day and/or 55 dB(A) during the night in the case of existing domestic
houses (for newly built houses the limit is 50 dB(A)). In the computer model the noise intensities
during the night are artificially increased by 10 dB(A), so that the limit value is 65 dB(A) for daytime as well as night-time. The results are given in table 6.6.
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Table 6.6. Total street length in kilometres exceed~ng legal limits1
Day

Night

Reference
117.6
178.0
Scenario A-2005
113.9 (-3.0%)
173.4 (-3.0%)
Scenario B-2005
102.0 (-13.0%)
165.7 (-7.0%)
Scenario B-2010
90.6 (-23.0%)
153.1 (-14.0%)
AII buses electric
99.8 (-15.0%)
156.0 (-12.4%)
1 Total street length for which the model calculates noise intensities is 560 kilometres.
The effects oíí scenario A-2005 are small because of the very limited number of hybrid trucks and
electric buses in that scenario. The effects of scenario B-2005 and B-2010 are significant. The
effect of electric buses is remarkably high. In scenario A-2005 and B-2005 the effect otF buses is
higher than the effect of light trucks, even though the number of hybrid trucks is much higher than
the number of electric buses. The reason is that in streets where there are many trucks, there is also
a lot of other traffic, so that the effect of hybrid trucks is relatively small. For buses the situation is
quite different: in the inner city especially there are many streets where there is hot much traffic
other than buses. Consequently, making buses êlectric in those streets produces a significant effect.
Moreover, even though the number of buses driving in Amsterdam is much lower than the number
oflight trucks (see chapter 5), the average proportion of buses in the traffic intensities (1.3% during
the day and 2.5% during the night) is not much lower than the averagê proportion of light trucks
(3.5% during day and night).
Another way to show the effect of electric vehicles on noise pollution is the decrease of the number
of domestic houses with a average noise intensity higher than 65 dB(A). This indicator is given in
tables 6.7.
Table 6.Z Number of domestic houses with an average noise intensity (at the facade) of ô5 dB(A)
OF more~
Day

Night

Reference
44,240
68,394
Scenario A-2005
43,432
(-1.8%)
67,416
(-1.4%)
Scenario B-2005
40,048
(-9.5%)
65,581
(-4.1%)
Scenario B-2010
35,266 (-20.3%)
60,873 (-11.0%)
All buses electric
38,635 (-12.7%)
61,738
(-9.7%)
2 The total number of houses for which the model calculates the noise intensity is 110,400.
It should again be noted that Amsterdam is considering the use of natural gas as a fuel for buses.
The noise produced by buses on CNG is also considerably lower than the noise produced by diesel
buses: according to [36] a reduction of 6 db(A) is tobe expected, compared to 10 dB(A) in the
case of electric buses.
As a final observation it should be noted that the noise intensity of electric motors is more easily
reduced than the noise intensity of ICEVs. The reasons are that the noise from electric motors has
a higher frequêncy, which is easier to damp, and that electric motors do hot get very hot, which
makes them easier to encapsulate. This is especially important when other measures to reduce
noise pollution, such as the use of other types of street sufface to damp tyre nolse, lead toa more
dominant role of the noise from the motor.
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7. LIMITING FACTORS IN ELECTRICITY DISTRIBUTION
7.1. Introduction
One of the conclusions of chapter 3 is that in the future the energy density of batteries may no
longer be the limiting factor of EVs: the long term US goal of 0.2 kWh/km gives a large energy
content with a reasonable battery weight (for example, 300 kg of batteries gives an energy content
of 60 kWh). With these high energy contents, another restriction may arise: charging batteries with
a high energy content in a reasonable time requires a high charging capacity. If many batteries are
simultaneously charged at a high rate a considerable extra load occurs. This raises the question of
whether such an extra load causes capacity probIems in the public grid. If so, it is important that
these problems are identified early because new sections of grid are designed to function for at least
30 years and because changes to the existing grid are very costly and time-consuming, lnstead of
adjusting the grid, electricity generation ’on the spot’ or the use of stationary batteries for charging
EV-batteries are also solutions of the capacity problems. These alternative solutions are not
considered here. It is assumed that all EV-batteries are charged direetly from the grid.
In this chapter an investigation is made on whether the charging capacities calculated in chapter
3 lead to capacity problems in the public grid. Although many of the vehicles considered in this
report have their ’home base’ outside Amsterdam, only the grid in Amsterdam is considered. To
be more precise: only that part of the grid which is the property of the Municipal Energy Company
(MEC) of Amsterdam is considered. This chapter is written with the assistance of Mr. R.
Boendermaker, Mr. P. Bonhof and Mr. W. Kreike fl*om the Municipal Energy Company.

7.2. The public grid in Amsterdam
The Municipal Energy Company receives electricity fl*om the production companies at a voltage
of 150 kV. It is then transformed down to a voltage of 10 kV (with an intermediate level of 50 kV)
in transformer sub-stations. A total power of 950 MVA can be safely delivered from the 50 kV level
to the 10 kV level. The electricity is subsequently transformed down to low voltage (380/220 V).
Total transformer capacity 10 kV-380 V is 1230 MVA, with a total of almost 3000 transformer
stations.
In 1990 3,001 GWh was supplied by the MEC. The maximum load was 566 MW, whieh occurred
one day in the evening at approximateiy 18.00 hours. Between 10.00 hours and 18.00 hours the
demand pattern is almost fiat. The minimum load during the night is approximately 175 MW.
Most MEC clients are supplied at low voltage (380/220 V). If a client’s demand is such that supply
at low voltage is difficult, a 10 kV-380/220 V transformer is installed. The client takes responsibility
(and pays) for the housing of this transformer, the MEC takes responsibility for the installation. The
costs of the transformer are incorporated in the tariff the client pays. If the client does hot use the
full capacity of the transformer, the MEC has the right of joint use.

7.3. Overview of possible limiting factors
When electric vehicles are introduced in Amsterdam on a large-scale and the batteries of these
vehicles are charged fl*om the public grid, problems can occur at several levels:
1. The capacity of the EV user’s AC power supply (private person or firm) is hot suffìcient to deal
with the extra load.
2. The capacity of the low voltage cable fl*om which several houses/firms are supplied is not
sufficient to deal with the extra load.
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3. The capacity of the MEC grid is not sufficient to deal with the total load, which is increased by
the simultaneous charging of large numbers of EV batteries.
A further distinction has tobe made between normal charging during off-peak hours (that is, during
the night), normal charging during the day, and rapid charging.
A problem not treated here is the possible distortion caused by rectifiers when DC-motors are used.
This may be serious, as indicated in [14, p.6]. A similar problem occurs with the trams in
Amsterdam, which use direct current at 600 V. The experience in Amsterdam is that more than one
rectifier on one 10 kV cable leads to annoying disturbances. For a discussion on perturbations
provoked by battery chargers, see the EDS-project [35].
A ’capacity problem’ in fact means ’excessive current’. It is thus important to estimate the current
needed during battery charging. It is assumed that the cos(phi) of an EV-battery charger is 0.9. If
an actual power of S kW is required, the apparent power P equals S/(0.9) kVA. In the case of a
normal 3-phase alternating current, the apparent power is given by the following formula:
P--3xUxl-- 3xlx380
In which:
P : Apparent power (VA)
I : The effective current for each phase (A)
U : The voltage between one phase and earth (220 V)
This formula shows that an apparent power of P kVA requires an effective current of
P × 1,000/(3 × 220) = 1.5 × P Ampere.
So the simple rule of thumb is: an apparent power of P kVA leads to a current in each phase which
is one and a half times as high. When P kVA is required on one phase, an effective current of
4.5 x P Ampere arises in one core of a normal 3-phase cable. So three 1-phase AC power supplies
requiring P/3 kVA each resutt in the same effective current in each of the cores of the 3-phase cable
as one 3-phase AC power supply requiring P kVA.

7.4. Charging capacity and electricity consumption
Before considering the problems which could be imposed by capacity ]imitations it would be useful
to qualify the assumptions made in chapter 3. One assumption was that system capacity should
be sufficient to be able to fully charge batteries within a period of six hours. This seems tobe a
rather stringent condition because most of the time the battery will De fat fl-om fully discharged
when charging starts, and in many cases there is more time availab~e than six hours. However, a
certain ’reserve capacity’ increases flexibility. For exampIe, if the car is used in the evening to visit
fl-iends and the next moming the car is needed to go to work, the charging time available wil[ hot
be much longer than six hours.
In table 3.3 the long term required charging capacities for the different types of vehicles are given:
5 kW for a compact urban car, 9 kW for a middle-class passenger car and a light van and 20 kW
for a heavy van. These charging capacities are based on the maximum attainable range. On
average, the required range will be less, and thus the charging capacity can be lower. However, it
seems prudent hot to economize on the charging capacity. In chapter 3, the charging capacity
needed for buses and trucks is hot discussed. Buses are a special case because it is assumed that
bus batteries are recharged during the day. Buses are treated in section 7.8. The hybrid trucks
cover 50 kilometres electrically with an electricity consumption of 2 kWh/km. The energy content
of the battery must therefore be 100 kWh. Charging in 6 hours implies a charging capacity of
17 kW.
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In chapter 5 two scenarios for the introduction of electric vehicles are defined but it is difficult to
estimate the percentage of these cars owned by people in the MEC area. Here it is assumed that
all cars used in commuter traffic and private traffic by inhabitants of Amsterdam, in public utilities
traffic, in passenger transport traffic, as well as 50% of the cars in goods supply traffic and business
traffic are based in the MEC area. For scenario A in chapter 5, this leads to a total of about 140,000
passenger cars, 7,500 vans, 384 busses and 3,000 trucks in 2015 based in the MEC area. The
average daily distances travelled (on a working day) are 50 kilometres for a passenger car, 90 for
a van, 200 for a bus and 50 electric kilometres for a hybrid truck. The maximum attainable range
for passenger cars and vans, as projected for the period af~er 2010, is about 250 km (see chapter
3). The maximum range of a bus is also approximately 250 km. From the electricity consumption
derived in table 3.5 the total daily electricity consumption can be calculated. The results are
summarised in table 7.1.
Table 7.1. Charging capacity, number of vehicles in the MEC area, electricity consumption per
kilometre, and average electricity consumption per vehicle on a working day

Passenger car
Van
Bus
Truck

Number
of kW

Number of
vehicles

kWh/km

5-9
9-20

140,000
7,500
384
3,000

0.228
0.358
2.000
2.000

17

Average
kWh/day
11
35
400
100

Maximum
kWh/day
57
95
500
100

7.5. The capacity of the AC power supply
Domestic houses
Domestic houses usually have a 1-phase AC power supply with a maximum effective current rating
of 16 A. This implies an apparent maximum power of 3.5 kVA. From table 7.1 it is clear that this
will not be sufficient to charge EV batteries in the far future. Even if the daily distance covered is
only 100 km, 22.8 kWh must.be supplied during the night. With a charging time of 6 hours this
already requires an apparent power of more than 4 kVA. This can be solved relatively easily. Every
domestic house already has a 3-phase power supply in the meter cupboard. For normal use this
3-phase power supply is split into three 1-phase circuits. However, it is hot difficult to make greater
use of the 3-phase power supply in domestic houses, as is done, for example, in the case of electric
cooking. Each domestic house has a 3-phase power supply with a 3 × 25 A capacity, which implies
an apparent power of almost 17 kVA, which is quite sufficient.
Non-domestic users
These users already have a 3-phase power supply, with a maximum current rating of 3 x 25,
3 × 35, 3 × 50, 3 x 63 or 3 × 80 A. The user’s demand pattem would determine whether an electric
vehicle would require an increase in the capacity of the power supply. Many users probably have
a relatively low night-time demand, so that charging at night presents no problem with the existing
power supply. However, in certain cases this may hot be the case. As an example, consider a small
firm with a 3 x 35 AC power supply, owning a heavy van and suppose this firm decides to buy an
electric van. Charging the battery of such a van at full capacity requires 20 kVA, or 30 A. Now the
3 × 35 AC power supply will no longer be sufficient. The cost of expanding the capacity of the
power supply is considerable. For example, changing from 3 × 35 to 3 × 50 would involve an initial
expense of approximately 700 ECU and monthly cost of almost 6 ECU (VAT excluded). According
to table 7.1 an average van consumes on average 35 kWh per working day. For a heavy van this
may be 50 kWh. If the van is used 250 days a year, the extra costs of 6 ECU per month imply an
extra cost of 0.6 cents/kWh (1 cent -- 0.01 ECU), which is a significant increase on the normal
electricity price of approximately 8.5 cents/kWh.

71

For a bulk consumer with a transformer the situation is similar. It depends on the utilisation of the
capacity ot: the transformer whether the extra load of charging EV batteries can be easily
accommodated. For fleet owners especially, charging EV batteries may necessitate the installation
ol~ another transformer. This would add considerably to costs because the connection charges are
over 1 ECU per kVA per month.

7.6. The capacity of the low voltage cable
This issue is best illustrated by the case of a typical residential area. When the grid for a new
residential area is planned, a possible maximum sLmultaneous load of 2 kVA per connection is
raken into account. At the present time th observed simultaneous load per household is about
0.7 kVA [53]. A considerable growth in the maximum load is thus taken info account.
The standard cables which are currently used can cope with a maximum effective current of 195 A.
In order tobe able to guarantee electricity supply only 80% of the capacity of the cable is normally
used, which means that the maximum current is 150 A. A maximum load of 2 kVA on a 1-phase
power supply results in a current of 9 A in one of the cores of the cable. Thus about 16 households
can be supplied by one core, or 50 households by one 3-phase cable.
Assuming a 3-phase connection for charging EV batteries and an average electricity consumption
of 11 kWh per 24 hours (see table 7.1 ), charging the battery in six hours requires 11/6/0.9 -- 2 kVA
per EV. The capacity of the charger will, on average, be 7 kW (see table 7.1).
The following conc|usions can be drawn:

Charging during peak-hours
If electricity demand without EVs clevelops in such a way that in 25 years or so the simultaneous
maximum load per household becomes 2 kVA, charging electric vehicles during peak hours will
cause serious capacity problems. Without electric vehicles, e~~ective current is already 150 A.
Charging one e|ectric vehicle with the maximum capacity of 7 kW (3-phase) gives an extra current
of 11.7 A. This means that if 4 EVs, on a block of 50 households, are plugged in, the maximum
capacity of the Iow voltage cable of 195 A is exceeded. If the simultaneous maximum load per
house is 1 kVA instead of 2 kVA, 10 EVs can be charged at lui! capacity at tl~e same time. The
conclusion is that if charging during day-time is hot forbidden and/or if the chance of simultaneous
charging ol~ severa! EVbbatteries cannot be neglected, the number of houses on one low voltage
cable would have to be reduced significanfly, implying high investments in the low voltage network.
If charging during day-time is excluded, the flexibility ofthe EV is reduced. Moreover, a method of
preventing day~time charg~ng must be established (load management, see section 7.9).

Night-time charging
The usual load during the night is approximately 20% of the maximum load, which implies a current
of 0.2 x 150 -- 30 A. Charging the average EV in 6 hours requires 2 kVA, or 3 A on each phase.
So even if every household has an EV, the effective current is still below the maximum value of
195 A. However, if the average capacity of the chargers is 7 kW, only 11 EVs can be plugged in
at the same time. Again, load management is crucial.

Existing residential areas
One would expect problems to occur firstly in existing residential areas, especially in the inner city.
However, the grid in the inner city is being completely renewed. It can be thus concluded that the
situation in existing residential areas in Amsterdam wiIl be the same as in new residential areas.
Non-residential areas
These areas have a very diverse electricity demand pattern. It is thêrefore impossible to draw
general conclusions. The conclusion that charging at night is preferable may hot even be
applicable. In some industriat areas (for example, the harbour) electricity demand can be very high
during the night.
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In the inner city high electricity demand during the night occurs in entertainment centres. If many
EVs are connected to the distribution system in the neighbourhood of such centres, problems may
arise.

Concentrated charging of EVs at parking places
The place where EVs are charged bas hot yet been considered in this report. As already noted in
chapter 5, only 12% of all parking places in Amsterdam are in garages or in courtyards (see also
section 4.4.2). So most cars are parked in the street. A possible option to reduce the costs of
setting up a charging infl.astructure is to concentrate charging of EVs at large parking places. This
may also be a solution for the problems associated with charging EVs directly fl.om the low voltage
cables. At such a parking place, a 10 kV*380 V transformer could be installed. For an average
passenger car to be charged in six hours, 2 kVA is required. So with a 400 kVA transformer 200
cars could be supplied. This would, of course, add costs for the EV. For example, installation oftwo
400 kVA transformers would cost about 45,000 ECU, or 3,000 ECU annually (30 years lire, real
interest rare 5%). With these transformers 400 cars can be supplied. If each of these cars is charged
with 11 kWh each night (see table 7.1) for 300 days a year, the total cost of 45,000 ECU implies
an extra electricity cost of 0.23 cents/kWh (1 cent -- 0,01 ECU). Note that this is only the cost of
the transformer. The cost of cables and charging stations for each vehicle are hot included, nor is
the cost of the terrain.

7.7. The tota| capacity of the Amsterdam grid
Day-time charging
Consider the following situation: on a winter day in 2015 between 5 and 6 p.m. in the evening
47,000 electric commuter cars return to Amsterdam and are plugged in. Average charging capacity
is, say, 7 kW. This would lead toa sudden extra load of 329 MW. At 18.00 hours on a winter day,
the normal load is already close to 600 MW. A 150% increase of this load would cause tremendous
problems. To supply this load, several new 150 kV-10 kV sub-stations would have tobe installed,
costing some 15 million ECU each. It is clear that this is an undesirable burden. The time required
to install new sub-stations is also considerable. Thus in addition to the reasons given in chapter 3,
this is another reason why charging during peak hours would be difficult. Moreover, because the
demand pattern is almost fiat during day-time, charging vans during lunch time, for example, or
charging commuter cars during working hours on a massive scale would also cause serious
problems. Charging bus batteries is a special case which is treated separately in section 7.8.
The situation depicted here is of course rather extreme. If ten thousand EVs are charged with an
average charging capacity of 7 kW, an extra load of 70 MW occurs. Most of the time this will not
cause serious problems. However, when charging during day-time is common practice, the
electricity company has to be prepared for coincidental situations where, exceptionally, many EVs
are simultaneously charged. This means installing a large transformer capacity, even if this capacity
is, in practice, never used. The conclusion is again that load management is crucial, anti that, if EVs
are introduced on a large scale, the possibility of day-time charging has tobe virtually excluded in
order to avoid large investments.

Charging during the night
Because of the ’night dip’ in electricity demand, it seems appropriate to concentrate battery
charging during the nightly off-peak ho~Jrs. The current minimum load on the Amsterdam grid is
175 MW, the maximum load is 600 MW. The average load between 23.00 and 7.00 hours is
approximately 250 MW. There is therefore spare capacity for extra load during the night. From table
7.1 it can be concluded that during an average working day all passenger cars, vans and trucks
together consume 2,100 MWh. If this amount is charged in 8 hours, the average load is 260 MW,
which can be accommodated. However, load management is crucial: using the charging capacities
in table 7.1 (with an average charging capacity of 7 kW for passenger cars and 15 for vans), the
cumulative charging capacity of all passenger cars, vans and trucks is over 1,100 MW!
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When the extra load of electric vehicles is properly managed, the result is a rather flat supply
pattern. This implies a high utilisation factor for the public grid anti thus lower costs per kWh.

7.8. Fast charging during day-time
Fast charging in general
One of the largest disadvantages of EVs is the long time needed for charging. For example, in [12]
the authors state: ’The difference between an eight hout recharging time and one close to the time
required to refuel a gasoline vehicle probably determines whether EVs gain a major share of the
motor vehicle marker in the LInited States’. From technical considerations t:ast recharging does hot
appear to be a fundamental problem [12]. Moreover, ’Fast-recharge installations themselves are
technically feasible’ [12]. However, as observed in [12], the cost of these installations will be high.
Delivering 20 kWh to a battery in half an hour would require a charging power of 40 kW. This would
lead to an effective current of 67 A. As noted above, the common low voltage cable used in
Amsterdam can only deliver 195 A, and in practice delivers on average hot more than 150 A. It is
clear that fast charging of only one vehicle would already require a separate low voltage cable. Fast
charging of several EVs at parking places (or at gas stations) would require a transformer.
Moreover, the problems related to charging during day-time in earlier sections now of course
applies a fortiori.
Soit seems clear that the possibilities for fast recharging are minimal. Battery exchange, which is
often disregarded because of the high cost, may be worthy of further consideration. The most
promising direction in this respect is probably the development of metal-air batter|es: fast
recharging would only require changing the metal plates. However, according to [54], the cost of
producing aluminium with the required purity and the cost of recycling are very high.
Fast recharging of buses (and/or taxis)
In earlier chapters it was assumed that electric buses can cover large distances per day because
of the possibility of fast recharging at halting places. The discussion above makes it clear that fast
recharging will require a separate transformer. In Germany, buses with a battery capacity sufficient
for 60 kilometres could easily cover 360 kilometres on one day because it was possible to recharge
at 400 A [55]. The buses in Amsterdam cover a maximum of 250 kilometres. If the battery would
be sufficient for 60 kilometres, electricity for 190 kilometres, 380 kWh, would have tobe supplied
during the day. If during the day a total of 2 hours is available for recharging, a power of 190 kW
is required, or 211 kVA. Thus a transformer of 250 kVA is necessary for recharging, which would
cost about 25,000 ECU, or 1,700 ECU annually (lire 30 years, interest rate 5%). If this transformer
can be used daily by fout buses, for 300 days a year, the extra costs are 0.37 cents/kWh.
It should be noted that day-time charging of buses and taxis presents few problems for the total
load of the grid because the number of buses and taxis is small. Moreover, because the numbers
are small, it should hot be to difficult to avoid recharging during periods of peak loads.

7.9. Conclusions
It seems clear from this discussion that load management is crucial when EVs are introduced on
a large-scale. At the level of low voltage cables as well as the at the level of the total grid in
Amsterdam, charging during day-time or uncontrolled charging during the night can easily cause
capacity problems. The possibility of day-time charging from the grid has tobe almost excluded
in order to avoid large investments. This is especially true for fast recharging, with the exception
of buses and perhaps taxis. The consequence is a reduced flexibility of the use of electric vehlcles.
This may well hamper the large-scale introduction of elèctric vehicles.
In the case of large scale penetration of hybrid vehicles, capacity problems in the grid are less
severe. The amount of electricity needed is smaller, which also implies that the charging capacity
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can be smaller. Moreover, there will be less need for recharging during the day, since the internal
combustion engine can always be used. Simultaneous recharging of a large part of all vehicles
remains a serious problem, so that load management is essential also in the case of hybrid vehicles.
In principle battery charging is suitable for load management because the EV is hOt used at the
same time as it is supplied with electricity (see [56]). Because the EV is hot used at fixed times, an
interactive method of load management seems most appropriate. There are already several
experiments with direct and interactive load management. In a study which describes the energy
supply in domestic houses in the year 2010 [57], each house has a fibre glass information network,
which is integrated in the electricity grid or the telephone network.
lt: load management is applied, the introduction of electric vehicles may lead to better utilisation of
the grid. This means a decrease in costs per kWh. However, charging of EVs will also lead to extra
investments:
- In the first place the costs of load management itself;
- Fleet owners may have to install an (extra) transformer;
- Non-domestic users may need a higher capacity for their AC power supply;
- If charging EV batteries takes place at parking places, transformers have to be installed;
- Fast recharging of bus and taxi batteries also requires the installation of transformers.
It is diflîcult to estimate the total of these investmênts and to assess whether the benefits of higher
utilisation of the grid offset these costs. But it is clear that il: electric vehicles are introduced on a
large-scale battery charging needs careful evaluation.
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8. ELECTRICITY PRODUCTION: AIR POLLUTION AND
PRODUCTION COSTS
8.1. Introduction
The objective of studying the effects of EVs on electricity production is to compare the emissions
which are to be assigned to the electric vehicles with the emissions of the ICEVs which are replaced
by EVs. In addition, electricity production also affects the cost comparison between EVs anti ICEVs:
the price of electricity is an important factor in costing EVs.
In the evaluation of the effects of electric vehicles on emissions and costs, varying degrees of
sophistication can be appIied to the calculation methods. The more simple methods work fl.om the
assumption that ’nothing changes’: the original amount and composition of installed generating
capacity as well as the original primary fuel mix are used to calculate emissions and costs. In the
more sophisticated methods, changes in installed capacity and primary fuel mix are taken into
account.
Moreover, within the sophisticated methods there is a distinction between the ’average’ and the
’marginal’ approach. The ’average’ approach assigns the average emissions and costs to electric
vehicles, the ’marginal’ approach assigns the marginal costs and emissions.
In this chapter simple (section 8.4.1 on emissions and section 8.5.2 on costs) as well as
sophisticated methods (section 8.4.2 on emissions and section 8.5.3 on costs) are applied, and the
’average’ as well as the ’marginal’ approach is discussed, in order to assess the order of magnitude
of the differences in the results.
In considering the environmental effects of electric vehicles, only the emissions fl.om power plants
are taken into account. These emissions are compared to the emissions fl.om refining, distribution
and combustion of gasoline, diesel and LPG. The emissions from extraction and transport of
primary fuels is not considered. This implies that only the emissions produced in the Netherlands
are accounted for.
Moreover, the environmental effects of car and battery manufacture and final disposal as scrap are
hOt considered. In [14] it is noted that the environmental effects fl.om the manufacture of EVs anti
ICEVs are comparable and that manufacture and final disposing of batteries does hot cause
fundamental problems. The environmental aspects of battery manufacture and disposal are also
addressed in [22] and [54]. In the environmental effects of electricity production, only air pollution
is considered.
Again, the BG scenario of the National Energy Outlook serves as a reference point. This implies
that the following data are taken fl.om this scenario:
Emissions fl.om ICEVs;
Fuel mix and yearly distance travelIed by ICEVs;
The composition of the installed capacity fur electricity generation (types of power plants);
Emission factors of power plants;
Emissions fl.om refinery of oil products;
Cost of electricity production.
Only the year 2015 is considered. The comparison between the environmental effects of ICEVs and
EVs will change annually, due to changes in average emissions of both ICEVs and electricity
generation. The year 2015 is chosen in order to indicate the trend and to show how large-scale
introduction of EVs could affect electricity production.
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In the case of hybrid vehicles instead of purely electric ones, the effects on emissinns and costs are
of course smaller, The total amount of electricity used (and thus the amount of kilometres travelled
in electric mode) determines the magnitude of the effects.

8.2. The effects of electric vehicles on electricity production
Electricity production in the Netherlands can be divided into two categories: centralised and
decentralised. Centralised production, which is the largest proportion, is co-ordinated and controlled
by the SEP (Dutch E]ectricity Generating Board). Decentralised production is generated primarily
by cogeneration plants and wind turbinis installed by distribution companies and firms (in the BG
scenario for 2015 solar cells on roof tops are also part of decentralised production). The output
from decentralised production is determined by the owner of the installation. The centralised
production system has the task of meeting the demand which is hot met by decentralised
production. The main criteria which are used to determine the size and types of production capacity
are security of supply, total costs, emissions and diversification of fuels.
[f electric vehicles are introduced, the centralised production system will, in principle, have to meer
this extra demand. In this chapter the effects on centraIised production are therefore considered.
It is assumed that the extra demand wiil hot be met by imports but with production in the
Netherlands.
The effect of EVs on electricity production are both direct and indirect. The direct effects on
centralised production are the changes in the pattern of electricity demand with a consequent
possible change in the size and composition of installed capacity, and a different optimum primary
fuel mix.
The indirect effect is the change in electricity tariffs caused by changes in installed capacity and
fuel mix. A change in the electricity tariffs could change the profitability of decentralised production
units leading to an increase or decrease of total decentralised production. This would directly affect
the size and pattern of the demand the centralised production system has to meêt.
In the computations in this chapter the indirect effects are not considered. This is justified because
there are many other factors, in addition to electricity tariffs, determining the size of decentralised
production and total demand. It would be an exaggeration to attribute these changes in
decentralised production and total demand solely to the introduction of electric vehicles.
For the direct effects, only changes in the composition of installed capacity are considered. This
means that any changes in the total installed capacity are neglected. This can be explained as
follows. The magnitude of the installed capacity is determined by the maximum load and the
’reserve capacity factor’ (installed capacity equals the maximum load times the reserve capacity
factor). Because it is assumed that EV batteries are charged during the night, the maximum load
will not change significantly. Consequently, the magnitude ofthe installed capacity will only change
if the reserve capacity factor changes. The elements that determine this factor are: the uncertainty
about the maximum load, the occurrence of perinds with a low demand enabling maintenance
activities, and the unforeseen outage of plants. The effects of electric vehicles on these three
elements are as follows: as previously noted, charging during day-time occurs only occasionally.
If 1% of all EVs were recharged at the time of the original maximum load, this would cause an extra
load of 290 MW (10 kW per car on average). This is 1.7% of the original maximum load: This does
hot appear tobe very significant, but an actual increase in the maximum load by 290 MW would
require extra power plant capacity of approximately 400 MW (290 times the reserve capacity
factor). This stresses the importance of load management if electric vehicles are introduced on a
large scale.
The electric vehicle will not influence the occurrence of ’low demand periods’ for maintenance
activities because the extra electricity demand will be divided equally over the year.
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Finally the probability o1: unforeseen outage will not change. It may be the case however, that
electric vehicles lead to a higher average power plant size (more large base load plants). The
consequences of the outage oi~ a large plant are of course more serious than of the outage of a
small peak load plant. So there could be a small effect on the reserve capacity ~actor.
The conclusion is that the effect of large-scale introduction of electric vehicles on the reserve
capacity factor will not be significant, provided that the probability of battery recharging during peak
load periods is small.

8.3. Electric vehicles in the ’Randstad’
In this chapter it is assumed that electric vehicles do not only penetrate into the Amsterdam
conurbation but also into the ’Randstad’ as a whole. The ’Randstad’, the area including the fout
largest cities of the Netherlands, is ot~en viewed as one metropolitan area. In 1990, between 50 and
55% of all traffìc flow in the Netherlands was in the ’Randstad’. Environmental problems caused by
traffic mainly occur in the ’Randstad’. Penetration of electric vehicles is therefore most likely to
occur in this area. In order to translate the results for Amsterdam to the level of the entire
’Randstad’, several assumptions have to be made. From [2] it is derived that in 1990 5,792,000
people lived in the ’Randstad’, with one passenger car for every 2.59 inhabitants. Passenger cars
constitute approximately 89% of all motor vehicles. For 2000 and 2010 the following assumptions
have heen made:
- Population growth in the Netherlands between 1990 and 2010 is approximately 8%;
- Population in the ’Randstad’ grows by an extra 2.5%. In 2010 approximately 44% of the Dutch
population lives in the ’Randstad’. The number of people per passenger car is assumed to remain
constant.
These assumptions are summarised in table 8.1.
Table 8.1. Assumptions "Randstad"
1990
Population Netherlands
Population ’Randstad’
% of total population
Number of people per car
Number of passenger cars
% passenger cars

2000

14,893,000
5,792,000
39%
2.59
2,236,000
89%

15,716,000
6,356,554
40%
2.59
2,454,268
89%

2010
16,143,000
7,165,675
44%
2.59
2,766,670
89%

2015
16,470,576
7,311,082
46%
2.59
2,911,800
89%

Using the same relationship between car ownership and number of cars used as in Amsterdam (the
number of cars driving in Amsterdam on working days is 1.3 times the number of cars owned by
inhabitants of Amsterdam), the daily car use in the ’Randstad’ is determined. The results are shown
in tabIe 8.2.
Table 8.2. Total car use in the ’Randstad on a working day’

Number of vehicles operating
in ’Randstad’
Number of passenger cars
Number of vans
Number of trucks
Number of buses

1990

2000

2010

2015

3,257,890
2,899,522
276,921
78,551
2,896

3,575,440
3,182,142
303,912
86,208
3,178

4,030,556
3,587,195
342,597
97,181
3,583

4,248,957
3,781,572
361,161
102,568
3,656
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Scenario A of chapter 5 is now applied to these figures. This means that the same penetration
percentages are used for Amsterdam and the ’Randstad’. Table 8.3 gives the results.
Table 8.3. Electric vehicles in 2015
Penetration
Passenger cars
Vans
Trucks
Buses

Total number

68%
72%
38%
78%

2,571,469
260,036
37,587
2,851

Total

2,871,943

In order to evaluate the effects on electricity production, the electricity used for charging all these
electric vehicles bas tobe estimated. It is assumed that vehicles in the ’Randstad’ drive as many
kilometres as vehicles in Amsterdam (see table 5.15), with one important exception: according to
[58], the average distance in commuter traffìc travelling to Amsterdam is higher than the average
distance for the ’Randstad’ as a whole. The average distance covered by passenger cars is therefore
reduced. This also brings it more in line with the results of the BG scenario. Using the assumption
that primary fuel consumption of EVs is the same as the primary fuel consumption of ICEVs (see
table 3.5), total electricity consumption is approximately 10 TWh. In the BG scenario, centralised
electricity production (exctuding imports and wind energy) is approximately 84 TWh. Thus, the
introduction of electric vehicle leads toa 12% increase of electricity production. It is assumed that
all electric vehicles will be charged during the night and that a large proportion of the passenger
cars will also be used during weekends. An hourly charging pattem bas been constructed which:
- Amounts to 10 TWh per year;
- Has positive values only during nights;
- Which does hot lead to a higher maximum load when added to the existing pattem.
The ’night dip’ in the existing pattem (the average load during the night is only 50% of the average
day-time load) indeed enables such a charging pattern. Thus, it is possible to meer the electricity
demand ot: approximately 3 million electric vehicles without creating a higher maximum load,
provided the local grid capacities described in the previous chapter are avoided.
The results in this chapter are based on these figures. However, an indication is given of how the
results change when the penetration of electric vehicles is different.

8.4. Emissions from electricity production
8.4.1. The simple method
When using this method it is assumed that the primary fuel mix does not change. This implies that
average emissions per kWh do hOt change. So the average emissions per kWh to be assigned to
electric vehicles are equal to the average emissions per kWh in the base case. The base case in this
chapter is the BG scenario, described in Appendix 1. In this scenario, nuclear power plants and coal
gasification combined cycle plants with COz removal are used. It is argued that the carbon taxon
fossil fuels will give a cost advantage to these methods of electricity production which do hot
produce CO2 emissions. For peak load (i.e. everything other than base load) clean natural gas fired
units are mostly used. These units are co-generation plants, combined cycle plants, fuel cells and
gas turbines.
Electricity generation from renewable resources (wind, hydro) and waste incineration is expected
to be much higher than at present, bui still a relatively low proportion of the total.
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It is clear that this composition of installed capacity leads toa very ’clean’ electricity production,
which favours the case for electric vehicles. In order hOt to overestimate the positive environmental
benefits of electric vehicles, an alternative case is set up, in which base load plants are all coal
gasification combined cycle plants without CO2 removal. This case is referred to as VAR(iant). The
efficiencies and emissions of different types of plants are given in Appendix 9.
In table 8.4 comparison is made between, on the one hand, the average emissions (gr/km) of all
electrically driven kilometres according to the scenario from section 8.3, and, on the other hand,
the average emissions for these kilometres if they would be driven by ICEV’s. It is assumed that
hybrid trucks drive in electric mode on average 50 kilometres each working day. The emission
coefficients per vehicle type are given in Appendix !0. The figures for the ICEV-case are derived
from the average emission figures for each vehicle type according to the BG scenario, the figures
for the EV-cases are based on the emission coefficients for electricity production in Appendix 9. For
convenience indexed values are also shown for ICEV = 100.
Table 8.4. Average emissions
SO2
[CEV
Electric-BG
EIectric-VAR

[gr/km]
[gr/km]
[gr/km]

ICEV
Electric-BG
Electric-VAR

[index]
[index]
[index[

NOx

Dust

CO~

CO

HC

0.046
0.018
0.040

0.38
0.11
0.12

0.001
0.002
0.002

166
121
204

2.77
0.05
0.05

0.50
0.02
0.02

100
38
87

100
28
31

100
19
22

100
73
123

100
2
2

100
3
3

From this table the following conclusions can be drawn:
SOz emissions in both electric cases are lower than in the ICEV case. However, in the VAR case,
with a massive use of coal (without COz removal), the difference from the ICEV case is small.
In the BG case, SO2 emissions are only one third of the SO2 emissions in the ICEV case. In this
case less coal is used and the SOz emissions from coal plants are lower when CO2 is removed.
It should be noted that in most studies carried out so far, EVs show higher SO2 emissions than
[CEVs. The figures presented here partly reflect the large Dutch effort in reducing SOz emissions;
NOx emissions in the electric cases are less than a third of the emissions in the ICEV case;
Dust emissions in the electric cases are only one fifth of the emissions in the ICEV case;
CO~ emissions in the electric BG case are 25% lower than in the ICEV case, but the emissions
in the electric VAR case are 25% higher, due to the extensive use of coal without CO2 removal;
CO and HC emissions are approximately the same in the two electric cases and almost negligible
compared to the ICEV case.
The overall conclusion is that the emissions resulting from the introduction of electric vehicles are
much lower than the emissions from vehicles with internal combustion engines except for CO~
emissions when electricity production is mainly based on coal. Table 8.5 gives the total emissions
avoided for both EV cases.
Table 8~5. Total avoided emissions in kton (Mton for C02)

Electric-BG
Electric-VAR

SO~

NOx

Dust

CO~

CO

HC

1.0
0.2

10.0
9.5

0.3
0.3

1.6
- 1.4

98.9
98.9

17.6
17.6

In table 8.6 the results are compared to the results of a similar study by the UN1PEDE Group of
Experts on Electric Vehicles [33], which uses a small passenger car with a fuel consumption of 8.5
1/100 km as a reference. The UNIPEDE study calculates average emissions per kWh for eleven
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European countries, as expected for the year 1993. It should be noted that the UNIPEDE figures
include emissions from mining and transport of fuels, unlike the figures in this report.
Table 8.6. Comparison of the results with UNIPEDE for passenger cars, in gr/km

Europe 1993, gasoline
NL-2015, BG, gasoline
Europe 1993, electric
NLo2015, BG, electric
NL-2015, VAR, electric

S02

NOx

Dust

CO2

CO

HC

0.100
0.034
0.630
0.015
0.033

0.88
0.33
0.28
0.09
0.10

0.015
0.008
0.026
0.002
0.002

234
143
126
100
168

2.150
2.540
0.030
0.043
0.044

0.310
0.450
0.020
0.014
0.014

From this table the following conclusions can be drawn:
For SO» NOx, dust and CO» the average ICE passenger car in the BG scenario for 2015 has
much lower emissions than the average European gasoline car of 1993. To a large extent this
can be explained by the high efficiency of an 1CE passenger car in the BG scenario: 5.6 1/100
km against 8.5 in the LINIPEDE report. The figures for CO and HC are relatively high for the BG
gasoline car compared to the average European gasoline car, due to the fact that the figures in
the BG scenario are for a car of average age, taking into account the decreased effects of threeway catalysts when they get older;
The emissions fl’om electricity production in the Dutch scenarios are, in general, lower than the
emissions in Europe 1993, with the exceptions of CO and CO2 in the ’coal scenario’. The
differences for SO~ are in particular extremely large, and to a lesser extent also for NOx and dust.
In Europe 1993, electrlcity production is mainly based on emission free nuclear energy (40%)
and hydro energy (15%). For the Dutch scenarios these figures are 14% (0% in the VARscenario) and less than 1% respectively. Nevertheless, the emissions are much lower in the Dutch
scenarios. The reasons are the extensive use of relatively ’dirty’ coal in Europe 1993 and the
very ’clean’ use of fussil fuels in the Dutch scenarios.
The conclusions above are drawn fl’om the ’average approach’. In the ’marginal’ approach, although
the primary fuel mix does not change, the electricity used for charging EV batteries is produced by
the power plants operating at night. The emissions to be assigned to electric vehicles are therefore
the average emissions fl’om these plants. However, it seems a rather artificial approach to assume
on the one hand that the primary fuel mix does hot change, but on the other hand that certain
plants produce the extra electricity. In the next section the ’marginal’ approach will be reconsidered.

8.4.2. More sophisticated methods
It is assumed that EV battery charging takes place during the night. Because electricity demand is
much lower during the night than during the day, this implies that large-scale introduction of EVs
results in a flatter demand pattern. Using an hour-to*hour simulation model of electricity production,
the effect of this new pattern on the utilisation of different types of plants can be calculated. Two
cases are considered.
A. The composition of installed capacity has hot been changed. Extra production has to be met
through a higher utilisation of existing plants. In this case, plants which were originally meant
to operate as peak load units have to produce the extra electricity. In the Dutch situation these
peak load units are primarily natural gas-fired units. Calculations are made for the original BG
scenario as well as the variant with only coal-fired base load units.
B. The total size of installed capacity does hOt change, but peak load units are replaced by base
load units. In the BG scenario these base load units are nuclear power plants and coal
gasification combined cycle plants with CO~ removal, in the variant the base load units are coal
gasification combined cycle plants without CO2 removal.
In both cases, the primary fuel mix is likely to change. It is also possible that the efficiency of
electricity production increasès, because plants with a higher efficiency are used (this may be so
in case B) or because there are less shut-downs and re-starts due to the fiat demand pattern. The
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first reason is implicitiy accounted for, the second reason is neglected. In [53] an efficiency
improvement ot: approximately 0.5 percent is reported. Note that the changes of installed capacity
in case B can only be realised in the |ong run. Thus if the penetration of electric vehic|es is hot fully
anticipated, case A will automatica~ly prevail. When o~d capacity has to be replaced, case B can
be realised.
In table 8.7 the results of the sophisticated methods A and B are compared to the results of the
simple method, for the average as well as the marginal approach. Since the previous paragraph
showed that the emissions of CO, HC and dust of EVs are negligible, only the values for SO2, NOX
and CO~ are presented. The outcomes of the simplê method are set to 100, for the BG as well as
the VAR scenario.
Table 8.7. Comparison of sophisticated and simple methods, for a passenger car
SO~

NOx

CO~

BG, simple method
BG, case A, ’average’
BG, case B, ’average’
BG, case A, ’marginal’
BG, case B, ’marginal’

100
92
97
29
71

100
103
106
123
145

100
101
89
106
7

VAR, simple method
VAR, case A, ’average’
VAR, case B, ’average’
VAR, case A, ’marginal’
VAR, case B, ’marginaI’

100
91
116
21
234

100
101
108
106
167

100
97
105
69
138

In both the BG scenario itself as well as in the ’coal’ variant, average emissions in case A or case
B differ in most cases by hot more than 10% from the results in the previous section. In terras of
table 8.4, the index of the EV would increase or decrease by not more than 10%.
The changes in average emissions in case A and case B can be easily understood: in case A the
extra electricity is mainly produced with natural gas-fired units; in case B, natural gas-fired units
are replaced by base load units. Thus in both cases the effect on average emissions can be
explained from the difference in emissions fl.om base load units and natural gas-fired units. For
example, in the BG scenario the COz emission from natural gas-fired units is higher than the COz
emission from the base load units. This implies that in case A average CO~ emissions will rlse, while
in case B average COz emissions will rail. In the variant it is the other way around.
It can be concluded that the effects on average emissions from these two more sophisticated
methods are smalt, and can be both positive or negative. It seems therefore advisable to use the
more straightforward method of the previous section.
It is also possible to calculate marginal emissions. Marginal emissions are defined as the total
emissions in case A or B minus the emissions in the original BG or VAR scenario. The extra
emissions are then assigned to the extra production of 10 TWh for EV battery charging. As in the
case of the ’average approach’, marginal emissions strongly depend on the ’base case’. For
example, if the BG scenario is examined, marginal COz emissions in case A are high because
natural gas-fired units have a relatively high COz emission in this scenario. In case B these natural
gas fired units are replaced by ’CO~ free’ base-load units, so marginal COz emissions are practically
zero. In the ’coal variant’ it is the other way around: in case A marginal COz emissions are lower
than average, in case B much higher. The results for SO2 and NOx can be understood in a similar
way.
Given these varying effects, it seems advisable hot to use the marginal approach. Moreover,
UNIPEDE [33] rejects the ’marginal’ approach on more fundamental grounds: ’The introduction of
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energy efficiency measures in a number of applications has already reduced total electricity
consumption in some countries and this trend is likely to continue. Consequently, a purely
incremental consideration for new loads is not justified. It is impossible to re-allocate primary
energy for generation to specific loads using objective criteria’. The decision to use the marginal
approach is in faet a political decision. If society wants a new technique like EVs or, for instance,
solar cells, the marginal approach can be a too[ to stimulate penetration of this technique.

8.5. Electricity production costs
8.5.1. Introduction
As with the calculation of the ef[ects on emissions, the effects of electric vehicles on the total
production costs can be computed. This is done here only for the BG scenario. For other scenario’s,
the results will be of a simi[ar nature.
Total costs of centralised electricity productinn can be divided into fixed costs in ECU/kWh (capital
costs and maintenance costs) and variable costs in ECU/kWh (fuel. costs). Total cos~s can thus be
written:
installed capacity in kW x fixed costs per kW +
total production in kWh x variable costs per kWh
As previously noted, the installed capacity equals the maximum load times the reserve capacity
factor. So the formula for rota! costs is:
TC = maximum load x rcf x FC + total production x VC
Where:
TC : Total costs
rcf : Reserve capacity factor
FC : Fixed costs per kW installed capacity
VC : Variable costs per kWh
The BG 2015 scenario gives:
FC = 85.2 ECU/kW
VC = 3.62 cents/kWh (1 cent = 0.01 ECU)

Total production in the BG 2015 scenario equals 84.24 TWh and installed capacity is 22013 MW.
The average costs per kWh equal:
GK--

maximumload xrcfxFC +VC
total production

Average cost in BG 2015 = 5.84 ¢ents/kWh.
The margtnal costs per kWh are:
MC= extra fixed costs + extra variable costs
extra production

8.5.2. The simp|e method
When the simple method is used, it is assumed that installed capacity and primary fuel mix do hot
change as a consequence of the introduction of electric vehicles. The effects on production costs
can easily be calculated usìng the formulae above.
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lí: the primary fuel mix òoes not change, variable costs per kWh òo not change. The only factor that
changes in the formula for the average costs is total production. As described above, total
production increases by 10 TWh. This implies that average costs decrease from 5.84 cents/kWh
to 5.61 cents/kWh, a decrease of 4%. The marginal costs per kVvï-t (note that there are no extra
fixed costs) are equal to the original variable costs, that is 3.62 cents/kWh. (il: penetration of EVs
is only half of what is assumed here, average costs decrease by 2%; marginal costs are again 3.62
cents/kWh).
The conclusion is that there is a large difference which depends on whether marginal or average
costs are attributed to the electric vehicles. Moreover, the average costs of electricity production
decrease by 4% as a consequence of the introduct~on oi: almost 3 míllion electric vehicles.
With the formulae of the last section, an indication can be given of the effect of charging during the
day. If 10% (that is, about 300000 vehicles) of the electric vehicles would be simultaneously
charged during the day, this would imply an extra load of approximately 3000 MW (10 kW per car,
see chapter 3). Because the electricity demand pattern is fairly fiat during the day (flora 9.00 to
19.00 hout) this would also toean an increase of the maximum load by 3000 MW. Assuming the
~ame fixed costs as above, this would imply extra costs o1::
3000 x rcf x 85.2 -- 358 million ECU
This would lead to an increase of average costs of 0.4 cents/l~Wh. In this case average costs do not
decrease from 5.84 cents/kWh to 5.61 cents/kWh, instead they increase to 5.99 cents/kWh.
Moreover, in this case marginal cost would be 7.19 cents/kWh instead of 3.62 cents/kWh (the extra
fixed costs of 358 million ECU are attributed to the extra demand of 10 TWh fl.om the electric
vehicles).

8.5.3. More sophisticated methods
As in the case of emissions, two cases A and B can be considered. In case A only changes in the
fuel mix are accounted for, in case B changes in the composition of installed capacity are also
cons[dered.
In case A fixed costs do hot change. As already noted in section 8.4, the extra demand of 10 TWh
leads primarily to a higher utilisation of natural gas-fired power plants (approximately 88% of the
extra production comes flrom gas-fi~ed power p|ants). Because natura| gas is more expensive than
the primary fuel used by the base load plants (nuclear and coal-gasification combined cycle with
CO2 removal), variable costs increase. Average costs increase fl-om 5.84 cents/kWh to 6.02
cents/kWh, an increase of 3%. Marginal costs are now 5.32 cents/kWh, compared to 3.62
cents/kWh in the previous section.
In case B, gas fired units are replaced by base load units. This leads to an increase of fixed costs,
but a decrease in variable costs. Average costs are now 5.53 cents]kWh, ¢ompared to 5.84
cents/kWh in the base case without electríc vehicles (a decrease of about 5.5%). In this case
marginal costs are 2.82 cents/kWh, compared to 3.62 cents/kWh in the base case.
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8.5.4. Conclusions
In table 8.8 all cost figures are summarised:
Table 8.8. Auerage and marginal production costs in cents/kWh for all different approaches
Average
Base case (BG-2015)
Simple method
10% charging during daytime
Sophisticated rnethods
Case A
Case B

Marginal

5.84
5.61 (-4.0%)
5.99 (+2.5%)

3.62
7.19

6.02 (+3.0%)
5.53 (-5.5%)

5.32
2.82

From this table it is clear that when electric vehicles are charged during off-peak hours, the average
cost of electricity production can rise or fall. Average costs decrease when no changes in the
composition of installed capacity or in the fuel mix are raken into account. Note that this is the toost
simple way to compute the effects on costs, but also an artificial way: it is assumed that demand
grows, all other things being equal. If more sophisticated methods are used, the results are mixed.
If it is assumed that the extra demand bas tobe met with the existing installed capacity, average
price rises. This is because base load units are hot used to produce the extra demand but other
units which generally use more expensive fuels (in the Dutch situation: natural gas). IIi: the
composition of installed capacity is adjusted to the new demand pattern (more base load plants)
average price decreases. Note that adjusting installed capacity is only feasible in the long term. This
implies that the large-scale Lntroduction of electric vehicles may lead to a temporary increase in
average costs of electricity, but to a decrease in the long term. The table shows that the simple
method used to determine average costs yields a fairly good estimate ofthe long terra average cost.
Moreover, it can be concluded that large-scale introduction of electric vehicles (approximately one
third of all motor vehicles in the Netherlands) leads to changes in average electricity costs in the
order of magnitude of 5%.
It is sometimes argued that only marginal costs should be attributed to electric vehicles, as a
’reward’ for their environmental friendliness (see the concluding remark of section 8.4.2). If this
view is raken, the table shows the crucial importance of off-peak battery charging anti also the wide
differences between the different approaches to compute roarginal costs. In addition to other
drawbacks of the marginal approach (see, for example, section 8.4.2), this is an additional reason
hot to use this approach.
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9. ELECTRIC VEHICLES AND GOVERNMENTAL POLICY
9. I. Introduction
In chapter 2 it was argued that in the long terra the investment and maintenance costs of electric
vehicles, produced in large series, are likely to be comparable to the investment and maintenance
costs of ICEVs. In chapter 3 the energy costs of EVs are shown to be close to the energy costs of
ICEVs in the long run. These findings suggest that in the long term govemmental support of electric
vehicles is not necessary. In the short term, however, governmental support is essential. The
California Electric Vehicle Task force recently stated: ’Action by all levels of government, fl.om local
to federal, is needed to provide the needed types and levels of EV encouragement’ [59]. In the
United States ’national-level legislation combined with strong actions at the state and focal levels
are already becoming the major commercialization incentives..’ [60]. In some European countries
initiatives to stimulate EVs are emerging (e.g. France, Switzerland). The use of EVs is not in itself
a govemmental goal, it is one of the many means to reduce air and noise pollution by trafflc.
At the national level, the most rigorous measure to stimulate EVs would be a bart on all car sales
except EVs. Less rigorous but similar are the Californian measures to prescribe that a certain
percentage of car sales bas to be electric at some time in the future. At the city level, the most
rigorous measure would be banning all cars except EVs from the inner city. Such rigorous measures
can only be taken if EVs are an available and acceptable alternative for ICEVs in terras of
performance and price. This implies that these measures are only long term options, which can only
be implemented at a time when EVs are already in use. Thus, in the short terra less rigorous
measures need to be raken to persuade private persons and/or firms to buy EVs. If these measures
succeed, at a later date the more rigorous measures can be taken when marker forces alone are
hot suffìcient. This chapter concentrates on these short terra measures.
There are, of course, many types of governmental actions which could stimulate EVs. These actions
can be classified according to the nature of the action or according to the originator. In [61] four
types of environmental measures are identified:
Social measures (edueation, agreements);
Physical measures;
Financial measures;
Institutional or organizational measures.
Three different levels of originators of these measures are relevant in the case of EVs:
National govemment;
Local (municipal, regional) government;
Electricity companies.
In Amsterdam the local electricity distribution company is a municipal organisation, so that there
is no real distinction between ’local govemment’ and ’electricity company’. However, toost
electricity distribution companies in the Netherlands are limited liability companies.
In [61 ] it is argued that the value of tFinancial measures has been underestimated in the Netherlands:
without supporting financial measures, the other type of measures are likely to rail. For example,
the effects of special parking places for EVs or of a promotion campaign stressing the environmentfl.iendliness of EVs will be negligible if the price of EVs is three times as high as the price of ICEVs.
In the first part of this chapter, special attention is given to financial measures by the national
govemment to stimulate EVs. In the second part, a survey is given of possible measures to
stimulate EVs, to be taken by the different levels of government.
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9.2. Financial measures of the nationai government
9.2.1. External effects of car property and car use
lnteresf~ in using economlc incentives in environmental policy bas grown considerably in recent
years. The toost fundamenta! approach in this respect is to incorporate the negative external effects
of economie actions in genera! and the effects on the environment in particular~ in prices and weaith
indicators. However, quantification of extemai efl:ects~ especially non-material damage, is extremely
difiícu|to Quantification is o[ten based on a combination of the costs of measures to compensate
or prevent these external effects anti the financial losses due to the external effects which cannot
be prevented or compensated [62]. Note that this is a rather vague definition, because the costs of
measures to compensate or prevent extemal efl:ects reflect a certain ehoice of measures tobe
considered.

The quantified externa| effects are the costs which are caused by car ownership and car use, but
hOt paid for by the car owner. The costs of car ownership and use can be divided into costs for
which the car owner pays directly (purchase, insurance, fuel costs, maintenance costs), costs for
which the car owner pays indireetly (the expenses of the government for road traftìc ’~hich are
(approximately) covered by fuel tax, fixed taxes and special consumer tax), and external effects.
These external costs mainly consist of the costs of certain parts of the infrastructure, the costs of
ear accidents that are not covered by ínsuranee, the cost of traffic congestion, and the cost of the
environmental burden. These costs tend tobe underèstimated, because certain aspects of car
accidents and the environmental burden cannot be expressed in monetary units.
[t is reasonable to assume that the introduction of electric vehicles influences the external effects
of car ownership anti car use only as far as the environmental aspects are concemed: the external
effects of EVs anti ICEVs on infl*astructure, congestion and car accidents will be approximately the
same. Moreover, the positive external effects of EVs and ICEVs will also be equal. So, with regard
to external effects, the only difference between EVs and ICEVs is the difference in environmental
burden (ak and noise pollution). The principle behind the internalisation of external effects is that
’the polluter should pay’. Because the external effects on noise and air pollution are due to the use
of vehícles and hot to ownership, it seems loglcal to express these external effects in costs per
kilometre. The social costs of the environmental burden caused by car traffic in the Netherlands are
estimated tobe 0.9 billion (10g) ECU per year, or (1 cent=0.01 ECU) 1 cent/km ([63]; the damage
to the landscape and the consequences of CO2-emissions are hOt included in this figure). Whether
or hot this amount is fully credited to electric vehicles is a question of politics. If the local air quality
problems (especially in urban areas) arising from road traffic are considered most important, it
seems appropriate to treat EVs as emission-free vehieles, without external environmental effects.
If the national emission levels are considered most important, it seems appropriate to attribute the
external effects of the emissions caused by the extra electricity production to EVs. In [53] it is
argued that, when the environmental effects of elêctricity production are raken into account, the
’environmental credit’ of EVs is approximately 0.4 cents/km. Note that this environmental credit
is derived fl*om the emissions from ICEVs and the emissions from electricity production. Both
emissions change over time, so that the environmental credit is hot a constant. However, it seems
reasonable to treat ’1 cent/km’ as the upper bound for the environmental credit of an EV and ’0.4
cents/km’ as the lower bound.
9.2.2. Some critìcal notes on government fìnanciat support of EVs
It is now tempting to argue that the government should act in such a way that the environmental
credits of the EV are reflected in the price of EVs. However, it should be stressed that it is
misleadìng to consider the choìce of EV versus ICEV in isolation. For example, if the decrease of
environmental effects due to the use of EVs is credited to EVs, the decrease in external effects due
to the use of the train instead of the car should be credited to the train. Note that the total external
effects o1~ the train, in terms of ECU per passenger kilometre, are probably considerably less than
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the total external effects of EVs. lncorporation oí: external effects in prices of goods could drastically
change the costs of various transportation alternatives.
In view of the emphasis in Dutch transportat[on policy on reducing car mobility, it seems logical
to impose the following boundary conditions to governmental stimulation of EVs:
1. Stimulatlon of EVs must not lead to an extra demand for cars.
2. EVs must hOt become a serious rival to public transport or other ’non-car’ transportation
modes.
The second condition implies that people who would, in the absence of EVs, consider giving up
their ICEV in favour of a ’non-ca~’ transportation mode, do hot buy an E.V instead. It should be
stressed that the Dutch policy to reduce car mobility is aimed primarily at private car use, which
is the bulk of total car use. So it is useful now to make a distinction between private car use and
’business car use’.
Business car use
For ’business car use’, there are in many cases no transportation alternatives (certain types of
goods transport excluded). Thus the boundary conditions mentioned above should hot be app]ied,
and stirnulation of EVs is a straightforward rnatter without unintended adverse effects. Moreover,
it seems tobe generally accepted that, given the characteristics of present-day EVs, their
introduction (especially electric vans) is rnost suited in ’business car use’ (see also chapter 5). So,
if the aim of the government is to help EVs over the threshold of large-scale production, it seems
appropriate to focus on ’business car traffic’. The most obvious rneans to stimulate EVs directly are:
investment subsidies and reduction of road fax. An important indirect means to stimulate the use
ot: EVs is, of course, an increase in the taxon gasoline and diesel fuels.

Private car use
From chapter 6 it is clear that ií: substantiaI improvement in |oca| air quality is tobe achieved,
passenger cars need tobe raken into account. Stimulating electric passenger cars should fulfil the
boundary conditions listed above. This may be very diffìcult. In practice, if governmental policy to
stimulate EVs succeeds, EVs may become too inexpensive in the long terra: il: the varlable costs
of ICEVs are increased further in order to reduce car mobility and the investrnent costs of EVs
indeed decrease to a level comparable to ICEVs, driving an EV could be rnuch cheaper than driving
an [CEV. In this situation EVs can frustrate the policy to reduce car mobility. Stimulating EVs in a
way which satisfies the boundary conditions implies that the tota] costs of EVs should be made
comparable to the total costs of ICEVs, and certainly not much cheaper (the question of the relation
between costs of ICEV’s or EV’s on the one hand and the costs of public transport on the other
hand is ignored here). The national govemment bas severa| instruments to influence total costs of
car ownership and car use. In the present situation, private persons pay (apart from the normal
VAT) a yearly road tax (based on vehicle weight and fuel type), a special consumer taxon
purchase of the vehicle, anti a fuel tax. Thus, the fixed costs as well as the variable costs can be
influenced. In order to influence the variable costs of EVs, a taxon the electricity for EVs would be
required. This would require a separately metered household circuit. One of the conclusions of
chapter 7 is that a separate circuit for battery-charging might be necessary in order to enable load
management tobe put in to effect. In this case a taxon the electricity for EVs is theoretically
possible. However, separate circuits for battery-charging will probably only be installed in the long
terrn, when EVs are used on a large-scale. In the short terra a taxon electricity is not likely. So, a
clear distinction bas to be made between the Iong term and the short term.
If the variable costs of EVs are not taxed, it seems reasonable to tax the fixed costs of EVs more
heavily in order to level the contribution oî different car owners to the governmental expenses
transportation (compare the situation for LPG: no fuel tax, but relatively high road taxi. Stimulation
of EVs can then be achieved by a temporary decrease of taxes on fixed costs (road tax and/or
special consumer taxi, if possible related to the ’environmental credit’ of EVs (see previous
section).
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The following scenario can now be envisaged. In the short terra, taxes on the fixed costs o1: EVs
(special consumer tax and/or road tax) are reduced and investment grants are given in order to
stirnulate the introduction of electric passenger vehicles. Because the range of present day EVs is
limited, the variable cost advantage of EVs is not substantial, so that the tax e×emptions must be
significant. When EVs with higher ranges appear on the market and are entitled to the same tax
exemptions, the cost advantage of EVs grows with the annual distance driven.
In the long terra it is necessary to keep the total costs of EVs comparable to the total costs of
ICEVs, for vehicles with a low as well as a high annual distance drivên. This can only be achieved
when the variable as well as the f’~xed costs can be influenced. A taxon electricity may thus be
unavoidable. The reduction of government income from fuel. tax may then be (partly) compensated
by this tax (or by a high road tax for EVs).
The taxes on car ownership and car use are nation-wide taxes. The environmental benefits of EVs,
however, are toost important in urban areas. The possibility for the national govemment to stimulate
EVs in specific regions of the country is smaIl. There are plans, however, to levy tolls on certain
highways in the ’Randstad’, and plans to levy taxes on the use of cars during rush hours are under
òiscussion. To avoid bureaucratic procedures, ’road pricing’ should involve some soft of electronic
car monitoring. As observêd in [64], electronic monitoring would, in principle, enable an
environmental charge tobe levied on the basis of where and how much people drive and in what
type of vehicle2. For example, EVs could be exempted from this environmental charge and the
proceeds of the charges on ICEVs could be used to stimulate EVs. However, refined systems of this
kind raise many problems. In [65] several road pricing plans are discussed. In [66] several road
pricing plans for Amsterdam are discussed, for example a so-called ’cordon-levy’ on all roads
leading into the inner city. It is hot yet clear whether these plans can indeed be satìsfactorily
implemented. Il: so, they would be an effective instrument to stimulate the use of EVs. Road pricing
in urban areas focuses better on those types of traffic which cause the largest environmental burden
than would a general investment subsidy on EVs. Moreover, the costs/proceeds of such a system
are probably more manageable than the costs of a general investment subsidy on EVs.

9.2.3. Some indicative calculations
In chapter 2 several articles were cited in which it is argued that the price of EVs, excluding the
battery, will be comparable to the price of ICEVs if EVs are produced in large numbers (100,000
passenger cars per year or 10,000 vans per year)./~oreover, in the long terra, the energy costs of
the EV (including the fixed costs of the battery and the charger) can be lower than the energy costs
of the ICEV, (see chapter 3). It is impossible to estimate the investment price path for EVs, which
is determined by many world-wide factors. Consequently, the total amount of government support
needed until a self-supporting EV market has developed is impossible to estimate. To find an order
of magnitude of the figures involved, suppose 500,000 EVs are subsidised by 10,000 ECU each in
the next 10 years. This would require a total outlay of 0.5 billion (109) ECU per yêar. Suppose this
amount of money is levied on kìlometres driven by 1CEVs. In 1989 passenger cars, vans and trucks
together covered 93 billion kilometres. So the required outlay of 0.5 billion ECU per year is
equivalent to 0.54 cents/km. Note that in section 9.2.1 the environmental credit of EVs was shown
to be between 0.4 cents and 1 cent/km.

~ It should be noted that ’road pricin~’ ~s primarily targeted at smoothing out demand for road
space at a certain time, and not at reducing mobility in general or at implementing environmental
charges.
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9.3. Possib|e measures to stimulate EVs
Currently there is no specific ’EV-legislation’ in the Netherlands. If such legis|ation is required, it is
useful to exarnine existing examples abroad, especially in the United States, France, Switzedand
and Japan. In this section a (not exhaustive) list of possible measures is presented.

National government
o The rnost general approach is taken in the United States with the National Electric Vehicle Act
I67]. The Act consists ol: a commercial demonstration programme, a research and developrnent
programme and an infrastructure development programme. The commercial demonstration
programme involves a 10-year, $50 rnil]ion demonstration programme, an in-depth data acquisition
programme and an amendment of the Alternative Motor Fue|s Act to include electric vehic|es
among the list of eligible alternative clean fuel vehicles that the Secretary of Energy shall consider
acquiring for use by the federal government fleet. The infrastructure development programme
involves a 3-year $10 rail|ion per year cost-share prograrnme to estabfish up to live joint ventures
with industry for the purpose of developing and/or dernonstrating the infrastructure required to
operate and rnaintain EVs successfully, and a 5-year, $5 million per year programrne of assistance
to states that seek to analyze and develop incentive programmes i:or EV and other clean alternative
fuel vehicles utilization. The research and development prograrnrne authorizes and directs the
Secretary of Energy to develop and conduct a rnulti-year (1992-1998) EV research and development programme and authorizes such sums as may be necessary to conduct the programrne, In
the spirit of this programrne, the Department of Energy and the Electric Power Research institute
participate in the U.S. Advanced Battery Consortium together with the large car manufacturers (the
goals of this consortium for battery characteristics are used in chapter 3) [581.
o The National Energy Strategy Act, filed in Match 1991, contains several sections referring to the
use of alternative vehicle fuels [191. Electric vehicles are included within the legislation’s definition
of an altemative fuel. One of the sections requires that fleet owners/operators of 10 or more
vehicles in areas classified as exceeding ozone non-attainment requirements, and owners/operators
of 20 or more vehicles in areas where populations exceed 250,000, to equip their fleets with certain
percentages of alternative fuel vehicles, ranging from 10 percent in 1995 to 90 percent in 2000.
For owners/operators of buse$ the percentages are 50% in 2000 to 90% in and af[er 2003.
o Probably the most important laws concerning EVs are the well-known Califomian rules requiring
that at least 2% of all cars sold in the state in 1998 rnust be zero-emission vehicles, rising to 5% in
2001 and to 10% in 2003. Several other states are considering similar rules [69].
o The French Government has launched a programme aimed at the purchase of 1000 electric
vehicles by local authorities. Local authorities receive a subsidy ranging from 5000 to 25000 French
Francs (depending on the payload) when they purchase an electric vehicle.
o In Japan several tax incentives for electric vehicles exist: lower VAT, lower acquisition tax for
private as well as business vehicles, and a lower annual tax. The Environment Agency provides a
subsidy for purchase of EVs of about a half of the vehicle price for local authorities and a quarter
of the price for private people and private companies.
o In Germany, France and Switzerland reforms of the road tax systern are under discussion.
Suggestions are being made to levy road taxon the basis of environmentaI burden [20].
o In California a tax credit ranging from US$ 600 to US$ 3,500 can be obtained when purchasing
an EV. Moreover, EVs are exempt from sales tax (currengy 7%). A fund for subsidizing EVs is
created by an extra fax of 25 doliars on the purchase of an ICEV [70].
o Many districts in Switzerland offer EVs a significant reduction in road tax. In sorne distr~cts EVs
are free from road tax [71].
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Local government
The city of Los Angeles has adopted a 10-point programme to encourage the purchase and
facilitate the ownership of electric vehicles. This comprehensive programme entails the l:ol|owing
step~,
o Commit the City to working to provide EV charging facilities for its employees who regularly drive
EVs and by recommending an annual percentage of EVs in the City fleet.
o Ask the Department of Water and Power to develop an economical means of individual metering
for EV charging and to promote other incentives for IEV use, such as rebates for charging facility
installatinn, and discounted commercial and industrial power rates to parking facility owners who
provide EV charging.
o Ask the Department of Building and Safety to write building code requlrements for new
construction to ensure that single-family homes have adequate EV charging facilities; that
commercial and multiple-residential buildings with parking establish 17% of their spaces as EVready; and any parking lot enlargement triggers a dêdication of 17% of the total spaces as EV-ready
(17% is the percentage of vehicles purchased in the South Coast Air Basin which mus~; emir no
pollutants, according to the AQMD’s current Air Quality Management Plan targets for the year
2010).
o Request the Planning Department to include in the Air Quality Element of the City’s General Plan
a requirement that employers with more than 100 parking spaces woÆk to provide preferential
parking and/or charging power to workers using EVs.
o Seek an AQMD requirement that a percentage of all rental car fleets will be EVs by a certain date.
o Support state legislatinn to authorize cities to set aside preferential on-street parking for EVs.
o Ask the City’s Department of Transportation to work with the Los Angeles County Transportation
Commission to require that all park-and-ride lots have 17% of spaces ready for EV users.
o Ask Caltrans to consider installing charging stations at its various highway rest stops throughout
California.
o The city of/~unich in Germany, is considering banning gasoline and diesel-powered automobi|es
t~rom the inner city within a year or two. The purpose is to stimulate the use of electric cars. To add
incentives, Munich is considering offering free parking for electric vehicles and supplying free
energy for recharging [69].
o The city of Padua is considering a proposal to close off a small section of the city area to
passenger cars. For short trips within or beyond the area, people would tent an EV. The rental
locations consist of a lot with EVs connected to columns all charged up and ready to go. The
columns tie in toa central minicomputer which maintains extensive records of the vehicles’
operating status. The computer also works with automatic teller type machines for simple user
~nterface [73].

Electricity companies
o In the US, the electric utílity industry, led by the Electric Power Research lnstitute (EPRI) plays
a very important role in EV development and commercialization. The EPRI Transportation
Programme co-ordinates the technical evaluation of all components and vehicles being considered
for commercial introduction. Moreover, EPRI participates in the production of electric vehicles, for
example, the Electric G-Van. Furthermore, EPR1 also stimulates regional service centres, especially
to support the G-Van. These centres are run by regional electricity distribution companies [67].
o Oslo’s municipal power company is planning a network of ’filling stations’ to service the 40,000
electric vehicles estimated to be on the road by the year 2000. The fílling stations are basically
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pillars with electric plugs, situated in parking lots and other convenient city locations. The plan is
to include electronic mach[nes that will accept credit cards for charging batteries [731.
o The ’Southern California Edison’ electricity company has its own electric transportation research
programme. As the company states in its 20th Anniversary Special Issue of its Research Newsletter
[74], ’Electric Transportation makes out Company’s system more efficient, utilizing off-peak
capacity, and enables Edison to play a positive role as a regional problem-solver’.
o Together with a few other parties, the electricity company ’Energie-Versorgung Niederôsterreich’
in Austria bas developed a solar energy battery charg[ng station. The aim is to perform research
on battery charging stations and to test all new EVs.
Not only govemments and utilities can undertake actions to stimulate EVs.
o In Vienna an electric vehicle can be híred for 600 Austrian Shilling per day. Charging stations
fl‘om which free electricity can be obtained are situated at several places in the city. This is an
initiative of the Austrian Car, Motorcycle and Touring Club, together with the Raiffeisenbank in
Vienna [75].
o A Swiss chemical firm offers employees coming to work in an EVa fl‘ee parking place and fl‘ee
electricity I75]. A parking garage in Winterthur offers íTee electricity at reserved parking places l:or
EVs [75l.
o In Basel, Switzerland, a private firm offers several EVs for hire. Moreover, park anti charge
facilities are offered to all EV owners, day and night [25].

9.4. Conclusions
The review of possible measures shows that there is a wide a variety of measures ín each of the
categories mentioned in section 9.1: financial, physical, social, and organizational. As argued in
[61], the measures in these categories need to work in the same sense. In particular, financial
measures must support the other types of measures. The review also shows that measures can be
taken at different levels: national govemment, local govemment, electricity companies. Again the
measures taken at these different levels should work in the same sense. The most important guideline for governmental stimulation of EVs thus seems to be:
Co-ordination of different types of measures;
Co-ordination of the measures taken at different levels.
In fact, co-ordination of the measures taken at different levels is a prerequisite for co-ordination of
the different types of mea sures, because only the national government can take substantial f[nancial
measures (less taxes, subsidies):
Looking at the actions raken in other countries, the comprehensive ’EV stimulation programme’
described below can be envisaged. It should be stressed that this chapter is l:ocused on short terra
measures to introduce EVs on a limited scale. More rigorous measures such as bannìng all motor
vehicles except EVs from [nner cities or requiring a certain percentage of total car sales to be
electric are hot considered (see $ection 9.1).
As in the US, the national government develops an Electric Vehicle Act, with emphasis on
demonstration and infrastructure. With regard to R&D, participation in European programmes is
aimed for. One of the aims of this Electric Vehicle act is to give EVs their own place in Dutch
legislation: current transportation legislation should be a dapted to account for the ’existence’ of EVs.
This means, for example, that EVs become a separate category with regard to road tax, and that
standards are defined which EVs must satisfy in order to be allowed on the road. As in the US, the
co-ordination ofthe technical evaluation and certification of all components (including batteries and
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charging facilities) and vehicles being considered for commercial introduction can be performed
by the KEMA, the organisation which certifies all electrical equipment. Finally, financial incentives
are developed, such as (partial) exemption of road tax and special consumer ta×, and investment
subsidies. These financial incentives are primarily focused on business cars (note: one of the
elements of current Dutch policy i$ to increase fuel taxes. This is an indirect incentive for EVs. The
EC internal marker will reduce the role of national governments in this respect). The finaneial
incentives for passenger cars are not large enough to make an EV attractive for the average private
owner, but are aimed at the ’eady adaptorsL To enable local authorities to act as front runners,
special incentives for these local authorities are created. Moreover, in view of the results in chapter
6 on air quality, an active stimulation policy for buses is undertaken. In order to focus on business
traffic in urban areas, fleet owners in the ’Randstad’ are obliged to equip their fleet with a certain
percentage of EVs. Il~ road pricing is introduced, separate tariffs for EVs and ICEVs are developed.
With reference to the national legislation, the local government introduces EVs in its own vehicle
fleet, considers electric buses and takes a variety of measures to make EVs attractive for firms and
private persons:
Permits for building parking places are only given if a certain number of the parking places is
reserved for EVs;
Taxi companies are required to make a certain percentage of their fleet electric;
A number of the existing parking places is reserved for EVs. Moreover, the parking fee for EVs
is relatively low. This measure can only be implemented if stringent control is possible;
If road pricing schemes are considered, special tariffs are offered to EVs.
At present the Environmental Department of the City of Amsterdam is considering the possibility
of electric taxis (see, for example, [16]).
With reference to the national legislation, the electricity distribution company introduces EVs in its
own vehic|e fleet and takes a variety of measures to support nationa| an~t local legislation:
- At the parking places reserved for EVs, charging facilities are installed;
- Special tariffs for EV battery charging are developed;
- EV service stations are set up. lnitia|ly these stations only provide service for the vehicle fleets
of the city and of the company itself. In the long term these service centres should be taken over
by EV manufacturers;
As in the case of expensive but efficient tamps, the possibility of paying for EV batteries in
instalments is created.
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APPENDIX 1: The balanced growth (BG) scenario
Every four years a long term scenario study is performed in the Netherlands, commissioned by the
Ministry of Economie Affairs. Recenfly such a study was completed. The results will be published
in the first half of 1992 [11]. The Netherlands Energy Research Foundation participates in this
study, together with the Central Planning Bureau (CPB) and the Institute for Public Health and
Environment (RIVM). One of the scenario’s for the period ] 990-2015 is called the Balanced Growth
scenario. The most important features of this worldwide scenario are: a stable political situation, an
emphasis on f~ee marker enterprise, considerable economie growth, optimism wi~h regard to
technological progress anti a substantial carbon tax to fight the greenhouse effect. The
technological optimism leads to an optimistic appraisat of the availability of new techniques, partly
stimulated by the high energy prices. The carbon taxes leads to higher prices of fossil fuels,
according to their carbon content. This implies the highest carbon taxon coal, the lowest on natural
gas and an ’intermediate’ taxon oil products. With regard to traffic in the Netherlands, the folloxvh~g
assumptions are made. The total distance covered by passenger cars increases with 36% between
1986 and 2015. To reduce the emission of NOx, diesel is no longer used in passenger cars and
vans. Fuel efficiency improves by 36%, which can only be achieved by a reduction of vehicle
weight. The fuel efficiency of vans and trucks also improves drastically. For buses, natural gas is
widely used.
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APPENDIX 2: Technical vehicle characteristics

Compact urban car
Middle class passenger car
Light van
Heavy van

Vehicle weight
[k~l

Pay load
[kgl

Battery weight
[kgl

450
850
800
2,000

150
150
300
1,000

1.50
275
275
650

Roll~ng
resistance
Compact urban car
Middle c|ass passenger car
Light van
Heavy van

0.25
0.25
0.25
0.25

Aerodynamic
drag coefficient
0.35
0.60
0.40
0.40
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Frontal
area
1.90
2.37
2.25
4.30

APPEND|X 3: Optimisation of battery weight and charging
capacity
The problem is to minimise costs, gíven a certain required range, and fulfilling the restriction that
charging bas to take place during the night. These costs are: the costs of the battery, the costs of
possible adjustments to the power supply, the costs of the charger and the cost of electricity. It is
assumed that the costs of the charger anti of possible adjustments to the power supply are an
increasing function of the desired charging capacity. It is furthermore assumed that charging takes
place at níght against one fixed tariff. So electricity costs are a linear function of battery weight: the
amount of kWh’s to be charged equals the required range times the electricity consumption per
kilometre; according to the model in section 3.3.3 electricity consumption is a linear function of
battery weight.

Total costs are:
K --clxX +c~(y) +c~
In which:
K
X
Y
ca(Y)
C3

Total ¢osts
The weight of the battery
Charging capacity
The sum of battery costs and electricity costs per kilogram
The costs of the charger and adjustmênts to the power supply, an increasing function
ofy
constant cost term, not depending on x or y

When minimizing energy costs a number ot: restrictions have tobe taken account, apart for the
foremost restriction concerning the required range:
Charging time z may not exceed six hours;
The power delivered by the battery must be sufficient. With the USogoals, this is never a real
restriction.
Besides, there are two technical restrictions:
Per 24 hours, the amount of electricity used has tobe charged, taking into account battery
losses;
The battery must be charged in one continuous period. Without this restriction the optimal
solution would be: a very small battery, charged in many short periods with a little driving in
between.
These two restrictions can be formalised as follows:

Pxf(X) x(1 -R,)
Ra x R3
yxzxR4_<XxE

-~yxzxR4

In which:
P: The required range
f: Intrinsic energy consumption (kWh/km), dependent on the type of vehicle
E: Energy density of thê battery
z: Charging time
R~: Regeneration of braking energy
R=: Efficiency of the drivetrain
R~: Discharge efficiency of the battery
R4: Charging efficiency of the battery, including the efficiency of the charger
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The entire optimisation problem now looks as follows:
minimise K -- c1 x X ÷ c2(y) ÷ %
Restricted by:
z<6

px~(X) x(~-~~)
R~ x R~

< y x z x R4

(3)
(4)

yxzxR~<XxE

This problem can be solved without using complicated optimisation techniques: the goal function
is minimised by choosing x and y as small as possible. This implies that z will be maximal in order
to reduce charging capacity. Thus z=6. The choice of x and y are now only restricted by the last
two inequalities, which are both linear, lntuitively it is clear that in the optimal solution these
restrictions will be active. Since the right hand side of (3) and the leíî hand side of (4) are identical,
this implie$ that the optimal x will satisfy the following equation:
Pxf(x) x(1 -RI) =XxE
R~ x R~

Which implies:
Pxax (1 -R~)
Ra x Rs
X-E -Pxbx (1 -R~)
R~ x Rs

Now y can be derived:
yx6xR4--XxE

y--

XxE
6 x R4

As an example, table A3.1 gives, based on the parameter values chosen in section 3.2, the battery
weights and charging capacity of the four different vehicle types when the required range is 150
kilometres, The values for energy dens[ty E reflect the mid terra and |on~ terra US-goals.
Table A3.I. Battery weight and charging capacity when the required range is 150 km.
E=0.1
E=0.2
Weight Charging capacity
Compact urban car
Middle claus passenger car
Light van
Heavy van

178
307
312
827

3
6
6
16

Weight Charging capacity
79
136
138
365

3
5
5
14

From this table it is clear that doubling the energy density leads to more than halving the required
battery weight. Moreover, the charging capacity is insensitive to changes in the energy density of
the battery. The reason is simple: the required range fixes, more or less, the energy content of the
battery, and this energy content fixes, given the charging time of 6 hours, the charging capacity.
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APPENDIX 4: Data for the energy costs comparison
Interest rate: 5%
Energy prices without VAT
1 ECU = 2.3 Hfl
1 ct = 0.01 ECU

ST

MT

LT

(1995)

(2000)

(2015)

4.78
0.68
12
3
4
1435
10
186

5.65
0.83
12
5
3
1435
10
186

6.96
1.04
16
10
2
1435
10
186

Electricity price
Gasoline price
Costs battery
Lifetime battery
Annuity
Charger costs
Lifetime charger
Annuity

[ct/kWh]
[ECU/litre]
[ECU/kg]
[year]
[ECUiyear × kg]
[ECU]
[year]
[ECU/year]

Kilometres passenger car
Kilometres van
Battery weight passenger car
Battery weight van

[km/yearl
[km/year]
[kg]
[kg]

8,000
8,000
275
400

12,000
12,000
275
400

12,000
17,000
275
400

E-consumption passenger car
[Wh/km]
Gasoline consumption passenger car [litre/km]
E-consumption van
[Wh/kml
Gasoline consumption van
[litre/km]

228
0.080
385
0.119

228
0.064
385
0.101

228
0.056
385
0.095
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APPENDIX 5: Questionnaire
Acceptability of electric vehicles
Research carried out for the Commission of the European Communities
This enquiry concerns electric vehicles in the inner city district of Amsterdam. It will take about 20
to 25 minutes to complete. Please mark your choice in the circles provided or write the most
suitable comment a~ong the dotted lines. Please read the boxed texts before starting.
For further information please contact Mr.J.R. Römer, telephone 02246 - 4332. This questionnaire
wìll be collected from you later. Thank you for your co-operation.
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Questions concerning the car(s) in your household. If there is only one car in your household you are requested to complete the column headed by first car. |f there are more than
two cars: complête thê form for the two cars with the lowest annual kilometres.

first car

second car

O 1733
O 235
O 42
O 40

0 12
O 23
O7
O0

O 164
O 281
O 24
O 2O

O 14
O 25
O3
O0

O yes 90
O no 372

0 yes 11
0 no 29

Make and type
Which fuel is used?
- petrol
- unleaded petrol
- diesel
- LPG

- bought new
- bought second hand
- rented/leased
- a gift/inherited
Car is a ’company car’
Year of manufacture of the cBr

19..

Year of purchase

19.,

19..

O 108
O 133
O 138
O 36

O 16
O7
O 11
O3

What was the purchase price of the car?
Cylinder capacity (cm~,cc)
less than 1200 cc
between 1200 and 1500 cc
between 1500 anti 2000 ce
over 2000 cc
Expected kilometres for 1991?

a The numbers in this appendix indicate how often the answer concerned is given.
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Please give the reason(s) for purchasing your car(s) in order of importance. The most
important reason should be ranked 1; the next 2 and soon

first ca~
More mobility
For holidays
Visiting friends and family
For travelling to sport and relaxation activities
For travelling to the countryside
Less dependant on weather
For commuter traffic
For larger shopping trips

~

Do you use the car for: (please give averages and estimate if necessary)

second car
Commuter transport
- how many days per week
- average distance per day
Business transport
- how many days per week
- average distance per day
Visit family/friends
- how many days per week
- average distance per week
Sport, recreation, relaxatinn
- how many days per week
- average distance per week
H~iday(s)
-di~ance ~ 1991
Shopping trips
- how many days per week
- average distance per week
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How many times per month do you travel a distance of more than 100 kilometres in one day?
.... time(s)

If there is more than one car in your household: please answer the fo]lowing questions for
the car with the lowest kilometres per year.

Last seven days

Mon

Tu

We

Fr

Sa

Su

How many kilometres were covered on these
days?
If over 100 km in one day: would it have been
possible to use the other car?
If over 100 km in one day: wou|d it have been
possible to use another mode of transport on
this day? (for example, train)
During this week did you use the car (for which you filled out the data above):
48 O
210 O
54 O

more often than norma!
as otìen as norma]
less oP~en than normal

I

Please ¢omplete the next question only il: there is more than one car in your household. If
hot: proceed wìth questions in section A.

Would it be possible to organize the use of the cars in your household such that one car is used for
distances less than 100 kilometres?

29 O
60
41 O
A.

yes, that is already the case
yes, that can be organized
no

Do you have a garage or do you park in the open?

58 O
379 O

garage
open

How many minutes does it take to walk from your residence to your parked car?
26 0
0

is in f~ont of the house
... minutes

Are you usually able to park at the desired place?

223 O
259 O

yes
no
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How many minutes does it take you to reach the Amsterdam ring road?
.,. minutes
How many times per week are you held up in traffic jams on your way to the r[ng road?

... time(s)
Do you use your car during the rush hout traffìc?
210 0
271 0

yes
no

I think that measures to limit car traffic in Amsterdam are urgently needed.
neither agree
tend to
nor
tend to
agree
agree
disagree disagree
O ...........0 ............0 ...........0
202
137
49
36

disagree
0
61

1 would feel that my personal freedom to travel would be restricted by measures meant to reduce
car traffic in the inner city.
neither agree
tend to
nor
tend to
agree
agree
disagree disagree disagree
0 ...........0 ............0 ...........0 ............0
133
88
47
65
145
If there was a good public transport system I would give up my car.

agree
O.
71

neither agree
tend to
nor
tend to
dlsagree disagree
agree
0
0 ............0 ...........
56
46
58

disagree
0
251

I can easily give up my car.

neither agree
tend to
nor
tend to
agree
agree
disagree disagree disagree
0
0 ...........0 ............0 ...........0 ............
80
254
39
48
58
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A description follows of the characteristics of a typical electric vehicle now in use in several
Dutch towns. The characteristics apply to current proven technology.

The current electric car bas the following characteristics:
maximum speed is 100 km/hr
accelerates as a conventlonal car
travels approximately 100 km on one battery charge
braking d[stance longer due to the battery weight
batteries can be charged 800 to 1000 fimes (lire is 4 years)
needs less maintenance than a combustion engine powered car
no motor noise; tyre noise on the road remains
does hot cause exhaust gases or airbome soot particles
the battery is charged from the public grid
fully charging the battery takes about 7 hours: the availability of an EV is less than that
of an internal combustion engine powered car
less gear shift is needed

I think the electfic car is an appropriate means of transport for city use.
neither agree
tend to
nor
tend to
agree
agree disagree disagree disagree
0 ...........0 ............0 ...........0 ............0
289 97
51 10
37
] have a positive attitude towards electric cars.
neither agree
tend to
nor
tend to
agree
agree
disagree disagree disagree
0 ...........0 ............0 ...........0 ............0
294
I O0
56
9
26
[ think that an extra taxon new cars with an internal combustion engine is a good idea, provided
that this money is used to subsidize the price of electric cars.
neither agree
tend to
nor
tend to
agree
agree
disagree disagree disagree
0 ...........0 ............0
0 ............0
115
65
57
158
90
If electric cars cost the same as cars with an internal combustion engine, then | would consider
buying an electric car (as described) when my current car needs to be replaced.

neither agree
tend to
nor
tend to
a~ree
disagree disa9ree disa~ree
a~ree
0 ...........0 ............0 ...........0 ............0
130
75
63
57
156
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I think that special low tariffs for charging electric vehicle batteries are a good idea.
neither agree
tend to
nor
tend to
agree
agree
disagree disagree disagree
0 ...........0 ............0 ...........0 ............0
271 91
53 20
48
1 think that inexpensive, separate parking places for electric cars are a good idea.

agree
0
188

neither agree
tend to
nor
tend to
agree
disagree disagree disagree
0 ............0 ...........0 ............0
66
42
124
64

I think that parking places reserved exclusively for electric vehicles are a good idea.
nelther agree
tend to
nor
tend to
agree
agree
disagree disagree disagree
0 ........... 0 ............0 ...........0 ............0
137
68
75
45
159
I thhak that charging points should be installed at the residence of electric car owners fo~ a similar
cost to telephone connections (about 200 Dfl).
tend to
agree
agree
0 ...........0
198
80

neìtheragree
nor
tend to
disagree disagree disagree
0 ...........0 ............0
129
13
50

I think that car policy in the Netherlands should ensure that electric vehicles make up at least 10%
of all cars in th¢ Netherlands by 2015.

neither agree
tend to
nor
tend to
agree
agree
disagree disagree disagree
0 ...........0 ............0 ...........0 ............0
236
80
101
12
52
1 feel that my personal freedom would be restrained when travelling by electric car.

neitheragree
tend to
nor
tend to
agree
agree
disagree disagree disagree
0 ...........0 ............0 ...........0 ............0
167
84
71
48
108
1 think it is important to repla¢e current cars with e]ectric cars.

agree
0
104

neither agree
tend to
nor
tend to
agree
disagree disagree disagree
0 ............0 ...........0 ............0
114
127
40
92
115

My friends and acquaintances would value the purchase of an electric car positively.
neither agree
tend to
nor
tend to
agree
agree
disagree disagree disagree
0 ........... 0 ............ 0 ........... 0 ............ 0
92
??
226
22
44

The environment has become an important topic of public concern. Measures are beklg
considered in Amsterdam to reduce environmental pollution. The communal plan of action
offers typical measures which could be taken. In spring 1992 residents will be asked,
through a plebiscite, to give their views on limiting trafiíc in the inner city. The consequences of limiting traffic are considerable. Residents will be restricted in the free use of
their cars. Taxi movement will be limited and organizations supplying shops, hotels and
other businesses will be restricted. Normal traveI within the city will be affected and public
transport may suffer capacity problems. The advantages will be that exhaust emissions and
noise levels will be reduced and safety wiJl be increased. The area of the inner city for which
car limitation measures will be applied is indicated on the map on page 10: i.e. the whole
area enclosed by the Singelgracht and the river IJ.
Subsequent statements go more deeply into this subject. Please mark the circles which are
closest to your pret:erence.
It is a good idea to take car limiting measures for the inner city.

205
183
53
20

0 yes, definitely
0 yes, provided that ..............................................................
O nu, definitely (go to question B)
O nu, provided that ......................................................

Electric cars should be excluded from any car limiting measures applied to the centre of
Amsterdam.

agree
O103

neither agree
tend to
nor
tend to
agree
disagree disagree
0 ............0 ...........
0
78
79
50

disagree
.0
127

The following should be excluded from measures to restrict cars (more than one altemative may
be chosen)

37
276
260
327
262

O all inhab~tants of Amsterdam
O inhabitants of Amsterdam’s inner city
O shops and businesses
O handicapped persons
O taxis
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’More and better public transport’ is an acceptable so]ution if car limiting measures are taken for
the Amsterdam inner city, provided that my current travelling time in the inner city does not
increase.
neither agree
nor
tend to
tend to
agree
agree
disagree disagree disagree
0 ...........0 ............0 ...........0 ............0
235
86
44
34
42
Car limiting measuies must be accompanied by the possibility to rent electric vehicles (such as
electrically powered mini buses and e]ectric mopeds).
neither agree
tend to
nor
tend to
disagree disagree
agree
agree
0 ...........0 ............0 ...........0
163 71
96 37
B.

disagree
0
76

If the inner city were car free, I should change to another transport mode (please rank your
order of preference; hot al| alternatives need tobe ranked):
- walking
bicycle
small electric moped
electric moped
bus
tram
underground
train
taxi

1 would consider giving up my car if the inner city is made car free.
neither agree
tend to
nor
tend to
agree
agree disagree disagree disagree
0 ...........0 ............0 ...........0 ............0
26
23
43 50 346
Businesses, shops, companies, etc. shouid continue to operate in the inner city.

neither agree
tend to
nor
tend to
agree
agree
disagree disagree disagree
0 ...........0 ............0 ...........0 ............
0
389
61
18 13
8
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Supplies io shoçs and businesses should take place in the evenings between 1800 and 2100 and
in the mornings between 0700 and 0900.
neither agree
tend to
nor
tend to
agree
agree disagree disagree disagree
0 ........... 0 ............ 0 ........... 0 ............ 0
268 78 52 24 65
I believe that replacing current cars by electric vehicles is a better approach than making the inner
city car free.

neither agree
tend to
nor
tend to
agree
agree
disagree disagree disagree
0 ........... 0 ............ 0 ........... 0 ............ 0
87
59
~06
73
162
It is a good idea to admit only the cleanest cars (with regard to exhaust gases and airborne
particles) in the inner city.
neither a~ree
tend to
nor
tend to
agree
agree
disagree disagree disagree
0 ...........0 ............0 ...........0 ............0
101
76
89
72
150
In the long terra (after 2015) only electric cars should be admitted in the inner city.
neither agree
tend to
nor
tend to
agree
agree
disagree disagree disagree
0 ...........0 ............0 ...........0 ............0
60
91
120
60
153
In the long term (after 2015) all cars should be kept out of the inner city.

agree
0
102

neither agree
tend to
nor
tend to
a~ree
disa~ree disagree disagree
.0 ............0 ...........0 ............0
54
59
201
69
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Sofar the costs of electric vehicles have not been taken into consideration. A cost comparison is given for an ordinary car with a combustion engine, a car with an electri¢ motor and a
car with a combustion engine as well as an electric motor. The latter car can be driven
electrically as well as with gasolíne and consequently does hOt have a restricted range or
use.

Ordinary car
(for example, VW
Jetta, Ford Fiesta,
Opel Kadet etc.)

The same ordinary car, but produeed as an ele¢tric car

T~e s~me eBr w~th
combustion engine
and electric motor

Purchase costs

20.000 Dfl

25.000 Dfl

28.000 Dfl

Fuel and/or electricity
costs per 1000 km

166 Dfl

60 Dfl

100 Dfl

Tax and insurance are the same for these three cars.
Suppose that you are about to purchase a new car. Which of the aforementioned cars would you
consider buying if the electric car and the car with the combined electric/combustion motor were
admitted toa car free inner city?

61
306

O electric car
O car with combined electric/combustion motor

34
65

O ordinary combustion engined car
O none of the above

(please continue with question C
on the next page)

At what prlce would you consider the purehase of an electric car?
cost price (ordinary car costs 20.000 Dfl)

electric car
car with combined electric/combustion motor
I still would not consider purchase
because
C. What would be your preference if the inner city is declared car ffee (more alternatives can be
added):
35
213
113
49
17
312
98

O to give up my car
O to use public transport
O to purchase an eleetric car which is exempt from this regulation
O to tent an electric taxi which is exempt from this regulation
O to purchase an electric moped
O to use a bicycle
O other, namely ..................................

With the adoption of a car fi’ee inner city there will most probably be specific exemptions.
The question then is to define the extent of car access to the Amsterdam inner city.

What proportion of every !00 cars which enter the inner city daily would you like to keep out?
...... cars should be kept out
To which categories should the above figure apply?
- vehicles owned by the inhabitants of the inner city
- vehicles owned by the remaining inhabitants of Amsterdam
- business and supply traffic
- tourist trafflc

The following questions will enable us to group the results.
Sex
327
158

0 male
0 female

What is your year of birth?

What is your highest level of education?

14
18
31
87
43
124
166

O primary education
O technical or vocational training up to the age of 16 years
O lower general secondary education
O technical or vocational training up to the age of 18 years
O secondary education
O higher level technical or vocational training over the age of 18 years
O university training

Did you receive education in (one of) the folIowing subjects?
15
46
209
196

O chemistry
O physics
O neither
O both

What is your profession? .....................................
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In which range is your gross annual income?

49
98
93
56
36
41
91

O less than 20.000 Dfl
O 20.000 to 40.000 Dfl
O 40.000 to 60.000 Dfl
O 60.000 to 80.000 Dfl
O 80.000 to 100.000 Dfl
O over 100.000 Dfl
O 1 prefer hOt to complete this section

What is the annual distance travelled by your car?
143
196
111
34

O less than 10.000 km
O 10.000 to 20.000 km
O 20.000 to 35.000 km
O over 35.000 km

If you have any remarks please add them here:
166 remarks

This questionnaire will be collected írom you within a few days. 11: you would like to receive
a copy of the report arising fl‘om this questionnaire, you are kindly requested to complete
your name and address below.
name ..............

(225) ..........................

address + postal code ....................................................
We thank you for your co-operation.
For questions, suggestions and comments please contact:
Mr. J.R. Römer
Energy Research Foundation ECN
ES - Energy Studies
P.O. Box 1
1755 ZG Petten
Tel. 02246-4332
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APPENDIX 6: Sample síze and generalizability
The survey was carried out between October 15 and November 4 1991. 16 interviewers visited
1849 addresses in the Amsterdam inner city. 1000 addresses were randomly selected fl.om the
postal codes in the area. At these addresses the interviewer first established whether a car was
owned by the household. If not, the interviewers tried again at the top floor of the same building,
successively descending that building. After trying all addresses the next building was approached.
All contacts and non-contacts were recorded in a log-book. Table A6.1 lists the results.
Table Aó.l. Contacts and non-contacts
Frequency
Not at home
No car
Refusing co-operation
Not approachable
Car owners
Tota]

689
382
167
66
545
1849

The category comprising ’Plot approachable’ includes people unable to speak the Dutch language,
illegal occupants, addicts of any kind etc. The response percentage is calculated as 545/(167+66+54 5), or 70%. This is extremely high compared to the usual response obtained from surveys in
Amsterdam. The high response is probably a consequence of the method: personally offered
questionnaires on an evocative subject to be completed in the respondent’s own time. The personal
appointment with the interviewer is a strong motivation to complete the questionnaire before the
collection date.

Generalizability
According to data fl.om the Amsterdam Bureau of Statistics [76] 35,172 people aged 20 years and
older inhabit the Amsterdam inner city. The Central Bureau of Statistics [77] gave data on cars
registered in this area: 24,946 cars among which there is an unknown number of vans. The
proportion of people owning cars in the inner city is 71%. From Table A6.1 it í~ollows that the
proportion of people owning cars is 587/(545+382)=63%, 587 being the sum of first and second
cars in the sample. The numbêr of 545 may contain some error because third cars are included in
the 71% anti not in the 63%. Moreover, the 382 contains some estimated figures which replace
missing values. When allowance is made for the uncertainties in both figures (63% and 71%) it is
concluded that the sample is representative for the whoIe population of the Amsterdam inner city.
The distribution of cars over the years of manufacture is a reasonable reflection of the national
distribution (Chi2=2.80; dr=8; sign..99) [78]. Only the oldest cars, constructed before 1980, are
underrepresented in the sample. This underrepresentation does hOt necessarily toean that the
sample results deviate fl.om the inner city popuIation value, which itself toost probably deviates
fl.om the national distribution. The prevailfug makes and types reveal that smaller cars are toost
popular in the inner city. This was confirmed by data on the engine power and the cylinder
capacity.
The use of different fuel types: 48% unleaded petrol, 35% normal petrol, 9% diesel and 8% LPG
differ fl.om the national figures. This is hot unexpected in view of the lack of LPG in and around
Amsterdam, due to national and local regulations and laws.

The demographic variables, age and sex, are known for the population of the inner city [76]. In
table A6.2 the sample and Amsterdam population values for age are compared.
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Table A6.2. Population and sample figures for age
Age

Population

Sample

[%1
20 to 34
35 to 49
50 to 64
Over 65

48
31
11
10

34
42
20
5

It appears that too few younger people are found in the sample while the classes ranging from 35
to 64 years are overrepresented. It is known that the inner city provides housing for the young in
a much larger proportion than other parts of the city. The distortion was expected because many
young people live in rooms in student houses thus occupying less houses. Moreover, car property
is relatively low among young people. A third reason is found in the time of day the interview took
place, generally between 16.30 and 22.00. During this period many young people are engaged in
so¢ial activities away from their place of residen¢e.
The sex of the respondents also shows a distortion flora the known distribution in the inner city.
Table A6.3 summarizes both distributions.
Table A6.3. D~stribution
Sex

Population

Sample

{%1

[%1
Man
Female

67.4
32.6

52.8
47.2

This is expected because the issue is identified as a technical matter more aligned with male
interest. Where there is a choice it is probable that the male completes the questionnaire. Again the
interview period increases the chance that males are at home. Although distortions are considerable
neither age nor sex appeared to be an important variable in relation to attitudes towards EVs and
car limiting measures for the inner city. The prediction of the behaviour intention to purchase an
electric or hybrid car was not better with the addition of both variables in the regression equation.
There is, of course, a positive relationship between the variable income (older people tend to have
higher incomes) and the variable purchase price of the current ear (il newly bought): more
expensive cars are bought by people with higher incomes. These obvious relationships are reported
here because they demonstrate internal validation of tbc questionnaire: without these relationships
doubt may arise that the questionnaire actually measures what was intended.
The referendum on car limiting measures for the Amsterdam inner city was front page news in all
the major newspapers and received broad media attention during the launching of the questionnaire. This publicity may have incrêased the rate of response. The media was closely followed during
the period of the fieldwork. Humerous articles about the referendum appeared but none addressed
the political problem. Neither was there any association with transport altematives such as EVs,
CHG vehicles or with developing the public transport system. Three local radio interviews on the
topic of a limited access of the inner city highlighted the opinions and position of the Amsterdam
Chamber of Commerce and of entrepreneurs in the inner city. The third interview was with out
research group but the electric vehicle did not play an important role, except in the concluding
remarks of the interviewer who indieated that ele¢tricity needed for EVs would be generated by the
coal-fired plant located in the heart of Amsterdam, suggesting that there would be little benefit if
any for the environment. The alternative of uslng nuclear electricity related the EV with nuclear
energy, which bas a very controversial image in the Netherlands. In the questionnaire no
relationship can be found with the information released by radio or local and national newspapers,
although about 35% of the respondents sometimes gave detailed remarks in the questionnaire on
the topics discussed in the media.

124

It is concluded that the questionnake gives a valid and reliable measurement of the acceptance of
EVs. Generalization of the sample values over the total population of the Amsterdam inner district
is allowed.
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APPENDIX 7: The Princals analysis
princals is an acronym for ’Principal Component Analysis based on Alternating Leest Squares’. This
teehnique will be explained here briefly. In a situation with many questions on the same subject it
is desirable to be able to detect any structure in the data ’at a glance’. A quick interpretation is very
diflícult when you have, for instance, 10 distributions of answers on 10 different questions. From
a methodological point of view it means that a data reduction method is needed which gives a
representation of the data without violating the contents of the original data. The representation
given by Princals consists of graphic solutions which allow a quick ~nterpretation of the data
structure and the toost important relations between the data,
Before going into detail, some remarks on the measurement level of questions in a written
questionnaire are useful. A question concerning the colour of an object (’What is the colour of this
object?’) bas another measurement level than a question conceming opinions on electric vehicles
(’EVs are an environmentally sound alternative to ICEVs’). The first example has a nominal
measurement level, the second an ord~lal. Other levels are the interval level (for instance the
temperature scale) and the ratio level which applies to many measurements in physics (for instance
measurements oí: distance and time).
In out research data are basically on an ordlnal leveh the scale used involves the answers ’agree’,
’tend to agree’, ’neither agree nor disagree’, ’tend to disagree’ and ’disagree’. Sementic analysis bas
shown that almost everybody places these answers in the same order. Moreover, the ’distances’
between the five answers are perceived to be equal (this is a necessary condition foran interval
scale: the distances between adjoining points have to be equal). For this reason attention is given
to the lay-out of the answers in the questionnaire. Nevertheless, the conservative assumption is
mede that the data in out research have an ordinal level.

When using the Princals method, the user determines the initial number of dimensions (also called
’principal components’) tobe discerned in the data. Graphical and statistical ineens indieate
whether this number makes sense. Since data reduction is the objective, an optimal solution (’fit’)
is aimed for with a minimal number of principal components. These principal components are
weighted sums of the original variables (i.e. the questions), handled in such a way that the squared
correlations between the originel variables and the principal components are maximal. This sum
ol: squared correlatlons wlth the first principal component is called the ’first eigenvalue’ o1: the data.
In this way each principal component has its own eigenvalue. The higher the eigenvalue, the more
variance in the data is explained by the principal component concemed. So the eigenvalues are a
measure for the quality of the solution.
Princals uses an iterative procedure to compute the solution. This can be graphically explained as
follows. The original data are replaced bya similar set of data in whlch the order of the answers is
lefì unchanged. Within this ~estriction, the points which represent all the answers can be rearranged
to make a new figure. This rearrangement is determined by a mathematical ’loss function’. The
principle behind this loss function is that respondents which are similar (which means that they give
almost the same answers) are depicted close to another, while respondents which give different
answers end up in different parts of the figure. In this way inconsistent ’answer patterns’ can be
detected easily because they appear in the periphery ol~ the figure.
Since the space which is spanned by the principal components forms the basis ot~ the princalssolution, it is possible to represent variables (i.e. the questions) as well as the respondents in the
same figure. The distance between two points can be interpreted as a measure of similarity of the
two points.
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The variab|es (questions), which are represented as vectors, have three informative properties:
The length of the vectors is proportional to the relative importance of each variable. The longest
vector indicates the toost important question in the solution.
2. De direction of the vector ¢orresponds to the answer given to the particular question. If the
respondents give an affirming answer on one question and a negative answer to another, the
corresponding vectors in the Princals-solution point in opposing directions. 1t: there is much
coherence between the answers on two questions, the angle between the corresponding vectors
¯ ~ill be small. Vectors that coincide measure the same aspect of the issue.
3. The third property concerns the angles the vector makes with the ¢oordinate axes, which
represent the principal components. The projectiona of the vector on each of the axes
corresponds to the component loadings of the variable. If the absolute value of the projection
on the X-axis is larger than the absolute value of the projection on the Y-axis, the corresponding
variable contributes more to the first principal component, which is represented by the X-axis.
A small angle with the X-axis implies a large contribution to the eigenvalue of the principal
component represented by the X-axis.
The Princals-solution preferably leads to clear concentrations of points in the figure, to very high
elgenvalues for some of the principal components, and to extreme component loadings for the
variables. If this is the case, interpretation is relatively simple, lnterpretation of the figure is a difficult
affair, which bas to complete, during and after the mathematical operations, the analysis. A sound
interpretation is achieved by careful examination of the questions and by, at a higher level of
abstraction, for a common element in the questions which are close to each other in the figure.
Sometimes this leads to unsatisfactory results, which is a good reason to re-examine the results ánd
the questions. Often the Princals-solution indicates the route for t:urther analysis.
This is Princals in its most elementary forto. Much is left untreated, such as three- and higher
dimensional $olutions, stability of the solutions, the loss function which can be defined in many
ways, the problem ot: missing significance tests, etc. b]evertheless, the Princals technique is a
powerful instrument enabling a quick and thorough analysis of large and complex datasets as well
as data-reduction and -description. For applications as in this research, the method is quite well
suited. For a more detailed treatment of these methods, see the manuals and theoretical information
by Gifi [79,80].
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APPENDIX 8: Details of the penetration algorithm
1. Point of departure for the algofithm are the number of cars per category and per distance class,
as found in chapter 5 for the years 1990, 2000 and 2010.
2. The number of cars per category and per distance class for each year between 1985 and 2015
are determined by inter- and extrapolation. It is assumed that these numbers are the numbers
of cars on 31 december of the year concemed.
3. For each year (1995 to 2015) the number of new car sales is determined. It is assumed that
each ICEV has a lifetime of 10 years. The number of new car sales in a certain year equals the
total number of vehic[es on 31 december of the year concerned m~nus the total number of
vehicles on 31 december of the year before, plus the number of new car sales 10 years before.
In other words, new car sales are the sum ot: replacement and expansion. The number ot: new
car sales in the years 1986-1995 was estimBted in the foi|owing way: the (assumed constant)
growth rate in new car sales and the number of car sales in 1986 were chosen in such a way
that there is no discontinuity between the new car sales in 1995 and the new car sales in 1996.
4. New car sales in a certain year are assigned to the different categories and distance classes
according to the distribution of the total car fleet over these categories and distances, as found
under point 2 above.
5. F’or each year, the number of new car sales which could be electric is determined on the basis
of the maximum attainable range of electric vehicles (see the beginning of section 5.5).
6. The penetration curve is applied to the numbers found under point 5. It is assumed that electric
vehicles also have a lifetime of 10 years. Assuming a longer lire for etectric vehicles would
make application of the penetration algorithm much more complicated. For reasons of
simplicity and clarity an equal lifetime of EV’s and ICEV’s is chosen.
7. The total number o[ electric vehicIes in a certain year is determined by summing up electric car
sales in the past ten years.
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APPENDIX 9: Emissions coefficients of electricity production
and of internal combustion vehicles
Efficiency

S02

NOx Du~

C02

CO

HC

0
30
10

0
40
40

0
1
1

0
95
11

0
2
2

o
2
2

0
0
0
0
26
0
24
0

45
55
45
55
17
230
42
1

0
0
0
0
0
0
3
0

56.1
56.1
56.1
56.1
175
56.1
90
56.1

2
10
25
50
3
15
75
0.2

2
3
15
30
1
7
10
0.2

0.0337

0.333

0.008

142.9

2.54

0.45

0.193
0.0669

0,506
0.404

0.012
0.01

235.3
241.8

3.81
3.21

0,79
0.61

0.271
0.22

5.612
1.517

0.342
0.036

736
935

2.12
11.83

0.57
2.31

0.067
0

6.413
1,5

0,392
0.033

745,8
640

2.42
11.8

1.59
1.5

Electric vehicles
(emissions fl.om electricity
production [ton/P Jij, for CO2 [kton/PJi])
Nuclear power
0.34
Coal gasification combined cycle 0.42
Coal gasification with COz removal 0.36
STAG
base load
0.52
peak load
0.46
Large scale ¢ogeneration
0.41
Small scale cogeneration
0.41
Blast furnace gas
0.38
Gas turbine
0.35
0.21
Waste incineration
Fuel cell
0.52
lnternal combustion engined vehicles
(emissions [gr/km])
Passenger car, gasoline
Van
LPG
gasoline
Truck
diesel
gasoline
Bus
diese[
natural gas
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APPENDIX 10: Average emissions in gr/km for EV’s and
ICEV’s~ per vehicle type

Electric-BG
Electric-VAR
Gasoline

SO~

NO,

Dun

CO~

CO

HC

0.015
0.033
0.034

0.09
0.10
0.33

0.002
0.002
0.008

100
168
143

0.043
0.044
2.540

0.014
0.014
0.450

0.025
0.056
0.067
0.193

0.15
0.17
0.40
0.51

0.003
0.003
0.010
0.012

168
284
242
235

0.073
0.074
3.210
3.810

0.023
0.024
0.610
0.790

0.13
0.29
0.22
0.27

0.77
0.86
1.52
5.61

0.013
0.016
0.036
0.342

877
1,475
935
736

0.38
0.38
11.80
2.12

0.12
0.13
2.31
0.57

0.13
0.29
0.067
0.0

0.77
0.86
6.41
1.5

0.013
0.016
0.392
0.033

877
1,475
746
640

0.38
0.38
2.42
11.80

0.12
0.13
1.60
1.50

Van

Electric-BG
Electric-VAR
Gasoline
LPG
Truck
Electric~BG
Electric-VAR
Gasoline
Diesel
F-lectric-BG
Electric-VAR
Diesel
Natural gas
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