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Congestion Charging 
 
 
Introduction 
 
This record of evidence forms part of the work undertaken by UKERC’s Technology and 
Policy Assessment team relating to its project on policy strategy for carbon emissions 
reduction in the passenger transport sector. The material was produced alongside the project’s 
main report and since it supports that report, it was judged appropriate to make this material 
available to a wider audience. The main report itself ‘What Policies are Effective at Reducing 
Carbon Emissions from Surface Passenger Transport?’, and the supporting evidence can be 
found at: 
 
http://www.ukerc.ac.uk/ResearchProgrammes/TechnologyandPolicyAssessment/TPAProjects
.aspx 
 
 
Explanation of Content 
 
Evidence on this policy measure has been collected by the TPA team on the basis that it has, 
or may have, the potential to result in carbon dioxide emissions reductions in the passenger 
transport sector. This evidence document begins with a summarised description of the policy 
measure. The evidence itself follows the summary and is presented in table form.  
 
Each piece of evidence has been assigned a separate row and tabulated using four columns: 

 Year of publication, arranged chronologically, beginning with the most recent year 
 Name of author, including where applicable additional cited authors (and year); and a 

Reference ID number. 
 Type of evidence: 

o Evidence containing quantitative information is denoted by the letter ‘Q’ 
o Qualitative evidence is denoted by the letter ‘C’ for ‘comment’ 

 The evidence itself 
 

The evidence was originally gathered and assessed using several sub-headings. The purpose 
of this was primarily internal i.e. to facilitate the handling of evidence and the production of 
the main report. These sub-headings have been retained here as follows: 
 

 Policy Measures and Carbon Savings 
 Other potential CO2 Impacts i.e. outside of the immediate policy influence 
 Other Benefits e.g. air quality improvement or traffic congestion reduction 
 Policy Costs and/or Revenues i.e. to local or national government 
 Business and Consumer Costs 
 Unintended Consequences e.g. rebound effect 
 Reasons/Arguments for Carbon Savings Achievement or Failure 
 Policy Suitability for the UK 

 
A list of references follows the evidence tables. Note that the Reference ID numbers are 
allocated by Reference Manager, the referencing software used by the TPA team.  
 
Any charts, figures and tables referenced in the evidence are not reproduced here but can be 
found in the original publication or evidence material. 
 
Where no relevant evidence was found for a particular sub-heading, this has been noted. 
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Policy Description 
 
The evidence recorded here covers congestion charging - a type of road user charge whereby 
vehicles are charged to enter a particular zone during a set period.  
 
 
Evidence Tables 
 
Carbon Savings and Policy Measures 
 
Year Author Type Evidence 
   London Congestion Charging: original scheme 
2007a TfL (ref 

11300) 
Q In London, transport (excluding aviation) accounts for 

22% of all CO2 emissions, with cars and motorcycles 
accounting for nearly half of this. Whilst CO2 emissions 
have fallen slightly between 1990 and 2006 (by 800,000 
tonnes), transport emissions form a growing proportion 
of London’s CO2 emissions; up from 21% in 1990 to 
22% in 2006. In order to achieve the CO2 reduction 
targets in the Climate Change Action Plan, the transport 
sector is required to deliver savings of 7 million tonnes 
of CO2 per annum by 2025. 

2007b TfL (ref 
11314) 

Q Using results from TfL 2006 and 2007 reports and 
looking at the first year of implementation (comparing 
2003 with 2002), congestion charging was estimated to 
have led directly to reductions of about 16% in CO2 
emissions from traffic within the charging zone, directly 
reflecting the overall traffic reductions and efficiency 
gains (traffic volume change resulted in 8% reduction, 
with the rest coming from speed changes (7.3%) and 
vehicle stock changes (0.7%)). The equivalent for the 
Inner Ring Road was a reduction of 5%, mainly 
reflecting the beneficial speed changes that were 
observed here in 2003 (see Table 4.3 in TfL 2007b). 

2007b TfL (ref 
11314) 

Q Following step-change reductions to emissions of key 
air pollutants upon the introduction of charging in 2003, 
year-on-year improvements to the emissions 
performance of the UK vehicle fleet are now the 
dominant factor reducing emissions in London (see 
Table 4.3 in TfL 2007b). 

2007 World 
Energy 
Council 
Annex 1 
(ref 11481) 

Q  “Around 50%-60% of this [19% carbon emissions] 
reduction was attributed to transfers to public transport, 
20%-30% to journeys avoiding the zone, and the 
remainder to car-sharing, reduced number of journeys, 
more travelling outside the number of operation, and 
increased use of motorbikes and cycles”. 

2006 TfL (ref 
11296) 

C Of those effects directly attributable to congestion 
charging, “traffic volume changes are now assessed to 
have had only a relatively small impact on total 
emissions…This mainly reflects the relatively small 
contribution of petrol cars to total emissions in central 
London and a substantially increased proportion of the 
car fleet that is now assessed to be diesel fuelled in the 
inventory. Furthermore, these reductions are partly 
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Year Author Type Evidence 
offset by observed increases in taxis and buses (diesel 
vehicles).” 

2005 Beevers 
(ref 1306); 
and citing 
Beevers 
and 
Carslaw, 
2005 

Q An empirical study of London by Beevers (2005) 
compared vehicle speeds in inner London and in the 
congestion charging (CC) zone before and after the 
charge. It concluded that CC significantly increased 
vehicle speeds and by comparison with the results in 
inner London, that these changes are not part of a wider 
trend.  
 
The author notes that whilst the aim of CC was to tackle 
vehicle congestion in central London, it also reduced 
vehicle emissions. The reduction in vehicle emissions, 
as a result of introducing CC but not including the effect 
of vehicle technology improvements, has been estimated 
to be -19.5% for CO2 (citing Beevers and Carslaw, 
2005).  
 
The change in emissions were brought about by a 
change in vehicle kilometres (-15 +/- 4%), but of equal 
importance was an increase in average speed of +4km h 
+/- 10% or +20%. The change in speed accounted for 
65%, 71% and 48% of the change in emissions of NOX, 
PM10 and CO2, respectively. Beevers finds a greater 
dependence of NOX to changes in average speed than 
CO2. This is similar to the conclusions of Beevers and 
Carslaw (2005), which shows that speed effects make up 
65% of NOX reductions but only 48% of CO2 
reductions. 

2005 Annema 
(ref 11287) 

Q Annema (2005) reviews papers covering the impacts of 
various EU congestion charging policies: “Limited 
empirical evidence (the London charging system) shows 
that charging policies in inner cities can reduce 
congestion and emissions. In the London case 12% of 
the emissions of NOx and PM10 from road traffic and 
19% of traffic-related emissions of CO2 are reduced 
within the charging zone”.  

   London Congestion Charging: emissions related scheme 
2007a TfL (ref 

11300) 
Q Transport for London’s proposition for emissions 

related charging in the London Congestion Zone is as 
follows: 
 
Cars that emit the lowest levels of CO2 (120g/km or less 
(equivalent to UK Vehicle Excise Duty bands A and B 
(pre 2008)), and which meet the Euro 4 standard for air 
quality), would be entitled to a 100% discount; those 
that emit the highest (226g/km and above) - daily charge 
of £25 instead of the standard £8. The majority of cars 
would continue to be liable for the standard £8 daily 
charge.  
 
Tfl (2007a) proposes that the Alternative Fuel Discount 
(AFD) would be discontinued and would be replaced by 
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Year Author Type Evidence 
100% discount for low CO2 emitting vehicles. This 
would provide a “technology neutral” approach, with 
discounts awarded on the basis of tailpipe emissions, 
regardless of the type of technology used. Any 
alternative fuel car with CO2 emissions of up to 
120g/km and that also meets the Euro 4 standard would 
be eligible for the new 100% discount. 

2007 AEA (ref 
11298) 

C Applying lifecycle assessment, AEA (2007) concludes 
that the main impact of emissions related CC would be 
to encourage the purchase of band A and band B cars 
and to discourage the purchase and use of band G cars, 
which are high emitters. The majority of the other 
impacts would stem from changes in the vehicle fleet.  
 
In particular, the increased uptake of band A and B cars 
and reductions in the use of band G cars would lead to 
reductions in CO2 emissions, along with small 
reductions in the amount of material resources and fuel 
resources used respectively in the manufacture and 
operation of passenger cars.  
 
The low CO 2 discount offers the potential to change the 
purchasing behaviour of fleet managers and company 
car drivers. Fleets, including car club fleets, would have 
options available to them that would result in them 
saving costs. 

2007 AEA (ref 
11298) 

Q AEA (2007) uses the TfL model and predicts emissions 
related CC to achieve an overall reduction in CO2 
emissions of between 0.3% and 2.0% in 2009 from cars 
using the zone. This equates to a reduction of between 
1,200 and 8,200 tonnes of CO2. 

2007 AEA (ref 
11298) 

C AEA (2007) explains the TfL model is a bespoke model 
designed to quantify the potential impact of the emission 
related charge. It estimates changes in driving patterns 
and car purchasing behaviour and calculates the change 
in CO2 emissions inventory for 2009 anticipated, both 
within the Congestion Charging zone and outside it. The 
TfL model provides the baseline fleet composition as it 
evolves with time based on a number of assumptions.  
 
The TfL model may somewhat underestimate the CO2 
savings when considering the longer term benefits 
because it only calculates the savings that occur during 
the times when the charge applies, and for journeys into 
and within the CC zone. 
Because TfL’s model has indicated that emissions 
related CC would lead to reductions in the numbers of 
large passenger cars, and a shift to smaller cars, AEA 
(2007) also assesses the whole life-cycle CO2 impacts 
and concludes the proposals would lead to small 
reductions in life-cycle CO2 emissions, and these would 
be dominated by reductions in emissions associated with 
the vehicle use phase of the life-cycle. 
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Year Author Type Evidence 
2007 AEA (ref 

11298) 
C AEA (2007) anticipates potential shifts in transport 

mode as a result of the introduction of emissions related 
congestion charging. Band G and equivalent vehicle 
owners switching to use of other transport modes are 
thought not to add more than about 1% equivalent of 
existing revenues to the operators of these modes. A 
parallel converse switch from other transport modes and 
to use of band A and B vehicles would be unlikely to be 
of a different magnitude. The net effect either way on 
the use of other transport modes would therefore be 
minor.   

   Stockholm Congestion Charging 
2008 
 
 
2006 

UKERC 
(ref 11686) 
citing EEA, 
2008; 
Atkins 

Q In Stockholm, on June 16th 2004, a congestion charge 
trial was implemented. The trial consisted of extended 
public transport from August 22, 2005 to December 
31st, 2006, and a congestion tax from January 3rd, 2006 
until July 31st, 2006. The scheme consisted of a cordon 
based variable charge to enter the city centre, which 
covers an area of 29.5 km2 housing 275,000 inhabitants 
(36% of all the residents in Stockholm). The system had 
a single zone boundary encircling the inner city of 
Stockholm. The size of the tax varied by the time of day 
and was 10, 15, or 20 SEK (70p, £1 or £1.40 
respectively). There was no charge outside of 6:30 am – 
6:29 pm on weekdays, weekends, or public holidays (or 
the day before a public holiday). A combination of 
camera and DSRC (dedicated short range 
communications) ‘tag and beacon’ technologies were 
used for enforcement. 

2008 EEA (ref 
11538) 

Q The reduction in car traffic was 22 - 28% within the 
inner city charging zone compared to the previous year 
over the same period. There was a larger than expected 
reduction in traffic flow arising outside of the traffic 
zone (EEA 2008). 

2007 Shaheen 
(ref 11192) 

Q Stockholm implemented a six month trial of cordon 
pricing in January 2006, including provisions for 
expanded transit services and park and ride facilities. 
Using emission models, the trial is estimated to have 
reduced CO2 and particulates by ‘approximately 14%’. 

   Singapore Congestion Charging 
2001 Ang (ref 

9133) 
Q Singapore has had some form of CC since 1975 and 

without car restraining and road-pricing/congestion-
charging measures Singapore’s vehicle population 
would be more than three times its then current size. In 
1992 the same author estimated that Singapore’s 
transportation energy use in 1990 would have been 50% 
higher had the Vehicle Quota System (VQS) not been in 
place.  
 
Ang (2001) explains that Singapores’ ALS was replaced 
in 1998 by the ERP – Electronic Road-pricing System. 
Average weekday traffic flow into the restricted zone 
dropped by 22% from the previous ALS levels. 
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Year Author Type Evidence 
2008 UKERC 

(ref 11686) 
citing 
Dunning, 
2005; and 
citing CfIT, 
2006a; and 
citing 
OECD, 
2008 

Q The initial Area licence implemented in 1975 charged 
S$3 per day was immediately successful in reducing 
traffic entering the CBD by 40% while increasing 
average speeds from 23 - 30 km/h. The charging zone 
was subsequently enlarged to include the surrounding 
expressways and the controls extended to all-day 
operation. The ERP charge implemented in 1988 led to 
a further 15% drop in traffic flows. 

   Congestion Charging (general) 
2005 Annema 

(ref 11287) 
Q “Model studies show that marginal cost-pricing schemes 

in Europe could result in overall welfare gains and 
environmental improvements. Depending on the exact 
design of the charging system, CO2 emission reductions 
of 1 - 3% to 8 - 16% are reported on a national level.” 

2003 Anderson 
(ref 11240) 

Q Table 6.1 shows the potential carbon dioxide savings 
that might be achieved by the introduction of individual 
transport tools, and combinations of those tools. These 
are expressed in terms of annual carbon savings in 2010 
and 2050, and percentage savings compared to the 
baseline emissions (for total UK car emissions) in each 
of those years and have been calculated by scoping the 
literature and stakeholder expertise and creating a 
spreadsheet model.  
 
The model estimates of future vehicle stock to UK, 
assumes average car mileage is constant, total vkm 
increases 17% and including fuel cycle as well as 
tailpipe emissions, new car tailpipe emissions only reach 
115gCO2. km by 2050. For each of the individual tools 
and combined tools, estimates were made of % vkm 
reached, % vkm responding, % demand reduction, % 
efficiency improvement. For CC, 20% vkm reached, 
10% respond, 5% demand reduction in 2010, rising to 
20, 20 and 5% in 2030-50.  
 
The result is that the introduction of Toll Rings, similar 
in concept to the current London congestion charging 
scheme, has the potential to reduce carbon emissions by 
1.58% by 2010 (1.98% by 2050).  

2002 BTRE (ref 
11429) 
citing 
BTCE, 
1999b 

Q One of the highest estimates relates to Australian cities. 
In general, the gains from optimal congestion pricing 
will be maximised when non-uniform charges apply 
across the whole network. The BTCE (BTCE, 1999b 
cited by BTRE, 2002) estimated that even with the 
lower levels of congestion prevailing in 1995, optimal 
congestion pricing in Australian cities would result in, 
on average, the following (related) outcomes during 
morning peak hour: 

• an increase in average speed from 34 to 46 
kilometres per hour; 

• a reduction in travel time by 39 per cent; 
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Year Author Type Evidence 
• a reduction of 84 per cent in delay times;  
• and a reduction of 29 per cent in fuel 

consumption. 
2002 BTRE (ref 

11429) 
citing 
BTCE, 
2000 

Q Greenhouse gas emissions would decline in proportion 
to the decline in fuel consumption in Australian cities—
around 30% or around one per cent of Australian 
greenhouse emissions from all sectors in 1995 (BTCE, 
2000 cited by BTRE 2002). 

 
 
Other CO2 Impacts 
 
Year Author Type Evidence 
   London Congestion Charging - Traffic effects 
2007b TfL (ref 

11314) 
Q Extensive monitoring of traffic entering, exiting, within 

and outside the charging zone has taken place. However, 
TfL note the difficulty of identifying a ‘congestion 
charging effect’. Annualised results for 2006 in relation 
to pre-charging conditions in 2002 are:  

• reductions in traffic entering the charging zone 
of 16% in total vehicles 

• 21% in vehicles with four or more wheels 
• 30% in potentially-chargeable vehicles – i.e. 

cars and vans 
• Non chargeable (taxis, coaches, buses and 

motorcycles) all increased.  
 
The net effect is a 16% reduction in all vehicles. 
Traffic circulating within the zone and on the Inner 
Ring Road, the boundary route around the zone, 
remained comparable to previous years. 

2007b TfL (ref 
11314) 

Q There has been decrease of 14% in vehicle kilometres 
driven within the charging zone (see table 2.4 of TfL, 
2007b). The data are tending to consistently suggest 
increases to the numbers of non-chargeable vehicles 
circulating within the zone. It may therefore be the case 
that at some locations within the zone, where traffic is 
particularly dominated by taxi and bus flows, traffic 
volumes on specific links have substantially increased 
over the period following the initial post-charging 
changes, perhaps reflecting road network changes such 
as those in the vicinity of Trafalgar Square. 

2007b TfL (ref 
11314) 

Q Aggregate flows on the inner ring road are virtually 
unchanged compared to 2002 before the introduction of 
charging. Comparing un-rounded flows for 2006 with 
those of 2002, indicated decreases in cars (8%), 
increases in vans and lorries (both up 6%), buses and 
licensed taxis (up 12 and 20% respectively) and pedal 
cycles (up by as much as 80%) are particularly 
noteworthy, if subject to very wide statistical 
uncertainty. 

2007b TfL (ref 
11314) 

C Traffic adjusted almost overnight after the introduction 
in 2003, and changes in the period since have tended to 
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Year Author Type Evidence 
reflect wider traffic trends. In some cases these 
‘background’ trends, which continue to develop year-
on-year, are now becoming the more pervasive 
influence on traffic and other patterns, rather than CC 
itself. In most cases, however, charging-related impacts 
have either contributed significantly to positive 
background trends (such as reduced road traffic 
accidents and vehicle emissions), or reversed, to some 
degree, negative background trends (such as the 
tendency towards increasing congestion). 

2007b TfL (ref 
11314) 

C TfL conclude the precise traffic impact of the July 2005 
variations remains relatively unclear. 

2007b TfL (ref 
11314) 

Q Traffic entering the extension zone over the first three 
months of operation (Feb, March, April 2007) was down 
by between 10 and 15% against equivalent levels in 
2006 (the baseline for this was 2005 and 2006).  
 
The volume of traffic circulating within the extension 
zone is typically down by 10% against comparable 
values in 2006.Traffic on the remainder of the western 
extension boundary route has increased in aggregate by 
a small amount (generally up to 5%), as expected by 
TfL.  
 
There is some evidence from counts of traffic entering 
the original central zone of small increases (generally up 
to 4%) following the introduction of the scheme (for e.g. 
residents in the extended zone now being entitled to a 
90% discount to drive in the original zone; the charging 
period now finished at 18.00 instead of 18.30), as 
anticipated by TfL. 

   London Congestion Charging – Longer term effects 
2007b TfL (ref 

11314) 
C TfL suggest the possibility that the introduction of 

charging and other traffic and transport schemes in 
London also have effects that develop more slowly over 
the longer-term. Charging may well have been a factor 
in people’s location and lifestyle choices; but changes 
that people make in pursuit of these choices, for 
example, moving employment location, are not often 
made immediately. 

   London Congestion Charging – Congestion effects 
2007b  TfL (ref 

11314) 
Q Congestion inside the London central zone has increased 

in recent years and TfL believes this to be due to a 
combination of increased roadworks and to a general 
growth in background congestion levels. The latter may 
be a direct effect of CC as the road network capacity is 
reduced at the expense of investment in alternative 
modes. TfL concludes ‘The reduced levels of traffic 
mean that, when compared to conditions without the 
scheme, congestion charging is continuing to deliver 
congestion relief that is broadly in line with the 30% 
reduction achieved in the first year of operation….The 
factors discussed above mean that a comparison of 
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Year Author Type Evidence 
congestion levels in 2006 against pre-charging baseline 
is potentially misleading. However, carrying this 
comparison through, congestion was 8% percent lower 
in 2006.’ 

2007b TfL (ref 
11314) 

Q The first comprehensive survey of congestion in the 
western extension suggests that congestion has reduced 
by between 20 and 25% against comparable values in 
2005 and 2006. 

2007b; 
2004 

TfL (ref 
11314); 
Begg (ref 
3472) 

Q There has been a longer term background trend of 
gradual increases to congestion which reflect traffic 
management programmes, improved bus services, better 
environment for cyclists and pedestrians. For these 
reasons, any direct comparison against pre charging 
conditions needs to be interpreted with caution. 
However, comparing average congestion levels for 2006 
against a pre-charging baseline, congestion was 8% 
lower in 2006. This compares with an average reduction 
of 30% in 2003, the first year of the scheme lower than 
at any stage since the mid-1980s. 

2002 BTRE (ref 
11429); 
and citing 
Walters, 
2002 

Q A report released in February 2002 by the UK 
Commission for Integrated Transport (CfIT) argued for 
replacing a portion of current road-use related taxes with 
revenue generated by congestion pricing. Titled Paying 
for Road Use, the report identified significant gains 
from congestion pricing: 

• 44 per cent reduction in congestion; 
• reduced and more reliable journey times;  
• and a reduction in the amount of traffic by 

almost five per cent. 
 
The report also argued that more investment in roads, 
railway lines, bus lanes or motorways would not solve 
the congestion problem, because road building itself 
creates more demand and, even if the number of people 
travelling by public transport in Britain were doubled, it 
would only be equivalent to five years' growth in car 
traffic (BTRE, 2002 citing Walters 2002). 

   London Congestion Charging – Speed/reliability effects 
2007b TfL (ref 

11314) 
Q Average network speeds during ‘charging hours’ in 

2002 were about 14 kmph. The introduction of 
congestion charging substantially increased speeds and 
reduced congestion almost overnight, bringing average 
network speeds during charging hours to approximately 
17 kmph.  
 
Since 2003, average observed charging hours speeds 
have progressively fallen back, to about 15 kmph in 
2006. Given the impacts of streetworks in 2006, this 
latter figure should not necessarily be regarded as 
typical of the long term trend. This will also have an 
effect on journey times and reliability. 

2005 Beevers 
(ref 1306) 

C Beevers (2005) sees compelling evidence that the CCS 
alone is the cause of the change in vehicle speed, rather 
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than a more general trend in central London. However, 
using an instantaneous emission model for over 1500 
separate drive cycles has shown that for some vehicle 
and pollutant combinations an increase in speed equates 
to an increase in emissions, not a decrease. 

   London Congestion Charging – Mode shift effects 
2007b TfL (ref 

11314) 
Q Bus passenger numbers increased by 18% and 12% 

respectively during the first and second years after 
charging. 

2006 TfL (ref 
11296) 

Q However, TfL cites a much higher figure for the first 
year: “in the first year after charging there was an 
increase of 37% in the number of passengers entering 
the charging zone by bus during charging hours. Around 
half of this was assessed to have been as a result of the 
scheme, and the other half due to a background trend of 
growth. This background growth continued into 2004 
resulting in a further increase of passengers entering 
central London by bus of 12% in the morning peak 
period, across a cordon similar but not identical to the 
charging zone boundary.” 

2007b TfL (ref 
11314) 

Q Passenger numbers have since stabilised. The increase 
in the charge in July 2005 had only a limited impact on 
the number of cars entering the central zone – too small 
to have a detectable impact on bus patronage. But, a 
number of factors have affected bus passenger numbers, 
not just the introduction of CC. Bus fares have been 
restructured over the last few years. The large-scale 
move towards off-bus tickets and in particular Oyster 
pay-as-you-go has led to a real decrease in the average 
fare that is paid per individual trip. Free travel for 
specific population groups and concessions are also 
being extended. From 1/9/06 free bus travel was 
introduced for young people aged 16 and 17 in full-time 
education. 

2006 TfL (ref 
11296) 

Q Numbers of passengers entering the charging zone by 
bus were not measured directly in 2005. However, the 
number of bus passengers entering a wider definition of 
central London in the weekday morning peak was 
comparable to 2004, at 116,000. 

 
 
Other Benefits 
 
Year Author Type Evidence 
   London Congestion Charging 
2008 UKERC 

(ref 11686) 
C The two groups likely to be most impacted by a 

congestion charge are people with low incomes and 
those with no viable alternative... Without explicit a 
priori consideration of distributional impacts a 
regressive distribution of accessibility could arise from 
congestion pricing. 

2007 World 
Energy 

C After the implementation there was a debate whether the 
charge had adverse effects on business within the zone 
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Council 
Annex 1 
(ref 11481) 

because of reduced car traffic.  After three years of 
experience it shows that within the charging zone the 
retail sector has increased its share of enterprises and 
employment since 2003 and businesses performance 
was significantly better than in the rest of London,  
particularly in terms of profitability and productivity. 
Amongst businesses now there are more supporters of 
the congestion charge than opponents. 

2007b TfL (ref 
11314) 

C TfL (2007b) largely agrees with this and reports no 
significant overall impacts from the original scheme on 
the central London economy – positive or negative. 
General economic trends are considered to have been 
the predominant influence on the performance of central 
London businesses over recent years. The central 
London economy has performed particularly strongly 
since the introduction of congestion charging, with 
recent retail growth (value of retail sales) in central 
London at roughly twice the national growth rate. 

2007b TfL (ref 
11314) 

C TFL (2007b) cites four benefits from the scheme:  
(i) to reduce congestion;  
(ii) to make radical improvements to bus 

services;  
(iii) to improve journey time reliability for car 

users;  
(iv) to make the distribution of goods and 

services more efficient. In general, charging 
is seen to have helped accentuate trends that 
were positive, such as reduced road traffic 
accidents and emissions; to have helped 
counteract trends that were negative, such 
as increasing congestion; whilst having a 
broadly neutral impact on general economic 
performance. 

2007b TfL (ref 
11314) 

C Reductions in road traffic casualties and in emissions of 
key traffic pollutants in and around the charging zone 
continue to be apparent, alongside continuing, 
favourable ‘background’ trends in both of these 
indicators for 2006. 

2007 AEA (ref 
11298) 

C Emissions related congestion charging would not have 
any effect on the vast majority of Equality Target 
Groups and hence in those cases where Equality Target 
Groups are affected, the numbers of people affected are 
likely to be small. 

2007 AEA (ref 
11298) 

C Emissions related congestion charging proposals would 
raise awareness of the environmental impacts of 
personal transport choices. 

2007 AEA (ref 
11298) 

C AEA (2007) assessed the impacts of emissions related 
congestion charging on NOx and PM10 emissions 
inventories. These figures indicate that it would have a 
negligible impact on emissions of air pollutants in 2009. 
 
AEA (2007) summarises possible impacts on health 
from the emissions related congestion charge proposal 
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thus: Emissions related congestion charging would have 
no impact on the incidence of air pollution-related 
health problems, as there would be negligible changes in 
overall emissions of PM10 and NOx. A very small 
improvement in the severity and / or frequency of 
accidents may be observed. 

2006 TfL (ref 
11296) 

Q In combination, traffic and speed changes together are 
estimated to have reduced emissions (all road traffic 
related sources, all roads, annual average day) of NOx 
by about 8% within the charging zone, with emissions 
effectively unchanged on the Inner Ring Road. For 
PM10, the equivalent changes are a reduction of around 
6% within the charging zone, and a small increase of 
about 3% on the Inner Ring Road. Change estimates are 
affected by revised estimates for vehicle technology 
change – additional to these figures. These are not 
directly attributable to congestion charging, but reflect 
wider improvements to the emissions performance of 
the UK (and some specific elements of the London) 
vehicle fleet. 

2006 TfL (ref 
11296) 

Q TfL (2006) estimates an overall reduction of casualty 
accidents during the charging hours within the charging 
zone (including the Inner Ring Road). Accidents 
reduced by 4% outside the charging hours compared to 
7% for the rest of London. As a result, TfL suggests 
there has been a 2–5% reduction in casualties 
attributable to the congestion charging scheme. 

   Singapore Congestion Charging 
2001 Ang (ref 

9133) 
C Singapore’s traffic schemes have resulted in decreased 

air pollution and an improved urban environment. 
 
 
Policy Costs and/or Revenues 
 
Year Author Type Evidence 
   London Congestion Charging 
2008 EEA (ref 

11538) 
C Since the London scheme was implemented, the actual 

revenues from charges have been much lower than 
expected due to traffic having reduced more than 
planned. However, there has also been a much higher 
level of penalty charges issued, which has ensured net 
revenues exceeding the total operating expenses of the 
scheme. 

2007 World 
Energy 
Council 
Annex 1 
(ref 11538) 

Q The earnings of the London Congestion Charging 
scheme are highly due to efficient controls and strict 
penalties. About 100,000 penalty fines are issued in 
each month. From July 2005 the basic daily charge was 
raised from £5 to £8. 

2007b TfL (ref 
11314) 

Q The London scheme generated net revenues of £123 
million in 2006/2007, based on £213 in gross revenue. 
(see Table 6.2 in TfL, 2007b) Net revenues raised from 
the scheme must be spent on other elements of the 
Mayor’s Transport Strategy by law. 
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2007b TfL (ref 

11314) 
Q Due to technology and infrastructure, initial set up costs 

for London Congestion Charging were high –around 
£162m were incurred in implementing the scheme, 
equivalent to £196m in market prices. Major 
infrastructure items of expenditure were for traffic 
management measures, communications and public 
information for the charging scheme, systems set-up and 
management. These have been converted to an annual 
cost by depreciating over 10 years and applying an 
opportunity cost of 5%, to give an equivalent annual 
cost of about £25m. 
 
However, CC was introduced alongside the 
implementation of other elements of the Mayor’s 
Transport Strategy and other policies. Public transport – 
particularly the bus network – acted as a key facilitator 
of the central London scheme, by providing a viable 
alternative for displaced car occupants. To assess the 
costs could arguably involve including the costs of the 
wider transport infrastructure improvements. TfL 
(2007b) explains that £101m of the revenue from last 
year will go to fund buses and the rest to other parts of 
the network.  
 
The cost also excludes operating costs which are around 
£90m per annum. These costs cover the payments to 
TfL’s contractors, principally the key service providers 
involved in operating and enforcing the scheme. They 
also include the relevant staff and other costs of TfL in 
supervising, administering and monitoring the scheme. 
In 2006/2007 these exclude the additional costs required 
for the planned introduction of a western extension as 
these are provided centrally and not from the scheme 
income. TfL (2007b) also gives a breakdown on how 
this money will be spent. 

   Stockholm Congestion Charging 
2008 UKERC 

(ref 11686) 
citing 
Dunning, 
2006 and 
Atkins, 
2006 

Q IBM, the prime contractor for the trial, was given a 
budget of SEK 3.8 billion. Making the scheme 
permanent is expected to yield a net revenue stream of 
about SEK 760 million (53 million GBP) (after 
deducting operating costs). The system will generate 
sufficient revenue to cover both investment and 
operational costs. Investment costs are expected to be 
recovered in 4 years. 

   Singapore Congestion Charging 
2001 Ang (ref 

9133) 
Q The first month of Singapore’s ERP system (in 1988) 

collected revenues of S$2 million (23% less than the 
average under the old ALS scheme which began in 
1975).  The ERP costs S$9 million p.a. to run compared 
to S$17 million for the old ALS. The ERP has higher 
investment cost but lower operation cost. 
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Business and Consumer Costs 
 
Year Author Type Evidence 
   London Congestion Charging 
2007b TfL (ref 

11314) 
C TfL (2007b) discusses ‘supply side effects’ related to 

the impact of the charge on the cost-effectiveness of 
businesses. On the positive side, productivity 
improvements and cost savings may be expected from 
lower travel times and better reliability for commuting 
and business journeys in the charging zone. On the 
negative side, the ‘compliance costs’ of paying the 
charge and some business costs will rise as suppliers 
and freight operators pass. Also, the substitution effect 
is the redistribution of economic activity as drivers 
potentially switch expenditure away from the charging 
zone in order to avoid paying the charge. 

2007b TfL (ref 
11314) 

Q A cost-benefit analysis of the central London scheme 
suggests that the identified benefits exceeded the costs 
of operating the scheme by a ratio of around 1.5 with an 
£5 charge, and by a ratio of 1.7 with an £8 charge. The 
components of the analysis include: 

• The cost is the cost to public accounts. 
• The benefits or disbenefits accruing to users of 

motorised transport modes – these principally 
cover the time savings and improved journey 
time reliability for those using the road network 
in and around the charging zone as a result of 
reduced congestion. 

• Where it is possible to calculate monetary 
values for benefits or disbenefits accruing to 
pedestrians, cyclists and others, these benefits 
should be included in the overall analysis. 

• Impacts not included in monetised analysis must 
be taken into account in overall value for 
money. These include impacts in relation to 
environmental, safety, economic, accessibility 
and integration objectives. 

2007 AEA (ref 
11298) 

C Summary of the impacts to households of the emissions 
related congestion charging proposal in London: 

• Households within the Congestion Charging 
zone (residents) that own a band G car or pre-
2001 car registered with engine capacity over 
3000 cc may face increased costs. 

• Households outside of the Congestion Charging 
zone that own a band A or B car, or that could 
meet their transport needs by trading in a band 
C-F car (or pre-2001 equivalent) for a band A or 
B car, would save money with the low CO 
discount. 

• Households who own a band G vehicle outside 
the Congestion Charging zone and drive in the 
zone represent a very small minority of 
households in Greater London. 

• Households who own a pre-2001 car registered 
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with engine capacity over 3000 cc would 
experience increased costs.  

• Households that own a hybrid vehicle that is not 
in band A or B, would face higher costs. 

2007 AEA (ref 
11298) 

C Summary of the impacts to car manufacturers of the 
emissions related congestion charging proposal: 

• For the largest manufacturers, who generally 
have a wide range of models on the market, and 
for whom sales within the London area are not a 
significant proportion of their European market, 
the impact from changes in demand resulting 
from emissions related congestion charging is 
likely to be small.   

• However, some niche manufacturers may focus 
on the UK market and those with a product 
offering concentrating on either band G or band 
A and B cars are likely to experience a change 
in sales within the London area.  

• There may be a slight disincentive to potential 
purchasers of alternatively fuelled cars, with the 
phasing out of the Alternative Fuel Discount. 

2007 AEA (ref 
11298) 

C There is unlikely to be a significant impact on repair and 
maintenance businesses. Ditto on refuelling stations 
supplying LPG. 

2006 TfL (ref 
11296) 

Q Table 9.1 in Tfl (2006) summarises principal annual 
operating costs and road user benefits (£ millions, 2005 
prices and values, charge at £5) including CO2 
emissions. 

 
 
Unintended Consequences 
 
Year Author Type Evidence 
2007b TfL (ref 

11314) 
C Congestion inside the London central zone has increased 

in recent years. TfL believes this to be due to a 
combination of increased roadworks and to a general 
growth in background congestion levels. The latter may 
be a direct effect of CC as the road network capacity is 
reduced at the expense of investment in alternative 
modes. 

2006 Yin (ref 
1297) 
citing 
Nagurney 
2000b; and 
citing Yin 
and Lu, 
1999; and 
citing 
Rilett and 
Benedek, 
1994 

C Yin (2006) (citing Rilett and Benedek, 1994; and Yin 
and Lu, 1999) notes that for some time the objectives of 
reducing travel time and traffic emissions can be 
conflicting, in that it is generally not possible to achieve 
minimum total travel time and traffic emissions 
simultaneously.  
 
On the other hand, it seems intuitive that less delay 
implies less emissions. From this intuition, it seems 
plausible that a flow distribution with minimum total 
travel time (such a distribution is achievable via MSC 
and other first-best congestion pricing schemes) should 
yield less emissions than flow distributions without any 
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intervention.  
As an indirect evidence countering this intuition, 
Nagurney 2000b (cited by Yin, 2006) presents a 
numerical example demonstrates that an improvement in 
travel time (e.g., by increasing capacities) leads 
paradoxically to an increase in emissions without any 
change in the travel demand. Yin (2006) provides an 
example showing that a system optimal (SO) flow 
distribution, i.e., one with the minimum total travel 
time, actually produces more emission than a UE 
distribution. 

2004 Stopher 
(ref 517) 

C Over the longer run, it would appear that congestion 
pricing has not reduced levels of congestion; rather, it 
has delayed the time at which certain levels of 
congestion occur. As has only been clearly recognised in 
relatively recent times by transport planners, increases 
in capacity, which have the effect of lowering the price– 
volume curve, will give rise to increasing volumes of 
traffic, with the facility eventually returning to the same 
level of congestion as before, because this level was 
already an acceptable level to a large portion of the 
population. 

2004 Stopher 
(ref 517) 

C Stopher (2004) suggests that one could also argue that 
reducing congestion leads to further suburbanisation and 
sprawl. Increased highway capacity, provided as a 
response to growing congestion, often adds to pressures 
to move homes and businesses further out, to where land 
is cheaper and more plentiful. Improving travel times, as 
congestion is reduced, allows people to travel further in 
the same amount of time, and is certainly one of the 
contributors to urban sprawl 

2001 Cooper (ref 
11387) 

C Cooper (2001) notes a scenario assuming introduction of 
a city cordon road toll in Belfast, at a charge of £1 per 
inbound journey. This produces a projected 6% increase 
in highway miles as through-traffic diverts to avoid the 
toll area. 

 
 
Reasons/Arguments for Carbon Reduction Achievement and/or Failure 
 
Year Author Type Evidence 
   London Congestion Charging 
2007b TfL (ref 

11314) 
C TfL (2007) offers many reasons for general success. The 

reasons for the carbon savings include: 
• Traffic reduction / modal shift – aided by 

investment in alternative travel modes upfront 
• net revenues raised from the scheme must be 

spent on other elements of the Mayor’s 
Transport Strategy by law. 

• Reduced congestion / more efficient traffic flow 
• Public acceptability and political will (improved 

by consultation with stakeholders and public 
and focused public information campaigns and 
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media relations – e.g. introduction alongside 
‘soft measures’ 

• Exemptions for hybrid vehicles 
• In the future – linking charges to vehicle 

emissions 
• Attention also to areas outside the boundary of 

the scheme. 
2005 Annema 

(ref 11287) 
C The London evidence shows that prior investment in 

public transport has been a key to its success.  “The 
urban case and model studies show that inner city 
charging could be an effective means to shift car use to 
public transport. In the MC-ICAM project this shift is 
seen in the long term to be the largest contributor to 
welfare gains. In the PROPOLIS study best results to 
improve urban liveability are achieved by using policy 
combinations, i.e. push and pull measures consisting of 
car-pricing policies and simultaneous improvements in 
public transport through reduced fares and faster speed 
and service.” 

   Stockholm Congestion Charging 
2008 UKERC 

(ref 11686) 
citing 
Atkins, 
2006 

Q In Stockholm, at the start of the trial, many Stockholm 
residents opposed the charge organising demonstrations 
to vent disapproval. By the time the trial had ended 
public opinion had shifted dramatically.  
 
In autumn 2005, approximately 55% of Stockholm 
county citizens opposed a congestion tax trial. By May 
2006, those in opposition dropped to 41%. By the end of 
the trial in June 2006 more than 50% of residents 
supported the scheme (Figure 3-3). A city referendum 
further demonstrated that adverse public opinion could 
be turned around. Both the public and firms have 
become increasingly positive towards the congestion tax 
and the Stockholm trial especially as benefits have been 
realized. 

   Singapore Congestion Charging 
2008 UKERC 

(ref 11686) 
citing 
Dunning, 
2005 

C In Singapore the charging scheme has been 
complimented with land-use strategies that seek to 
decentralise development to high-density regional and 
sub-regional centres with mass rapid transit (MRT) 
stations. This ensures a mix of land development to 
reduce the need to travel and redistribute passenger 
demand so services are busy in two directions. 
Investment into high-density housing linked to rail 
stations has also been used to control car use.  
 
Another key feature of Singapore’s strategy is to 
influence both vehicle ownership and use. For instance, 
a vehicle quota system limits the growth in vehicles to 
3% p.a. by requiring potential owners to bid (typically 
S$30,000) for a Certificate of Entitlement. The quota 
works in parallel with the congestion charging scheme, 
which deters driving in congested conditions. The 
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strategy’s effectiveness is partly demonstrated in that car 
ownership and use are substantially lower than London 
despite GDP being higher in Singapore.  
 
Nevertheless, despite controls on car ownership and use 
and investment into public transport, car modal share 
has continued to rise in Singapore now representing 
35% of all journeys into the CBD, compared to 15% in 
central London. 

   Congestion Charging (general) 
2007 Buchan 

(ref 11452) 
C The relationship between congestion reduction and 

emissions reduction will weaken as newer vehicle 
technologies penetrate the parc. Newer technologies 
such as hybrids will weaken this relationship because 
currently most hybrids are more efficient in stop start 
conditions than in free flow. 

2006 Yin (ref 
1297) 
citing 
Johansson, 
1997 

C A road user should pay a charge corresponding not only 
to his or her own emissions, but also to the increased 
emissions and fuel consumption of other road users. 
Johansson’s model uses marginal social cost (MSC) 
pricing to achieve the maximum net social benefit by 
internalizing the marginal environment and fuel costs.   

2005 Annema 
(ref 11287) 

C The highest environmental impacts are reported for 
charging systems with full internalization of external 
transport costs, in other words, charges which are 
differentiated with respect to mode, location, time, 
vehicle characteristics and so on.”  

2002 BTRE (ref 
11429) 

C Overall, CC has been described as a ‘win win’ policy as 
it has potential both to reduce greenhouse emissions and 
improve economic efficiency and, in theory, any ‘losers’ 
could be fully compensated and society would still be 
better off for the change.  

2002 BTRE (ref 
11429) 
citing 
BTCE, 
1996 

C The impact on traffic demand is dependent on the 
structure of the charges imposed. The consensus seems 
to be that optimal charges varying within and between 
cities, and with time. 

2002 BTRE (ref 
11429) 
citing 
Button and 
Pearman, 
1985 

C The main, politically acceptable uses for the revenue 
from CC would be for it to be: 

• returned to motorists in the form of an income 
transfer, in such a way that it does not negate 
the crucial price signals conveyed by road-use 
charges; 

• deployed for road infrastructure; 
• diverted to public transport; or 
• used to offset reductions in taxation elsewhere 

in the economy, such as fuel excise. 
2000 Parry (ref 

2310) 
C Congestion tax generates efficiency gains that are 

usually at least three times as large as the efficiency 
gains under any other policy. The uniform congestion 
tax typically generates over 90% of the maximum 
efficiency gains under ideal congestion pricing, while 
the other policies capture at best one third of the 
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maximum gains, and often much less. 

 
 
Policy suitability for UK 
 
Year Author Type Evidence 
2007 Veitch (ref 

11317)  
C The referendum in Edinburgh resulted in an 

abandonment of plans to introduce road user pricing 
measures potentially dissuading other local authorities 
of implementing similar schemes. 
 
Another example is the ten local authorities placing a 
joint TIF bid for the Manchester city-region, which have 
encountered inter-authority disputes with two councils 
withdrawing support. 

2004 Begg (ref 
3472) 
citing CfIT 
(2003b) 

C There are issues of public acceptability in the UK says 
Begg (2004) “In particular, public acceptability of some 
initiatives for tackling congestion is a significant barrier 
to delivery in many areas. In the recent CfIT (2003b) 
report, only 37% of transport officers believed that their 
authority had the political will to deliver on improving 
air quality and fewer (26%) thought that their authority 
had the will to tackle congestion.” 
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