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As well as a resident directly affected by the route of the Leeds NGT 
Trolleybus I am a World expert on diesel NOx and particulate 
emissions and of transport emissions in general. I am also a World 
expert on Real World Emissions from transport using PEMS in real 
traffic (the A660 University to the RR was the test route for the 
measurements).
I am also an expert in climate change policy and carbon auditing, 
through my MSc level teaching of these topics.
I have published 450 research papers including 156 refereed papers  in 
International Conferences and Journals on road transport engine 
emissions, including 38 publications on the emissions from vehicles in 
real traffic driving (using the A660 and adjacent roads). 

I am the leading UK academic on road transport emissions, no one 
else has anywhere near the publication record in this area. I am  very 
well known for my industrial training courses in this area which have 
operated for many years.
1. Diesel Particulate and NOx Emissions (27 years)
2. Engine Emissions Measurement (20 years)
3. Spark Ignition Engine Emissions (15 years)
I have directed the Diesel Emissions course for 7 years in the USA and 
directed an engine emissions course in Australia for 6 years.
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History of this OBJ1637 formal objection to the Leeds NGT Trolleybus

I was asked to make this objection after I spoke at a public meeting 
organised by WPRA in St. Andrews Church Hall, Butcher Hill, 10.10.13.

1. 31. 10.13 Submitted a written objection 1112 words 3pp.

2. 28.1.14 Submitted further evidence including references to 23 of my 
research papers on vehicle emissions in the A660 traffic. 2120 words 

3. 1.4.14 Statement of Case Objection 6714 words 11 A4 pp. This 
included a rebuttal of some of the NGT evidence on air quality and 
traffic flow issues based on their initial statement of case.

4. 5.4.14 Received the NGT Statement of Case – about 50 volumes of 
evidence, including detailed measured traffic flows on the route, 
none of which had been analysed or commented on. Much of this 
evidence was new and not on the CD of evidence they had 
previously released.

5. 15.4.14 received a NGT rebuttal of evidence to my objection 
OBJ1637 and Statement of Case  1.4.14. This had little reference to 
the evidence I had submitted on my work on vehicle emissions on 
the A660. This was a 29 page response  with several authors of 
different sections, so they clearly treated my objection seriously.
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History of this OBJ1637 formal objection to the Leeds NGT Trolleybus (Cont.

I was asked to make this objection after I spoke along the lines of this objection at a public 
meeting organised by WPRA in St. Andrews Church Hall.

6. 30.4.14 Submitted a rebuttal of the NGT rebuttal of my evidence. This was a 
substantial document of 27,459 words and 59 pages. It rebutted the NGT   
evidence in their NGT statement of case as well as rebutting their comments 
on my evidence. 

7. 5.6.14 Received an e-mail with a rebuttal from NGT of my rebuttal of their 
rebuttal of my evidence. I was overseas at the time at conferences and did 
not see this until 7.7.14. I responded to this rebuttal on 7.10.14 with a  
document that was 10,000+ words and 41p long.

8.   Preparation of this presentation which is also part of my rebuttal evidence,   
10.10.14

It is clear that my evidence challenging the air quality and carbon assessment of 
the impact of the NGT has been taken seriously by NGT and its consultants.
This presentation aims to concentrate on the more contentious issues.
The main issue of dispute is my contention that the NGT TB will make 
congestion worse on the route and in the nothern part of the route the road is 
already highly congested. The impact on air quality largely follows this increase 
in congestion. The NGT team contend that the NGT will not increase congestion 
for other traffic, but I will show that their data shows that there will be a
significant increase in congestion.
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Extracts from my original 31.10.13 Objection Number OBJ1637. Part 1

As a World expert on diesel engine emissions as well as an expert on

climate change mitigation measures, I would like to refute the section

on the environmental and climate change benefits of this proposal.

The air quality arguments for the trolleybus do not take into account

the advances in emissions control from bus engines that will occur by

the time the trolley bus in in operation post 2020.

It is clear that there will be no CO2 benefit of the use of trolleybuses

I would contend, as an expert on these matters, that there is no

justification in the Leeds Trolley bus proposal on the grounds of

improvement in air quality or reduced CO2 emissions.
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Extracts from my original 31.10.13 Objection Number OBJ1637. Part 2

Furthermore, there is no dispute that the trolley bus will increase congestion for the rest
of the traffic. [It turns out that the NGT does wish to dispute this!]

I am an expert in the effect of congestion on the emissions from petrol and diesel
vehicles and it is all bad.
The increased number of stop starts in the traffic jams that the trolley bus will make
worse will far outweigh any supposed emissions benefit of reducing the number of
buses in Leeds.

In traffic jam emissions can be 10 times the legislated level, as traffic jam conditions are
not included in the legislated test cycles over which emissions from vehicles are
measured. [This is now recognised by new Euro 7 European transport emissions

regulations with more realistic test cycles – diesel NOx at x6 of Euro 6 (2014) legislation

have been measured in real world congested traffic]

Thus it is more likely that air quality will be worse with the introduction of the trolley bus
as this will make congestion worse.

As there will now be new traffic jams at the ring road, where the trolleybus will have
priority, air quality in West Park where I live will deteriorate as a direct result of the
introduction of the trolley bus.
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Extracts from my original 31.10.13 Objection Number OBJ1637. Part 3

Although, greenhouse gases are not an air quality issue, part of the supposed
environmental benefit of the NGT trolleybus is reduced CO2 emissions.

The UK electricity system has about 450 g/kWh of CO2 associated with any use
of electricity. On top of this the efficiency of the distribution of electricity by
overhead cables and the trolley bus motor efficiency would increase these
CO2. If we take a generous efficiency factor of 80% for these two losses then
the CO2 per kWh generation by the trolley bus motor of 563 g/kWh would
occur.
Current heavy duty diesel engines used in buses have CO2 emissions of about
600 g/kWh in Euro VI technology but much lower figures are available for
hybrid buses.

Legislation is forcing engine manufacturers to achieve lower emissions and
most buses by the time the trolley bus comes into service will have some form
of hybrid engine, with the battery charged by the diesel engine. Regenerative
braking is already entering production. Hence, it is clear that there will be no
CO2 benefit of the use of trolleybuses on a kWh basis.
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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 (TB).” 
The claims for the TB of improving the environment, reducing carbon 
and reducing congestion and travel times are simply not supported by 
the NGT Environmental Statement and the NGT Traffic movement 
analysis along the NGT route.
Thus the only claimed benefits of the TB that are left are ‘Job creating 
and economy boosting’ and these rely on the TB getting people to jobs 
in the city centre faster, which is only going to happen for those using 
the TB. The larger number of people in other vehicles will have longer 
commuting times. 
Also only about 25% of jobs in Leeds are in the city centre, so making 
their journeys shorter and the others longer is not sensible.
Clearly the injection of £250M construction costs of the NGT TB into 
the Leeds economy will boost the local economy and this seems to be 
the prime aim of the project. 
Moving 162 extra people from cars to the TB saving them on average 
10 mins maximum is hardly a major boost to the economy. This is the 
20% of the TB capacity that is estimated to come from cars.
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These claims were also in ‘Aims of the Proposal’ A-01-2 s.
3.3 – 3.6

3. Improve the efficiency of the City's public transport and
road networks.

(Improving the efficiency of road networks means reducing
congestion. Essentially this is about reducing Journey
times for all travellers not just NGT trolleybus passengers,
who will be a minority. Improving the efficiency of public
transport includes buses).

5. Reduce transport's emissions of CO2 and other
greenhouse gases.

6. Promote quality of life through a safe and healthy built
and natural environment.

(This implies an aim to improve air quality and thus reduce
the adverse impact of poor air quality on health).
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The NGT SOC and related Appendices shows, as detailed
in my evidence, the following:

1. There is no carbon or GHG reduction
(TWAO Doc. Ref. A-08c-2 Technical Appendix B: Carbon 5.7)

2. There is no improvement in air quality
(TWAO Doc. Ref.A-08c 1Technical Appendix A: Air Quality s. 4.27, 4.29, 5.1))

3. The Vision for Leeds (TWAO Doc Ref App-1-2) has no mention
of a vision for Leeds of improved air quality, but it does
mention a vision for ‘Leeds to be the best for health’ which
requires improved air quality, as this impacts health.

4. There is no reduction in congestion for other traffic on
the route, which will experience increased congestion and
higher emissions.
(TWAO Doc Ref App. 6-1 s.1.9; App.6-2 s. 5.11, 5.36, 5.85, 5.132; App-5-2 s.6.16
and 6.17; App-5-1 s.1.13, s.1.17; Doc C-1-8 Table 59)
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5. Travel time reductions are low for the TB and other traffic
have their travel times increased due to increased congestion.

Time reduction relative to buses by 13 minutes per return
journey Leeds – Belle Isle (36%) and 17 minutes Leeds –
Boddington (29%) is predicted for those travelling on the TB,
others will not have their travel times reduced because there is
no reduction in congestion for other traffic

(NGT LTVSO SOC 30.1.2014 Table 6.1).

In a later document (App-5-2 s. 6.7) these estimates are
downgraded to 5-10 mins for most journeys, which indicate that
most journeys will not be for the commute into Leeds, but for
intermediate journeys.

However, ALL of this time reduction is because of priority given
to the TB at all traffic lights and junctions, plus electronic
ticketing, and if these system were provided for hybrid buses in
the ‘do minimum’ case then there would be no advantage of the
TB. This system would also be much lower cost as hybrid buses
with low CO2 emissions will be in widespread use by 2020.
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Firstly and most importantly the NGT rebuttal of my
evidence does NOT dispute that the NGT’s own SOC
shows little benefit of the Trolley bus (TB) and that many of
the publicity claims for the Trolley bus are false and not
supported by the NGT SOC.

They do not state this clearly, but by not challenging these
conclusions, based on their evidence, they are accepting
that this is the case.

Their challenge to my evidence is that they contend that
the NGT TB will NOT make air quality worse, whereas my
evidence is that it will.

The NGT in their rebuttal evidence keep asserting that the
NGT TB will NOT increase congestion, in spite of their own
evidence to the contrary.
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What the NGT rebuttal to the Statement of Evidence of Prof
Gordon Andrews disputes is only:
1. The contention (supported by other objectors such as the NW
Leeds Transport Forum and the Confederation of Small
Businesses) that congestion will increase for other traffic
2. The contention that carbon emissions will increase.
(supported by other objectors such as the NW Leeds Transport
Forum).
3. The contention that air quality will deteriorate and the
increase in PM10 exceedances will cause additional deaths
along the 400m wide pollution corridor of the TB route.
As 2 and 3 are a mainly a consequence of 1, it was not
surprising that the NGT objected to the contention that
congestion for other traffic would be worse with the TB scheme.
However, their own evidence shows that congestion will
increase as I will show in the next few slides.
They simply provided no analysis of the traffic flow data that
they submitted as evidence – presumably as they realised it was
not in their interest to do so.
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Mr Robertson’s rebuttal on my evidence that the TB will
increase congestion of other traffic.

2.2. In paragraph 1.8 of his Proof of Evidence, Professor
Andrews greatly exaggerates the existing congestion on the
Headingley corridor. He states that there is a 4km traffic jam
from the City Centre to the Ring Road on the A660. In my Proof
of Evidence [APP-6-2] chapter 5. I go through the junctions
along the route and cover the existing issues. I show that whilst
there are existing queues on the A660, they are not continuous
over this length.

The problem with Mr. Robertson’s evidence is that he clearly
does not live near the A660 and commute on it daily as he would
then realise the nonsense of his statement. He refers to APP6-2
which has traffic flow data at junctions on the route, but his
assertions regarding congested are just that – he has not
presented the analysis of his data and there is no evidence in
his data to support his assertion, as I have shown in my
rebuttal.



The Leeds NGT Trolleybus Inquiry May/June/July 2014

Prof. Gordon E. Andrews, Objection Number: OBJ1637 19

In his rebuttal of my evidence Mr. Robertson refers to his document 

App-6-2 s.5. The key claim is that this section ‘shows that whilst 

there are existing queues on the A660, they are not continuous over 

this length’. 

However, this is NOT shown and the words he quotes do not appear 

in the document. 

To show that the A660 was not congested along its length from the 

ring road to the city centre at 8.30am and 5.30 pm, the measured 

traffic flows and CCTV records of the traffic congestion could have 

been produced as evidence to demonstrate the length of existing 

queues and I asked for this to be done. He has declined to do this in 

his subsequent rebuttals.

What he uses is a computer model of the traffic flows at individual 

junctions, which I analyse later. There is no prediction in App-6-2 s.5 

of the total length of current traffic queues at 8.30am and 5.30pm.
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The NGT SOC acknowledges that the Trolleybus(TB) would
not reduce congestion of other traffic on the A660
(TWAO Doc Ref App. 6-1 s.1.9; App.6-2 s. 5.11, 5.36, 5.85, 5.132; App-5-2 s.6.16
and 6.17; App-5-1 s.1.13, s.1.17)

Mr. Robertson appears to be trying to deny his own and
other NGT evidence that the A660 south of the Ring Road
is full. (98% capacity APP-6-2 s. 5.43).
App-2-2 s.3.12 states that ‘The A660 is one of the most
highly congested radial routes into the city experiencing
significant peak delays with both inbound and outbound
highway and public transport movements experiencing
journey times to and from the city centre that are double
those in non-congested conditions.

APP-5-1 s. 1.13 states that ‘Traffic congestion along the
A660 is forecast to constrain both car and public transport
demand using this sector’.
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8.25AM Thursday 1st May 2014 – Photo. Gavin Andrews, Leeds Solar

West Park
Roundabout on the
NGT TB N route.
An extra pedestrian
crossing is to be
put here before the
bend in the road. 

Traffic was jammed
to the Ring Road
and into Headingley.
Car space about
7m.
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8.05am Monday 28th April 2014 - Photo Gavin Andrews Leeds Solar
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8.06am Monday 28th April 2014 
– Photo. Gavin Andrews, Leeds Solar

Traffic travelling
south is jammed 
back to the ring 
road on the NGT TB
route.
Here is where the
TB will cross
from the centre flow 
to the inside bus lane.
The NGT case is
that this can be
done without
making congestion 
worse.
At peak times this
obviously cannot
occur as traffic lights
will stop the flow of
other traffic which
will make the queue

longer to the north.

Mature trees to be

felled for the TB
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13.5.14  8.20am

Traffic backed up to the Ring Road

This is exactly the point at which the TB will move from

the centre of the road to the LHS and there will be

a new set of traffic lights here.

The NGT claim that this will not make the congestion worse

is simply not credible.

Photo Prof. Gordon E. Andrews

Mature trees to be felled for the NGT TB
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13.5.14    8.18am
View N from West Park roundabout
by the West Park shops
Photo Prof. Gordon E. Andrews
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13.5.14   8.18am 
View  S from West Park roundabout by the
West Park shops. 
This traffic jam continues all the way into the
City centre at this time every weekday in
University term time.  Clearly Mr. Robertson and NGT
need to learn the reality of congestion on the N route of the TB.

Photo Prof. Gordon E. Andrews
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There is data in Doc. C-1-3 that proves my contention that at
peak traffic flow times in the morning the traffic is backed up
from Hyde Park to the Ring Road. At peak times it is also backed
up from their to the city centre. Traffic is jammed when the
average space (kph/vph) per vehicle is <~15m (NGT say a road
is congested when the average space is 50m). The distance
from the city centre to the Ring Road is 5.0 km and from Hyde
Park to the Ring Road it is 3.5km.
The travel time measured for this 3.5 km journey is 1125s (C-1-3-
Fig. 2) which is an average speed of 11.2 km/h in a 48 km/hr
maximum speed zone.
The ratio of the average speed to the maximum allowed speed
(48 km/h) is a measure of congestion and this ratio is 23% or the
congestion (1 – Ave Speed/48 kph) is 77%.
The traffic flow is a peak of 917 vehicles/hour (v/h) at Hyde Park
and 987 at the Ring Road and I will take the average as 952 vph.
The average road space per vehicle is the average traffic speed
in kph divided by the vph and this is 11.2/952 for the 8am traffic
and this is a vehicle space of 11.8m – congestion extends for
the complete length of the journey.
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The NGT TB Statement of Case (SOC) in Fig. 4 and Table 3.1
shows that the A660 is >100% congested at 8 – 9am and 5 – 6 pm.
This is a congestion definition that is the % change in travel time
from an uncongested route.
The definition of congestion in this rebuttal is % congestion
which is [1 – (average speed kph/48kph)] which is common in
transport analysis. The 48 kph is the legal speed limit (30 mph)
over the route.
The NGT SOC >100% congestion for the A660 means it takes over
twice as long to travel a distance than an uncongested road and
this is the same as half the speed and this is >50% congestion in
the terminology that I have used. I will show that the NGT TB data
provided shows that the congestion is >60% at all times
measured and 81% at 5pm. My own research groups
measurements using probe cars in the traffic flow (given in
evidence) show that congestion is as high as 90% in the most
congested section of Headingley from Hyde Park to Shaw Lane.
Fig. 3.33 in the SOC shows that the most congested junctions on
the A660 are Lawnswood roundabout, Headingley North Lane and
Hyde Park.
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Measurement of Congestion - 1

In the Leeds City Council data the travel time was measured for 
the 3.5km distance from the Ring Road to Hyde Park.

Ave. Velocity = 3.5 km / Travel time in hours = km/h or kph

The NGT data gives travel time and NOT average velocity, which 
has been derived from the distance / travel time.

Congestion is measured as:

Congestion% =[1–{Ave. Vel./48 kph}]%

48 kph is the legal urban limit.

The number of cars joining and leaving the main A660 flow at the 
6 major junctions in the 3.5 km were counted.

However, for the flow South the vehicle count at Hyde Park was 
used as the journey time was the time for a vehicle to leave the 
Ring Road and travel south to Hyde Park, thus the higher flow at 
the Ring Road was not appropriate as most of this did not arrive 
at Hyde Park.

Ave. Velocity / vph = Ave. road distance per vehicle.
4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland
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Measurement of Congestion – 2

Leeds University (Prof. Andrews) real world traffic 
emissions measurements use Portable Emissions 
Measurement Systems (PEMS - Temet FTIR in our case). 
Prof. Andrews researchers have used probe vehicles in the 
Leeds traffic on the A660 which runs past the University. 
The probe vehicle gave direct measurements of the 
congestion at the time of day of the journey as it was fitted 
with GPS monitoring.

However, there were no simultaneous traffic counts and the 
recently published Leeds City traffic counts enable the 
relationship of mean velocity to traffic flow on this road to 
be established.

Congestion was derived from the measured mean velocity, 
using on board Racelogic GPS, as the total travel time for 
the probe vehicle divided by the travel distance.

4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland
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Doc. C-1-3 from the NGT evidence provides data for traffic 
flows and journey times (N of RR to Hyde Park) in both 
directions (traffic travelling S and N) at 7am, 8am, 9am, 
noon, 4pm, 5pm and 6pm.

The traffic flows in the following graphs include all the data 
for both flow directions so that a wide range of traffic flow 
data is generated.

The NGT TB evidence gives the predicted effect of the TB 
on the traffic flows, which are predicted to increase.

The following graphs show that the 2009 NGT traffic flow 
data shows that if flow increases then congestion must 
increase – a fact that Mr. Robertson and NGT have been 
denying in their evidence and in their rebuttal of my 
evidence.
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NGT App-6-3-3 provided as addition evidence by NGT on 1.4.14 

was authored by Mr. Robertson of NGT.

It contains detailed analysis of traffic flows in 2010 on all the 
road junctions on the NGT TB route.

It has no analysis or commentary with it and appears not to 
have been analysed. 

The slides that follow are an analysis of what some of that data 
shows for the Northern route of the TB, specifically looking at 
the data between just N of the RR to Hyde Park, a distance of 3.5 
km. Data is given at 7am, 8 am, 9 am, noon, 4pm, 5pm, 6pm and 
this measured traffic data is plotted in the next slide.

The average road space per vehicle is the average traffic speed 
in kph divided by the vph and congested traffic exists over all of 
this length if the average distance between vehicles is about 
15m or less. When it is 50m or more traffic can join or leave the 
flow without disrupting the flow and the flow is uncongested.
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Measurements using  in road traffic counters and probe vehicles for

vehicle journey time for the 3.5km Ring Road to Hyde Park on the A660

through Headingley. Traffic count taken at Hyde Park.

Congestion increases with
traffic flow in urban driving.
7am flow was possibly 
different due to preferred
route S to London, with little
traffic leaving or joining the
main route south at that time. The NGT TB evidence

states that the road is
full if congestion is
50%. On this basis their
data shows the northern
route is over congested

My probe car 

measurements of 

congestion SL – HP

indcates flow of 

>1000 vph

NGT have presented no traffic

data after 7pm but the road is

still congested.
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I submitted evidence to the inquiry based on my published use of probe 
vehicles in the A660 traffic (SAE Paper 2012-01-1674) that in the most 
congested part of this route, with 6 repeat journeys at different times of 
the day on different days that the average speed was between 5.1 and 
9.1 km/h in the Hyde Park to Shaw Lane peak congestion part of this 
route. 
This converts for the 48 kph speed limit to a congestion of between 89% 
and 81% respectively. I also submitted evidence for the section of the 
A660 along side the University (SAE Paper 2013-01-2528) that in this 
congested traffic the average speed was between 5.4 and 7.7 km/h with 
6 repeat probe car journeys at different times of the day. 
This converts to a congestion of 89% to 84% respectively. 
Average speed is usually higher North of Shaw Lane so that my 
measured congested speed results for Hyde Park to Shaw Lane are in 
reasonable agreement with those of NGT C-1-3. 
If we take the results for Hyde Park to Shaw Lane, a distance of 1.7 km 
and an average speed of the six probe journeys of 6.43 kph, which were 
not all at the peak congestion time, then for the traffic flow at Hyde Park 
of 917 vph at 8am, gives an average road space per vehicle of 7.0m or 
242 vehicles between Shaw Lane and Hyde Park. 
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On 24.4.14 at 4.48 pm, which is outside the student term time with less than 
normal congestion, a bus I was on had an average speed 7.5 kph between the 
University Mechanical Engineering bus stop and the Arndale centre, 2.2 km, 
(congestion 84%) and from there to the West Park  the average speed was 16 kph
(67% congestion). For the whole journey (3.6 km) the average speed was 9.8 kph
(80% congestion). 

This is in good agreement with my probe car measurements of an average speed of 
6.4 kph between Hyde Park and Shaw Lane (congestion 87%) compared with the 
above bus speed of 7.5 kph. 

On 2.7.14 at 5.45pm the traffic was backed up from the city to Headingley. A bus 
took from 40 mins. to reach West Park, an average speed of 5.4 kph. This was made 
up of 4 kph to Shaw Lane and 9.6 kph from there to West Park Shops. 

On 23.9.14 at 5.0pm at the Eldon the traffic was backed up as far as I could see into 
the city. The No. 1 bus took 31 mins. to reach the Arndale Centre (2.2 km) and 
37mins to reach West Park 3.6km. This is an average speed of 5.8 kph to West Park 
(88% congested) and 4.0 kph (walking speed) to the Arndale Centre, 92% 
congested.

The NGT TB data in C-1-3 shows that at 5pm the measured average speed between 
Hyde Park and the Ring Road was 9.3 kph which is 81% congested, which is in 
reasonable agreement with the above simple bus passenger measurements and 
my published probe car measurements.



The Leeds NGT Trolleybus Inquiry May/June/July 2014

Prof. Gordon E. Andrews, Objection Number: OBJ1637 37

Contents
1. History of this objection and the various NGT rebuttals and my rebuttals of their 

rebuttals.
2. Extracts from my original Objection OBJ1637.
3. False claims on congestion and environmental benefits by the NGT, shown to be 

false in their own SOC.
4. The present peak congestion on the A660 S of RR .
5. The linear relationship between traffic flow and congestion.
6. Average distance occupied by vehicles v. flow vph
7. The reliability of the Leeds Traffic Model (LTM) compared with the experimental 

data provided by NGT in evidence.
8. The reliability of the LTM for flow changes at junctions.
9. Conflicting traffic flow data in the NGT evidence.
10. Factors that increase congestion other than traffic flow.
11. The problem of using average am and pm traffic flows and not predicting the 

effect of the NGT TB on peak flows and peak congestion.
12. Summary of my evidence for the NGT increasing congestion for other traffic.
13. The impact of congestion on vehicle emissions.
14. The poor NGT predictions of measure NO2 and PM10.
15. The impact of cold start from houses along the route
16. The importance of road junctions on vehicle emissions.
17. Impact of the NGT TB on CO2 emissions.
18. Conclusions



The Leeds NGT Trolleybus Inquiry May/June/July 2014

Prof. Gordon E. Andrews, Objection Number: OBJ1637 38

4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland

0

100

200

300

400

500

600

700

800

900

1000

0 10 20 30 40 50 60

Series1

Measured Average Distance Occupied by a Vehicle, m

= Ave. Vel.  kph/ vph

M
e

a
su

re
d

 V
e

h
ic

le
s 

p
e

r 
h

o
u

r

5pm N 7am S

The NGT TB evidence 
treats the road as full if the 
average distance between vehicles is 
<50m (50% congestion). 
This is probably not a realistic definition of full as the A660 
has no time of the day when this occurs.
There is clearly more flow capacity on the A660 if the average
speed is <10 km/hr and motorist are prepared to spend that
time commuting. It is still quicker than the bus.

My measurements of congestion using probe vehicles is that for 

SL – HP. at the physical bumper to bumper limit at peak

traffic flow times.

The NGT predictions for 2020 is that flow 
will increase, due to housing developments 
in N Leeds, to  
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Another definition of congestion is when the journey time is half the normal time congestion

Is 100% and the above results show that the A660 is congested for all times of the day.

Period studied 7am – 7pm

The average speed was the 
average over 3.5 km from
the Ring Road to Hyde Park.

Lowest ave. speed in probe car emissions 
study was 15 kph

Physical bumper to bumper limit

Walking 
speed
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What is the maximum flow capacity of the NGT A660 northern route? - 1 

The existing data in the previous slides indicates that the flow will be 
about 1100 vph when the mean velocity is at walking speed and the 
cars are close to bumper to bumper over the route.
NGT App-2-2 states in 3.12 that there is no practical scope to increase 
road capacity to either mitigate some of the congestion or to provide 
for traffic growth. Neither is there a policy support generally for an 
increase in radial road capacity in Leeds.
However, in other documents NGT predict that the TB will enable more 
other traffic to flow on this route and developments in N Leeds will 
lead to a higher traffic flow.
Doc C-1-3 shows that the highest measured traffic flow on the A660 
was at 8am for traffic from the North at the RR – Lawnswood junction 
and this was 987 vph (874 predicted). However, all this flow did not go 
into the centre of Leeds. The highest flow at Hyde Park was at 8am 
with 917 vph (1076 predicted) travelling south. The highest flow 
travelling north at 5pm was at Lawnswood with 907 vph (854 
predicted).
The prediction in earlier slides that with the traffic near bumper to 
bumper the maximum capacity of the road would be about 1100 vph.
It could be higher if there was not a bus lane, so it is policy to limit the 
flow on the A660 to 1 lane of traffic and 1100 vph is this limit.
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What is the maximum flow capacity of the NGT A660 northern route? – 2

If the A660 traffic flow limit (bumper to bumper) is 1100 vph it is difficult 
to see how the NGT plans envisage higher flows of traffic when the NGT 
TB is built. The data in Docs C-1-8 and C-1-3 are summarised below.

Year and Model 8am N RR going S  
vph

8am N Hype Park  go S 
vph

Measured 987 917

Base predicted 1059      OK 926        OK

2016 Do Min 1154      Just OK 1028      OK

2016 NGT 1577    Not possible 1139      Just OK

2031 Do Min 1116       OK 1177    Maybe possible

2031 NGT 1638    Not possible 1270    Not possible

Firstly, if the predicted flows can be accommodated then they must 
increase congestion, all the flow predictions are higher than the present.
As the projected flows into the A660 are beyond its capacity without
introducing two lane traffic (which is not policy) then the model must not
have the road maximum capacity as a limit and hence be a faulty model.
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The predicted flow north of the RR for the NGT in 2016 and 2031 is 

predicted to not arrive at Hyde Park. This means that much of the 

predicted increased flow does not want to go into the centre of Leeds 

but around the RR, where planning policy has located manufacturing, 

offices and large retail units. The NGT does not service these jobs.

NGT claim this increased flow will come from Spen Road and Weetwood

Lane short cuts transferring to the A660. I have argued in my rebuttal 

that the opposite is more likely.

The flows arriving at Hyde Park are more representative of the traffic 

flow going into Leeds. Apart from the rather high predictions with the 

NGT in 2016 and 2031, the other predicted flows are all just within the 

existing road single lane capacity – although the traffic will be bumper to 

bumper.

The lack of a limit on road capacity in the LTM shows that it is unreliable 

in predicting flows for congested roads.

It is therefore not suitable for predicting the effect of the NGT TB on 

traffic flows when the road is already congested.
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The A660 in Leeds in the 3.5km distance between the Ring Road 
and Hyde Park has:

1. Four sets of traffic lights which are computer controlled to 
maximise flow in the north/south direction.

2. Five sets of pedestrian crossing with lights that are separate 
in location from the traffic lights. A total of 9 stopping lights.

3. 35 other road junction where traffic can join or leave the main 
flow. These all feed traffic from houses and 
industry/University into the main road, they are not routes to 
other places.

Every time lights go on red there is traffic congestion in the main 

flow. 

Every time a vehicle turns from a side road into the main road or 

a vehicle turns off the main flow  left there is a right or left turn 

and congestion is caused to the main flow.

4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland
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There are currently 5 stopping lights between the ring road and Shaw 
Lane and this will increase to 11 under the NGT TB proposals. Some of 
these will have co-ordinated traffic lights, but most will not. 

The most important additional stopping actions is the new traffic lights 
with priority for the NGT TB as it moves from the outside lane to the 
central lane at Lawnswood and from the central lane to the outside 
lane at the Weetwood Hall entrance. In addition there are new traffic 
lights for the new right turn into St. Chad’s Road and the junction of 
the Headingley bypass with the A660 has a further new set of traffic 
lights. These four new traffic lights are too far apart from other lights 
for there to be co-ordination.

Every new stop generates traffic queues and increases congestion.

I do not accept that the increase in the number of traffic stopping 
events is entirely eliminated, as the cause of increased congestion, by 
the co-ordination of traffic lights and pedestrian crossings. 

There are still four new stopping points to cause an increase in 
congestion. This is additional congestion on top of that due to the 
predicted increase in flows on the A660 and the increase in traffic 
turning L or R off the A660 due to the NGT TB.
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The NGT TB evidence relies on the predictions of the 
Leeds Transport Model (LTM) for its prediction of the 
impact of the TB on traffic flows for the other traffic on the 
route.

It is thus reasonable to examine the accuracy and 
reliability of this model.

The NGT evidence admits that the predictions are only 
reliable to +/- 15% and that this is acceptable by the TRRL 
experience of city traffic models.

However, what the NGT TB evidence does not tell you is 
that the worst agreement is for the most congested flows 
and that these occur on the TB northern route. At 7am 
inflow C-1-3 Table 2 shows that the error was +24% and for 
the outflow at 4pm they were -15%.

Thus the predictions are least reliable for the RR to Hyde 
Park section which is the most congested, as shown in the 
next slide.
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Predictions using the Leeds Traffic Model an application of the TRRL city

traffic model which has +/-15% agreement with measured traffic  flows. 

Measurements

In the Leeds Traffic model the

greatest error is for the most

congested traffic on theA660.

The model is particularly poor at

predicting the changes in flow at

junctions.

The vehicle flows are those on the

A660 at Hyde Park and congestion

is based on measured travel times 

from NRR to Hyde park.

This data includes traffic flows

going North and South

-15% of measured

+15%

Note the 4 data

points outside the

acceptable 15%

agreement.

Note the steeper predicted dependence of 

traffic flow on congestions
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Consequently, the modelled impact of the NGT TB on 
congestion can be seen directly through its impact on 
traffic flows. If traffic flow are predicted to increase with 
the NGT TB, as they are in NGT Doc. C-1-8, then the Leeds 
NGT TB must increase congestion in other traffic and this 
will increase pollution and air quality will deteriorate.

In denying this and stating the opposite in the NGT TB 
evidence, and in their two rebuttals of my evidence, they 
are deliberately misleading this inquiry.
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The analysis of junction performance, on which Mr. Robertson 

relies, in A08h6 s. 5.2.1 is misleading because an input assumption 

was that demand on the A660 would not grow (because it was 

already considered to be at capacity) and yet it shows an increase in 

southbound speed in the am peak (which would then attract 

additional demand until the road was again full to capacity). 

Mr. Robertson in APP-6-2 s.1.5 in APP-5-2 s. 6.16 that the LTM 

predicts that Otley Road just south of the ring road has a forecasted 

increase in traffic flow of almost 50% (C-1-8, Table 63) over a short 

section. The predicted increase in the flow at the Lawnswood ring 

road junction was due to the priority at the lights for southbound 

traffic. This 50% increase in flow is into a road that at peak morning 

demand is already full (98% capacity APP-6-2 s. 5.43). This is the 

clearest prediction that congestion will get worse with the NGT as it 

is predicted to increase traffic flow. 
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If the above information is analysed in terms of the 
accuracy of predicting the flows that join or leave the A660 
at or between the above junctions then a completely 
different picture of accuracies emerges as shown in the 
next slide (which is not given in C-1-3). This is Table 2 of 
my rebuttal the NGT rebuttal of my evidence.

This shows that the model is hopeless at predicting flow 
interchanges at junctions.



Time Location Actual

v/h

Actual %

flow

upstream

Pred.

v/h

Pred

% up

Diff % Diff

8am NRR -

SRR

-326 -33% -225 -26% -101 -31%

8am SRR –

Shaw L

+147 +22% +197 +30% +50 +34%

8am Shaw L -

HP

+109 +13% +240 +29% +131 +120%

8am NRR - HP -70 -7% +212 +25% +282 +403%

5pm NRR -

SRR

-191 -21% -175 -20% +16 +8%

5pm North L -

SRR

+311 +52% +196 +30% -115 -137%

5pm HP –

North L

-133 -18% -168 -20% +35 +26%

5pm HP - NRR -13 -2% -147 -18% -134 -1000%

Changes in Traffic Flows at Junction on the A660 Comparison of Measurement and 
predictions. The predictions are hopelessly unreliable at predicted flow changes
at junctions and it is these changes that cause the congestion and the increased pollution.
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This Table shows that only one of the predicted flow changes at the 
key junctions on the A660 were predicted to within 15%. 

The differences in the flow changes at junctions as a % of the 
upstream flows were very large at up to 137% error of the evening flow 
change between North Lane and South of the Ring Road i.e. the 
prediction of traffic joining the outflow from North Lane, Shaw Lane 
and all roads North was in major error. 

In the morning the prediction of traffic joining the A660 flow into Leeds 
between Shaw Lane and Hyde Park was in major error of 120%. 

If the difference in Hyde Park and North of the Ring Road flows are 
compared at 5pm the measurements show roughly equal flows but the 
predictions show an 18% decrease in flow. 

The predictions are worse at 8am with the measurements showing a 
decrease in flow at Hyde Park of 7% and the predictions showing an 
increase in flow of 25% a difference of 32%. 

This shows that the Leeds Traffic Model is particularly bad at 
predicting the changes in traffic flows at junctions on the A660 where 
the NGT TB route is planned to go. Thus its ability to predict the impact 
of the NGT TB on traffic flows and congestion is poor and cannot be 
relied on.
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In view of the inability of the Leeds Traffic Model (LTM) to 
predict to within 15% the influence of traffic flow changes 
at junctions on the A660, it is unlikely that it can predict 
reliably the influence on other traffic of the NGT TB 
scheme. The junction errors in the model are in excess of 
100% at key junctions on the route.

I would therefore challenge any conclusion on traffic 
movement using the Leeds Traffic Model for the A660 at 
peak congestion times, as it is incapable of modelling the 
current road junction flow changes, under maximum 
congestion, to an acceptable degree of reliability.

As the NGT conclusion that the NGT TB will NOT increase 
congestion in other traffic is dependent on the reliability of 
the LTM then their conclusion has little merit.

I will also show that their own data and predictions show 
that congestion of other traffic on the NGT route will get 
worse when it is in operation.
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Other problems with the predictions.

The maximum predicted southbound flow in Doc C-1-3 is
1076 at Hyde Park at 8am and 864 north of the Ring Road at
8am, a ratio of 1.25. These relative predicted flows are at
variance with the actual measured flows, where the Hyde Park
flow is 917 vph and the Ring Road flow is 987 vph, a ratio of
0.93 . No explanation of this difference is given and it is a
predicted error in this flow ratio relative to the measurement
of 1.34.

In Doc C-1-8 the base year flow in the mean am is 1059 vph
for Otley Road and 928 for Woodhouse Lane (post Hyde Park)
a ratio of 1.14. This is the opposite relative flows to those
predicted in Doc C-1-3 and no reason is given for this change
and the two sets of data are not discussed in the same
document.

In 2016 the do minimum case has a southbound flow in the
am of 1154 at the Ring Road and 1028 at Hyde Park, a ratio of
1.12.
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The second set of predicted traffic flow data in APP-6-3-3 

APP-6-3-3 analyses traffic flows at all the junctions on the 

NGT TB route and is far more detailed than the data 

analysed above from C-1-3 and C-1-8. 

This data has different quantities than in C-1-8 for the 

predicted effect of the Do Something, DS, (with NGT). 

Why is it that NGT cannot produce a consistent set of 

predicted traffic flow data? Decisions are being made on 

what is clearly an error strewn submission to this inquiry.

There has been no rebuttal by NGT of the errors and 

inconsistencies I have found in their data.
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Time Location Tables 4 & 5
C-1-8

Table 6 and
7
APP-6-3-7

Difference

AM South NRR 1577 1593 + 16
AM South NHP 1139 1133 - 6
PM North NHP 831 957 + 126
PM North NRR 1198 1498 + 300

A puzzling feature of the above results is that the data in C-1-8 is not the same as in 

APP-6-3-7 by a large margin for the NGT.

The congestion in APP-6-3-7 is predicted to be much worse than in C-1-8 due to more right 

and left turning traffic as well as due to higher traffic flows. 

As APP-6-3-7 is the detailed data of the traffic modelling it is this that should be correct. 

The NGT TB team need to explain the discrepancy in the traffic flow data in 

APP-6-3-7 and C-1-8 and in their various rebuttals of my evidence they have not given an

explanation for this.

This leads to the conclusion that their data gathering and analysis is sloppy. Such a 

major decision on Leeds transport infrastucture should not be made on the basis of poor 

data and poor predictions relative to measurements.

Comparison of NGT predictions in C-1-8 and App-6-3-7
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The Table in the next slide compares the Do Minimum, DM, 

(no NGT but road and traffic light improvements) and the Do 

Nothing, DN (stay as we are reference 2012). 

Figures are given for the AM and PM average flow, not for 

the peak flow times.

The data after Cliff Road has to be given at Hyde Park due to 

the no left turn at Hyde Park in the DS model, which has a 

left turn down Cliff Road. 

An unusual feature of the predictions, which are likely to be 

wrong, is that more people will turn left at Cliff Road than 

turn left at Hyde Park in the DM model..
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Direction DS
NGT
vph

DM
vph

DN
2012
vph

Increase in Traffic SRR that
travels through Headingley
with NGT relative to DN

NRR South 1393 1290 1335 58
SRR South 1375 916 932 443 (48%)
NHP South 1082 1076 1078 4
SHP South 1133 880 882 251 (22%)
N Cliff Road South 1011 934 889 122 (12%)
S Cliff Road South 787 742 733 54
N Rampart
Road

South 856 991 928 -72

S Rampart
Road

South 1166 1114 1052 114 (10%)

APP-6-3-3 Predicted Traffic Flows in vph for Lawnswood Ring Road and Hyde Park 
Junctions. AM Travelling South
The predictions show an increase in flow of 48% with the NGT at the RR that is
predicted to be reduced to 10% after Hyde Park. Thus most of this increased flow
does not want to go to Leeds city centre, but turns off at the major junctions in
Headingley.
These vehicles leaving the main flow add to the congestion, congestion is not 
simply about flow in the main direction.

Error! Should be the same
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In APP-5-2 s. 6.16 Mr. Hanson predicts that Otley Road just 
south of the ring road has a forecasted increase in traffic 
flow of almost 50% (actually 47%) (C-1-8, Table 63). 

What he does NOT say is that this increased flow is NOT 
predicted to reach Hyde Park and thus apparently wants to 
stop in Headingley or go to Meanwood or Kirkstall and not 
into the city centre where the TB goes.

In the NGT SOC 30.1.14 s.5.23 it is stated that 

‘Traffic flow changes as a result of the NGT are generally 
forecast to be relatively low ….The largest changes are 
forecast between Lawnswood roundabout and the city 
centre’. 

If traffic flow increases then congestion will increase in the 
northern route as flow increases cause  increased 
congestion in an already congested road. 
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Features of congested roads which are all present on A660

1. A high traffic flow

2. Frequent junctions on the route with traffic joining and 
leaving the main flow. Main flow stops to let in vehicles 
from the right or left, at the discretion of the drivers in 
the main flow. Each car joining causes main traffic to 
halt.

3. Traffic lights at major junctions. All traffic now halts 
periodically. For high traffic flows it can take several 
stop/starts to get through. The process of starting and 
moving about 10m is very energy intensive with high 
emissions.

4. Traffic joining flows that can be comparable with the 
main flow.

5. Traffic mean velocity decreases as congestion increases.
4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland
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NGT App-6-3-3 gives the modelled am and pm average flows at the all the junctions 
with no data analysis. This is an analysis of the data for the do nothing (DN) for NRR 
to North Lane on the A660.

Remember that I have already shown that these predicted junction flow changes 
have a poor accuracy and will be higher than predicted.

N of Ring Road (RR) 1335 vph

Turn left 400 vph and Turn right 327 vph

Join from east 144 vph and join from west 180 vph

Traffic S of RR 932 vph (70% of that prior to the junction, but only 46% of the flow 
from N actually wanted to go S).

Between RR and next junction 30 cars join the flow 962 vph

1st junction S 73vph leave the main flow and 270 join.

2nd junction S 2 left before this, flow is 1157 but 19 leave at this junction and 65 join 
leaving 1203 going S.

3rd Junction (Traffic lights) 145 turn left or right and 44 join the flow S 1102 vph

4th Junction 988 vph arrive (14 left the flow in between) and 26 leave the flow with 4 
joining to go S (but 65 join to go N). 966 going S

5th Junction 1090 arrive (124 joined the flow in between), 102 leave the flow and 575 
join the flow leaving 1563 travelling S

Total distance 2km and there were 2400 individual vehicle movements into or out of 
the main flow. Each movement stops traffic when the flow is congested.

Only 21 % of the flow N of ring road was still travelling S after 2km. (North Lane)
4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland
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A key feature of this finding is that there are predicted to be with the 
NGT 1200 vehicle movements per km into or out of the main A660 flow 
from junctions and houses along the route.

It is these vehicle movements that cause increased congestion and 
reduced traffic flow speed.

To turn left from the main inward flow a vehicle slows down before 
turning and the traffic behind has to slow. 

Similarly for a vehicle joining from that road under congested 
conditions the traffic has to slow or stop to let the vehicle in.

For a right turn the vehicle has to stop first and all the vehicles behind 
in the single line traffic have to stop. 

Traffic lights help to control this flow when the vehicles that wish to 
turn off the main flow is a high proportion.

Traffic light create queues of vehicles when on red.

The underestimation in the model of the traffic movements at junctions 
means that the consequences for congestion are also underestimated.
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This analysis of the data in APP 6-3-3 shows that most of 
the traffic, on the A660 travelling south in the morning peak 
time, does not want to go into Leeds.

This is because jobs in Leeds are spread around the city 
and are not all in the centre.

The Leeds Air Quality Action Plan mentions that there are 
442,000 jobs in Leeds and the Leeds Air Quality Report 
2011 mentions that there are 100,000 jobs in central Leeds 
(which is also in the NGT evidence). Thus only 23% of jobs 
in Leeds are in the city centre. It is thus not surprising that 
only 21% of the traffic at Lawnswood goes beyond North 
Lane into Leeds.

This is why traffic is constantly joining and leaving the 
A660 at junctions as this is the artery connecting jobs in 
north Leeds on the east and west sides of the road.
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The problem in the use of morning and afternoon average 
traffic flows in the NGT evidence on congestion, journey 
times and traffic flows.

In the validation of the LTM NGT used measured and 
predicted data at 7, 8 , 9, 12 am and 4, 5, 6 pm. However, in 
the assessment of the action of the NGT on transport they 
have only used average am and pm flows and not defined 
how these were averaged.

This is a deliberate method of underestimating the action of 
the NGT TB on the peak morning and afternoon traffic flows 
and congestion.

However, from the evidence presented for the measured and 
predicted traffic flows at different times of the day the ratio 
of the peak flow to the average can be determined and then 
applied to the NGT traffic flow data for the action of the NGT 
TB. 
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If the interpeak is included in both averages, to give an am and pm average time
then the ratios of peak to average are high.
This is important as the NGT TB system is compared with the ‘do minimum’ in 2016
and 2031 on the basis of am and pm average flows and no information is given on
the predicted peak flows.
The data for the journey times from the RR to Hyde Park in the NGT evidence has
been analysed for the measure and predicted times in the calibration data for the
LTM.
The average time am is 828s and the ratio of the peak to the average is 1.36. For the
predicted results the values are 846s and 1.22. In the pm including the inter-peak
the measured average is 1030s and the peak to average ratio is 1.31. The
equivalent predicted values are 997s and 1.19. A consistent pattern can be seen of
the prediction underestimating the increase of the peak to mean flows by 63% in
the am and pm.
Thus the use of the am and pm average flow times will underestimate the effects of
the NGT on the peak flows.
This has clearly been deliberately done by the NGT TB traffic flow presentations.
Basing the effect of the NGT on other traffic on average morning and afternoon
flows clearly underestimates the influence of the NGT TB on traffic flows and hence
on the congestion caused at peak times on the other traffic.
The net result of this in the decision making for the prediction of the effect of the
NGT TB on congestion is to artificially minimise the effect.
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2016
am

2031
am

2016
pm

2031
pm

Otley Road NRR
N
S

0.89
1.20

0.96
1.47

1.16
1.20

1.00
1.25

Woodhouse Lane
N
S

1.15
1.11

1.17
1.08

0.69
1.05

0.87
1.03

Ratio of flows for NGT (DS) to do minimum (DM) for 2016 and 2031
As the decision of the effect of the NGT TB on other traffic is being made on the
relative effect on flow and journey times for the NGT TB and the minimum change
case using Hybrid Buses, any error in the predictions is possibly cancelled out if
we examine the flow ratios. These are shown in the Table.

The headline increase in flow into Leeds city centre of 50% due to the NGT can be seen to

be a false claim, as it is only predicted to occur in the morning flow at the RR and this

increased traffic flow does not go into the city centre. In general the predicted effect of the 

NGT TB on other traffic flows is 1.08 on the northern route.  As flow and congestion are 

linearly related this is an 8% increase in congestion (10% for 2031).

The average
increase in
traffic flows
due to the
NGT in 2016 is 
1.06 and in 
2031 is 1.10, 
The average is
1.08
The 1.47 ratio
Is an anomaly.
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This predicted average 8% (10% in 2031) increase in 
congestion due to the DS (NGT) compared with the DM 
scenario is in agreements with the 8% NGT predicted 
increase in congestion (based on Doc. C-1-8 Table 13) 
based on increased bus travel times.

However, these are congestions based on the am and pm 
average flows NOT the congestion based on the peak 
flows. 

The analysis of data in Doc C-1-3 shows that the measured ratio of 

the peak traffic flow to the am mean is 1.36 and in the pm is 1.31. 

The LTM used in the NGT TB analysis is particularly bad at predicting 

the peak to mean travel time as its ratios for the above two values 

was 1.22 and 1.19 respectively.
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This means that the 8% predicted increase in congestion with the
NGT TB will become an 11% increase at peak am times, using the
measured ratio, 1.36.

However, as the model is particularly bad at predicting the effect of
junctions, which dominate the vehicle movement on the A660 the
net effect will be to significantly underestimate the influence of the
NGT TB on congestion.

The junction errors discussed earlier average at about 25% and
hence the actual influence of the NGT TB system on the am average
traffic flow at junctions is likely to be 10% and the influence on the
peak congestion at 8am will be about 14%, nearly double that
estimated in the NGT TB assessment.

For the 2031 case the increase in congestion with the NGT TB was
25% higher than the average of 2016 and 2031. This would make
the effect of the NGT TB in 2031 on peak congestion at 8am to
increase to 17.5%.
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The NGT evidence has two opposing statements on the 
impact of the TB on flow in the other traffic.

The make a big point in various documents about the near 
50% increase in flow south of the Lawnswood junction.

If the flow increases the congestion must increase, as I 
have shown.

However, they then say in other documents that traffic flow 
changes as a result of the NGT are generally forecast to be 
relatively low. I have shown above that these changes are 
significant in terms of the peak flows at 8am and 5pm.

In the NGT various rebuttals of my evidence they have 
consistently stated that there is no impact of the NGT TB 
on congestion of other traffic and this is not the case, as I 
have shown.
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The Evidence on Travel Times for Other Traffic and the 
Calculation of Consequent Congestion

The analysis of journey times for other traffic with the NGT 
TB is not possible as C-1-8 does not include the data in the 
form that it does to the ‘do minimum’ and base line cases. 
The enquiry must make NGT TB produce this data as their 
claims for no significant changes in journey times for other 
traffic with the NGT TB and hence of congestion cannot be 
tested. As journey times are inversely proportional to 
traffic flows in congested traffic then changes in journey 
time similar to changes in traffic flows with NGT would be 
expected. 

In the various rebuttals of my evidence NGT has not 
provided this data.
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From the NGT Rebuttal of my evidence
NGT 2.7. In paragraph 3.14 of his Proof of Evidence, Professor Andrews says the 

NGT will make the congestion worse on A660. This is unsubstantiated, and in 

my evidence [APP-6-2] chapter 5 on a junction by junction basis I show it not to 
be the case.

Obviously I do not agree and have shown above that my original evidence that 
the NGT TB will increase congestion on the A660 South of the Ring Road was 
correct. 
Much of Mr. Robertson’s evidence does not stand up to scrutiny as I have shown 
above and he has an over reliance on a model that has poor prediction of flow 
changes at junctions. 
He has also not predicted directly the congestion as normally defined and has 
not produced the predictions of traffic queues along the whole A660 route that 
the NGT TB will generate and compared them directly with ‘do minimum’ case. 
Traffic flows at individual road junctions, which he basis his argument on, are 
not the same as total road flow capacity with many junctions along the route. 
Journey times on the road is a better measure of congestion as the distance is 
known and hence journey time enables average speed to be determined. 
Unfortunately the crucial data on journey time with the NGT is missing from the 
document that gives the journey time for the base case and the do minimum 
case. This information has not been provided in the NGT rebuttal – I hope it has 
been provided for the Inquiry as I asked for in my evidence.



The Leeds NGT Trolleybus Inquiry May/June/July 2014

Prof. Gordon E. Andrews, Objection Number: OBJ1637 76

Contents
1. History of this objection and the various NGT rebuttals and my rebuttals of their 

rebuttals.
2. Extracts from my original Objection OBJ1637.
3. False claims on congestion and environmental benefits by the NGT, shown to be 

false in their own SOC.
4. The present peak congestion on the A660 S of RR .
5. The linear relationship between traffic flow and congestion.
6. Average distance occupied by vehicles v. flow vph
7. The reliability of the Leeds Traffic Model (LTM) compared with the experimental 

data provided by NGT in evidence.
8. The reliability of the LTM for flow changes at junctions.
9. Conflicting traffic flow data in the NGT evidence.
10. Factors that increase congestion other than traffic flow.
11. The problem of using average am and pm traffic flows and not predicting the 

effect of the NGT TB on peak flows and peak congestion.
12. Summary of my evidence for the NGT increasing congestion for other traffic.
13. The impact of congestion on vehicle emissions.
14. The poor NGT predictions of measure NO2 and PM10.
15. The impact of cold start from houses along the route
16. The importance of road junctions on vehicle emissions.
17. Impact of the NGT TB on CO2 emissions.
18. Conclusions



The Leeds NGT Trolleybus Inquiry May/June/July 2014

Prof. Gordon E. Andrews, Objection Number: OBJ1637 77

Summary of the Evidence for Increased Congestion with the 
NGT

The above analysis of the NGT TB traffic flow data shows that 
Congestion is predicted to increase, particularly on the flow 
through West Park and Headingley, for the following reasons.

1. The NGT TB  is predicted to increase the traffic flow in West 
Park and Headingley and this will increase travel times and 
increase congestion.

2. The NGT TB is predicted to increase the number of traffic 
turning left and right off the A660 in the Headingley and West 
Park areas and this occurs in the Southbound flow in the 
morning and the northbound flow in the afternoon.

3. The increase in the number of traffic light junctions that will 
not be interconnected as they are too far apart. Traffic lights 
stop the Traffic and this increases congestion.
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4.  The traffic flow analysis with the NGT has not been carried 
out at the peak flows but have average flows for  the morning 
and afternoon. These underestimate the changes that the NGT 
TB will make, as shown by the  hourly data in C-1-3. This data 
shows that the peak flows as the ratio of the average is 1.32, for 
the predicted times the average is 1.17, which is a gross 
underestimation of the measured peak to average time. In the 
pm the ratio of the peak to the average time is 1.13 and the 
predicted ratio of the peak to the mean is 1.09, again lower than 
the measured ratio. Thus the predicted effect on congestion for 
the NGT TB is underestimating the actual peak traffic flow 
effects on congestion.
5. There is contradictory data on traffic flows in C-1-8 and APP-
6-3-2 and the conclusions of the NGT TB case is based on C-1-8 
and not on the worse congestion effects predicted in APP-6-3-2, 
which is the prime data.
6. There are obvious mistakes in the predicted data in the flows 
in the Hyde Park area and this does not give confidence that the 
predictions of no effect of the NGT on congestion of other traffic 
is reliable.
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7. The NGT TB impact on other traffic journey travel times are 
missing from C-1-8 and hence the conclusions that they make 
no increase in journey times and hence no congestion has no 
evidence to support it.
8. The NGT TB does have data on the increase in bus travel 
times due to the NGT TB and this shows that these times 
increase by 25%, supporting the contention that the NGT TB will 
increase congestion for other traffic. Their estimation that other 
traffic will have increased congestion by 6% is a gross 
underestimation, for the reasons given here.
9. The NGT TB assessment of no congestion has considered 
only the congestion on the A660 and not the congestion on the 
connecting roads at traffic lights and other junctions. The 
priority to the NGT TB at traffic lights will make congestion 
worse in the connecting roads.
10. The NGT TB uses the Leeds Traffic Model which C-1-3 shows 
is very unreliable in its prediction of traffic movements at 
junctions, as summarised in Table 2. The LTM underestimates 
changes at junctions and as the effect of the NGT TB is to 
change flows at junctions, its prediction of these effects will 
underestimate reality.
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Congestion leads to increased emissions relative to the 
NEDC legislated test cycles.

The reason is not just the low mean speeds, but the stop 
start natures of traffic movements in congested traffic. 

A vehicle moving slowly but steadily has higher emissions 
due to the low engine powers and high friction and wheel 
rolling frictions losses at low speed.

However, congested traffic does not move at a low uniform 
speed but in a series of accelerations for stationary and 
then stops when traffic lights change or other traffic has to 
join the flow.

Average speed is based on total journey time over a known 
distance and every stop/start increases the journey time.

Low speed also means low exhaust temperatures and 
catalytic aftertreatment systems do not work if Text <200oC 
which is the case at low speed stop/start.
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This is the record of instantaneous velocity  and

acceleration/deceleration on congested traffic on the NGT N 

route from the University of Leeds to the ring road and back 

again. It is compared with the EU passeger car urban drive cycle 

(pink).

In congested traffic the speed is low, the number of stop/starts 

is higher and the acc/dec are much greater. These differences all 

increase emissions and fuel consumption and CO2 emissions.

SAE Paper 2005-01-1617



Dr. Klaus-Dieter Schmidt, Head Engine Dev. FPT Moterenforschung AG Arbon, Switzerland.

Presentation on ‘Technology of HD Euro VI Truck Engines & Future Trends Towards Improved

Fuel Economy’. Leeds University CPD Diesel Particulates and NOx Emissions,  May 2014.

Euro VI NOx in real serviceEuro VI Truck 40t 

PetrolDiesel Quelle: TU Graz, HBEFA 3, FPT

� One Euro VI truck emitts about the same NOx in g/km as one singe Euro 

5/6 passenger car.  Hence, one Euro Vi bus = 1 car for NOx
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Congestion

Emissions increase at low speed in proportion to congestion for diesels and
at a lower rate for SI vehicles.
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NOx

g/km

NOx

g/km



Stop and go urban rural

motorway

Source: HBEFA, FPT
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Dr. Klaus-Dieter Schmidt, Head of Engine Dev., FPT Moterenforschung AG Arbon, Switzerland.
Presentation on ‘Technology of HD Euro VI Truck Engines & Future Trends Towards Improved
Fuel Economy’. Leeds University CPD Diesel Particulates and NOx Emissions,  May 2014.

<48 kph speed limit for urban driving

* * * * *
*

*

Congestion 0-100%

Lower speed = more congestion = more NOx pollution

Euro VI (2013) HDD Bus engines 
NOx in real service

4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland
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Data for 

trucks and buses

IVECO Buses and trucks

Note that Euro VI buses

have the same NOx emissions 

as test cycles  in real world driving
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Mass emission Mass emission vsvs Velocity & AccelerationVelocity & Acceleration
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Acceleration [m /s2]Velocity [km/h]02040 60 801000.11
10100

-3 -2 -1 0 1 2CO mass emission [g/km
]
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]
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(c) (d)

CO CO2

HC

NOx high at low speed

and high acceleration,
as in congested traffic.

Vel.

Acc.

The Leeds NGT Trolleybus Inquiry May/June/July 2014

Prof. Gordon E. Andrews, Objection Number: OBJ1637 85

The highest mass 
emissions were at low
speed high acceleration
which occur in congested
traffic with frequent 
stop/starts.
Measurements using
Horiba PEMS OBS
in traffic in Kyoto, Japan.

4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland

Lower speed
Accleration



Professor Gordon E. Andrews, Energy Research Institute, University of Leeds, UK.

Real World Diesel and SI Engine Gaseous Emissions       86

SAE 2012
Powertrain F&L Malmo SAE Paper 2012-01-1674
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48km/h (30mph) 

Urban 

Engine is
warm or 
cold start

Ring Road

Hyde Park

A660 Single lane public traffic
+ Bus lane to Shaw Lane

Bus Lane

Ends

NGT Trolley bus runs 
along the A660 and
traffic speed and 
acceleration were 
measured in this work
in realtraffic for a diesel
Vvhicle, emissions were
also measured.

The Leeds A660 road has traffic
monitoring and modelling by the City
plus has an air quality monitoring
station at the roadside in Headingley. 

Air quality
Roadside 
monitor

Leeds City
Centre

University

Extra Urban
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Journey average emissions of congested part in units of g/km. 

Hot engine – Hyde Park to Shore Lane on the A660 – max. congestion 

SAE International 2012

Powertrain, Fuels and Lubricants, Sept., Malmo, Sweden
SAE 2012-01-1674

B 100

Run1

B 100

Run2

B 100

Run3

B100

Ave.

Diesel

Run1

Diesel

Run2

Diesel

Run3

Diesel 

Average

Euro 3 

Limit

CO, g/km 0.297 0.501 0.396 0.398 0.189 0.112 0.144 0.148 0.8

THC, g/km 0.887 0.993 1.032 0.971 0.359 0.151 0.174 0.228 0.07

NOx, g/km 3.87 4.926 2.320 3.705 2.988 1.891 2.536 2.472 0.65

CO2, g/km 745 810 528 694 507 613 740 620 172

Vmean, 

km/h 5.54 7.09 9.13 7.25 6.35 5.09 5.40 5.61

The two fuels here have no significant effect. The 6 repeat runs were at different
times of the day under different traffic congestion conditions. The variability is

due to congestion. Euro 3 Diesel with fully warm engine and oxidation catalyst.

In congested traffic CO emissions are lower than NEDC  <~x 0.5 
THC emissions are very high relative to the test cycle ~ x10

NOx emissions are from 4 to 8 times higher than the test cycle for congested roads
CO2 emissions are from 3 to 5 times higher than the test cycle for congested roads
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SAE International 2013

Powertrain, Fuels and Lubricants, Oct., Seoul, S. Korea
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NOx forms at each acceleration and there are lots of accelerations

in congested traffic.

SAE 2013-01-2528

Fenton – Clarendon Road and the Leeds Business School Loop  COLD START 
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Journey average emissions of the most  congested part in units of g/km

This is the section from the Fenton to Clarenden Road Traffic lights

under cold start conditions – Euro 3 Ford Mondeo Diesel Van.

SAE International 2013

Powertrain, Fuels and Lubricants, Oct., Seoul, S. Korea

Fuel

Diesel 

Run1

Diesel 

Run2

B50

Run1

B50

Run2

B100

Run1

B100

Run2

Euro 3 

Limit

CO, g/km 8.7 6.3 7.0 5.5 8.2 12.9 0.8

THC, g/km 0.72 0.64 0.69 0.47 1.46 2.78 0.07

NOx, g/km 4.0 3.5 3.3 2.9 4.2 5.2 0.65

CO2, g/km 737 1189 579 543 789 942 172

Vmean, km/h 6.8 4.5 7.6 7.7 6.6 5.4

17.2 

(Urban)

SAE 2013-01-2528

Walking speed is 3 – 6 kph

Cold start into congested traffic results in very high emissions:

CO are between 7 and 16 times the test cycle which includes cold start

HC are between 7 and 40 times the test cycle

NOx are between 4 and 8 times the test cycle

CO2 are between 3 and 7 times the test cycle, the variability is due to congestion
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Tim Johnson, Vehicular Emissions in Review, SAE Int. J. Engines 7(3) 2014
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4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland

SAE Int. J. Engines 7(3):2014, 

doi:10.427/2014-01-1615.

Hu Li, A. Khalfan, G.E. Andrews

Euro 4 SI Ford Mondeo 

14 high acceleration events

14 high power demands with 14

peaks in fuel consumption and CO2.

Hyde Park to St Chads – A660 Headingley

Stop/start action in congested traffic

Engine power

Fuel

Velocity and Acceleration
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4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland

Time, s

Euro 4 SI λ = 1 Ford Mondeo on the congested A660 through Headingley.

Very low NO2 at 1.5% of NO. Note the very high NH3 emissions 

SAE 2014-01-2819

Hu Li

A. Khalfan

G.E. Andrews

Pollution occurs
at road events:
accelerations from
stationary. It is not
continuous.
Congestion increase
the events that
generate pollution.

HCN

NH3

NO2

NO

N2O
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Determination of GHG emissions, fuel consumption and thermal efficiency for real world 

urban driving using a SI probe car. SAE Paper 2014-01-1615. Ahmad Khalfan, Hu Li and 

Gordon E. Andrews. SAE World Congress April 2014, Detroit, USA.

This is the average velocity over the complete journey not the most congested part.

Average velocities on the NGT N route

with the NGT will decrease due to the

increased traffic flow that they predict and

due to the effect of congestion. Values as low

as  <5kph are expected at peak congestion

times with the NGT in operation.

A660 in real traffic between Hyde Park and Sr. Chads

Euro 4 Mondeo

SI engine
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Determination of GHG emissions, fuel consumption and thermal efficiency for real world 

urban driving using a SI probe car. SAE Paper 2014-01-1615. Ahmad Khalfan, Hu Li and 

Gordon E. Andrews. SAE World Congress April 2014, Detroit, USA.

A660 in real traffic between Hyde Park and Sr. Chads

This shows that low average velocities in congested traffic will increase 
emissions, two emissions are shown here but all increase with lower 
speeds. The NGT TB will increase congestion of other traffic and hence 
increase the average emissions and thus deteriorate air quality. 
This data excludes any cold start effect – the catalyst is hot at the start.

Euro 4 Mondeo
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15-minute daily averages of CO 

concentration at streetbox G3 against 

traffic flow, conditioned using 3 

occupancy regimes.
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15-minute averages of SCOOT 

traffic flow versus occupancy for 

Gillygate inbound traffic.

Influence of traffic congestion on roadside CO in York.

CO is recognised as a marker for all traffic pollution.

The equivalent slope for Bootham at low traffic flows is m=0.00148.

Leeds University LANTERN programme – measurements in York  ~ 2006
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4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland

Space occupied by each vehicle ~ Congestion

More congestion = more pollutionThe A660 has peak flow <x2 of these
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Contents
1. History of this objection and the various NGT rebuttals and my rebuttals of their 

rebuttals.
2. Extracts from my original Objection OBJ1637.
3. False claims on congestion and environmental benefits by the NGT, shown to be 

false in their own SOC.
4. The present peak congestion on the A660 S of RR .
5. The linear relationship between traffic flow and congestion.
6. Average distance occupied by vehicles v. flow vph
7. The reliability of the Leeds Traffic Model (LTM) compared with the experimental 

data provided by NGT in evidence.
8. The reliability of the LTM for flow changes at junctions.
9. Conflicting traffic flow data in the NGT evidence.
10. Factors that increase congestion other than traffic flow.
11. The problem of using average am and pm traffic flows and not predicting the 

effect of the NGT TB on peak flows and peak congestion.
12. Summary of my evidence for the NGT increasing congestion for other traffic.
13. The impact of congestion on vehicle emissions.
14. The poor NGT predictions of measure NO2 and PM10.
15. The impact of cold start from houses along the route
16. The importance of road junctions on vehicle emissions.
17. Impact of the NGT TB on CO2 emissions.
18. Conclusions
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On average the 
Leeds air quality
model is 28% too low 
in its prediction of NO2 

at the monitored sites 
across Leeds. It is 47%
low for Headingley.

Regulations for NO2

are 40 µg/m3 annual
limit. 50 µg/m3 24 h limit 
100µg/m3 one
hour limit.

+/- 25%

Very poor agreement of
measurements and model

Leeds NGT Trolleybus Public Inquiry TWAO Doc. A-08c-1 Air Quality, Sept. 2013

Headingley
+47% above

prediction

*Background
Traffic doubles the
NO2 exposure

Air quality is modelled 
using the Leeds Traffic 
model and vehicle legislated
emissions data. 
No account taken of 
traffic congestion.

4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland

X2 Elevation in pollution at roadside

due to the congested traffic emissions

+ 25%

EU Limit

Measurements show 14 sites in Leeds above the EU

limit but predictions show 4 above the limit!
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Headingley NO2 data

In this plot from NGT the measured annual mean concentration 
for Headingley is 44 µg/m3.

The Leeds Air Quality Report 2011 has the following data for 
Headingley:

2006 – 51 µg/m3

2007 – 47

2008 – 49

2009 – 48

2010 – 51

All this data is higher than the measured value of 44 in the NGT 
data. The reason is that this data uses diffusions tubes which 
are less accurate than the chemiluminesence NOx analysis 
method (legislated method) used in the above data.

This means that the predictions are even further out relative to 
accurate measurements than shown in the previous graph.
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The reason for the underprediction of the measured NO2 and PM10 is due to 
the lack of consideration of the impact of congestion on vehicle emissions 
in the predictions.
The vehicle emissions data base that is used by NGT is based on EU 
legislated test cycles. In real urban driving the vehicle speed, accelerations 
and number of stop/starts are very different from those on the test cycle.
The occurrence of low average speeds in congested urban driving 
increases the emissions relative to that in the test cycle. This is not taken 
into account in the predications and hence they underestimate the 
measured pollution in the Leeds atmosphere.
The Headingley roadside sample point is crucial to this proposal as the NGT 
passes this point, which is already one of the most polluted areas of Leeds. 
The prediction error for Headingley was 46% low for NO2 using accurate 
measurements and 45% low for PM10 using the Leeds 2010 measured data. 
The number of PM10 exceedences was also 33% low, as shown in the next 
few slides. 
This builds up a picture of an air quality model that consistently 
underestimates measured data in areas of congested traffic, for the reasons 
I have given. The net result is an underestimation of the impact of the NGT 
TB on air quality in Leeds.
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Leeds NGT Trolleybus Public Inquiry TWAO Doc. A-08c-1 Air Quality, Sept. 2013

Very poor agreement between air quality modelling and measurements
for PM10. This is because the model used PM for traffic from the legislated
test cycles and emissions in congested traffic are higher.

Very limited PM10
data for Leeds.

Headingley (-25% prediction error)

City Centre AUN site

4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland

Headingley 2010 (Leeds Air Quality Report 2011)*

2008
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Professor Gordon E. Andrews, ERRI, SPEME, U. Leeds 101

A 7.6% increase in the top 50 daily average PM 10 concentrations would 
result in a breach of the 35 day maximum allowable exceedences. 
A 15% rise would result in 46 exceedences (based on 2011 figures for 
Headingley). In cities traffic is the dominant source of PM10. The increase
in congestion with the NGT TB is likely to trigger the critical exceedences.

2011 Actual 2011+ 7.6% 2011 + 15% (increase due to NGT TB)

2011 Top 50 24 hr PM10 measurements at roadside in 
Headingley, Leeds
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Data compiled by Gavin Andrews, Leeds Solar

The accuracy of the transport model is +/- 15% and the impact
of the NGT TB on PM10 is related to its impact on other traffic. 

Note that there are no levels of PM10 that are safe – 1% extra deaths for

every 10µg/m3 increase in PM10 – all of these exceedences result in deaths!. 

Reg. 35 exceedences is the limit under the EU Regs. In 2011 Leeds was close to this.
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NGT Tech App. B-2 Rebuttal by Prof. Andrews 

Leeds City Council has ample data on roadside pollution on a 15 minute 
average basis, but the one hour averages are most commonly used. For 
example they were a partner in the roadside PM and particle number 
measurements at the Clarendon Road/ Woodhouse Lane junction that is part 
of the NGT TB route. This work was published in J. Environment Monitoring 
2006, 8, 1203-1218 and was led by my colleague Professor Alison Tomlin, I was 
a co-author of this work and the provision of traffic flow data by Leeds City 
Council is acknowledged – the junction was instrumented with traffic counters. 
At 8am the peak number was at a size of 20nm and the vast majority of 
particles were below 100µm. The peak particle number decreased towards 
midday and increased again in the evening traffic jam and these changes in 
particle number concentration were by a factor of 100 over the day. The traffic 
flow on those days was varied from 1150 to 1800 vph, well in the range 
considered in the NGT TB model.  If traffic flow increases PM10 will increase 
but particle number will increase disproportionately by a much larger amount.

Note that traffic flows here are the sum of both directions, elsewhere in this 
evidence the traffic flows are for a single direction.
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The A660 Clarendon Road 

junction by the University

Roadside particle number 

monitoring

Lingard J., Andrews, G.E.
Tomlin, A.S. et al. 
J. Environ. Monitoring 2006, 
8, 1203-1218.

Vehicle count for total 
Road traffic peaks at 
1750/h at 4&5pm and 
8am. Particle number 
peaks with peak traffic 
load.

4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland

vph

Total mean number
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8am

4 pm

5 pm

Roadside particle size distribution has a nuclei peak 

at ~10-20nm and a larger peak at 30 -50 nm.

SI engines typically emit in the former size and 

diesel in the latter size.

Lingard et al. (inc. G.E. Andrews) J. Environ. Monitoring 2006, 8, 1203-1218.

23nm

23nm

EU PN regs. do not count <23nm

4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland

Ultra fine PM
<50nm main
cause of 
deaths due 
to PM
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NGT Tech App. B-2 Air Quality

2.37 The prediction of daily mean concentrations of PM10 is available as an 
output option within the ADMS roads dispersion model for comparison against 
the short-term air quality objective.

However, as the model output for annual mean concentrations has been subject 
to verification and is considered more accurate than the modelling of the daily 
mean, an empirical relationship has been used to determine daily mean PM10 
concentrations. In accordance with Government guidance [18]. 

The following formula has been used:

No. of 24-hour mean exceedences = -18.5 + 0.00145 x annual mean3 + (206 / 
annual mean)

4.24  Receptors 7, 8 and 24 have been assessed as short-term receptors only in 
accordance with Table 2.1 and Table 2.13. The predicted number of days when 
PM10 concentrations exceed 50 µg/m3 is are predicted to be well below 35 days, 
with changes between the WO and W Scheme ‘imperceptible’. Effects are 
therefore concluded to be of ‘negligible’ significance.
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No. of 24-hour mean exceedences

= -18.5 + 0.00145 x annual mean3 + (206 / annual mean)

Lets test this equation for predicting the exceedences with 
the Leeds Headingley data, which is one of only two 
measurement stations in Leeds, the other is the green 
shed by the inner Ring Road opposite the Dry Dock Pub.

I have shown that the 24 hour measured exceedances was 
32 in 2011

The annual mean for 2010 for Leeds was 29 µg/m3 and this 
gives the predicted exceedences as 24.

This is a significant underprediction of the measured 
Headingley exceedences and again indicates that the 
predictions are underestimating the real air quality impact 
of the NGT TB.
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Response by Professor Andrews to NGT Rebuttal of his evidence.

The above shows that the model does not directly predict the peaks in 
PM pollution that occur due to urban traffic. 

The exceedences equation is derived for city averaged pollution and 
are not suitable for determining the effect of the NGT TB on the 
roadside emissions in the 400m wide corridor that is influence by the 
increase in pollution. 

The existing Leeds roadside monitoring data should have been used 
as the basis of the predictions of the NGT TB on local air quality. 

What is not considered at all is the hourly variation of the peaks in 
pollution due to traffic, only their 24 hour average and these averages 
are not adequately predicted as has been discussed above. 

In the Leeds Headingley roadside pollution monitoring site on the 
route affected by the NGT TB the hourly peaks in PM10 reach 180 
µg/m3 in the most congested traffic conditions and this is considerably 
in excess of the EU regulation of 100 µg/m3.
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NGT Rebuttal of the NOx discussion of Prof. Andrews
4.11. The overall performance of the model (i.e. its ability to predict roadside 
contributions of pollutants) has been addressed through the model verification and 
adjustments process in accordance with Defra’s LAQMTG(09) guidance and the 
model has been shown to be performing acceptably. Professor Andrews proof refers 
only to the ‘unadjusted’ model dispersion model results, i.e. those which have not 
been adjusted to deal with the uncertainty associated with the modelling process.
NGT Rebuttal of the PM discussion of Prof. Andrews
4.15. Assessment of the changes in ambient concentrations of PM10 against the 24 
hour mean standard has been included within the air quality assessment and uses a 
method recommended in Government guidance. The method is described in Air 
Quality Technical Appendix B-2, paragraph 2.37 and the results are described in 
paragraph 4.24.
Essentially the NGT rely on the reliability of Government guidance which allows the 
failure of the model to predict actual measured air quality data to be ignored. 
This is why air quality in cities is poor near major urban roads in the UK.
If Leeds City Council had not carried out the NOx and PM measurements and 

operated the roadside emissions monitoring station at Headingley, we would not 
know that the modelling that the NGT  air quality case is based on could not predict 
actual measured data without an arbitrary fudge factor, that was the average 
deviation of the predictions from the measurement.
The ability of the model to predict the action of a change in traffic conditions due to 
the NGT TB is in serious doubt in my expert opinion.
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The health effects of PM10 are directly related to nano-particles 
and particles below 50nm have the greatest health problem. 
This is why PM10 variations correlate with short term increases 
in deaths following pollution peaks. 

It is also the reason why around 7% of deaths in Leeds are 
attributed by the Government air quality health assessments to 
high levels of PM10. 

There is also no limit at which PM10 does not affect deaths and 
the European regulations that the NGT rely on are NOT Safe 
Levels  but minimum target levels at which Europe can start to 
fine countries that do not conform. 

It would be good if for an expenditure of £250M the NGT 
proposal helped to solve this problem, but their analysis shows 
it will not improve air quality in Leeds. 

It will up to the Inquiry Inspector to decide whether it will 
actually make it worse, as I have argued in my objection.
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I have already discussed above that the ADMS model used with the LTM 
does not predict the two measurement stations for PM10  in Leeds by a 
wide margin, as shown in Figure A-3 of Doc. A-08c-1 Appendix A Air 
Quality. 
The same is true for NO2 predictions in Figure A-1 in the same 
document. 
In addition I have shown that the LTM is significantly in error in 
predicting traffic flows on the A660 in the Headingley area and are close 
to the maximum allowed in error for the A660 northern route of the NTC 
TB. 
The model exceeds by a large margin the allowable error in predicting 
traffic flows at junctions, the number joining and leaving the main flow 
with right and left turns. 
It is the traffic movements at junctions that have the highest 
implications for emissions and air quality and it is on this traffic at 
junctions that the NGT TB has the greatest impact on emissions, as 
shown above. None of this is taken into account in the environmental 
impact of the NGT TB>
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Thus the combination of two models, the traffic movement 
model is an input to the air quality model, and the ADMS 
dispersion model, with its own underestimation of actual 
air quality data, is a recipe for major issues with the 
reliability of the data to access the change in the pollution 
that the people living along the route of the TB. 

I do not consider that the conclusion that there is no effect 
on pollution has adequately taken into account the effect 
of the increased congestion on pollution.

This is because NGT TB will not accept that their evidence 
shows that congestion will increase in other traffic and the 
increase in emissions is a direct consequence of this. 

As they have not analysed much of their traffic flow data, 
particularly the changes in junctions, the NGT TB view 
should be ignored by the Inquiry in my expert opinion as it 
is unsubstantiated by their own evidence.
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However, the most important outcome of the NGT TB study 
is the conclusion.

B-2 Tech. App. A 5.1 

‘Overall, air quality effects from the operation of the 
proposed scheme are concluded to be not significant.’

This is the key conclusion – that the NGT TB will NOT 
improve air quality and thus one of the key claims for the 
NGT TB, that it would improve the environment has been 

shown not to be supported by the evidence. 

I maintain that the air quality will deteriorate, for the reason 
I have given earlier and are detailed in the next few slides, 

but it certainly will not improve air quality or the 
environment as claimed.
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The reason why the Leeds air quality measurements do not predict the actual air 

quality is because there is no direct account taken of the impact of road 

congestion in the prediction. 

There is a velocity term in the model determined from the velocity variations of 

the test cycle. In traffic that is moving slowly due to the stop start action of 

traffic jams, the emissions are much higher than for a vehicle moving at a steady 

low velocity, which is in the model. 

Analysis of traffic based emissions in real world traffic shows that it is 

concentrated at junctions  where stop start actions in queues occur. 

See evidence supplied of SAE 2006-01-1080 for measurements in the Hyde Park 

area including the traffic lights at Hyde Park. 

The increase in emissions at junctions with a left or right hand turn, compared 

with the data from the test cycles in the air quality model can be between 2 and 7 

depending on the length of the queue. 

The increase in CO2 emissions is close to a factor of 2. 

There are 30 junctions on the A660 northern route of the NGT TB and the flow at 

all of these junctions will be affected by the priority of the NGT TB which will not 

stop at any junction, even if it has no traffic lights. 

Thus junction queuing will increase and so will CO2 and other emissions.
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Compared with driving at a steady 48 km/h or a speed a little below 
this, the NOx emissions at a junction are on average 10 times higher 
for a LH turn with a stop and 7 times higher for a right hand turn with a 
stop. 
This is in uncongested traffic flow. In congested traffic flow the 
situation is worse as the queue times are longer and will increase with 
the NGT TB. 
NOx and PM and CO2 are the emissions most sensitive to junctions 
and congestion. 
This is because each start from stationary has to use fuel to accelerate 
the mass of the vehicle and this requires engine power and NOx and 
PM emissions are a function of engine power. 
The fuel used to move a vehicle from stationary is the reason there is a 
big penalty on CO2 emissions in congested traffic. 
As the NOx emissions from vehicles are the largest contributor to NO2 

air quality data in cities, this is why the air quality measured data does 
not agree with the predictions, which do not have congestion and 
junctions specifically in the vehicle emissions model.
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The effect of the NGT TB is to increase congestion, lower 
average traffic speed and increase delays at junctions. This will 
give a large effect on air quality that is not taken into account in 
the air quality model used. 

The reason is that the effect on emissions is non-linear due to 
the stop-start action at junctions and in congested traffic. 

This relates to the impact of the transients of these traffic 
movements on the operation of catalysts in SI engine vehicles. 
An acceleration involves putting extra fuel into an engine and 
there is a rich mixture excursion, where the catalyst does not 
work for CO and HC and on deceleration there tends to be lean 
excursions where there is no NOx control. 

In the real world accelerations are between 2 and 4 times those 
on the legislated test cycles and this leads to higher emissions 
in real world high acceleration driving. 

The effect of the NGT in making congestion worse will inevitably 
increase NOx, CO, HC and PM emissions.
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A-01-2 s. 3.3 – 3.6

5. Reduce transport's emissions of CO2 and other
greenhouse gases.

6. Promote quality of life through a safe and healthy built
and natural environment.

(This implies an aim to improve air quality and thus reduce
the adverse impact of poor air quality on health).

It is clear that the NGT TB evidence shows that the above
two aims of the Leeds Trolley Bus project are not achieved
and should never have been claimed as benefits for the
project.
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Under cold start into congested traffic the emissions are much 
higher than for warmed up engines. This is because catalytic 
aftertreatment systems (oxidation catalysts in the diesel case) 
do not work until hot at >200oC and the engine out emissions 
are higher due to cold engine walls. For SI engines with a TWC 
the catalyst temperature has to be at >400oC for >90% removal.

The houses up to 200m from the A660 will all cold start into the 
traffic and the low speed of congestied traffic stops the catalyst 
from heating up as there is little engine power to generate the 
necessary exhaust temperatures.

The NGT assessment of the action of cold start was to neglect it 
as it was not significant for this road. They neglected the cold 
starts of all the traffic from the houses along the route in the 
morning and from the car parks in the city and Universities in 
the evening. This leads to an underestimation of the impact of 
the NGT TB on air quality caused by the consequences of 
increased congestion, which includes the increased cold start 
problem.
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SAE 2009
World Congress SAE Paper 2009-01-0941
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Cold Start

SAE Paper 2008-01-0754

EURO1 car NOx Vs Time

0

0.02

0.04

0.06

0.08

0.1

0 200 400 600 800 1000 1200 1400

Time s

E
m

is
s
io

n
s
 g

/s

0

1

2

3

4

5

6

7

C
u
m

u
la

tiv
e
 m

a
s
s
 g

Emission rate g/s
Cumulative mass g

Amb. 4 C

EUR2 car NOx Vs Time

0

0.02

0.04

0.06

0.08

0.1

0 200 400 600 800 1000 1200 1400

Time s

E
m

is
s
io

n
s
 g

/s

0

0.5

1

1.5

2

2.5

3

3.5

C
u
m

u
la

tiv
e
 m

a
s
s
 g

Emission rate g/s
Cumulative mass g

Amb. 21 C

EURO3 car NOx Vs time 

0

0.01

0.02

0.03

0.04

0 200 400 600 800 1000 1200 1400
Time s

 g
/s

0

1

2

3

C
u

m
u

la
ti
v
e

 m
a
s
s
 g

g/s

Cumulative mass g

Amb. Temp. 18 C

EURO4 car NOx Vs time 

0

0.002

0.004

0.006

0.008

0.01

0 200 400 600 800 1000 1200 1400

Time s

 g
/s

0

0.2

0.4

0.6

0.8

1

C
u

m
u

la
ti
v
e

 m
a

s
s
 g

g/s Cumulative g

Amb.Temp. 13C

SAE Paper 2008-01-1307
SAE Paper 2008-01-0754



Comparison of Euro 1-4 Vehicles for Urban Driving Real World THC Emissions with 

Cold Start
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Comparison of Euro 1-4 Vehicles for Urban Driving Real World 1,3 butadiene 

Emissions with Cold Start

SAE Paper 2008-01-0754
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In their latest rebuttal of my evidence NGT have provided the 
cold start data for the two car parks, using recommended 
guidance. This shows that the predicted effect is to increase the 
emissions but by a small amount.
However, the recommended guidance is based on cold start on 
the EU test cycle which sees an acceleration after 11s to 15 kph
and after 70s to 33 kph and after 150s to 50 kph. This never 
happens in congested traffic at peak traffic time which is when 
cars will be leaving the car parks.
Of much more concern though is the neglect of the cold start of 
cars from the houses alongside the NGT route and within about 
200m of this route. Cold start strategies by manufacturers are 
developed for the legislated test cycle not for real world driving.
This is why Europe is changing its test cycles from Euro 7 to be 
more representative of real world city driving.
I have shown that the NGT introduction will increases 
congestion and this will increase cold start emissions. NGT 
maintain that their evidence shows that congestion will not 
increase, but as far as I can see the evidence for this has not 
been presented and the traffic flow data that has been presented 
which I have analysed shows that NGT will increase congestion.
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Example of emissions mapping using Horiba OBS g/s in a Ford Mondeo Euro 1
For Euro II – VI with lower emissions there are no significant emisions other than at 

junctions, so the effect of junctions is greater.

Road layout

HC
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Pollution and CO2 is predominantly at junctions for Euro 2 and increasingly so
for Euro 4+

Junctions are the most important influence of congested traffic driving in 
urban locations.
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4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland

PM size
Meas.
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The A660 Clarendon Road 

junction by the University

Roadside particle number 

monitoring

Lingard J., Andrews, G.E.
Tomlin, A.S. et al. 
J. Environ. Monitoring 2006, 
8, 1203-1218.

Vehicle count for total 
Road traffic peaks at 
1750/h at 4&5pm and 
8am. Particle number 
peaks with peak traffic 
load.

4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland

vph

Total mean number
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8am

4 pm

5 pm

Roadside particle size distribution has a nuclei peak 

at ~10-20nm and a larger peak at 30 -50 nm.

SI engines typically emit in the former size and 

diesel in the latter size.

Lingard et al. (inc. G.E. Andrews) J. Environ. Monitoring 2006, 8, 1203-1218.

23nm

23nm

EU PN regs. do not count <23nm

4th Int. Exhaust Emissions Symposium 22-23 May 2014, BOSMAL, Bielsko-Biala, Poland

Ultra fine PM
<50nm main
Cause of 
Deaths due 
to PM
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From the NGT rebuttal of my evidence.

4.27 Based on the transport models produced for the 
scheme, a small increase in emissions of less than 3 tCO2e 
is calculated. Therefore the scheme can be broadly said to 
have a neutral impact on the road transport network in 
terms of total GHG emissions.

4.27 shows that in spite of the claimed reduction in CO2 

from the use of the NGT TB displacing higher emitted 
buses, there is nethertheless no overall reduction in CO2 

emissions for the route. For a predicted total emissions for 
the NGT TB of 3564 tonnes of CO2 the 3 tonnes increase is 
only a 0.1% increase, but it is NOT the claimed reduction in 
CO2 in the headline benefits of the project. 

To headline claim a reduced CO2 when no CO2 is reduced 
by the NGT TB project is fraudulent.
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Using NGT Doc. A-08c-2 Carbon TA Table 2.4 and 2.5

In Table 2.4 the electricity taken from the grid is given as 7325.4 MWh/y. 
In addition in Table 2.5 the electric power and gas power consumption at 
the Park and Rides is given as 1285 MWh/y. This is a total of 8609 MWh/y 
to operate the NGT system.

In a foot note to Table 2.4 the number of TB journeys can be calculated, 
from the information given there, as 148 per weekday and 924 per week 
and 48, 048 per year.

This gives the electrical power consumed as 179.2 kWh/journey

The journey is 30 km (in a rebuttal of my rebuttal evidence NGT stated 
that in their documents a journey meant a return journey of 30km) and so 
the electric power consumed is 5.98 kWh/km or 5.08 g/km if the Park and 
Ride power consumption is ignored.

If the CO2 associated with grid based electricity is used at the current 
value of 484 gCO2/kWh then the CO2 emissions are equivalent to 2892 
gCO2/km or 2460 gCO2/km ignoring the park and ride. In a rebuttal of my 
evidence NGT have claimed that the latter figure should be 1800 gCO2/km 
but again they give no basis on which they base this figure.
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In their rebuttal of my evidence in calculating the CO2, NGT gave 
the number of 1800 gCO2/km for the electric TB and 3.5 kWh/km 
of electricity use. This data was not given in the original NGT 
evidence and I have shown that their data gives 2460 gCO2/km.
A figure that they do give in their evidence is 75 gCO2/passenger 
km, but give no details of how this is calculated.
Doc. 1-08c-2 s. of NGT TB evidence
4.28 The power demand modelling outputs and the number of 
passenger kilometres travelled on NGT have been used to 
estimate the GHG emissions per passenger kilometre for the 
scheme. Table 4.2 compares this value with other forms of 
transport available in the study area.

Table 4.2 gives the modelled CO2 emissions of 75 g/passenger 
km. However, none of the data to check this calculation is given, 
in particular the assumed passenger load factors on average are 
not given. Their comparisons are with vehicle technologies that 
will not be operational in 2020+ the comparison should be with 
the known vehicle technology for 2020+ which is legislated for.
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To get the 75 gCO2/passenger km the average occupancy rate assumed 

has to be known and this was not given in the NGT evidence.

However, from the average occupancy rate that must have been 

assumed is 1800/75 = 24 passengers on average or using my figures 

2460/75 = 33 passengers.

This is 24/160 or 15% of the TB capacity for NGT or 21% using my 

figures and this occupancy rate is much more realistic than 15% in my 

opinion.

For such an important piece of evidence NGT should have detailed 

how their CO2 figures were calculated.

At peak travel times the TB will be full with 160 passengers and the 

CO2 emissions will be 15 g/passenger km, which is extremely low and I 

would have expected NGT to make more of the low CO2 /passenger km

when the TB is full. 

When the TB is near empty it has dreadful CO2 emissions. The lack of 

evidence on load factors is disturbing.
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Is 75 gCO2/passenger km a reduction on bus travel or car travel?

In 2020 EU car manufacturers will have to have fleet average 

emissions of 95 g/km and Ford (Uniceg meeting Dec. 2012) have 

said that to meet this without a fine the engineering target will be 

88 g/km. Some cars will have well below this and some higher.

An average car occupancy rate has been assumed by NGT to be 

1.56, which is reasonable. In 2020 this will give average CO2

emissions of production cars of 56 gCO2/passenger km, which is 

already lower than for the NGT TB estimate of 75 gCO2/passenger 

km.

The proposed EU mandated fleet average target for 2025 is 75 

gCO2/km and this will give for the same average car occupancy 

rate 48 gCO2/passenger km.

Range extended hybrids already have 27 gCO2/km which will 

convert to 17 gCO2/passenger km. This is very close to the full 

NGT TB figure of 15 gCO2/passenger km.
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The NGT rebuttal of my evidence makes the valid point that by 2020 the 
gCO2/kWh is likely to be lower than the 484 g/kWh used by NGT in the 
assessment of current CO2 emissions. 
However, it is speculation on where the electrical supply system will be 
on CO2 by 2020. 
There is no equivalent mandated CO2 emissions level for the electrical 
power system, apart from banning new coal fire power stations with 
lower CO2 emissions (which means we keep burning coal in existing 
power stations with high CO2, 30% electricity is still from coal). In 
contrast the reduction in car and bus CO2 emissions has been mandated 
and will happen for all new vehicles.
NGT have used a possible CO2 emissions of 307 gCO2/kWh for electricity 
supply in 2020. I think that this is extremely unlikely to be achieved as it 
is 6 years away and no new nuclear will be active by then and some 
existing nuclear will close before then.
However, if these CO2 emissions were achieved then the NGT estimated 
CO2 will reduce from 75 to 47 g/passenger km which is nearly the same 
as passenger cars in 2025.
Also my estimate of the CO2 per TB would be 1534 g/km.
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These figures show that it is extremely unlikely that the 
NGT TB will have any advantage in CO2 reduction in 
g/passenger km units relative to driving cars for 2020+. 

At best it could have similar emissions per passenger km if 
the NGT 2020 assumed electricity supply CO2 of 302 
gCO2/kWh is used which I estimate would give 47 
gCO2/passenger km using the passenger load factors 
implicit in their original 75 gCO2/passenger km.

In the NGT TB reference year of 2031 the EU will have 
mandated fleet average CO2 emissions to be <<75 g/km 
and probably around 50 g/km (32 gCO2/passenger km). The 
technology to do better than this is already available in the 
range extended hybrids, with even lower emissions 
possible with diesel range extended hybrids.

These vehicles will be more expensive than now and this is 
likely to make the demand for public transport higher as 
more people will not be able to afford to buy a car.
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In their rebuttal of my evidence NGT state

“Any requirements for emissions performance applicable to 
cars are not relevant to the NGT scheme”.

This is just nonsense and brings into question the competence 
of the NGT team in the carbon audit area.

The whole objective of the NGT TB scheme is to move people 
from cars and onto the NGT TB – even though they admit that 
only 20% of the TB passenger load will come from car transfer 
at peak time and 10% at other times.

The CO2 emitted by cars that do not travel because the TB is 
use, is thus relevant to the decision. I have shown that it is 
extremely unlikely, in view of the known reduction in passenger 
car CO2 emissions by 2020, that there will be any reduction in 
CO2 emissions by 2020 due to transfer from cars to the NGT TB.

The NGT case tries to make out that there will be a CO2 saving, 
but used CO2 data for old vehicles that will not be on the road in 
2020+, this is a fraudulent argument.
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Rolf Leonhard, Bosch Diesel Systems – Efficient solutions for future powertrains

6th AVL Proc.Int. Commercial Powertrain Conf. 2011 p. 81-86. ICPC 2011-2.6 

~480 g/kWh

~600 g/kWh

for buses

Buses and

Lorries

Cars

Light

Commerical

Vehicles



The Leeds NGT Trolleybus Inquiry May/June/July 2014

Prof. Gordon E. Andrews, Objection Number: OBJ1637 140

There has been a continuous development of buses with new 
engines, including regenerative braking. 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 836 gCO2/km and 639 g/km respectively. 
The 639 g/km figure should be compared with the NGT TB 
figure using 302 gCO2/kWh (2020) of 1534 g/km. Now the 
passenger capacity of the TB is about 2.3 x that of a bus so 
that for the same carrying capacity a bus would have 1470 
gCO2/km.

Thus there is unlikely in 2020 to be any advantage of the 
NGT TB in CO2 compared with buses. This relies on the 
electric supply actually achieving 302 g/kWh by 2020, which 
is doubtful in my expert opinion. This assumes that the 
buses and NGT TB will have the same passenger load 
factors and at peak times buses are full currently.



The Leeds NGT Trolleybus Inquiry May/June/July 2014

Prof. Gordon E. Andrews, Objection Number: OBJ1637 141

The second CO2 question that the NGT TB  SOC argues is that 
the NGT TB will have lower CO2 emissions than buses and thus 
the transfer of passengers from buses to the TB will save CO2

and other emissions from the diesel engines in the buses.
However, they again make the mistake of comparing with the 
emissions today rather than the known emissions legislated for 
by 2020.

The question is what are the likely CO2 emissions for buses in 
the future relative to the NGT TB?
I have shown that, as for passenger cars, there is no advantage 
in CO2 terms of transferring passengers from buses to the TB. 
By 2020 all diesel vehicles will have particle traps and Urea 
based SCR deNOx systems and NOx emissions will be 
extremely low. This technology ensures that buses will have 
negligible other emissions and so it is only CO2 that we need to 
consider.
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The NGT TB when full with 160 passengers was shown above to have 
CO2 emissions of 15 gCO2/passenger km. This is excellent.
However, the NGT TB always has CO2 emissions of 2460 gCO2/km (this 
reduces to 1534 g/km or 9.5 gCO2/passenger km if their assumption of the 
electricity supply CO2 in 2020 is correct).
In contrast a bus that meets the Euro 2020 CO2 target will have 
emissions of 639 g/km in 2020 and its carrying capacity will be 80 with 
people standing or 8 gCO2/passenger km. This is less than the 9.5 
gCO2/passenger km emissions of the NGT TB in 2020.
However, when the buses and TB are not full the emissions per journey 
are the same but per passenger the penalty for the TB is much larger. 
For example in 2020 if the passenger load is 30 then the NGT TB has 
emissions of 51 gCO2/passenger km and the bus will have emissions of 
21 gCO2/passenger km. The TB is clearly worse than a 2020 bus when full 
and the CO2 penalty increases when the passenger loading is < 80 and 
the TB is half full but the bus is still full and half the number of buses 
run. There is not this flexibility with the TB and its emissions are very 
poor when lightly loaded, as it will be for much of the day outside the 
peak commuting times. 
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Euro VI HDD emissions legislation (all buses in 2020 will be 
at least Euro VI compliant).

Pollutant 2013 Euro VI
Bus HDD
mg/kWh

2013
Bus HDD
mg/km

2014 Euro 6
Diesel Car
mg/km

PM 10 WHTC 11 4.5

HC 160 170 90

CO 4000 4260 500

NOx 460 490 80

NOx real 
world – FPT 
data at 20kph

350 300

To convert from mg/kWh to mg/km  a fuel consumption of 200 gfue/kWh and 
26 Lfuel/100km in 2020 technology, which converts to 213 gfuel/km.

FPT real world data (shown earlier) shows that bus engines have similar
Emissions in the real world than on the WHTC, which is a real world 
Test cycle. A real world test cycle for cars comes in Euro 7 in ~2018.
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Euro VI HDD emissions legislation (all buses in 2020 will be at 
least Euro VI compliant). 

Power station NOx for coal fire power stations must meet the EU 
Large  Combustion Plant Directive by 2015 and the Industrial 
Emissions Directive which is 200 g/Nm3. It will be assumed that all 
coal fired power stations in 2020 will be operating at this limit. 
Currently 33% of electricity comes from coal and it has been 
assumed that in 2020 this will be 25%.
NOx emissions from gas fire power generation are already very 
low at ~ 15 ppm at 15% oxygen and can be ignored relative to 
coal.
PM emissions are referred to as dust emissions in powerplants
and are regulated at 20 g/Nm3, they are negligible from gas power.
These regulations are for operation at 6% excess air, which for 
coal fired power stations is an A.F ~16.7. Using the density of flue 
gas as that of air (accurate to 2%) the above units convert to NOx 
= 8.7 g/kgcoal and 12.5 gNOx/kgdiesel

For PM the conversion is to 1.25 g/kgdiesel
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Conversion of the diesel vehicle and electrical emissions legislation 
into equivalence units enables the pollution at the electrical power 
station to be compared for 2020.

To convert the vehicle units from g/km to g/kgdiesel the fuel economy of 
the vehicles is required. This has been taken as 26L/100km for buses 
(FTP data) and 3L/100km for diesel cars in 2020. Taking the density of 
diesel as 820 kg/m3 the emissions maybe converted from g/km to 
g/kgfuel. 

Pollutant Bus
g/kgdiesel

Car
g/kgdiesel

Coal 
Electricity
g/kgdiesel equiv.

NGT TB
25% coal
g/kgdiesel equiv.

NOx 2.3 3.3 12.5 3.1

PM 0.052 0.18 1.25 0.31

This shows that the NGT TB will have similar NOx at the power station 
as a car but higher than a bus. The PM will be much higher than for a 
bus or car. However, these emissions will not pollute the congested 
route of the NGT TB, but will contribute to deteriorated UK air quality.
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Conclusions
1. The Leeds Traffic Model (LTM) is very poor at predicting flow 

interchanges at junctions, which dominate congestion on the route. 
This makes there assertion that the NGT TB will not increase 
congestion incorrect.

2. The air quality model, which used LTM data and vehicle test cycle 
emissions data, grossly under predicts measured emissions in Leeds. 
This makes the assertion that the NGT TB will not increase emissions 
incorrect.

3. The air quality model neglect the known increase in emissions with 
real world congested traffic driving. This is recognised by the 
legislators who are changing the test cycle and introducing in vehicle 
emissions measurement, similar to that of Prof. Andrews.

4. The air quality model predicts only a small increase in pollution due to 
cold start at car parks, this ignores the cold start of traffic that joins 
the flow with longer cold start due to congestion.

5. The CO2 emissions of the NGT TB in 2020 will be higher than for cars 
or buses, apart from when they are full. Average capacity is shown 
from NGT TB data to be 21%.

6. There is no environmental or GHG case for the NGT TB and I have 
shown evidence to support my view that the TB will make pollution 
worse because of the increased congestion that it will cause. Modern 
Euro VI+ buses are environmentally and from a CO2 viewpoint better.
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Thank You


