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A new solution for cleaner taxis: conversion of older diesel Hackney
Carriages to the use of LPG
Background
•

TX1, TX2 and TX4 taxis operate with compression-ignition
(diesel) engines and typically belong to Euro 2 to 5 classes,
i.e. they emit high levels of NOx and Particulate Matter.

•

In September 2014, Birmingham City Council received
£500,000 from the Department of Transport to convert
over 60 TX1 and TX2 taxis to the use of Liquified
Petroleum Gas (LPG), a much cleaner burning fuel than
diesel.

•

Before this project, there was no established and reliable
supply chain for the conversion of taxis to LPG (which
requires a spark-ignition engine) in Birmingham, nor local
skills for the installation of such a system.

•

Over the period of October 2014 to 2016, a technical
solution was developed (with emission reduction
achievement proven through lab testing) and a local
garage was trained to perform the conversion.

•

By May 2017, 65 taxis had been converted.

Source pictures: Autogas Limited

A taxi converted to LPG

The spark-ignition engine running on LPG
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This report summarises the project approach, lessons learnt and
achievements and includes detailed emission testing results
Objectives of the report and structure
•

This project is a first of its kind and outcomes are expected to be of interest to other cities looking to
address emissions from taxis. This report aims to provide an account of the project, share the
lessons learnt and provide the evidence gathered on the new technology.

•

It is structured as follow:
– A conversion programme overview presents the key facts about the programme, such as
timeline, the selected technology and actors involved.

– The emission reduction achievements related to the conversion of older diesel Hackney
Carriages to the use of LPG are detailed, from the test cycle selection to results from independent
before/after testing.
– The taxi drivers’ angle presents the drivers’ view of the conversion process, based on the results
of a survey that assessed their satisfaction with the converted taxis and with the programme as a
whole.
– The conclusions section summarises the key achievements of the project, the challenges faced
and the success factors.
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Choice of vehicle segment and location: EURO 2 and EURO 3 Hackney
Carriages operating in the centre of the city
•

The major contribution to NOx emissions in specific areas
are from stationary taxis idling for long periods of time.

•

There are over 1,200 hackney carriages and over 4,100
private hire vehicles licensed by Birmingham City Council,
undertaking 16.7-27.9 million journeys per annum.

•

•

•

Data shows that 80% of taxi rank spaces are within the City
Centre, where 53 taxi ranks operate for 24 hours covering
50% of the total spaces; Navigation Street rank serving New
Street station is the principal rank and is one of the city’s
highest hotspots for NOx emissions.
Addressing emissions from hackney carriages is a way of
significantly improving air quality (AQ) in the most
polluted areas through the conversion of only a small
number of vehicles

Among hackney carriages, LTI TX1 (over 14 years old, EURO
2) and LTI TX2 (over 11 years old, EURO 3) represent 40% of
the overall licenced fleet; these vehicles were selected for
the conversion program.

Birmingham taxi fleet
0%
2%
28%

2%
24%

34%

61%

31%
4%

1%

Hackney
Carriages

11% 2%

100%

EURO 1
EURO 2
EURO 3
EURO 4
EURO 5
EURO 6

Private Hire
Vehicles

• Hackney Carriages (HC) on the road
are older than Private Hire Vehicles,
with an average age of 11.5 years
versus 7.8 years for PHVs.

Source: number of licenced taxis as per Dec 2015, excluding suspended vehicles – Birmingham City Council statistics
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Selected technology: replacement of the diesel engine by petrol engine
and LPG system
• In 2014, two solutions were identified as
compatible with TX1 & TX2:
– LPG conversion (at a cost of around
£6k per vehicle – final cost ended up
being £7.7k))

– Electric conversion (at a cost of £27k
per vehicle).
• Taking into account the cost effectiveness
as well as the taxi drivers/representatives
unanimous feedback, the LPG conversion
was selected.

Key points/lessons learnt
• There were very limited technology
options for taxi conversion and the ones
proposed to drivers were based on
fragile or nascent supply chains
• There was only 1 UK converter able to
provide the selected solution. This led to
difficulties at procurement stage and
eventually the collapse of the solution. A
new conversion technology and supply
chain had to be developed during the
project, leading to delays
• This risk is inherent to all new
technologies and should be taken into
consideration, e.g. in budget, and in
communication with taxi drivers
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The implemented technology: replacement of the diesel engine by a
new spark-ignition engine
Supply chain established for the Birmingham project

Key points/lessons learnt

KMS/Vogels and
VRS

Harborne garage

Taxi driver

Provide new sparkignition engine
(Opel) and LPG kit

Remove diesel
engine, install new
engine & LPG kit

No taxi during
conversion (5-8 days);
annual maintenance

Netherlands & UK

Birmingham, UK

•

The engine-LPG kit system for the TX taxis was developed by
Autogas Limited, in close relation with KMS/Vogels.

•

A new company, Vehicle Repowering Solution (VRS), was set up
during the project. They hold a license for the technology and
have been able to commercialise it since mid-2017.

•

VRS acted as the interface between the Dutch companies and the
local garage.

• A vehicle screening must be put
in place so that conversion is
done for vehicles that are:
o in use in areas of high air
quality issues
o in good condition and thus
more likely to be able to
safely stay on the road for a
number of years
• As conversions are by definition
applied to in-use/old vehicles,
inspections will reveal some
cases where the conversion
cannot be carried out; this
should be taken into account in
the sampling of vehicles and
project timeline
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Main actors involved in the conversion programme
Directly contracted

Broader supply chain/support

• Harborne garage
– Conversion of vehicles (including
pre-check and selection)
– Support emissions testing: liaise
with drivers, transport to testing
centre

•

KMS/Vogels (Netherlands): supplier of the
LPG kit.

•

Autogas Ltd: helped liaise with local partners
to set up the supply chain and, with technical
expertise, developed the new LPG kit with
KMS/Vogels. Also commissioned the early
emissions testing as part of the new solution
development.

•

VRS: new company created in the course of
the project, founded by former Autogas
employees. Now the UK provider of the
technology, licensed by Autogas.

•

Millbrook and MIRA: accreditated emissions
testing centres

•

LowCVP: advice on emissions testing choice
and procedure

•

Element Energy
• Funding application support
• Drivers’ engagement support
and drivers’ survey
• Emissions testing coordination
and management
• Reporting and dissemination

VRS: Vehicle Repowering Solution
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Overall timeline: it took over a year to be in a position where the taxi
conversion program could start because of the R&D needs
• As the project had to develop a new product, the timescale was extended. Other Local Authorities will
now benefit from the developed ‘off the shelf’ solution.
Timeline of the Birmingham project – including the development of a new technical solution and related
supply chain
Activity
Taxi driver engagement
1- Workshops with taxi drivers
2 - Selection and vehicle check up
3 – Survey (2017)
Admin milestones
1 – Grant awarded
2 - Procurement in place
Kit development
1- New solution development
2 - Emissions testing
Conversions
1- 2 taxis, with refurbished engines
2- 65 taxis, new engines

2014
2015
2016
06 07 08 09 10 11 12 01 02 03 04 05 06 07 08 09 10 11 12 01 02 03 04 05 06 07 08 09

…

Involved actors: GasTech, Smiles
Engineering, Harborne Garage

Involved actors: Autogas Ltd, KMS/Vogels,
Harborne Garage
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After pilots in Winter 2016, the full 65 conversions were completed
by May 2017 (bulk done over 3 months)
Harborne garage work overview

Spark ignition engine
part of the ‘LPG kit’

Spark ignition engine
fitted in the taxi

Taxi with diesel engine
removed

Converted taxi: no
discernible/external changes
Pictures provided by Autogas Ltd
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The emission testing plan for the Birmingham NOX reduction
Champions project has been revised to future proof the results
Emission reduction targets

Emission testing challenges

• Original target: (2014 funding application)
Reduction of 95% for NOx and 99% for PM
on NEDC1 basis (achieve Euro 6)
• Target revised in consultation with
LowCVP:
– use PCO-Cenex cycle, a test developed
for taxis that is more representative of
real-world emissions than the NEDC.
Objective: obtain at least 80%
reduction in NOx and 90% in PM by
switching to LPG under the PCO-Cenex
cycle
– also test under WLTP1 to start
generating evidence of LPG taxi
performance that can be used in the
development of the UK retrofit
programme (led by JAQU1 and LowCVP).
Objective: bring evidence on potential
of retrofit to reduce emissions, and be
Clean Air Zone (CAZ) compliant

• The project has converted 65 TX1 and TX2 diesel taxis to
LPG, therefore both TX1 and TX2 models have been
tested in accredited testing centres to independently
verify the emissions performance.
• The testing programme faced several challenges:
– The taxis are in use so the testing had to work around
drivers to minimise the impact on their business, and
speed limits had to be introduced to avoid damages
– The vehicles are old (over 15 years), which resulted in
a testing centre refusing to undertake testing on one
of the taxis. The TX1 before/after results are actually
from 2 different vehicles.
– The budget limited the testing to 2 taxis, which gives
only a limited vision of the technology performance
(however more taxis could be tested2)
– Diesel taxi testing is very expensive and sometimes
not possible: they are so dirty that testing centres
either refuse to test them, or charge an additional
£1,500 for the extra cleaning

1. NEDC: New European Driving Cycle; WLTP: Worldwide harmonized Light vehicles Test Procedure; JAQU: Joint Air Quality Unit
2. As part of the conversion programme, all participating taxi drivers agreed that their vehicle could be tested.
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Several testing procedures exist, with different level of relevance to the
Clean Air Zone (CAZ) requirements and real world taxi operations
NEDC

WLTP

PCO-Cenex test

•

• The Worldwide harmonized Light
vehicles Test Procedure is the
official testing procedure for Euro
levels, since September 2017
• CAZ compliance defined as
– Euro 4 for petrol & LPG vehicles
– Euro 6 for diesel vehicles

•

The New European
Driving Cycle was the
official testing
procedure for Euro
levels, until
superseded by WLTP
in September 2017

Tests conducted by
industry/TfL – not as
part of the Birmingham
programme

Targets set for the taxi
conversion
programme:

•

•

1 TX1 LPG taxi tested, twice
(once at pilot stage, once on
final/production version)

Test cycle developed for taxis,
therefore most representative of
taxi ‘real-world emissions’
Produces higher emissions per km
results than the official tests as it is
a much harsher test

•

•

1 TX1 taxi tested: once before
conversion, twice after

•

1 TX2 taxi tested: once before
conversion, once after

1 TX2 LPG taxi tested once

Meet CAZ requirements: Euro 4
petrol limits for NOx, PM, CO

The post-conversion tests were carried after a period of at least 3 months after the conversion

•

80% reduction in NOx

•

>90% reduction in PM

•

CO emissions not going over
Euro 6 petrol limits
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Both the WLTP and the PCO-Cenex tests were deemed relevant to the
case of taxis in the context of a Clean Air Zone
WLTP

PCO-Cenex test

• The same vehicle tested under NEDC and
WLTP is expected to have higher CO2
emissions under WLTP, as the procedure
addresses some of the shortfalls on the
NEDC in terms of real-world
representativeness1

•

Not an official European standard test
cycle, it was developed for taxis

•

It produces higher emissions per km
results than the official tests as it is a
much harsher test in terms of speed and
acceleration

•

For instance, taxi emissions have been
measured as 65% higher for NOx and
75% higher for PM emissions under the
PCO-Cenex compared to NEDC

•

This significant difference called for the
Birmingham City Council (BCC)
programme to use the PCO-Cenex, to
provide evidence of emissions reduction
in conditions close to real-world taxi
operations

• There is limited data on how NOx and PM
emissions translate from NEDC to WLTP
(could be higher or lower)
• There is very limited data2 on taxi WLTP
results (either diesel or LPG) but evidence
is needed to design the CAZ retrofit
requirement (led by JAQU/LowCVP).
• The Birmingham project is filling this gap,
and provides the first TX1 WLTP results
on retrofit solutions

1 – For instance, research from EE and ICCT for the Committee on Climate Change, 2015
2 – only 1 test result to date, on TX2, outside of the BCC project
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Summary: the LPG conversion technology has been tested under various
driving cycles and has proven its ability to reduce harmful emissions
NEDC

WLTP

PCO-Cenex test

•

•

•

Tests
commissioned by
Birmingham City
Council show that
the LPG conversion
reduced NOx and
PM emissions by
80% and 99%
respectively,
compared to the
diesel version

•

The same result
was found in TX4
tests commissioned
by industry
stakeholders

Tests
commissioned by
industry (e.g. for
Transport for
London approval
of the LPG
technology) show
converted TX2
and TX4 taxis are
CAZ compliant
(and go beyond
the Euro 4
threshold of
petrol engines, by
meeting Euro 6
limits)

•

•
•

Tests commissioned by Birmingham City Council
show that the converted TX2 taxi meets the CAZ
conditions (Euro 4 petrol for NOx, and even Euro 6
for CO and PM) – this was found in the only other
TX2 taxi WTLP test too
The tested TX1 taxi also meets the CAZ conditions,
and even meets Euro 6 petrol limits for NOx – once
the pilot electronic control unit was replaced with
the production version
This is a very encouraging result considering the age
of the TX1 taxis (over 13 years old)
It should be noted that the tests conducted are an
adaption of the WLTP (Extra high speed phase
replaced by Low speed phase), to account for the
maximum speed the vehicles can do – this
adaptation is a disadvantage in terms of emissions
results (makes emissions higher) but was necessary
to ensure that no damage was done to the taxis

Note: the Birmingham programme didn’t convert any TX4 vehicles but results from 3 rd parties relating to TX4 (and TX2) are
also reported to bring all the evidence in one place.
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Summary of results: the programme targets have been met or
exceeded in terms of emission reductions (detailed results next)
Reduction in emissions compared to diesel version and targets set for the conversion programme
TX1

TX2

TX4

Target

NOx

80%

74%

81%

80%

PM

99.5%

99.9%

99.0%

90%

CO

Below both petrol and diesel Euro 6 limits

CO2

15%

7%

Data from the Birmingham
programme (PCO-Cenex)

7%

Meet Euro 6 petrol limits
No reduction expected

Data from other
sources (PCO-Cenex)

•

The programme has met its target of reducing NOx and PM by 80% and 90% under the PCO Cenex
test. In the case of NOx, the target is just met (or slightly missed at 74% for TX2)1 but the PM target
is far exceeded with a reduction of 99%.

•

No reduction in CO2 emissions was expected (as diesel is less carbon intensive than LPG at the
tailpipe) but some was observed (7-15%), likely to come from the new, more efficient engine

•

Results for a TX4 taxi conversion are also included, even if not part of the Birmingham programme,
as extra evidence of the LPG technology.

1 - However, the TX2 NOx performance under the WLTP is under the Euro 6 diesel limits – shown in the next sub-section
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NOX emissions are decreased by around 80% through the LPG
conversion, as per the target set for the project
NOx, g/km
-78%

-81%

2.9

-81%
1.9

-74%
1.6

0.6

TX1 diesel

0.6

1

TX1 LPG V0

TX1 LPG

0.4

TX2 diesel

TX2 LPG

0.4

TX4 diesel

TX4 LPG

Hand-made ECU2

Source data:

•

TX1 diesel and TX4: Autogas Ltd, based on tests run at Millbrook and TÜV Pfalz Verkehrswesen in 2015

•

TX1 LPG and TX2: Element Energy on behalf of BCC, tested at MIRA in March, July and September 2017

1. TX1 LPG V0: Pilot conversion kit, used for the first 10 of the taxis; an improved kit was used in the production conversions, and the
tested V0 LPG taxi was upgraded to the production version (shown as TX1 LPG on the graph)
2. ECU: Electronic control unit
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PM emissions are brought down to a negligible level, meeting the
Euro 6 limits even though the PCO Cenex is harsher than the NEDC
PM, mg/km

PM emissions are brought
down to around 1mg/km –
this is lower than the Euro 6
limit (5mg/km)

-100%
863
-100%
247

-99%
105

1

TX1 diesel

TX1 LPG

1

TX2 diesel

TX2 LPG

1

TX4 diesel

TX4 LPG

Source data:

•

TX1 diesel and TX4: Autogas Ltd, based on tests run at Millbrook and TÜV Pfalz Verkehrswesen in 2015

•

TX1 LPG and TX2: Element Energy on behalf of BCC, tested at MIRA in March, July and September 2017
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CO emissions increase, as expected for a spark ignition engine, but
stay well below the Euro 6 petrol limits
Euro limits shown for N1
Class III vehicles; for
indication only, relative to
NEDC test not PCO-Cenex

CO, mg/km

EURO 4-6 petrol

+418%
-59%
299
123

TX1 diesel

+79%

-12%

TX1 LPG V0

632

EURO 4-6 diesel

422

264

236

TX1 LPG

TX2 diesel

122

TX2 LPG

TX4 diesel

TX4 LPG

Source data:

•

TX1 diesel and TX4: Autogas Ltd, based on tests run at Millbrook and TÜV Pfalz Verkehrswesen in 2015

•

TX1 LPG and TX2: Element Energy on behalf of BCC, tested at MIRA in March, July and September 2017
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CO2 emissions slightly decrease when the taxis are converted to LPG
CO2, g/km

349

348
297

TX1 diesel

-7%

-7%

-15%

TX1 LPG

TX2 diesel

358

334

323

TX2 LPG

TX4 diesel

TX4 LPG

Source data:

•

TX1 diesel and TX4: Autogas Ltd, based on tests run at Millbrook and TÜV Pfalz Verkehrswesen in 2015

•

TX1 LPG and TX2: Element Energy on behalf of BCC, tested at MIRA in March and July 2017
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PCO-Cenex drive cycle is closer to the real-world emissions of taxis and
indicates much higher emissions than benchmarks
NEDC

PCO Cenex

NOx, g/km

PM, mg/km
+75%
105

+65%
1.90
1.15

60

+515%
0.37
0.06

TX4 diesel

1

TX4 LPG

•

Under the PCO Cenex driving cycle, emissions are much
higher than under the NEDC cycle for the diesel engines:
+65% for NOx and +75% for PM emissions.

•

The difference in NOx results for the LPG taxi (>500%)
highlights the disconnect between the NEDC and realworld taxi operation, and the importance of testing the
conversion impact under the PCO Cenex cycle.

TX4 diesel

1

TX4 LPG

The PCO-Cenex driving cycle is a 48 minute
cycle, based on a three phase test plus 3:12
minutes of engine off time between phases 1
and 2. Each phase represents one of the 3
London zones, Central, Inner and Outer. Phase
3 is weighted by a factor of 0.65 to retain
correct proportionality of a working day.

Source data: Autogas Ltd, based on tested run at Millbrook and TÜV Pfalz Verkehrswesen in 2015
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As with the NEDC, comparing PCO-Cenex results with WLTP results
show the official test is not close to real-world operation
Emission results – TX2 taxi
WLTP

PCO Cenex

+318%
408

•

As observed with the NEDC comparison shown in the
previous slide, under the PCO Cenex driving cycle, NOx
emissions are much higher than under the WLTP cycle
for the LPG engines: +320%

•

The WLTP is not designed to reproduce taxi operations
(it applies to all light duty vehicles) but rather be a
benchmark to appraise vehicles on a comparable basis

•

Regardless of the WLTP relevance to taxi operation, it
is nonetheless the official test, that will determine
which vehicles can enter Clean Air Zones

•

It is however useful to be aware of this gap between
official and ‘real’ emissions

+43%
323
226

98

NOx (mg/km)

CO2 (g/km)

Source: Tests commissioned by BCC and (2017), carried on the same vehicle
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The area of operation has an important impact on the NOx
emissions whereas the impact in terms of PM emissions is less clear
Example of London case

NOx, g/km

Diesel taxis

TX1

TX2

TX4

LPG taxis

+80%

PM, mg/km

Diesel taxis

+48%

1,423

3.4

1,247
2.8
2.0
1.7

1.9
1.6

1.9
1.3

1.5

+74%

+78%
0.7

0.7
0.4

0.6

473

86

0.1
Central
London

•

Inner
London

Outer
London

Central
London

Inner
London

251

247

0.4

Outer
London

Central
London

162

Inner
London

244
89
Outer
London

Driving in city centre can increase NOx emissions by up to 80% - an effect seen both on diesel and LPG
taxis. The PM emissions seem to be less impacted by the area of operation, for the case of TX1 and
TX4 (no data for LPG taxi for phases for PM results).
Source: Data provided by Autogas Ltd for TX1 diesel (Dec 2015) and TX4 (Dec 2014), TX2 data and TX1 LPG from test
commissioned by BCC (2017)
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The WLTP test had to be adapted and results provide new evidence
regarding retrofitting of older vehicles
NEDC Euro limits shown for CAZ compliance, for diesel and petrol vehicles
LPG taxis have a spark-ignition engines so relate to petrol limits.

NOx, mg/km
135

EURO 6 diesel
(125mg/km)
EURO 4 petrol
(110mg/km)

98
75

29

TX1
TX1 LPG TX2 LPG TX2 LPG
LPG V0 With speed limit Full WLTP

Note: the TX1 falls into WLTP Class 2 whereas the TX2 is
in Class 3 (related to power to mass ratio). The speed
profiles are not identical across the tests (shown next)

• The tests run for BCC (labelled ‘with speed limit’ on the
graph) do not strictly follow the WLTP procedure, as it
requires reaching speeds over 120km/h, which is over
what the taxis can handle
• This adaptation results in higher measured emissions
but was necessary to ensure no damage was done to
the taxis
• For this reason and the fact that the taxis are very old,
it was suspected that the NOx emissions measured
under the test might not be within CAZ requirements
• However, the results are very positive: the conversion
to LPG has made the taxis better than a Euro 6 diesel
taxi and better than the Euro 4 petrol limits, i.e. the
converted taxis are compliant with the proposed CAZ
thresholds
• The pilot version of the TX1 conversion (V0) didn’t
meet the CAZ thresholds – 9 other taxis have been
fitted with pilot versions and will need a software
upgrade at a later date.

Source data: TX1 and TX2 with speed limits: test commissioned by BCC, conducted at Mira in July and September 2017; TX2 full
WLTP: test commissioned by VRS, conducted at Mira in June 2017 (not part of the Birmingham project)
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NOx emission results by phase highlights the sensitivity to cold start
and speed
NOx emissions (mg/km) by phase of WLTP driving cycle for LPG converted taxis
TX1

TX2

Adapted WLTP

Full WLTP
-87%

165

-75%

-97%

242

135

134

93
34

62

35
32

4

Max speed
(km/h)
Approx.

Low Medium High

Low

56

56

77

97

Low Medium High
56

77

97

Low
56

Low

Medium

56

77

10

20

High

Extra
high

97

131

Extra high phase replaced with Low phase
Source data: TX1 and TX2 with speed limits: test commissioned by BCC, conducted at Mira in Summer 2017; TX2 on full
WLTP: test commissioned by VRS, conducted at Mira in June 2017
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The choice of Class for the WLTP has an influence on the results but
limited compared to the software upgrade
NOx, mg/km

TX1 V0

TX1

Adapted WLTP

392

167 165
134
59

Low

34

Medium

57

• However, the converted TX1 and TX2 taxis
are fitted with the same engines and have
therefore the same power/mass ratio.
• For this reason, the ‘production’ TX1 LPG
was tested under Class 3, like the TX2

35

High

• The first WTLP test, on the TX1 V0 (pilot
version) was made on an adapted Class 2
test, because the diesel version of the TX1
falls under the Class 2 power to mass ratio
threshold

Low

• In all cases, the last ‘Extra High’ phase was
replaced by a Low phase to protect the taxi
from damage

Max speed (km/h) Approx.
Low

Medium

High

Low

Class 2

51

75

85

51

Class 3

56

77

97

56

Source data: test commissioned by BCC, conducted at Mira in Summer 2017
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Both the TX1 and TX2 are emitting well under the CAZ limits for PM
and CO under the adapted WLTP
NEDC Euro limits shown for CAZ compliance, for diesel and petrol vehicles
LPG taxis have a spark-ignition engines so relate to petrol limits

PM, mg/km

CO, mg/km
EURO 6
petrol &
diesel
(5mg/km)

EURO 4 to 6
petrol
(2270 mg/km)

CO2, g/km

199

207

226

1,556 1,566
1,296

0.9

0.7

TX1
TX1
LPG V0 LPG
•
•
•
•

EURO 6 diesel
(740mg/km)

1.2

TX2
LPG

TX1
TX1
LPG V0 LPG

TX2
LPG

TX1
TX1 LPG TX2 LPG
LPG V0

As expected from LPG, the PM emissions are extremely low
The CO emissions are also well under the Euro 4-6 limits for petrol engines
The CAZ compliance has also been evidenced in a TX2 run on the ‘full speed’ WLTP (commissioned outside of the
BCC project).
There is no comparison points for CO2 emissions, these are provided for information only.
Source data: Test commissioned by BCC, conducted at Mira in July and September 2017
NEDC Euro limits shown on graphs are for N1 Class III vehicles (the relevant class for TX taxis)
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Emission testing – Tests under the NEDC indicate the TX4 and TX2
taxis converted to LPG meets the Euro 6 limits (category N1, class III)
NEDC Euro limits shown for
N1 Class III vehicles

LPG taxis have a spark-ignition engines so relate to petrol limits.

NOx, g/km

PM, mg/km

-95%

CO, mg/km

-97%

1.15

36

EURO 4-6
petrol
+952%
1,216

915

EURO 4-6
diesel

EURO 4 diesel

TX4
Diesel

0.06

0.03

TX4
LPG

TX2
LPG

EURO 6 diesel
EURO 6 petrol

1

TX4 TX4
Diesel LPG

3

TX2
LPG

EURO 4
EURO 6

87

TX4
Diesel

TX4
LPG

TX2
LPG

•

These results are based on the New European Driving Cycle (NEDC), the official test for Euro limits before
September 2017.

•

Results show a significant decrease in NOx and PM emissions when converted to LPG: 95% for NOX and 97%
for PM. Results also show the diesel TX4 tested does not meet Euro 4 NOx and PM limits.

•

Emissions of carbon oxide (CO) however increase but meet the Euro 6 limits for spark-ignition engines
Source data: TX4: Autogas Ltd, based on tests run at Millbrook and TÜV Pfalz Verkehrswesen in 2015
TX2: VRS, based on test run at Mira in 2017
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User engagement has been crucial to the success of the project

•

•

Workshop in July 2014 (with taxi operators/associations, RMT
Union and individual drivers, c. 10 attendees) ahead of grant
application preparation: very positive response and over 80
signatures obtained within a few days
Workshops in Dec 2014- Jan 2015 to
explain process, technology, selection
criteria and answer any questions (120
attendees over 4 workshops)

•

Resulted in 82 registered taxi drivers

•

From January 2015 to December 2016:
the 82 registered taxi drivers were
regularly informed via a quarterly email,
and further workshops

•

PO

Key points/lessons learnt
• Early and continued engagement
with users underpinned the
success of the project – taxi
drivers are the ones adopting the
change so should be given the
opportunity to input in and
question the project
• Cost and time should be
communicated clearly,
differentiating estimates from
final values; VAT accounting rules
should also be clearly
communicated from the start

A survey of taxi drivers has been conducted in Summer 2017 to cover topics such as:
-

Satisfaction with the conversion process: communication from Council team, clarity and length of
procedure, cost, factors influencing the decision to sign up

-

The converted vehicle: observed operational differences, ease of use, observed cost impact, level of
satisfaction, passenger feedback, refuelling experience
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With the selected solution, taxi drivers did not have to pay for the
conversion
Taxi conversion process from the taxi driver point of view:
Express interest
and agree to Terms
and Conditions

Taxi undergoes
inspection to check
condition

Conversion is booked
and taxi driver is
given a voucher

•

Taxi drivers had
to confirm that
they operate in
City Centre1

•

•

•

Terms and
Conditions
include
agreeing to
take part in the
survey

Some taxis were
found to be unfit
for conversion
and either had to
undertake repairs
or were removed
from the
conversion list

•

Oversampling
should therefore
be considered

The garage gets
paid by the
Council by giving
the voucher back,
along with signed
confirmation
from the taxi
owner that the
conversion has
taken place

1 – The information was cross checked against the Council taxi surveys, as well as MOT records

Conversion is done
and taxi driver only
pays VAT
•

Where
applicable, taxi
drivers can
reclaim the VAT
(c. £1,500)
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The Birmingham LPG taxi drivers’ survey show high levels of
satisfaction with the converted taxis but also a cost challenge
Results of the survey are summarised below:
• Overall satisfaction with the taxis and the conversion process is very high (85% and 94%
respectively are very or slightly satisfied)
• 97% of taxi drivers would recommend the conversion to other drivers but think most would not
convert without grant support – despite fuel savings indicating a payback period of under 5 years
• Overall very high satisfaction levels with the converted vehicles’ main performance
characteristics, with the number of refuelling stations reported as the biggest area for
improvement – only 28% of respondents could meet all their needs with current infrastructure.
• Over half of the drivers had problems with their taxis following the conversion but it appears a
large part of the problems were caused by ageing parts rather than the upgraded equipment.
• Any feedback received from passengers was positive with 56% of all feedback being about the
reduced engine noise.
Based on 2017 survey of taxi drivers who benefitted from the subsidised taxi LPG conversion in Birmingham,
sample size = 32.
Detailed results are shown in the next sub-section. Refer to the Appendix for comments on the survey sample
representativeness.
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Taxi drivers report a very high overall satisfaction with both the
converted vehicle and the conversion process
Overall satisfaction with converted vehicle
• When asked about their overall satisfaction with the converted vehicles, the response was
very positive. 94% of respondents felt positive or neutral about both the conversion process
and the converted vehicle.

Very few dissatisfied (3% = 1
respondent)

63% 66%

Potential ‘box ticking error’,
1st response ‘Very
dissatisfied’ All other
responses ‘Very Satisfied’

22%

28%
9%

0%
Very Satisfied

Slightly
Satisfied

Not Satisfied
nor dissatisfied

0%

3%

Slightly
Dissatisfied

6%

3%

Vehicle
Conversion Process

Very
Dissatisfied

Based on 2017 survey of taxi drivers who benefitted from the subsidised taxi LPG conversion in Birmingham, sample size = 32.
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However, there is a big discrepancy between taxi drivers’ willingnessto-pay for the conversion and the actual conversion cost
Few are prepared to pay for the conversion

Even though large majority would recommend it

“What level of price would taxi drivers be
prepared to pay to get their taxi converted if
no grant funding was available?”

“ Would you recommend an LPG conversion to
other taxi drivers?”

£5000-£10000
0%
£3000-£5000 42%

Real
price
range

NO
3%

58%

Would Not Convert

97%
YES

and pay-back times are reasonable
• At £7,700, with average monthly fuel savings of £130, the payback time is just under 5 years.
• This is a conservative estimate as 1) a Clean Air Zone charge is not assumed 2) potential
maintenance cost savings are not factored in, and 3) diesel prices are assumed to stay constant.
Top graphs: Based on 2017 survey of taxi drivers who benefitted from the subsidised taxi LPG conversion in Birmingham, LHS
sample size = 31, RHS sample size = 22
Payback calculation: see later slides for assumptions
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Fuel cost savings vary significantly across taxi drivers with a probable
lack of accuracy in the reporting
Low to very high fuel savings are reported by taxi drivers

Reported Fuel Savings [£/Month]

Fuel cost savings as reported by drivers

•

400
350

•

300
250
200

•

150
100
50
0
0

100 200 300 400 500 600 700 800

Reported Weekly Mileage [mi]

When asked “How has fuel spending
been affected by the conversion?”, all
reported savings (91% ticking “over
£10/week” and 9% “less than
£10/week”).
The more detailed question on fuel
spending before and after conversion
reveals a range of £55 to £350/month
savings – see graph.
For a given mileage, the reported
savings vary significantly, suggesting
inaccurate reporting. The inaccuracy
could be around the mileage or the
savings, or both. For this reason, a
more detailed analysis of actual
mileage has been conducted, shown
next.

Based on 2017 survey of taxi drivers who benefitted from the subsidised taxi LPG conversion in Birmingham, sample size = 22
due to missing data in some fields.
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The reported mileage and fuel savings have been crossed checked
with odometer data and a good consistency is observed
Weekly mileage – data and calculation
•

Reported = from the survey

•

Calculated = from odometer values, before and
after conversion. This includes some taxis that
didn’t take part in the survey but values were
not available for all the 65 converted taxis

55

•

Calculated sorted = from odometer values,
keeping only taxis from the survey.

505

22

•

546

22

From expenditure = calculated from declared
fuel savings, for sense check, and following
assumptions:

Median
[mi]

Average
[mi]

Sample
Size

Reported

425

437

27

Calculated

446

449

Calc. Sorted

472

From
Expenditure

548

Data Set

It was calculated that on average, 95% of
all miles travelled were on LPG (according
to declared fuel spending), with only 1
respondent travelling under 91% of
distance on LPG.

Assuming LPG and petrol consumption is the same

•

LPG: 54.9p/l for LPG, 0.30l/mile (average
from lab testing)

•

Petrol: 111.8p/l, 0.22l/mile (equivalent to
LPG in MJ/mile)
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A wide variation in average weekly mileage is observed, giving an
equally wide payback period of 3 years to 10 years
Simple payback periods as a function of mileage
Weekly
miles

Savings
[£/month]

Payback Time
[years]

Min (10th percentile)

212

62

10.3

Average

450

131

4.9

Max (90th percentile)

710

207

3.1

# of taxis

Based on calculated
mileage

14
12
10
8

Reported (27)
Calculated (55)
Calc. Sorted (22)
Calc from
expenditure (22)

•

The fuel cost savings achieved with
the conversion to LPG strongly
depend on the actual taxi mileage.

•

Mileage data collected during the
project suggest the average
TX1/TX2 driver covers 450 miles
per week, giving a payback period
of about 5 years.

•

High mileage drivers see this
payback period reduced to 3 years.

•

These periods would be shorter if
the price of diesel increases, and if
maintenance cost savings were
taken into account.

•

If a charging Clean Air Zone was
introduced, with e.g. a fee of
£10/day, the payback period would
be under two years, for any
mileage profile.

6
4
2
0

1- 101- 201- 301- 401- 501- 601- 701- 801- 901100 200 300 400 500 600 700 800 900 1000
Weekly Mileage [mi]

Undiscounted savings, calculated with prices shown in previous slides kept constant, running 5% miles on petrol, and diesel at 113.1p/l
(13.2l/100km, as per test data). Payback for upfront cost of £7,700. Not accounting for potential maintenance cost savings.
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Data on maintenance costs is not conclusive as the usage period has
been less than a year, but no extra spending expected over diesel
The maintenance cost question indicates no impact or some savings brought by the LPG system

Maintenance costs

55%

26%

•

Taxi drivers were asked ““How has
your spending on maintenance been
affected by the conversion?”.

•

For the majority, no impact was noted
but 35% noted a cost reduction.

•

It should be noted that the taxis have
not been run for long enough to fully
assess the difference in maintenance.

•

As the old engine is replaced with a
new engine, maintenance costs are
expected to be lower.

13%
6%
Cheaper,
>£50 per
year

Cheaper, No impact More
More
<£50 per
expensive, expensive,
year
<£50 per >£50 per
year
year

Based on 2017 survey of taxi drivers who benefitted from the subsidised taxi LPG conversion in Birmingham, sample size = 31
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The drivers were asked to rate their level of satisfaction with some of
the converted taxis’ main performance characteristics
The only point that needs improvement is the number of refuelling stations
“How satisfied or dissatisfied are you with the following aspects of your LPG taxi?”
Acceleration
Top Speed

Seasonal impact
Driving Range

Very satisfied

19%

81%

Refuelling Time

16%
41%
44%

Slightly satisfied

19%

29%

48%
25%

13%

19%

68%

Noise Level

# Refuelling Stations

26%

65%

22%
22%
25%

Neither satisfied or dissatisfied

13%

25%

3%

31%
16%

9%

Slightly dissatisfied

Based on 2017 survey of taxi drivers who benefitted from the subsidised taxi LPG conversion in Birmingham, sample size = 31.

6%

Very dissatisfied
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When asked directly if the number of refuelling stations met their
driving needs, majority agreed that most of their needs were met
19% of respondents say the current LPG refuelling stations only partially met their needs
“How well does the current number of LPG refuelling
stations meet your driving needs?”
Completely meets needs
Partially meets needs
19%
28%

• 28% of the drivers believe the
current refuelling station
network completely satisfies
their needs.
• 53% say that they can’t
complete some of their trips
without the occasional detour.
• Only 19% report not being able
to do most of their journeys
without making a detour for
refuelling.

53%
Mostly meets needs

• Suggestions for locations for
new LPG stations are shown
next.

Based on 2017 survey of taxi drivers who benefitted from the subsidised taxi LPG conversion in Birmingham, sample size = 32.
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When asked where new refuelling stations would be most beneficial,
50% of drivers said the city centre without specifying an address
Other suggestions for new LPG stations were mostly on busy roads in the suburbs
• Taxi drivers want more LPG stations
near/on busy roads, several
kilometres away from the closest
station.
• Majority of taxi drivers said they
want to see more stations in the city
centre as well as in the suburbs and
near their own homes.

10 km
xx km

2.5 km
Currently available

Suggested

Based on 2017 survey of taxi drivers who benefitted from the subsidised taxi LPG conversion in Birmingham, sample size = 18.
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Many breakdowns occured over the course of the project, often due
to aging components rather than the conversion process
Almost half the drivers had problems with their vehicles
• When asked if they had problems with their vehicle, 44% said they hadn’t had any problems
• However, 87% of all problems were solved within 3 days.
• The main problems reported appear to be linked to engine overheating: cooling fan breaking
down, water leakage, pump failure. Engine overheating was a pervasive and recurring problem
“If you’ve experienced breakdowns or problems
with your vehicle, what were they?”

“How long did it take to fix the problem(s), so that
you could continue to use the vehicle?”

4%
4%
4%

33%

44%

38%

8%

Overheating/Radiator/Cooling fan

Gearbox Problem

Starting Vehicle

Flywheel

Oil/Water/Gas Leak

Electric Problem

Fuel Tank Problem
Note: Drivers own reporting of problems might differ from the
actual source of the problem

Time taken to fix

8%

28%
16%

No < 1 day 1 - 3
problems
days
experienced

Based on 2017 survey of taxi drivers who benefitted from the subsidised taxi LPG conversion in Birmingham, LHS sample size =
22, RHS sample size = 32

6%

4-7
days

3%

3%

1 -2
>2
weeks weeks
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Customer feedback, when received, is always positive and mostly
about the reduced noise level of the LPG taxi
Most customers didn’t notice a difference, those that did were generally positive

• When feedback was given, it was always positive and 56% of all feedback was about the
reduced noise levels
“Have you received any feedback from your
passengers?”

Customer Feedback

50%

“If you have received feedback, what is it
mostly about?”

47%

4%
19%
11%

56%

Noise level
Smell level
Pollution level
Ride comfort
Other

11%
3%

No Occasional Frequent Occasional Frequent
negative
positive
feedback

Based on 2017 survey of taxi drivers who benefitted from the subsidised taxi LPG conversion in Birmingham, LHS sample size =
32, RHS sample size = 27
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The taxi drivers are generally very to slightly satisfied with all aspects
of the conversion scheme
“How satisfied or dissatisfied are you with the following aspects of the scheme?”

Communication Frequency

Conversion procedure clarity

Length of Conversion

Cost of Conversion

Very satisfied

Slightly satisfied

44%

28%

48%

39%

35%

13%

35%

26%

29%

Neither satisfied or dissatisfied

13%

13% 3%

13% 3%

19%

10%

16%

10%

Slightly dissatisfied

Based on 2017 survey of taxi drivers who benefitted from the subsidised taxi LPG conversion in Birmingham, sample size = 32.

Very dissatisfied
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Reflections on the Clean Vehicle Technology Fund and challenges met
during the project
The Clean Vehicle Technology Fund (CVTF) payment mechanism
• Under the CVTF, the retrofit/conversions are paid to installers only upon completion. This creates a challenge for
smaller organisations that are more likely to have cash flow limitations. To open the Fund to a broader range of
entities and SMEs, different payment mechanisms could be considered in the future e.g. loan or
advanced/staged payment
The lack of established solutions for taxi retrofit for TX models
• While the case for retrofitting older taxis is very strong in terms of AQ benefits, there were no established
reliable local supply chains for this. A new solution and supply chain had to be developed during the project,
with consequences on the timeline. Future taxi conversion programmes will however benefit from this project.
•

Procurement rules requiring the use of a procurement framework further limit the options as, among the limited
numbers of organisations using frameworks, most are likely to not be interested in small volume projects,
especially if some research and development (R&D) – and thus risk – is involved.

•

New technologies can come with reliability issues (as experienced with the first solution tried during the
project), adding to the project length

Challenges related to the development of a new solution and supply chain
• Again, procurement rules can limit the scope of Councils in gathering the skills of local businesses. Furthermore,
developing an automotive supply chain is beyond the Council scope of work and succeeded in this case only
thanks to the pro-bono support of industry experts.
•

New automotive solutions requires specialised emissions testing, which was not budgeted for under the CVTF.
The CVTF, targeting ‘established’ solutions, does not offer the flexibility required by R&D projects.

•

Emissions testing of old vehicles brought challenges too, with test adaption necessary.
CVTF: Clean Vehicle Technology Fund
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Reflections on the key factors contributing to the success of the project
Excellent engagement with taxi drivers and local garage championing the programme
• Taxi drivers input and support was gathered during the CVTF application preparation, and frequent
communications were in place during the project
• Taxi drivers were very patient with the project delays, partly thanks to good communication channels
• The garage doing the conversion was local, so known among and convenient for taxi drivers. The Harborne
garage team was an enthusiastic promoter of the technology, which helped in dealing with drivers’ queries.
Support from industry experts
• The intervention of industry experts (Autogas Ltd) contributed greatly to the project. They helped obtain
interest from engineering companies and local garages, and generally acted as an ‘interface’ between the
Council and engineering organisations and provided project management support.
• Autogas Ltd, VRS and Harbone garage also invested their own time and resources in the R&D of the taxi
conversion solution adopted during the project
• Autogas Ltd, as part of the R&D of the new solution, also funded the emissions testing of the first converted
TX4 taxis, as well as diesel TX1 and TX2. At times, this required travel to German facilities, since the limited
number of UK facilities were sometimes fully booked.
Perseverance in the face of setbacks
• Despite major setbacks and challenges (such as a main stakeholder going into administration during the
project), the Council team, with the support of industry, never lost sight of the end air quality outcomes,
and showed perseverance and flexibility in the face of difficulties. The late but successful delivery of the
project objectives proves this determination paid off, and will hopefully inspire other Local Authorities.
54

The LPG conversion technology has been tested under various driving
cycles and has proven its ability to reduce harmful emissions
Summary of emission testing results under different test procedures

NEDC

WLTP

PCO-Cenex test

•

•

•

Tests show that the LPG conversion
reduced NOx and PM emissions by
80% and 99% respectively, compared
to the diesel version

•

No increase in CO2 emissions (some
decrease even observed)

•

CO emissions well under the Euro
limits

Converted TX2 and
TX4 taxis are CAZ
compliant (and go
beyond the Euro 4
threshold of petrol
engines, by meeting
Euro 6 limits)

Tests conducted by
industry/TfL – not as
part of the Birmingham
programme

The tested TX1 taxi meets the
CAZ conditions, and even
meets Euro 6 petrol limits for
NOx – once the pilot ECU was
replaced with the production
version
The tested TX2 taxi meets the
CAZ conditions (Euro 4 petrol
for NOx, and even Euro 6 for
CO and PM) – this was also
found in the other TX2 taxi
WTLP test conducted by
industry players

•

•

•

1 TX1 LPG taxi tested, twice
(once at pilot stage, once on
final/production version)
1 TX2 LPG taxi tested once

ECU: Electronic Control Unit
NEDC: New European Driving Cycle
WLTP: Worldwide harmonized Light vehicles Test Procedure

•

1 TX1 taxi tested: once before
conversion, twice after conversion

•

1 TX2 taxi tested: once before
conversion, once after conversion
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Key achievements of the project and next steps for lowering the
existing taxi’s fleet emissions
Key achievements

Next steps

• 65 highly polluting taxis were converted
to LPG with demonstrated 80% reduction
in NOx emissions and 99% in PM, making
taxis CAZ compliant
• A local garage was trained in the retrofit
procedure and the first UK supply chain
for diesel to LPG conversion for TX
vehicles was established
• Taxi drivers are highly satisfied with the
project: 97% would recommend the
conversion to other taxi drivers
• Emission data was provided for the Clean
Vehicle Retrofit Accreditation Scheme
design
• Older taxis have now an alternative to
purchasing a new vehicle to comply with
the upcoming CAZ

• The work has shown that taxi drivers like
the technology and would recommend it
to others, but they anticipate no/low
willingness to pay for it. About 400 taxis
have been identified as needing
conversion – this suggests that some
form of support (e.g. funding or loans) for
the next conversions will be required.
• At a local level, this will be supported by
the changes to licensing conditions: only
CAZ compliant vehicles will be allowed to
operate from January 2019.

• Now that the conversion technology has
been proven to deliver a CAZ compliant
level of emissions, it needs to be formally
accredited under the Clean Vehicle
Retrofit Accreditation Scheme

The project received the Local Authority & Public Sector Air Quality Initiative of the Year in 2017
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Acronyms

AQ
BCC
CAZ
CVTF
JAQU
LowCVP
LPG
NEDC
PM
TfL
WLTP

Air quality
Birmingham City Council
Clean Air Zone
Clean Vehicle Technology Fund
Joint Air Quality Unit
Low Carbon Vehicle Partnership
Liquified Petroleum Gas
New European Driving Cycle
Particulate Matter
Transport for London
Worldwide harmonised Light vehicles Test Procedure
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The survey sample is a reasonable representation of the converted
taxis in terms of taxi age and TX1/TX2 split
Over 65 converted taxis, we obtained 32 completed surveys
•
•

The average age of the taxis involved is about 15 years, with just under half of them registered in
2001 or before.
Most converted taxis were TX1 models. Some pre-conversion TX2 models were fitted with TX1
engines, testimony of drivers preference for the TX1 engine.

Average Age: 14.7 years (32 sample size)

Average Age: 14.8 years (50 sample size)

13

13

2

2000

23

5
2

2

2001

TX2
TX1

6

23

4

10
4

2

3

3
1

2002

2003

2004

6

2

2005

2
2
2000

7
4

6

1
2001

2002

3

2003

Based on 2017 survey of taxi drivers who benefitted from the subsidised taxi LPG conversion in Birmingham, sample size =
32 (LHS, filled questionnaire), 50 (RHS, from conversion paperwork).

3
3

7

2004

2005
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About the procurement process
Oct 2014

Nov 2014

Preparation of
Invitation to
Tender

Suppliers part of
framework invited
to tender

1/3
Dec 2014-Jan 2015
Tender revised and
contract in place
with winner

Dec 2015-Feb 2016
New contract in place
following stakeholder
going into administration

REQUIREMENTS INCLUDED IN THE INVITATION TO TENDER (NON EXHAUSTIVE LIST):
•

•

Taxi TX1 TX2 LPG conversion process
– Pre inspection of the vehicle (a list of components to check was provided) – to confirm at least 5 years of life left
– The engine conversion. “The original diesel engine is removed, and a replacement sparked ignition engine to run
on LPG /Petrol is installed. (Maximum Petrol tank size of 12 litres). Or the original engine, is re-engineered to be a
sparked ignition engine to run on petrol / LPG, this option can be supplied under licence. Of the 2 engine
options, either used, must be fully type approved, with full emission support data to Euro 5a , meet vehicle
construction and uses regulations, meet the UKLPG COP11 and TFL approval”
– Hand over to the customer: Full description of the operation of the vehicle, warranty explained, service schedule
explained, refill operation demonstrated
Quality
Conversion to comply with vehicle construction and use regulations and to take no more than 8 days; Clear
methodology for conversion of LT1 TX1 & TX2 that complies with Code of Practice ll (UK LPG); Confirmed minimum
of 1 year warranty (or 30,000 miles); LPG system must have proven Euro 5a emission standards; All components
fitted in association with an LPG gas fitting and comply with regulations ECE R6701 and ISO 9003.
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About the procurement process
Oct-Nov 2014
Preparation of
Invitation to
Tender

•

•

•
•

2/3

Nov 2014

Dec 2014-Jan 2015

Dec 2015-Feb 2016

Suppliers part of
framework invited
to tender

Tender revised and
contract in place
with winner

New contract in place
following stakeholder
going into administration

Birmingham City Council, with the help of Autogas Ltd, met four
local suppliers/garages who are part of the framework1 that had
expertise in retrofitting engines, to explain the project before the
invitation to tender was released. It was expected that at least 4
suppliers would answer
Despite this outreach, and the invitation to tender being sent to
11 suppliers who were part of the framework, no bids were
submitted
Taking the industry feedback into account, the budget per
conversion was increased from £4,500 to c. £6,150
Beside the lack of economic interest, the only UK based installer
experienced in taxi conversion is based in London2 and is not part
of the Crown Commercial Services procurement framework

1 – Lot 1 Suppliers – Framework RM956, Crown Commercial Services
2 – Battersea Autogas (London) who had converted 10s of London taxis with Gastech technology

Key points/lessons learnt
• Existing Council
procurement framework
are unlikely to have
companies developing new
powertrain solutions, or
companies interested in
small volume projects
• Therefore the approach to
procurement should be
considered early on to
avoid delays
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About the procurement process
Oct-Nov 2014
Preparation of
Invitation to
Tender

•

•
•

•

•

3/3

Nov 2014

Dec 2014-Jan 2015

Dec 2015-Feb 2016

Suppliers part of
framework invited
to tender

Tender revised and
contract in place
with winner

New contract in place
following stakeholder
going into administration

After the revision of tender taking into account industry feedback, the contract was awarded to Smiles
Engineering (for refurbishment of the diesel engine into a spark ignition engine) and Harbone Garage
(for installation in the taxis).
Smiles Engineering was due to source the refurbished engines and related LPG parts from the only
existing supplier of refurbished engines/diesel to LPG conversion (Gastech, in Australia).
This supply chain however collapsed during the project due to a series of challenges: communication
issues arose between Gastech and Smiles Engineering fuelled by geographical distance, cash flow
challenges linked to small size organisations, licensing of patented technologies, changing cost/price
expectations. Furthermore, the technology installed on 2 taxis proved unsatisfactory.
A new technical solution and supply chain were then set up during the project, thanks to the support
and pro-active intervention of Autogas Limited, with R&D efforts also provided by Smiles Engineering
and Harbone garage.
Smiles Engineering however went into administration in July 2015. The contract therefore had to be
amended to include Harbone garage only. The process started in Dec 2015.
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