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Abstract 

This paper assesses the impacts of a CO2-differentiated tax policy designed to 
influence car purchasing trends towards lower CO2 emitting vehicles in the 
Netherlands.  Since 2009, gasoline and diesel cars up to 110 and 95 gram CO2 per 
km are exempted from the vehicle registration tax (VRT). In addition, in 2010 a first 
step was implemented to change the VRT into a CO2-differentiated tax. This paper 
provides an ex-post analysis of the first years of the tax change, tracking the change 
in purchasing trends arising from the measure related to CO2-emissions, engine 
power, car weight, car size and segment and fuel type, and government revenues. 
The analysis shows that Dutch consumers are responsive to price incentives for low 
carbon cars.  
 

 

1. Introduction 

Carbon dioxide (CO2) emissions from passenger car fuel consumption comprise the 
majority of greenhouse gas (GHG) emissions from transport. For example, in the 
Netherlands 50% of transport’s GHG emissions is from passenger car use (PBL, 
2011). Most countries and supra-national bodies like the EU want to reduce GHG 
emissions, not only for environmental reasons, but also for of reasons of securing the 
energy supply and concerns about increasing energy prices. In the recent EU White 
Paper on transport (EC, 2011a) one of the key goals is to abandon conventionally 
fuelled cars in cities by 2050. Many authors intensely debate over whether fuel 
economy standards and CO2 standards are the more efficient policy instrument to 
raise fuel economy and reduce CO2 emissions of cars as opposed to taxation (Parry, 
2007; Clerides & Zachariadis, 2008).  
 
The European directive 2009/443 (EC, 2009) sets emission performance standards 
for new passenger cars as part of the Community’s integrated approach to reduce 
CO2 emissions from light-duty vehicles. The integrated approach does not only 
comprise emissions regulation through CO2 standards for each car manufacturer, but 



also envisages demand-side measures such as fiscal incentives to promote the 
purchase of fuel-efficient cars. In 2005, the European Commission presented a 
proposal for a Directive that would require Member States to restructure and partially 
harmonize their passenger car taxation systems (EC, 2005). Although this proposal 
has never been adopted, in the meantime more than half of Member States have 
amended their car taxation schemes to promote the purchase of fuel-efficient cars 
(EC, 2010). Vehicle taxes used to be primarily based on pre-tax car prices, vehicle 
weight or engine size, whereas nowadays the vehicle registration tax (VRT), the 
annual motor tax (AMT) and the company car tax (CCT) are largely CO2-
differentiated.  
 
CO2-differentiated vehicle taxes directly influence the type of vehicle purchased and 
consequently indirectly influence the CO2 emissions from cars. Ryan et al. (2009) 
analysed the impact of National fiscal measures on new passenger car sales and 
CO2 emissions intensity in 15 Member States from 1995-2004. However, during this 
time frame voluntary technological improvements by car manufacturers and tax 
reforms in Member States were very limited resulting in a limited impact on CO2-
emission. Other authors show the impact of fiscal incentives to promote the adoption 
of specific fuel-efficient cars such as hybrid vehicles (Chandra et al., 2010; Gallagher 
& Muehlegger, 2011; De Haan et al., 2007; Mabit & Fosgerau, 2011).  
 
Ó Gallachóir et al. (2009) and Rogan et al. (2011) show that CO2-differentiated tax 
reforms in Ireland in 2008 had a large impact on new vehicle sales and average CO2 
emissions. The share of lower emitting cars in Ireland (i.e. <155 g/km comprising 
label bands A–C) increased from 44% to 78%, the share of diesel cars in new sales 
doubled from 28% to 56%, and the trends for individual fuels show a change towards 
smaller cars. Since diesel cars have on average a larger engine size than gasoline 
cars, the strong shift towards diesel-fuelled cars negated the trends in petrol and 
diesel cars towards smaller cars, thus resulting in an overall trend towards larger 
engine sizes. As a result of the changes in purchasing trends in Ireland, the weighted 
average CO2-emissions fell from 161 gCO2/km in the first half of 2008 (before the tax 
change) to 146 gCO2/km in the first year after the tax change.  
 
 
Like in Ireland also the Netherlands introduced several vehicle tax reforms since 
2006. Registration taxes are gradually being transformed to become fully based on 
CO2-emissions by 2013. This paper analyses ex post the impact of the first steps of 
the transition towards CO2-differentiated car taxes in the Netherlands. Designing an 
effective and efficient CO2-differentiated vehicle tax system requires a good 
understanding of various relationships and interactions such as consumer 
preferences with respect to different car attributes, car prices, technological 
improvements by car manufacturers, macro-economic factors, oil and fuel prices, and 
many more. This paper aims to add to this understanding. The analysis is based on 
observed trends in car registration data from 2005 to 2010. Furthermore, important 



requirements and considerations are explored and discussed in order to keep CO2-
differentiated car taxes fit-for-purpose up to 2015.   
 
 
2. Policy background  
Since 2006, the Netherlands has witnessed a wide introduction of various incentives 
to promote the purchase of highly fuel-efficient cars and discourage the purchase of 
less fuel-efficient cars. These policy instruments, such as fuel-efficiency label-based 
fees and rebates, gas-guzzler-like fees, CO2-based tax exemptions, and company 
car tax rebates, have become very complex over the years. The frequency of 
amendments to the schemes, the different vehicle-environmental attributes, e.g. car 
weight, fuel type or CO2-emissions, that were targeted, and finally the interaction and 
net effects of these schemes all contributed to the complexity of the system. Since 
2009, tax reforms are being implemented to simplify the schemes and to become 
entirely based on CO2-emissions.  
 
In this paper we specifically focus on the impact of the two most comprehensive tax 
changes, being an exemption for VRT1 and AMT2 for cars up to a limit value for CO2-
emissions, and the transition of VRT to become fully based on CO2-emissions 
instead of the pre-tax retail price of a car. The limit values for the VRT and AMT 
exemptions are 110 grams CO2 per kilometre for gasoline cars and 95 grams CO2 
per kilometre for diesel cars. These CO2-emissions values are based on the NEDC 
standardised test-cycle used for car type approval in Europe. The VRT exemption 
was introduced in 2009. The AMT exemption was gradually introduced starting with a 
50% exemption in 2008 to 75% in 2009 and 100% in 2010. The VRT used to be 
based on a fixed percentage, being 45.2%, of the pre-tax retail price of a car. In 2010 
a first step was introduced in the transition towards CO2-differentiated VRT. The fixed 
percentage of the pre-tax retail price of a car was decreased to 27.4% in 2010 and 
will be annually decreased to arrive at 0% in 2013. As shown in Table 1, the new 
CO2-differentiated VRT is based on four emissions bands and increasing tax rates 
per gram CO2 in each emission band.  
 
Table 1: New VRT emission bands and band size. 

Emission band 
Band size (gram 

CO2 per km): 
gasoline 

Band size (gram 
CO2 per km): 

diesel 

Tax rate (€ per 
gram CO2) in 

2010 

VRT-free < 111 < 96 0

Band 1  111 – 180 96 – 155 34

Band 2  181 – 270 156 – 232 126

Band  3 > 270 > 232 288

 
                                                            
1   In Dutch: BPM 
2   In Dutch: MRB 



The following example of a diesel car with an emission value of 160 g CO2/km and 
€20,000 pre-tax price shows how the VRT is calculated before and after the tax 
change. Before the tax change the VRT would be 45.2% of €20,000 which is equal to 
€9,040. After the tax change the VRT is based on 27.4% of €20,000 which is equal to 
€5,480 plus a CO2-based component of the VRT, being (155-95)*€34 + (160-
155)*€126 = 60*€34 + 5*€126 = €2,670 CO2-based VRT. The new VRT is in total 
€5,480 + €2,670 = €8,150.  
 
The focus of this paper is primarily on VRT since it makes up a relatively high share 
of the final retail price of a car in the Netherlands (on average about €5,000 to €7,000 
per car, see section 4) compared to other countries. In addition, consumers are 
generally more responsive to price changes when purchasing a car as compared to 
the annually recurring car taxes (Geilenkirchen et al., 2009).        
 
 
3. Changes in purchasing trends 
This section shows a selection of purchasing trends from 2005 to 2010. The analysis 
is based on detailed data on new car sales by the Dutch Vehicle Registration 
Agency3, which has been made available by the Dutch Ministry of Finance allowing 
the authors to assess car purchasing trends before and during the implementation of 
vehicle tax changes. Table 2 shows the evolution of the total new car sales volume. 
Annual car sales are historically between 450 and 550 thousand cars in the 
Netherlands. The drop in total car sales in 2009 is largely a result of the economic 
recession in that year. Sales recovered in 2010. The share of new diesel-versus-
gasoline cars has also changed. The share of new diesel cars has dropped from 
almost 30% in 2007 to 20% in 2010. This is partly because hybrid gasoline vehicles 
became an attractive substitute for diesel cars as a company car. The share of diesel 
cars stabilised in 2010, because new models became available below the VRT-free 
limit value of 95 g CO2 per km and captured a large market share, see also figure 7.  
 
Table 2: New vehicle sales by fuel type, 2005-2010. 

Annual new car sales 2005 2006 2007 2008 2009 2010

Gasoline (x1,000) 333 351 359 370 308 381

Diesel (x1,000)  122 129 143 123 77 96

Total (x1,000) 455 480 502 493 385 477

Gasoline share  73% 73% 72% 75% 80% 80%

Diesel share 27% 27% 28% 25% 20% 20%

 

                                                            
3 Dienst Wegverkeer, RDW. 



Figure 
segme
year 20
each in
5%. Th
 

Fig.1: En

 
Figure 
from 20
indicate
 

Fig.2: Ve

 
The an
segme
substan

               
4 The clas
a correct

1 shows th
nt4. The en
005. While 
ndividual se
his trend in

ngine power 

2 shows th
005, while 
es a shift in

ehicle weight

alysis of n
nts have d
ntially, see

                      
ssification of s
ion was made

he evolutio
ngine powe
the engine

egment, th
dicates tha

of new car s

hat the ave
the total w
n size clas

t of new car 

ew car sal
decreased,
e figure 3. D

                       
size/market se
e based on en

on of the en
er is norma
e power re

he total wei
at purchase

sales by mark

erage vehic
weighted av

ses toward

sales by mar

es by size 
while the 

During the 

egments is ba
gine power to

ngine powe
alised with
emained eq
ighted ave
es have sh

rket segment

cle weight 
verage veh
ds smaller 

rket segmen

 class con
share of A
period tha

sed on the pr
o move small 

er of new c
 an index v
qual to, or 
erage engin
hifted betw

t, 2005-2010

in each se
hicle weigh
cars. 

nt, 2005-2010

firms that t
A and B seg
at VRT exe

roduct of vehi
but expensive

car sales b
value equa
increased 

ne power d
ween the ca

 
. 

egment rem
ht decrease

 
0. 

the share o
gments ha
emptions w

cles’ Length a
e sports cars f

by size/ma
al to 100 in
from 2005

decreased 
ar size clas

mained con
ed. This ag

of the C an
ave grown 
were introd

and Width. In 
from segment

rket 
n base 
5 in 
about 

sses. 

nstant 
gain 

nd D 

uced, 

addition, 
t A to D+. 



the sha
This gr
betwee
 

Fig.3: Ma

 
As show
The lar
classes
car sale
 

Fig.4: CO

 
Althoug
within t
One of 
bands a
emissio
smaller
contrib

are of A an
rowth of 10
en 2005 an

arket share o

wn in figur
rgest decre
s towards s
es have de

O2-emissions

gh VRT ex
the VRT-fre
the main r

are kept co
ons perform
r cars with 
uted to this

nd B segme
0% share in
nd 2008.  

of new car sa

re 4, the av
ease is obs
smaller car
ecreased e

s of new car 

xemptions w
ee band ha
reasons fo
onstant wh
mance of t
lower emi

s trend suc

ent cars ha
n two years

ales by mark

verage CO
served in th
rs, the tota
even more 

sales by ma

were not in
ave gradua
r this rapid

hile on the 
heir cars a
ssions. In 
ch as incre

as increase
s is larger 

ket segment,

O2-emission
he A and B
al weighted

than obse

arket segmen

ntroduced 
ally grown 
d growth is
other hand

and consum
addition, a

easing fuel 

ed from 40
than the g

 2005-2010.

ns have de
B segment
d average C
erved in the

nt, 2005-201

until 2009,
to 23% of 

s that on th
d manufac
mers have 
also other f

prices in t

0% in 2008
rowth of 7%

 

ecreased in
s. Due to t
CO2-emiss
e individua

 
0. 

 figure 5 s
the total s
e one hand
turers have
on averag

factors may
he Netherl

8 to 50% in
% in three

n each size
the shift in 
sions of all 
al size class

shows that 
sales in 201
d the emis
e improved

ge chosen 
y have 
lands. 

 2010. 
years 

e class. 
size 
new 

ses.  

cars 
10. 
ssion 
d the 
for 



 

Fig.5: Ne

 
The tot
these c
compris
by hybr
 
As show
correla
bands. 
reduce
vertical
being 2
 

Fig.6: Di

 

ew car sales

tal number
cars were A
sed only d
rid gasolin

wn in figur
ted. The s
The most 
d company
l line repre
20% instea

istribution of 

s by VRT emi

r of cars in 
A-segment
iesel cars,
e cars. The

res 6 and 7
olid vertica
left limit va

y car tax, b
esents anot
ad of 25%. 

new gasolin

issions band

the VRT-f
t gasoline c
 whereas t
ere were n

7, fiscal inc
al lines rep
alue also c
being 14%
ther limit v
   

e cars by CO

d, 2005-2010

free band w
cars. The V
the cars in
no VRT exe

centives an
present the
correspond
 of the car

value for a 

O2-emissions

0. 

was 115,00
VRT exem
 the C seg
empted ca

nd car purc
 limit value

ds to a limit
r price inste
moderately

s (gram CO2/

 

00 in 2010
mpted cars 
gment were
rs in the D

chasing tre
es for the V
t value for 
ead of 25%
y reduced 

/km), 2009-2

. The majo
in the B se

e only mad
D+ segmen

ends are st
VRT emiss
a strongly

%. The das
company 

2010. 

ority of 
egment 
de up 
nt.  

trongly 
sion 
 

shed 
car tax, 

 



There a
hand p
substan
hand ca
market 
in figure
per km
market 
 

Fig.7: Di
 

 
4. Imp
The qu
techno
involve
counte
car sale
change
within e
techno
constru
counte
chosen
years, 
differen
base ye
fuel typ
 

are two im
eople are 
ntial tax re
ar manufa
t which are
e 7 that in 
. Once the

t share as t

istribution of 

pact on CO
antification
logical imp

ed compari
rfactual ba
es over the
es in consu
each size c
logical imp
ucted by ta
rfactual for

n because 
it avoids d
ntiated tax 
ear 2007 w
pe in 2010 

portant me
encourage
liefs when 
cturers ma

e just below
2009 there

ese becam
they were 

new diesel c

O2-emissio
n of the iso
provements
ng what ha

aseline sce
e size segm
umer choic
class and f
provements
aking the d
r years in w
the compo
istortions f
reforms w

was then lin
to create t

echanisms 
ed to choos

purchasin
ay purpose
w certain C
e were sim
e available
free of the

cars by CO2-

ons and ta
olated impa
s on car pu
appened in

enario. It wa
ments and 
ces. The im
fuel type w
s by car m
istribution 
which the n
osition of th
from the ec

were not ye
nked to the
the baselin

 behind the
se for more

ng a car be
efully introd
CO2 thresho
mply no die
e in 2010, t
e VRT and 

-emissions (g

ax revenu
act of eithe
urchasing, 
n the years
as assume
 fuel types

mprovemen
were consid

anufacture
of cars sol
new fiscal 
he car sale
conomic re
t introduce
e actual CO
ne counterf

ese purcha
e fuel effic

elow certain
duce certai
olds. For d
sel cars av
they imme
AMT.   

gram CO2/km

es 
er the tax r
CO2-emis

s after the t
ed that cha
s resulted f
nts of CO2-
dered to re
ers. The ba
ld in 2007 
polices we

es was rep
ecession, a
ed nor anno
O2 emissio
factual.  

asing trend
ient cars a
n CO2 valu
n makes a
iesel cars 
vailable be
diately cap

m), 2009-201

eforms or a
sions and 
tax change

anges in th
from tax po
-emissions
sult from a

aseline sce
as a basel

ere introduc
resentative

and becaus
ounced. Th

ons by size

ds. On the 
and benefit
ues. On the
and models
it is clearly

elow 96 gra
ptured a hu

10. 

autonomo
tax revenu

e with a 
he compos
olicy-induc
s performa
autonomou
enario was
line 
ced. 2007 
e for pre-2
se the CO2

he distribu
e segment 

one 
 from 
e other 
s on the 
y visible 
am CO2 
uge 

 

us 
ues, 

ition of 
ed 
nce 
us 
s 

was 
007 

2-
tion of 
and 



The res
car sale
2010, t
would n
that the
reductio
by man
droppe
droppe
 
This an
fuel eff
fuel pric
improve
conserv
and aro
€1.36 a
2010 (E
Nether
toward 
improve
in 2010
in fact b
be subt
analysi
 

Fig.8: Im

 
The an
Howev

sults of this
es over the
the annual 
not have b
e impact of
on of CO2-
nufacturers
ed from 164
ed only to 1

nalysis doe
iciency of c
ces and th
ements to 
ving drivin
ound 0.4 in
and €1.02 
EC, 2011b
lands com
more fuel-

ement and
0. The befo
be overest
tracted fro
s of the eff

mpact of CO2

nual VRT 
er, since th

s analysis,
e size segm
reduction 
een the ob
f the CO2-d
-emissions
s. Without t
4 g/km in 2
142 g/km in

es not take
cars. Good

he efficienc
vehicles re
g styles an
n the longe
per litre in 
). Taking t
bined with
-efficient c
d thus 1.1%
ore mentio
timated wh
m these. T

ffects for a 

-differentiate

governme
he tax cha

 as shown
ments and 
of the tota

bserved 6.
differentiat
s over the a
the tax cha
2007 to 136
n 2010. 

 into accou
dwin et al. 
cy of the us
esulting fro
nd driving i
er run. Gas

January 2
he average
 an elastic
ars results

% lower we
ned effects

hen conside
The authors
journal pa

ed taxes on a

nt revenue
nges, as s

n in figure 8
 fuel types

al weighted
1% but 4.8
ted taxes h
autonomou
ange, CO2

6 g/km in 2

unt the effe
(2003) fou

se of fuel (
om change
in easier tr
soline and 
2007 to €1.
e fuel price

city of 0.15 
s in an effe
eighted ave
s from tech
ering the f
s are curre

aper.  

average CO2

es used to 
shown in fig

8, indicate 
s not chang
d average C
8% instead
have result
us technolo
-emissions
2010, but i

ect of incre
und an elas
by a comb

es in car ch
raffic condi
diesel reta
44 and €1
e increase 
for change

ect of 0.15*
erage CO2

hnology (4
uel price e
ently prepa

2-emissions, 

be around
gure 9, the

that had th
ged betwee
CO2-emiss
d. Therefore
ed in 1.3%
ogical impr
s per km w
nstead the

easing fuel 
sticity betw
ination of t

hoices, and
tions) of 0

ail prices in
.10 per litre
of about 7

es in purch
7% = 1.1%
-emissions
,8%) and p
ffect of 1.1

aring a mor

 
2007-2010. 

d € 3.0 to 3
ese revenu

he compos
en 2007 an
sions of ca
re we conc

% additiona
rovement o

would not h
ey would ha

 prices on 
ween transp
technical 
d more fue
.15 within 

ncreased fr
re in Janua
7% in the 
hasing tren
% fuel-effic
s from new
policy (1.3%
1% which s
re in-depth

3.5 billion. 
es have 

sition of 
nd 
rs 

clude 
al 
of 4.8% 
ave 
ave 

the 
port 

el-
a year, 

rom 
ary 

nds 
ciency 
w cars 
%) may 
should 
h 



decrea
is beca
Neverth
revenu
averag
2010. T
23% in 
 

Fig.9: VR

 
Withou
but the 
(2011) 
€ 0.5 b
 
 
5. Con
The ex
in 2009
low car
witness
Withou
fallen to
differen
VRT pe
 
The Du
implem
specific
cars wi
incentiv
that ind
sales w

sed rapidly
ause the to
heless, in 2
es remaine
e VRT per
The lower V
 2010, that

RT revenues

t the tax ch
 total sales
has estima
illion in 20

nclusions 
-post analy

9 and 2010
rbon cars. 
sed an exp
t the tax ch
o 142 g CO
ntiated car 
er car and 

utch Minist
mented betw
cation of th
ll likely fall
ve to purch
deed accor
will be VRT

y in 2009 a
tal numbe
2010 when
ed at a mu
r car has d
VRT reven
t pay no V

s per car and

hanges the
s in 2010 w
ated that th
10.     

and discu
ysis of the 
0 shows tha
VRT-free c

plosive gro
hanges, w
O2/km in 20
taxes. The
conseque

ry of Finan
ween 2012
he emissio
l into the V
hase the m
rding to the

T free by 20

and 2010. O
r of new ca
n car sales
uch lower le
ropped fro

nue per car
RT at all. 

d total, 2006-

e revenue 
would prob
he tax cha

ussion 
impact of 
at Dutch co
cars in the 
wth reachi
eighted av
010 instea
e tax chang
ntly lower V

nce is curre
2 and 2015
n bands is

VRT-free ba
most fuel-ef
e baseline 
015 resulti

One of the
ar sales wa
s recovered
evel. As sh

om almost €
r is a resul

-2010. 

per car wo
bably be low
nges have

the introdu
onsumers 
 small and
ing 50% m
verage CO
ad of the ob
ges have l
VRT reven

ently consi
5. One of th
 kept cons
and. This w
fficient car
scenario t
ng in a dra

e reasons f
as much lo
d from the 
hown by th
€ 7,000 in 
t of the lar

ould have r
wer than o
e reduced t

uction of C
are respon

d compact s
market shar

2-emission
bserved 13
ed to a sig

nues for the

dering new
he main co

stant to 201
way there w
. Analysis 
o 2015, ab

amatic gov

for lower re
ower, see t
economic 

he red line 
2007 to ab
ge proport

 

remained a
bserved in
the VRT re

O2-differen
nsive to pr
segments 
re of new c
ns of new c
36 g CO2/k
gnificantly l
e governm

w tax chan
oncerns is 
15, the maj
will hardly 
by Kok et a

bout 62% o
ernment ta

evenues in
table 2. 
recession
in figure 9
bout € 5,00
tion of cars

around € 7
n 2010. Ko
evenues by

ntiated car
rice incenti
A and B h

car sales in
cars would 
km with the
lower aver

ment.  

ges to be 
that if the 

ajority of the
remain an
al. (2011) 
of all new c
ax revenue

n 2009 

, 
, the 
00 in 
s, being 

7,000, 
k et al. 
y about 

r taxes 
ves for 
ave 

n 2010. 
have 

e CO2-
rage 

e new 
 
shows 
car 
e 



shortfall. Based on a proposal by Kok et al., the Ministry has announced to gradually 
lower the CO2-emission bands in such a way that the limit value for VRT-free car will 
be 82 g CO2/km by 2015. Since by 2015 there will hardly be any environmental 
differences between gasoline and diesel cars due to Euro 6 standards, the existing 
difference in CO2 bands for gasoline and diesel cars will gradually be reduced to 
become equal in 2015. The new proposal estimates a share of VRT-free cars of 
about 12% by 2015 and stable government tax revenues. 
 
Whether or not the tax changes are justified from a cost-effectiveness perspective is 
not clear. The current analysis is based on test-values for CO2-emissions. A 
correction for real world or on-road CO2-emissions could radically change the cost-
effectiveness, especially since cars with lower test-value CO2-emissions have 
increasingly higher real world corrections for CO2-values. This implicates a 
decreasing marginal cost-effectiveness of fiscal incentives for fuel-efficient. We 
recommend doing more research into the cost-effectiveness of fiscal incentives 
taking into account real world CO2 correction factors.    
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