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 I am the Professor of Combustion Engineering at the University of Leeds and a World expert 
on pollution from transport vehicles. I object to the Leeds Trolley Bus (TB) scheme on the 
basis that the Environmental Impact Assessment (EIA) is inadequate and non-compliant with 
the EU requirements, which are summarised at the start of the EIA. It demonstrates a lack of 
knowledge of the health implications of exceedences of the 24 hour PM10 limits which will 
be made worse by the Leeds Trolleybus (TB) scheme. It will also make GHG emissions 
worse than if buses were continued to be used and that the increase in congestion that will 
occur for the other traffic on this road will result in a significant deterioration of air quality 
along the route and particularly in the Headingley and West Park areas. As a consequence of 
the inadequate air quality assessment the health implications of the TB are also inadequate. 
Headingley already is one of the highest pollution hot spots in Leeds for NO2  and the highest 
for PM10. It has exceedences in the EU 24 hour PM10 limits that are the highest in Leeds.  
 
I am a resident of West Park in Leeds and a regular user for 37 years of the bus service into 
Leeds for commuting to work. My house lies within the 200m zone either side of the A660 
road that the Environment Statement says will have increased pollution. 
 
I am a World Expert on Diesel particulate and NOx emissions, with over 100 publications on 
this topic. I have also operated a one week industrial training course on this topic for 29 
years, which is attended by engineers from all the major manufacturers of diesel equipment 
and vehicles. I am also an expert on GHG emissions and their measurement in vehicles under 
real world driving. I have also been leading a research project that involves the measurement 
of emissions and GHGs from vehicles under real world congested traffic conditions for 15 
years. The road used for this work is the A660 in Leeds and roads close to this, which is the 
route along which the TB will travel North of Leeds. 
 
This objection is concerned with the Technical Appendices A on  Air Quality and B on 
Carbon (Documents A-08c-1 and A-08c-2). Neither the air quality nor the carbon assessment 
is adequate and both have serious flaws, which are outlined in this objection. 
  
In a Press release on July 12 2009 the Metro Chairman, Coun James Lewis, said: "I'm 
delighted to announce that Metro and Leeds City Council have been given approval for their 
job-creating, economy-boosting, environment-improving, time-saving, carbon-reducing, 
congestion-busting NGT trolleybus scheme. The claims for the TB of improving the 
environment, reducing carbon and reducing congestion are simply not supported by the NGT 
Environmental Statement.  
 
Air Quality 13.7 concludes that ‘Trolleybuses emit zero emissions at source. However 
overall, once all the impacts of all highway traffic are taken into account there are no 
significant residual effects on air quality are predicted during construction or operation of 
Scheme.’ This means that there are no benefits and no detrimental effects on the air quality, 
so the claims of Councillor James Lewis must be false. I will show in this objection that the 
claims of no detrimental effects are not valid and that the air quality assessment is inadequate. 
 
Carbon 13.8 concludes that ‘Some small-scale temporary effects during construction are 
anticipated but these will not be significant and will be minimised as far as possible through 



implementation of the CoCP. Some very small increases in emissions of greenhouse gases 
will occur during operation due to slightly longer journey distances and slower speeds for 
vehicles at certain points of the route. These increases are not significant against the total 
transport emissions in Leeds’. This means that the assessment has concluded that the carbon 
GHGs will increase (but insignificantly in their view), which again shows that Councillor 
James Lewis’s claims for reducing carbon emissions are also false. In addition the reference 
in this quote to slower speeds of the other traffic and longer journey times is an admission of 
increased congestion on the route of the TB for the other traffic on the road. Again Councillor 
James Lewis’s claims for ‘congestion busting’ with the TB are again false. As these false 
claims are at the heart of the benefits of the scheme as relayed to the public, this is a 
deliberate misrepresentation of the facts shown in the Statement of Case for the TB scheme. 
 
However, I do not agree with the assessment on air quality and carbon, that the scheme will 
have negligible effect. At the heart of this objection is the consequence of the increase in 
congestion for other traffic caused by the TB, which the TB scheme statement of case has 
detailed. The current A660 north of the city centre from the Metropolitan University outward 
to Boddington has 6 sets of traffic lights, 8 pedestrian crossings with lights and two 
roundabouts. If we discount the roundabout as traffic stoppers then there are 14 sets of lights 
that stop traffic. These create the traffic jams, which are worst at the times of high traffic 
loadings in the morning and evening rush hours. In the morning traffic is already backed up 
from the city centre to beyond the ring road, a 4km traffic jam. In the evenings it is backed up 
at least from the city centre to the Shore Lane traffic lights at Headingley. Traffic jams are 
bad in Headingley at virtually all times of the day apart from late at night. Rarely can a 
journey there have only one stop to get through the lights at North Lane and Shore Lane. This 
is why the air quality monitoring station there shows it to be one of the most polluted areas of 
the city for NO2 and the most polluted for PM10 on an annual basis and with the most 
exceedences of the EU 25 hour PM10 limit in Leeds.  
 
The problem with the TB plans is that more traffic lights and pedestrian crossings are added 
in addition to those that are there, many of the traffic lights are not mentioned on the plans or 
added to the drawing (there is no symbol on the drawings for traffic light junctions – why 
not?). The problem arises with the crossing of the road by the TB where it transitions from 
central lane to normal lanes and from the Headingley bypass. The TB is given priority so that 
it will only need to stop at TB stops and this requires traffic light control to stop all other 
traffic when the TB passes through. Examination of the TB plans shows that there are 7 new 
traffic lights, including the ring road, and 9 new signalled pedestrian crossings (which are 
marked on the TB plans). This will bring a total of 17 traffic lights and 17 pedestrian 
crossings onto the route over the 5 km from Leeds Met. to Boddington. This is a potential 
traffic stop every 150m along this road, on average. This will cause complete traffic snarl up 
on this road, which is already the most congested road in Leeds with many houses and large 
work places (the Universities and the Arndale Centre) adjacent to a major source of pollution. 
It also passes through three significant shopping areas and is lined with restaurants in five 
areas, many with pavement seating all exposed to the pollution from the road. 
  
The plans also have a section where the other traffic is reduced to one lane where currently 
there are two. This is the extensive area outside the Boddington parking from the car park 
entrance to the ring road, and this will create congestion back to the city boundary beyond the 
Lawnswood Arms. When this is added to the three new traffic lights in this area to allow the 
TB to cross the A660 in two places and to allow the TB to pass up Otley Old Road, this will 
be the cause of a major traffic jam where there has not been a major problem at present. 



When this is added to the new traffic lights at the Ring Road crossing then we have the recipe 
for complete traffic chaos on a major artery into Leeds. This will be extremely bad for Leeds 
businesses in the city centre. It will also create addition traffic on Weetwood Road, Burley 
Road and Kirskstall Road as drivers take avoiding action of the traffic chaos that the TB will 
create. 
 
The Consequence for Air Quality, Health and  Carbon Emissions of Increased Congestion on 
the A660 North of Leeds Caused by the Leeds TB Scheme. 

In the NGT Statement of Case (NGTSC) the modelling of the effects of the TB on other 
traffic is done using procedures that use the legislated emissions test data for vehicles. This 
data uses the ECE passenger car test cycle that is designed to incorporate some features of 
real world driving, but its prime purpose is to compare vehicles against a standard for 
emissions compliance. It was never designed to be used for air quality studies. A key realistic 
component of the test cycle is that it has a cold start (20 -25oC). As the A660 has a very large 
number of houses alongside it for much of the route, as does the South Leeds section, there 
will be cold start of much of the traffic onto this route each morning. Similarly in the evening 
all the traffic travelling out of Leeds will have a cold start at the start of the journey and will 
in many cases join the route in a cold start state (i.e., water and lube oil and catalyst will not 
be at their hottest condition for minimum emissions). This test cycle has a stylised urban 
driving portion which is repeated four times, with the first of the sections being the cold start.  
The procedures that the NGTSC has used have not recognised the importance of the cold start 
for their air quality assessment and they have no mention of using the Enhanced Cold Start 
Procedures in the protocol that they were following, even though it was part of that protocol. 
This is a major failing of the air quality assessment.  

The procedures that should have been used are provided by AEA, who wrote the procedures 
for the traffic pollution monitoring that were used.  The following are the extracts from the 
AEA document on Cold Start Advanced Modelling. 

Cold Start Advanced Model - user guide Issue 1 AEA 3 
Modelling the emissions from vehicles is becoming an increasingly important activity in 
planning the environmental impact of future urban developments. This is largely done using 
emissions factors for vehicles which give their level of emission when being driven at their 
normal operating temperatures. However, in urban environments vehicles are usually started 
under engine conditions that are different to the hot operating conditions. The emissions from 
these vehicles can be very different to those calculated using the basic emission factors. This 
model seeks to address this issue and calculates the extra emissions that are produced when 
vehicles start from more realistic starting conditions. The results from this model may be 
used in conjunction with results from a traffic-based emissions model that calculates mass 
emissions on a road network from vehicles with their engines at normal operating 
temperature. 
 
This might be useful for a scheme appraisal, for example a car-park or out-of-town shopping 
complex where many cars will start their journeys with cold engines. The excess emissions 
calculated by the model are based on two series of measurements which encompass vehicles 
of different age ranges (year of manufacture of pre- and post-2000), diesel and petrol fuelled, 
and a range of engine sizes. The results from the model are weighted according to the 



proportions of the sampled car types in the national fleet in 2006, not in terms of the model 
types, but in terms of fuel type (petrol and diesel) and engine capacity. Options exist to alter 
this mix, either to reflect the vehicle parc composition between 2002 and 2006, or to use DfT 
fleet projection data for years 2007 to 2020. Alternatively, a user defined mix can be input. 
 
Changes in emissions standards have led to large reductions in excess emissions cold 
starting between Euro 2 and Euro 4vehicles. Consequently, excess emissions from cold 
starting are much less that even 5 years ago, and scope for further reductions are more 
limited. Therefore it is anticipated that this model can be used as a “worst case scenario” for 
future years. 
 
Although the report is correct in stating that emissions levels have come down dramatically in 
Euro 4 (2005) and Euro 5 (2009) and 6 (2014) vehicles, these emissions are still measured on 
the same test cycle with the same cold start speed and acceleration modes. However, the 
results show that the proportion of the lower emissions that is generated in the cold start 
increases, as the modern catalytic systems for SI cars essentially have very low emissions 
once the catalyst is lit off and the majority of emissions of CO, HC and NOx occur in the cold 
start. This has not been taken into account in the air quality assessment. 
 
However, the main problem with the assessment is that in urban congested traffic the test 
cycle is known to be completely unrepresentative of vehicle movement. This has been 
recognised by manufacturers who often use the European developed Artemis real world test 
cycle and provide emissions data for this. This is much more realistic transient action for 
urban driving than the existing test cycle. This is so well recognised now that the legislated 
test cycle is to be changed from Euro 6 onwards to a World Harmonisation Transient Test 
cycle, which better reflects real world driving. The unrepresentative nature of the emission 
factors used in this work for the driving patterns that the TB will change on the other traffic, 
makes the emissions predictions wrong.  
 
The results of the predictions for the existing traffic conditions in the HGTSC show that this 
is the case, as there is no agreement with the extensive air quality monitoring data for Leeds. 
This is shown for NO2 in Fig. A1 of Appendix A-08c-1 Air Quality TA. This has no 
agreement between the model and the real air quality measurements, in the worst case a 
measurement of 48 µg/m3 is predicted as 23, an error of over 100%. Out of 28 measurement 
points one was predicted correctly. The predictions actually show that there was no 
correlation between the predictions and the measurement and that the prediction procedures 
were thus useless. To then use these useless prediction procedures to access the impact of the 
TB scheme is fraudulent science. The conclusions that the TB would have negligible impact 
on air quality in Leeds and along the route is thus worthless and of no merit. Similarly the 
PM 10 predictions are for two measurement stations only and these were 26 and 22% too low 
relative to the measurements (Fig. A.3 of Appendix A-08c-1 Air Quality TA). Thus both NO2 
and PM are under predicted and no attempt was made to predict the number of exceedences 
of the daily limit under EU requirements. The procedures using in the prediction are 
incapable of predicting exceedences of the daily limit and yet this is the key health issue. 
 
The reason that the prediction procedures are useless is that in congested traffic the emissions 
are higher than in the ECE NEDC test cycle on which the predictions are based. Also, there 
was a failure to use the cold start procedures available in the model that was used and cold 
start affects the impact of the TB, as in the evening all cars in the city centre travelling 
outward along the route of the TB will cold start into congested traffic. In congested traffic 



the cold start is much longer than on the ECE passenger car test cycle. This was shown by my 
research group using the A660 road that the TB route follows. For example in SAE Paper 
2013-01-2528, given in evidence, a diesel oxidation catalyst with a cold start onto the TB 
route close to Leeds University took between 150 and 300s to light of the catalyst for CO 
oxidation, depending on the traffic conditions. The longest time is for the highest traffic 
density or greatest congestion. These are much longer light off times than on the ECE test 
cycle. In this work the average emissions of CO for the journey was over three times that on 
the ECE test cycle and for NOx is was between two and three times the ECE test cycle 
emissions. The CO2 emissions were between 1.5 and 2 times the ECE test cycle CO2. 
However, in the congested part of the journeys CO emissions were over 10 times the ECE 
test cycle emissions and the NOx emissions over 5 times the ECE limit. In this most 
congested part of the journey average speeds were below 8 km/hr. The reason for the 
increased emissions was the increased number of stop/starts in congested traffic, plus the 
greater acceleration rates than in the ECE NEDC. There were about twice as many stop/starts 
as in the test cycle and peak acceleration rates were 5 times higher than in the test cycles. For 
a Euro 4 SI vehicle similar results have been found for vehicle stop/starts and acceleration 
rates, but the consequences for emissions are greater as there is an additional factor of the 
deviation from stoichiometric mixture control during high acceleration. The effect on 
pollution is that emissions are a greater multiple of the test cycle data (see SAE Paper 2014-
01-1615 given in evidence). 
 
The increase in vehicle pollution and cold start emissions in congested traffic is well known 
in the literature and is not something that should have been left out of the environmental 
impact assessment. This is the reason that the predictions are useless, they have no means to 
include congested traffic effects. The higher acceleration rates and the greater number of 
accelerations in congested traffic cause more fuel to be used and use higher engine powers 
with more NOx emissions. Thus is why the air quality in congested traffic shows the highest 
values in Leeds for the most congested road, the A660 in the Headingley area where the TB 
route passes. In any assessment of the impact of the TB its effect on congestion of other 
traffic and on the consequences for emissions must be included. As this was not done for the 
NGT TB, the air quality impact of the TB cannot be determined and the conclusion of no 
significant impact is not justified.  
 

Objections to the Air Quality Impact in the NGT Statement of Case 

The key pollutants considered in the air quality impact of the TB were: 
 nitrogen oxides (NOx), particularly nitrogen dioxide (NO2); 
 fine particles (particulate matter defined as those less than and 2.5 microns in aerodynamic 
diameter; PM10 and PM2.5 respectively); 

I agree that these are two of the parameters of air pollution that affect people’s health. 
However, also ozone should be considered as part of photochemical smog. Ozone is an 
atmospheric reaction between nitrogen oxides (NOx) and hydrocarbons (HC). Although, 
NOx is included in the air quality assessment HC is not and so ozone is not addressed. As the 
other traffic on the proposed trolley bus (TB) route will have their emissions increased by the 
additional congestion caused by the TB this will increase ozone. 

The air quality assessment of the impact of the TB is limited to NOx and PM whereas the 
legal requirements are for consideration of SO2, benzene, CO, 1,3- butadiene, and ozone. 



European directives on PAH and heavy metals would also require these to be included. Both 
benzene and 1, 3- butadiene are emission problems from SI vehicles and both are strong 
ozone precursors as well as directly toxic to humans, The TB will make both of these 
pollutants worse through its action on increasing congestion, as they are emitted from SI 
under low power low catalyst temperature conditions of traffic that is in stop/start motion in 
due to congestion.   
 
For similar reasons the TB will increase CO emissions and other hydrocarbons than the above 
two. Ozone formation has non-methane hydrocarbons and NOx as the feedstock into the 
atmospheric reactions and both will be increased by the action of the Leeds TB on increasing 
congestion of other traffic. 
 
None of this has been considered in the air quality assessment of the impact of the TB and 
this again makes the air quality impact assessment inadequate and fails to comply with the 
EU requirements of an Air  Quality impact assessment. 
 
As the TAA notes, Directive 2002/3/EC relating to ozone (O3) in ambient air; applies to any 
air quality assessment in Europe and its neglect in this document makes it non-compliant with 
the requirements of an air quality assessment. 
 
Also not considered are the issues of heavy metal emissions (from  the electric motor, the 
batteries used to store the regenerative braking energy and friction on the overhead cables) 
and polycyclic aromatic hydrocarbon ( PAH) emissions, which are the class of pollutants that 
are potentially cancer forming. This is a legal requirement in Europe as noted in the TAA 

Directive 2004/107/EC (the fourth Daughter Directive) relating to arsenic, cadmium, 
mercury, nickel and polycyclic aromatic hydrocarbons in ambient air.  
 

The TAA in 1.17 correctly states: 

Defra recognises that poor air quality is a significant public health issue and estimates that the 
percentage of mortality attributable to long-term exposure to particulate air pollution in local 
Authority areas range from around 4% in rural areas to over 8% in cities, where pollution 
levels are highest. 
 
As Defra recognise that pollution levels are highest in cities and 8% of mortality in Leeds, as 
a major large city, will already be attributable to air pollution, which is dominated by traffic 
pollution, then anything that makes this worse should be avoided. It is the contention of this 
objection that the TB will make other traffic more congested and that this will make air 
quality worse and this will greatly offset all the benefits of reduced bus usage in air quality 
terms as there are vastly more other traffic than there are reduced number of buses. Also by 
2020 Euro 6 compliant buses will be used and these have negligible PM, NOx and polycyclic 
hydrocarbon emissions (PAH) emissions due to the use of PM filters and NOx catalytic 
reduction. The PM filter and NOx catalysts also have a role in reducing PAH emissions to a 
negligible level. 



It is surprising that the TB EIA has not discussed the issue of PAH emissions as that is 
normally a key health aspect of reducing diesel buses on the road. I am a world expert on 
diesel PAH emissions and published over 30 papers on this in the 1980s and 1990s. Diesel 
fuel contains PAH legally up to 9% in Europe and so the PAH emissions are directly related 
to unburned fuel emissions from the engine. This was the major problem with diesels prior to 
modern emissions legislation in 1993. However, the controls in place to reduce PM and NOx 
emissions in modern diesels also remove PAH emissions through the use of oxidation 
catalysts, particle trap and direct reduction in unburned fuel emissions from the engine. PAH 
emissions today are about 1% of the levels that existed in the 1980s and the associated health 
effects are negligible. 

National Planning Policy Framework and Local Air Quality in Leeds  
 
1.26 On 27th March 2012, the coalition government announced the introduction of the 
National Planning Policy Framework (NPPF) [13].  
“Planning policies should sustain compliance with and contribute towards EU limit values or 
national objectives for pollutants, taking into account the presence of Air Quality 
Management Areas and the cumulative impacts on air quality from individual sites in local 
areas. Planning decisions should ensure that any new development in Air Quality 
Management Areas is consistent with the local air quality action plan”. 
The Technical Guidance Note to the NPPF states: 
1.29 ‘The planning system should contribute to and enhance the natural and local 
environment by preventing both new and existing development from contributing to or 
being put at unacceptable risk from, or being adversely affected by unacceptable levels of 
soil, air, water or noise pollution or land instability’. 
 
The Leeds Air Quality Report 2011 (the latest available on the internet) shows that the 
roadside monitoring station at Headingley, which is directly on the route affected by the tram, 
shows that NO2 exceeded the European annual average air quality standard of 40 µg/m3 value 
for impact on human health and the 30 µg/m3 limit for the protection of vegetation and varied 
between 47 and 51 over this period and was 51 in 2010. The NGT Environmental Statement 
(Air Quality) adds two more years to this data for NO2 and PM10, but fails to mention the 
years 2006 – 2009, as data only for 2010-2012 are given. The data for 2011 and 2012 are 44 
µg/m3 for both years, which are still in excess of the European standard. There were only two 
other sites in Leeds worse than this and these were in the city centre. The National AUN 
monitoring station by the inner ring road had an average of 36 when Headingley was 51 and 
the NGT Environmental statement does not give this data for 2011 and 2012. Thus the A660 
in Headingley already creates local pollution for NO2  that was in 2010 42% higher than the 
average value reported in the National air quality network for Leeds. As the NGT has not 
provided the equivalent increase in pollution of the official Leeds NO2 air quality data, it is 
reasonable to assume that 42% will apply today as the higher pollution in Headingley relative 
the AUN site. 
 
The Leeds City Council air quality report also has NO2 data using the diffusion tube method 
for 91 sites in Leeds. At the Leeds Headingley site the annual average NO2 emissions varied 
between 46 and 50 µg/m3 and in 2010 was 49 in reasonable agreement with the 51 measured 
by the regulated method. These diffusion tube measurements at Headingley were amongst the 
worst in the whole of Leeds. There were 15 sites worse than Headingley in 2010, mainly in 
the city centre. Of these 91 NO2 measurement sites 51 exceeded the EU annual average NO2 



standard, but because the one site used in the National monitoring programme by the inner 
ring road across from the Leeds Met building does not exceed the NO2 standard (36 µg/m3 in 
2010 compared with a standard of 40) Leeds is deemed to be in compliant, even though much 
of Leeds is not.. Unfortunately the TB route goes through many of these non-compliant areas 
and the increased road congestion that it will cause will increase the pollution from other 
traffic in the area and increase NO2 in these areas, especially the Headingley area where I live 
and shop. 
 
For PM10  the Leeds 2011 air quality report shows that the monitoring station at Headingley 
showed this had the highest PM10  pollution in Leeds. On an annual basis the Headingley 
emissions were 29 µg/m3 compared with 21 at the AUN site near the inner ring road and 28 in 
the centre of the city. From 2006 to 2010 the PM10  at Headingley varied from 25 to 29 and at 
the AUN site from 21 – 25. For the 2011 and 2012 years the NGT Environmental statement  
gives the PM10 as 29 µg/m3 for 2011 and 25 for 2010. The AUN sites PM10 data was not 
given for these years, but the Corn Exchange figure in the centre of Leeds was 25 and 22 
respectively, which shows that Headingley was more polluted than the centre of Leeds.   
However, all of these measurements are below the EU standard of 40µg/m3.  
 
The exceedences of the 24 hour standard for PM10  of 50µg/m3  were also the greatest in 
Headingley and these varied over the period 2006 – 2010 from 11 to 24 days. In 2010 there 
were 11 exceedences compared with 9 in the centre of Leeds and 4 at the AUN site. The 
medical evidence is that for every 10 µg/m3 increase in PM10 1% extra people die within days 
of the exceedence and there is no known limit to this effect. Thus it is the exceedences that 
are the health problem not the annual average, as the health effects of PM10 are not related to 
long term exposure, but to short term exposure. None of this is mentioned in the NGT 
environmental statement, which does not mention the number of daily exceedances of the 
PM10 standard. As the consultants who wrote the report will know the facts on the health 
hazards of PM10 and the significance of the daily exceedences, it must be concluded that they 
have been deliberately withheld from their report – or they are simply incompetent.   
 
The CO emissions, which were not included in the air quality impact assessment, were for 
Leeds an annual average of 1.3 – 3.1 mg/m3 at the AUN site with 2.2 mg/m3 in 2010 and this 
is well above the EU standard for annual average CO of 0.5 mg/m3. There was only 
monitoring in Leeds at the AUN site and results for Headingley are not available, but will be 
worse than at the AUN site as the other pollutants are worse. The Environmental impact 
assessment (EIA) has no comment on the impact on CO relative to EU standards. Elevated 
CO levels have a known medical effect of increasing the risk of heart disease. The Leeds City 
Council claims that the CO levels are much lower than they were due to use of catalytic 
convertors (TWC) in SI engine vehicles. This ignores the fact that the EU standards are not 
met for CO. The problem is that in congested cities with cold start issues into congested 
traffic the CO emissions are worse as the catalytic control does not work when the catalyst is 
cold and this period is extended in cold start into congested traffic. The greater number of 
stop starts in congested traffic results in excess fuel use in each acceleration and deviation 
from the stoichiometric mixture control in SI engines. Both of these effects result in enhance 
CO emissions, which is why the Leeds CO air quality exceeds the EU annual average 
requirements. The consequences for exceedences of the 24 hour CO standard will be 
substantial but the local air quality evidence for this is missing from the Leeds City Council 
air quality reports and from the TB EIA.  
 



Thus it may be concluded that Headingley is the most polluted area in the city and the main 
reason for this is that the A660 has the highest traffic loading in Leeds and one of the highest 
in the country. The TB will pass down this already congested corridor and make the 
congestion worse and the already bad air quality along this road will be made worse, due to 
the action the TB has on other traffic. 
 
As the current air quality in the area affected by the TB does not meet European standards on 
an annual averaged basis currently and the effect of the TB will be to make this air quality 
worse due to its effect on increasing congestion in other traffic, then this proposal for the TB 
should be rejected. 
 
A key problem in the air quality assessment is that it appears to be for Leeds as a whole and 
not for the air quality of the people directly affected by the TB, those living within 200m 
either side of the route. This is at a conservative estimate >5000 households and probably 
10,000 people. I live in one of these houses and we are a household of five. The area of 
Headingley is already one of the worst air quality areas in the city, completely due to the 
traffic congestion on the A660 as it passes through Headingley. 
 
A surprising omission form the air quality EIA is the lack of discussion of the reduction in 
emissions from the diesel buses that are expected to be reduced in frequency.  I would argue 
that by 2020 Euro 6 buses (2014) will have been in production long enough for all new buses 
to be of this technology. Euro 6 diesel buses have emissions that are 98% lower in NOx and 
PM than in 1990. Most of Euro 6 buses are fitted with particle traps and SCR urea injection 
systems for NOx control. The emissions from the tailpipe once the engine and catalysts has 
warmed up are negligible. Thus the direct emissions from buses are no longer a significant 
disadvantage relative to the TB with no direct emissions of PM or NOx. As the NGT EIA for 
air quality did not discuss this issue, it indicates that they did not think it was significant. 
However, it is the usual quoted reason for the environmental benefit of a TB and it is a 
further indication that this was not an adequate EIA for the TB. 
 
Air Quality NGT Statement of Case  
 
Operational phase 
2.3 Increases in ambient pollutant concentrations as a result of emissions from road vehicles 
are greatest very near to the road, and reduce significantly with increasing distance. The 
Design Manual for Roads and Bridges (DMRB) [16] identifies that contributions from traffic 
emissions to ambient pollutant concentrations are generally negligible at a 200m distance 
from the road. 
 
This shows that the environmental impact of the TB scheme extends to 200m either side, and 
the consultants used in this study clear new that the impact of the TB would be in this zone. 
Yet there was no attempt in the Air Quality Environment Statement to assess the increase in 
pollution in this zone. Around 5,000 households and 10,000 people live in this pollution 
enhanced emissions alongside the TB and it is the impact on air quality for those affected by 
the TB that should have been assessed, not the impact on the average air quality in Leeds. 
 
 

 



Carbon Emissions 

A-08c-2 Technical Appendix B – Carbon 
 
The alternative transport modes CO2 figures are out of date. By 2020 EU legislation will 
force the passenger car average GHG emissions for each manufacturer’s fleet to be 95 g/km 
and to have a safety margin on this, manufacturers will aim to have 87 g/km (information 
from Ford at Uniceg meeting 2012) and vehicles with emissions lower than this are already in 
production. These are the emissions for a single driver and if the 1.56 vehicle average 
occupancy rate used in the NGT A-08c-2 document of 1.56 is used then the Carbon emissions 
per passenger km will be 56 g/km, lower than those estimated for the tram at 75 g/km. The 
tram figures depend heavily on the tram occupancy rate assumed and this is not given in the 
carbon section. However, if 100% occupancy is used then this is unrealistic. However, by 
2020 private cars will be more CO2 efficient than the TB, so displacing cars will not reduce 
CO2 emissions as claimed by the NGT air quality EIA. 

The CO2 g/km for the TB of 75 g/passenger km are based on the assumption that the grid 
delivered electricity can be reduced from the present 450 g/kWh to 307 g/kWh by 2020 (3.26 
MARKEL model), but the DECC lowest estimate for 2020 (from AEA Technology Pathways 
to 2050, detailed analysis, 2011) based on current carbon reduction strategies through to 2020 
is a lowest values of 330 g/kWh. Neither of these estimates for 2020 is likely to be delivered 
in the 6 years that remains. No new Nuclear will be built by then and the one that may be 
under construction will only generate 4% of current installed electricity capacity and more 
than that nuclear will be closed from existing nuclear plants by then. In 2012 renewable 
energy was 11.3% of generated electricity compared with 19% from nuclear electricity and 
the rest from fossil fuels. Thus non-CO2 electricity is 30% of total generated electricity and 
this gave 450 gCO2/kWh.  To achieve the near 300 g/kWh assumed in this study for the TB 
electricity would require doubling of Nuclear and renewables. As there will be no new 
Nuclear before 2020 and existing plants are due to close, it can be assumed that Nuclear will 
not contribute to this decrease in CO2 emissions from the grid. This implies an increase in 
renewables from 11% to 44% and no reduction in nuclear to give 64% non-fossil. This is an 
impossible target for renewables to achieve in 6 years and so the TB CO2 predictions are 
based on completely unrealistic assumptions. The TB CO2 should be assessed at the 450 
g/kWh CO2 associated with mains electricity now and then the CO2 in g/km would be 112 g/ 
passenger km and non-compliant with the 2020 requirement for passenger cars 

There is a similar problem with the bus comparison of carbon emissions to that of cars. This 
is deliberate misrepresentation of the real situation. There has been a continuous development 
of buses with new engines, including regenerative braking, and the Vision 2020 programme 
in Europe will deliver a reduction of fuel consumption from today’s level of 34 L/100 km to 
26L/100 km (ACEA and Rolf Leonhard, Bosch Diesel System –Efficient solutions for future 
powertrains, 6th AVL Proc.Int. Commercial Powertrain Conf. 2011 p. 81-86. ICPC 2011-
2.6). These convert to 13 gCO2/ passenger km for 50 passengers and 65g/km for 10 
passengers. Even the 10 passenger figure is lower than for NGT TB estimate of 75 g/km. 
These figures may be compared with the range estimated by the IPCC in 1999 for buses, 



which was from 20 – 100 g/passenger km depending on the occupancy rate. The NGT 
estimates also lie in this range. In the 15 years since this report, engine and vehicle 
technology have developed and lower emissions are achievable and will be achieved in new 
buses in 2020. As fuel is the largest operating costs of buses there is an incentive to always 
use the latest technology buses with the lowest fuel consumption and these will be used in 
2020 and should be the basis of comparison. 

An even simpler way to compare the bus diesel engine CO2 emissions with those of the TB is 
to compare on the basis of equal engine power output. This does assume equal weight of the 
vehicle and equal passenger loadings, which is reasonable. In 2020 this will be about 175 gfuel 
/kWh for new engines which convert to 525 gCO2/kWh (currently about 600 gCO2/kWh) and 
the electricity consumption is currently delivered at 450 g/kWh from the grid (the NGT figure 
was 484 g/kWh in the year of their study) and NGT assume that this will be 303 g/kWh in 
2020, which has been shown above to be completely unrealistic. This comparison ignores the 
inefficiency of the electric motor drive for the TB. The TB Environmental Statement on 
Carbon gives this as 88.2% (Carbon EIA 2.26, Table 2.4). This increases the carbon 
emissions from the grid from 450 g/kWh to 510 g/kWh and this is very close to that for buses 
in 2020. 

However, this assessment does not include the increase in carbon emissions from the 
increased congestion caused by the TB. This would overall result in a negative impact of the 
TB on carbon emissions. The published work on the effect of congestion on the A660 in 
Leeds given in evidence shows that the CO2 emissions were between 1.5 and 2 times the ECE 
test cycle CO2 on average. However, in the congested part of the journeys CO emissions were 
over 10 times the ECE test cycle emissions, increasing the congestion as a result of the TB 
scheme will have a negative impact on the GHG emissions for other traffic that will outweigh 
any benefit if any of the substitution of buses by TB. 

It is my conclusion that the claims for carbon reductions in the NGT Environmental impact 
statement are not justified for the TB and that the carbon emissions relating to the supply of 
electricity in the EIA are unrealistically low. The fact that they are in Government policy 
papers does not make them reality as the Government does not operate the electricity supply 
system. 

Professor Gordon E. Andrews 

 
 


