
Roadpricing for passenger cars
- Background and large - scale 
experiment

1

26. a ugus t Ot t o Anke r Nie lse n, 
Profe s sor, he a d  of t ra nsport  d ivis ion, DTU Ma na ge m e nt



Ba c kg round

2



3

Roa d p ric ing
Econom ics : Roa dpric ing is  t he  m os t  e ffic ient  wa y t o  t a x ca r 
d riving  
• Vickry, 1955 build ing  on ide a s  of Pigou, 1958  proposa l on 

e le c t ronic  m e a ns )

Ha s  t urne d  out  t o  be  d iffic ult  t o  im plem ent
• Polit ic a lly
• La rge  sys t em  cos t s  (t e chnica l, IT, a dm in, le ga l)

Pra c t ic a l is s ue s  a nd  worrie s  re ga rd ing :
• Te chnology
• Surve illa nce
• Cos t s
• Dis t ribut iona l e ffec t s

Fa s t  deve lopm ent  t he  re cent  ye a rs  – som e  (pa rt ia l) 
expe rience s  wit h roa d  pric ings



De nm a rk , 
Inve s t ig a t ions
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AKTA- expe rim e nt  20 0 0 - 20 0 4  (Alt e rna t ive  Kørse ls  
og  Træ ngse lsa fg ift e r)

Conge s t ion com m iss ion

Eldrup  com m iss ion

Ore go la rge - sca le  t e s t  a nd  im ple m e nta t ion in Ore gon

EETS- d ire c t ive  s upport  a  m a rke d  wit h va rious  t e chnica l 
solut ions  (GPS- boxe s , ”bizze r”, num be r p la t e  re g is t ra t ion, OBU 
ca r na viga t ion sys t e m s , sm a rt phone - ba se d  sys t e m s

IMV a na lys is

DØRS1

DØRS2

Toll- rings  (Stockholm , Os lo, Be rge n, Trondhe im , London, 
Singa pore , Mila n…)

Toll m otorwa ys  a nd  la ne s , USA

Mult i- t oll rings  (Singa pore , Os lo)

S&B t e s t  of GPS pre c is ion

Minis t ry of t ra nsport  expe rt  g roup  on fut ure  t ra nsport

Tornings toll ring
MAUT for t rucks , Ge rm a ny, la t e r in m a ny count rie s

In t e rna t iona lly, 
Re a l sys t e m s

20 0 0

20 22 La rge sca le  expe rim e nt  de c ide d

MOBIS expe rim e nt  Swit ze rla nd , 20 19- 20 21

GPS- ba se d  sys t e m  wa s  de c ide d  a nd  la t e r ca nce lle d  in 
Ne t he rla nds

Singa pore  Are a  lice ns ing  Sche m e, 1976



De nm a rk , 
Inve s t ig a t ions
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AKTA- expe rim e nt  20 0 0 - 20 0 4  (Alt e rna t ive  Kørse ls  
og  Træ ngse lsa fg ift e r)

Conge s t ion com m iss ion

Eldrup  com m iss ion

Re com m e nda t ion, pos it ive  C BA, de a lt  wit h rura l/ urba n 
d is t ribut iona l e ffe c t , s upport  by Minis t e r (Ole  Birk Ole se n)

Pos it ive  C BA, propose  la rge  t a x re form  of ca r t a xa t ion 

IMV a na lys is

DØRS1

DØRS2

Re com m e nda t ion, but  ide a l sys t e m  not  pra c t ica lly 
im ple m e nta ble

Pos it ive  C BA, propose  la rge  s ca le  expe rim e nt

S&B t e s t  of GPS pre c is ion

Minis t ry of t ra nsport  expe rt  g roup  on fut ure  t ra nsport

Tornings toll ring Ve ry ne ga t ive  C BA, la rge  re g iona l d is t ribut iona l e ffe c t s , la rge  
re s is t a nce  from  s uburba n m unic ipa lit ie s

Le s s ons  le a rne d  /
Re c om m e nd a t ions

20 0 0

20 22 La rge sca le  expe rim e nt  de c ide d

Propose  sys t e m  wit h s e lf re port ing , pos it ive  C BA for Cope nha ge n, 
propose  la rge - sca le  expe rim e nt

Te chnica l deve lopm e nt  ha s  m a de  GPS eve n m ore  a cc ura t e , sys t e m  
cos t s  che a pe r

La rge - sca le  expe rim e nt , t e chnica l fe a s ib le , ne ga t ive  C BA

Le ss  ne ga t ive  C BA whe n op t im izing  pric ing  leve ls



  

     
    

   

P r ior roa d  p ric ing  p rop os a ls  in  Cp h (1)
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 Toll-rings results in detour driving

 Charging very far from marginal costs

 Far to expensive for trips crossing the ring

 No charger for trips within the ring (who have the largest 
externalities)

 Detours lead to congestion outside the ring – even reduced 
mobility over the whole system

 Large cost for construction and operation



  

     
    

   P r ior roa d  p ric ing  p rop os a ls  in  Cp h (1)
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 Km-based systems with OBU (Onboard Units) 
have large costs

 Relative small improvements of mobility



  

     
    

   

Fu rt he r a t t e m p t s  t o op t im is e  c ha rg ing  leve ls  in  Cp h . (3)
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 Optimisation of a number of variants in space 
and time

 Km-system now gave a small societal surplus



The  Eld rup  Com m is s ion
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Working group on road pricing



Ca n t he re  b e  m ore  e ff ic ie nt  t e c hnolog ic a l s olu t ions ?
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• Com prom ise  be t we e n
• Cos t s  of e s t a b lis hing  a nd  ope ra t ing  t he  

sys t e m
• How c lose  it  is  poss ib le  t o  c ha rge  d riving  

re la t ive  t o  t he  ma rg ina l ext e rna lit ie s  of d riving



Miljøzone r.d k

12

Ban for trucks and vans 
without particle filters

Large fines
12,500 DKK for trucks and 
busses, 1,500 kr. for vans

Control by cameras and 
number plate recognition



Possible administrative model

• Road pricing for all trips in the environmental zone
• Self-declaration; The user declare his/her driving e.g. via 

an app or the systems home-page
• Control by camera technology – re-use of stationary and 

mobile cameras which are used in the existing 
environmental zone

• Data from cameras and payment details are compared 
after 48 hours, and fines/control fees are sent, where 
there miss payment

Præsentationsnoter
Præsentationsnoter
Opmærksomhedspunkter
Eucaris samarbejde understøttes gennem det nye EETS-direktiv
DMR webinterface skal forbedres for at differentiering ud fra CO2 kan automatiseres




Ve ry s m a ll c os t  f or 
e s t a b lis h ing  a nd  op e ra t ing  
t he  sys t e m  in  Cop e nha g e n
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0 .1%  of  De nm a rk 's  a re a , 
re la t ive  la rg e  s ha re  of  
c ong e s t ion  a nd  loc a l 
e nvironm e nt a l ext e rna lit ie s

Sm a ll c ont rol e ff ort

Leve l of  ne e d e d  c ont rol a nd  
he nc e  c os t  of  op e ra t ions  
d e p e nd  on  s ize  of  f ine s



Three principles for pricing

1. The entire day (possible with higher rush hour charge)
2. Per minute
3. Per kilometer



Extend of data and surveillance

• Principle 1 (The entire day)
• The need for documentation is minimal (number plate + date)

• Principle 2 (minute) 
• Moderate need documentation (number plate + date + time interval(s) in the zone) 

• Principle 3 (km) 
• Large need for data (number plate + date + time interval(s) + GPS-coordinates + potential need to 

map-match or filling gaps between GPS signal fall outs), complex control

Præsentationsnoter
Præsentationsnoter
Opmærksomhedspunkt
GDPR-problematik reduceres markant, når der er tale om et borgertilvalg
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Suggested charge levels

Day charge with rush hour
Car Truck

Air pollution and noise Day 10 40

Congestion Rush hours 20 80

[DKK/day]

Minute-charge Car Truck

Air pollution and noise Day 0,20 0,80
Congestion Rush hours 0,45 1,80

[DKK/min]

Day charge Car Truck
Air pollution and noise 10 40

[DKK/day]



  

     
    

   

CBA – ELDRUP COMMISSION
(rough calculation)
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 Surplus in the minute system (240 million 
DKK/year, 2025)

 160 million congestion

 10 million CO2, (40 with the climate council, 
20,000 less CO2, negative shadow price)

 590 million in tax revenue

 Distributional effects

 Car users pay

 Surroundings and the general society wins

 Business transport win, private transport loos 
(mostly)



W hy a re  t he  re s u lt s  s o p os it ive?
• A m inut e - ba sed  sys t em  t urne d  out  t o  be  a  

sm a rt  wa y t o  pric e  conge s t ions
• Tim e - use  re fle c t s  conge s t ions
• Tim e  ga ins  a re  expe rience  m os t  p la ce s

• De t our d riving  is  lim it e d , be ca use  it  s e ldom  
sa ve s  t im e
• Good for conge s t ions  a nd  C O2

• Pa ym ent  is  la rge r on loca l roa ds  a nd  sm a lle r on 
la rge  roa ds
• Gene ra lly good  for s a fe t y a nd  loca l 

em is s ions  t o  m ove  t ra ffic  from  sm a ll t o  b ig  
roa ds

• Ma y re quire  m ore  speed- cont rol 
enforcem ent  out s ide  rus h hours
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Polit ic a l d e c is ion  on  exp e rim e nt  
wit h  roa d  p ric ing  f or p a s s e ng e r 
c a rs
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• 20  Fe brua r 20 12

Re t ros pe c t ive : 
W e  m ight  de c ide  upon a  
good  s olut ion in 13 ye a rs

• Expe rim e nt  wit h roa d  pric ing  from  
20 22- 20 24  wit h fina l re port ing  20 25

And  we  m ight  ob t a in a  
good  s olut ion in 16  ye a rs



Ab out  t he  exp e rim e nt
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Purp os e  of  t he  exp e rim e nt

Polit ic a l a g re e m e nt  of  4 . de c e m be r 20 20  
wit h Ra d ika le Ve ns t re , SF a nd  Enhe ds lis t e n
a bout   ’Gre e n t ra ns it ion of roa d  
t ra nsport ’

Inc lude  la rge - sc a le  expe rim e nt  wit h 
roa dpric ing for pa sse nge r c a rs . Pa rt ie s  
a g re e d  t ha t  roa d  pric ing  will be  a  be t t e r 
t a xa t ion of conge s t ion a nd  da m a ge  –
a nd  he a lt h cos t s  re la t e d  wit h c a r d riving . 

DTU wa s  a wa rde d  t he  proje c t  t oge t he r 
wit h Sund & Bæ lt in Fe brua ry 20 22, g ra nt  
le t t e r in J uly

An overall eva lua t ion of t he  poss ib ilit ie s  
for roa dpric ing

Foc us  on; 
• Te c hnology
• Sys t e m  c os t s
• Pra c t ic a l im ple m e nt a bilit y
• How use rs  c a n unde rs t a nd  it
• Ha ndling  of priva cy (G DPR)
• Ec onom ic s  (C BA) a nd  d is t ribut iona l e ffe c t s

FROM THEORY TO PRACTICE

Political agreement Purpose



Te c hnolog y exis t  a nd  works  –
it  s hou ld  t he re f ore  not  (on ly ) b e  a  t e c hnolog y 
t e s t
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Diff e re nt  t y p e s  of  t e c hn ic a l s olu t ions
• Pa rking  a pps  a nd  ot he r a pps

• On- boa rd  Unit s  (OBU), e g . spe e d  cont rol a la rm  
devise s

• Ca rs  built  in na viga t ion e quipm e nt  or ot he r built  in 
t ra c ing
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Benefit with external provider model

• Secure competition on solutions and costs
• Countrywide (international) instead of local solutions
• Solutions for private and business
• Provider responsible for GDPR



Exa m p le  f rom  ORe GO
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As  re a lis t ic  a s  p os s ib le

2.50 0  PARTIC IPANTS – INVITED AND STRATIFIED

• 3 t e s t  pe riods  of 13 
we e ks : 1 c ont rol a nd  2 
wit h p ric ing

• Sm a lle r c ont rol 
be t we e n a nd  a ft e r

PERIODS GROUPS BUDGET FEEDBACK EQUIPMENT
• 4  groups  t o  c ount  for 

s e a s ona l va ria t ion
• Budge t  whe re  re duc e d  

driving  re s ult s  in re a l 
s urp lus

• Re a l m one y  s hould  
s e c ure  foc us  on 
fe e dba c k a nd  c ont rol

• Te s t  c ha rg ing  a pp

PARTICIPANT EXPERIENCE DATA ADMINISTRATION

C a n be  t ra ns fe rre d  t o  
full- s c a le  s ys t e m

EVALUATION
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Diff e re nt  c ha rg ing  p a ra d ig m s  in  d iff e re nt  va ria nt s

Km- based Time - based
Charging Pe r kilom e te r Pe r m inut e

Registration of trip Autom a t ic , m a nua lly or pos t-
re g is t ra t ion via  hom e pa ge

Autom a t ic , m a nua lly or pos t-
re g is t ra t ion via  hom e pa ge

Control Ca m e ra s  a nd  num be r p la t e
re cognit ion

Ca m e ra s  a nd  num be r p la t e
re cognit ion

Data need Exa c t  rout e  Are a s a nd  t im e - int e rva ls

GEOGRAFY CHARGING LEVELS START FEE

• C ope nha ge n, Aa rhus  
(e nvironm e nt a l zone , s uburbs )

• W hole  c ount ry  (only km -
ba s e d)

• Rus h hour, re s t  of da y
• Environm e nt a l zone s , 

s uburbs , re s t  of 
c ount ry

• Only for kilom e t e r- ba s e d  
a nd  for t he  whole  c ount ry

DIFFERENT VARIANTS
Diffe re nt  
sys t e ms  a nd  
va ria nt s  c la rify 
be nefit s  ve rs us  
com plexit y of 
t he  sys t e m
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… t e c hn ic a l a nd  op e ra t iona l p a rt  of  t he  exp e rim e nt

• Re us e  of e xis t ing  c a m e ra s
• Bot h s t a t iona ry a nd  floa t ing  c a rs  in 

t he  e nvironme nt a l zone s
• Pos s ib le  a  fe w m ore  c a rs

MODIFIED TECNICAL 
SOLLUTION

ORGANISATION

• Modifie d  App  
• C e nt ra l s ys t e m  for 

ha ndling  of us e rs , d riving  
da t a  a nd  c ont rol da t a

EXISTING 
TECHNOLOGY

• Hom e  pa ge
• C us t ome r s upport  
• Te c hnica l s urve illa nce
• C om m unica t ion wit h t e s t  us e rs
• Ma nua l p ic t ure  va lua t ion



Tim e  s c he d ule

31

2022 2023 2024 2025

Pha se s Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3
De s ign

Deve lopment

Te s t  & p ilot

Ana lys is

Expe rim e nt

Eva lua t ion



To c onc lud e ; why is  roa d  p ring b e t t e r now?
• C he a pe r t o  im ple me nt  a nd  ope ra t e

• More  t ra ffic  a nd  more  conge s t ions

• Poss ib le  t o  t a rge t  pric ing  more  e ffic ie nt  t o  ma rg ina l 
cos t s  (ext e rna lit ie s ) 
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Som e  re f le c t ions  a nd  key t a ke a wa ys
• The  t e chnology works , a nd  is  a n orde r of m a gnit ude  che a pe r t ha n a  few ye a rs  a go
• Roa d pric ing  ca n t a rge t  conge s t ion ve ry e ffic ie nt ly com pa re d  t o  ot he r t a xe s
• Also pot e nt ia lly m ore  e ffic ie nt  on ext e rna lit ie s  like  a cc ide nt s , noise , e m iss ions
• C leve r de s igne d  sche m e s  m a y re s ult  in pos it ive  C BA

• Condit iona l upon t ha t  t he  reve nue  is  use d  wise ly

BUT

• Le ss  c leve r de s igne d  sche m e s  m a y le a d  t o  loss
• Be nefit s  sm a lle r t ha n t he  cos t  of im ple m e nt ing  a nd  ope ra t ing  t he  sys t e m
• Toll- rings  le a d  t o  de t ours
• Na t iona l roa d  sys t e ms  le a ds  t o  m ore  t ra ffic  on loca l roa ds , m ore  a cc ide nt s , noise  a nd  

pa rt ic le  e m iss ions  in c it ie s
• Ze ro- e m iss ion zone s  le a ds  t o  loss  in ca r- m a rke d

• Sim ple  fue l t a x (or C O2 t a x) m a y a ddre ss  C O2 t a rge t  che a pe r (is s ue  wit h borde r t ra de)
• Ele c t ric  ca rs  ca n be  prom ot e d  t hrough ca r- t a xa t ion, le s s  t a xa t ion on e le c t ric it y a nd  fue l t a x, not  

roa d  pric ing



Questions ?
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