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1

INTRODUCTION

The reliable estimation of emissions from transport vehicles is an increasingly important
issue in the transport planning community, as targets for local and global air quality
become more stringent. Traditional methodologies for estimating vehicle emissions
have relied on relatively crude methodologies that relate emissions to average vehicle
speeds and often include significant error by over or underestimating the emissions
caused in stop/start conditions.
As technology has improved, road traffic microsimulation programs have developed that
enable significantly more detail in the representation of traffic networks down to the
individual vehicle level. More detailed outputs from microsimulation models in turn
enable more detailed emission estimation methods to be adopted that relate individual
vehicle speeds and acceleration rates to tailpipe emissions at discrete intervals along
each trip.
On behalf of Transport Scotland, SIAS Limited (SIAS) in collaboration with the Transport
Research Laboratory (TRL) has developed a state of the art vehicle emissions module.
This module takes outputs from microsimulation models for individual vehicles at each
simulated timestep, typically twice a second, and estimates the tailpipe emissions based
on their current speed and acceleration. The module uses detailed Instantaneous
Emissions Modelling (IEM) factors derived by TRL using the Passenger car and Heavy
Duty Emissions Model (PHEM) developed by the Technical University of Graz.
This paper details the development and application of a PHEM based microsimulation
vehicle emissions module, and illustrates the need for such a tool, by examining the
shortcomings of traditional approaches and earlier IEM capabilities.
2

AVERAGE SPEED BASED APPROACHES

Traditionally, fuel consumption and, hence, vehicle emissions have been estimated by
relating average vehicle speeds to the amount of fuel consumed per kilometre at that
average speed. The relationship is a simplistic one which produces a broadly u-shaped
curve with higher fuel consumption at lower speeds, this reduces as speed increases to
an optimum and thereafter, fuel consumption gradually increases with increasing speed.
The average car fuel consumption curve from WebTAG Unit 3.5.6 is shown in Figure 2.1.
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Figure 2.1 : WebTAG Fuel Consumption Curve – Average Car

The fuel consumption curve is derived by applying four parameters, a, b, c and d, which
vary by vehicle type, in the equation:
L = L = a + b * v + c * v2 + d * v 3
Where:
L = consumption, in litres per kilometre
v = average speed in kilometres per hour
Parameters are provided for nine vehicle types in table 10 of WebTAG 3.5.6:
• Petrol Car
• Diesel Car
• Average Car
• Petrol LGV
• Diesel LGV
• Average LGV
• OGV1
• OGV2
• PSV
Table 1 of WebTAG unit 3.3.5 defines the amount of carbon released by burning a litre
of fuel. These values are applied to the estimated fuel consumption in the traditional
average speed based approaches adopted by the Department for Transport’s TUBA
(Transport User Benefit Appraisal) and COBA (COst Benefit Analysis) programmes.
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TUBA operates based on average fuel consumption by origin destination pair, i.e. for all
trips between a given origin and destination; what is the average speed and so what is
the resulting carbon generated? COBA operates on an average link speed basis.
While such methods are suitable for producing high level estimates for consideration in
a more strategic context, they do over-simplify the matter to some extent. Due to the
nature of the fuel consumption curve, the assumption of average speed over an entire
journey, groups of journeys or for all traffic on any given link will in many cases tend to
smooth out the effect of a variation in speeds around the average.
These are, however, convenient methods for calculating emissions using outputs from
traditional, equilibrium models which produce their outputs in a similarly aggregate form.
Individual vehicles and trips are not represented in such models, whereas the principle
of microsimulation is to model each individual vehicle trip. While the average speed
methods can be adopted for microsimulation models, their limitations must be
recognised.
For example, consider 100 trips of 1km. Half of these experience congestion, resulting
in an average trip speed of 40kph, the other half do not, resulting in an average trip
speed of 80kph. Using the TUBA based approach:
Average trip speed = 60kph
Fuel consumption at 60kph = 0.068442l/km (assuming average car parameters @ 2002)
Total fuel consumption = 100*0.068442 = 6.8442l
Total Carbon generated = 6.8442l*609.27gCarbon/l = 4,169.97g Carbon (based on
petrol @ 2010)
Considering the trips separately:
50 trips at 40kph
Fuel consumption at 40kph = 0.08l/km
Fuel consumption = 50*0.08 = 4l
50 trips at 80kph
Fuel consumption at 80kph = 0.072397l/km
Fuel consumption = 50*0.072397 = 3.61985l
Total Fuel Consumption = 7.619851l
Total Carbon generated = 7.619851l * 609.27gCarbon/l = 4,642.55g Carbon
In this simple example, the TUBA based approach results in a total carbon estimate
around 10% less than when the individual trips (or in this case, groups of trips) are
considered. Even extending the TUBA methodology to consider the individual trip
average speeds may not provide a particularly accurate estimate of emissions, where a
similar variation in speed may exist throughout the course of any given trip. An average
link speed based approach provides some variation in speed along the length of a given
trip, but has the same shortcoming in that the variation in vehicle speeds composing the
average is not considered. Such problems will always be apparent when considering
emissions based on aggregated trips and/or average speeds.
Use of instantaneous emissions methods seeks to resolve such issues. The Deign
Manual for Roads and Bridge (DMRB) Volume 11, Section 3, Part 1 Annex E discusses
detailed modelling to assess air quality impacts of road schemes. It suggests that the
nature of any given project and its probable impact on vehicle emissions should be
considered when deciding upon the appraisal method, and notes:
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“In some cases, such as projects which result in variations in driving patterns but do not
greatly affect average speed, a more detailed emissions model may be required. It may
be necessary to use an ‘instantaneous’ emissions model…”
The MODEM and PHEM models are mentioned explicitly in DMRB. The following
section provides details of both of these instantaneous emissions models.
3

INSTANTANEOUS EMISSIONS MODELS

3.1

Background

IEM methods have been in existence for several years and these make use of the
detailed operational outputs produced by traffic microsimulation models to estimate
emissions on a vehicle by vehicle basis. These methods rely on a database of
information which enables the volume of a particular emission type to be derived for a
given set of instantaneous operational characteristics for each vehicle. Typically, this
involves returning the volume of emissions that would be produced by a vehicle
travelling at a given speed and rate of acceleration. The database will typically provide
information for differing vehicle types and engine sizes to enable variations in the
vehicle fleet to be reflected.
Traffic microsimulation models divide the simulated time period up into a series of small
timesteps enabling the variation in each vehicle’s operational characteristics to be
modelled as the simulation progresses. The S-Paramics models used in this case
operated in 0.5s timesteps, the default setting for the software. This means that every
half a simulated second the vehicles in the simulation would recalculate their operational
characteristics (speed, acceleration, etc.) based on the prevailing network conditions
and the software rules governing their behaviour. The corresponding IEM based
estimates can therefore be produced at the same level of fidelity.
3.2

MODEM

MODEM (Modelling of Emissions and Fuel Consumption in Urban Areas) includes a
database of instantaneous emissions factors that enable the exhaust emissions for
vehicles to be estimated based on a number of input parameters including:
•

Engine size

•

Fuel type

•

Current speed

•

Current rate of acceleration

Figure 2.2 shows a surface plot of the emissions estimates for a medium sized petrol
car with a EURO I class engine. This shows that for a given speed and rate of
acceleration an emissions estimate is picked off the surface and clearly demonstrates
the much greater detail in the emissions estimates using this approach compared with
average speed methods.
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Figure 3.1 : MODEM Based CO2 Emissions Surface Plot – EURO I Medium Petrol Car

This database was developed by TRL, initially as part of the EU DRIVE project, and
following subsequent refinement and development has been integrated in S-Paramics
Microsimulation for over a decade. The MODEM database was developed at a time
when European Union (EU) wide policy and regulations relating to vehicle based
emissions were undergoing significant changes resulting in gradually more stringent
emissions standards to which engine manufacturers had to respond. This ultimately led
to a diversification of the engine types present within the vehicle fleet. MODEM contains
data that represents a subset of the current EU wide engine types and has not been fully
updated to keep apace with the changing emission standards imposed on engine
manufacturers. The MODEM database also only included information for car vehicle
types.
The benefit of the MODEM based approach is that it enables emissions to be estimated
for each individual vehicle, reflecting their speed and acceleration changes as they
progress through the simulation. This represents a far more refined method than
crudely assuming an average speed for each vehicle, however, while the MODEM
based methodology can be considered more detailed than traditional, average speed
methods, it is limited in terms of its representation of the existing engine types present in
the vehicle fleet.
3.3

PHEM

PHEM (Passenger car and Heavy Duty Emissions Model) has been developed by the
Technical University (TU) of Graz over recent years. PHEM is a vehicle dynamics
model containing engine maps detailing emissions by engine speeds and loads. Using
input vehicle speeds and specifications (tyre sizes, gear ratios, weight, etc) the PHEM
model determines the emissions. The relationship between speed, acceleration and
emissions is similar to that in MODEM, however, the PHEM model is significantly more
detailed and up to date and enables:
•

Information on a much wider range of engines conforming to EU
emission standards

•

Factors for a wide range of heavy vehicles (HGVs, buses, coaches,
etc.)
© PTRC and Contributors 2011

•

Disaggregation of the information by vehicle load and gradient,
enabling overall engine load effects on emissions outputs to be
reflected

In addition to containing a better reflection of the current engine types within the vehicle
fleet, the PHEM based approach enables more detailed outputs from the
microsimulation model to be used in producing a more refined estimate of vehicle
emissions.
4

DEVELOPMENT AND TESTING OF THE PHEM BASED MODULE

4.1

Module Development

The foundation for the PHEM based module development is the underlying database of
emissions factors (by engine size, fuel type, vehicle type, emissions standard, gradient
level, etc.). This information was derived by TRL using the PHEM model developed by
TU Graz. Observed trace data from TRL drive cycles was fed into PHEM with the
outputs being collated and processed to create a series of IEM tables enabling the
emissions to be established for each vehicle at a given speed and acceleration rate.
The additional detail and level of disaggregation in PHEM resulted in a total of 3129 IEM
tables being used in the module. This compares with only 40-50 IEM tables in the
original MODEM based approach implemented in S-Paramics. Figure 4.1 shows a
surface plot of the resulting PHEM based total carbon emissions for a medium sized
petrol car with a EURO I class engine, half laden on a gradient of 0.
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Figure 4.1 : PHEM based Total Carbon surface plot– EURO I Medium Petrol Car, half laden, 0 gradient

The PHEM based module was developed as a standalone tool that can be used in
conjunction with the outputs from any traffic microsimulation model, subject to them
being in the appropriate format. The S-Paramics software used in this research work
produces an output file called carpositions.csv which automatically produces the
relevant output data required by the module including the vehicle type, speed,
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acceleration and gradient of each vehicle for every simulated timestep. Additional
information is also produced including the network link, the grid co-ordinates and a
unique vehicle tag which ensures that the outputs can also be examined on a link by link,
vehicle by vehicle or on a geographical basis.
While the IEM tables included in the module provide the emission factors, additional
information is required to ensure that the appropriate vehicle fleet (in terms of the split of
engine types for any given vehicle type) is represented in the inputs. SIAS used vehicle
fleet projections from the National Atmospheric Emissions Inventory (NAEI) and HGV
proportions from the Department for Transport (DfT) to enable a robust reflection of the
vehicle fleet to be included in the assessment as well as how this is anticipated to vary
through time. These vehicle fleet proportions and projections were included as an
integral part of the module which helps to simplify the user input requirements.
The PHEM based module itself operates as a standalone, ancillary module which takes
microsimulation model outputs as an input and post-processes these to include the
relevant emissions estimates based on these inputs. Outputs are produced for three
emission types:
•

Oxides of Nitrogen (NOx)

•

Particulate Matter (PM)

•

Total Carbon

This information can be output from the post-processor module for each vehicle
individually in two different ways:
•

Timestep by timestep emissions values

•

Summary values for the whole vehicle trip

The information can be output for the entire modelled network or for a subset of links in
the network, providing a great deal of flexibility for the user in terms of the outputs and
their subsequent analysis.
The initial implementation of the module was undertaken using Microsoft Excel as it
afforded transparency and flexibility and was relatively easy to test and update during
the development stage. Subsequently, a standalone Windows based module was
developed complete with installation procedure and user documentation to enable this
to be released as a generic product.
4.2

Module Testing

The testing of the module was composed of three main elements, to verify the
robustness of the outputs:
• Verify the emissions estimates output matched those generated by the
PHEM model
• Compare modelled and observed vehicle traces to establish how well
the microsimulation models represent detailed vehicle behaviour
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• Compare PHEM based outputs with MODEM and WebTAG emissions
estimates using real project examples

4.2.1 Models Used in Testing
For the purpose of the testing, SIAS used two S-Paramics microsimulation models that
had already been developed and successfully applied on live projects. The models
cover two locations in relatively close proximity to each other but which experience very
different traffic conditions with one being urban and the other inter-urban. The models
used were:
•

M8 Baillieston to Newhouse Study S-Paramics Model (inter-urban)

•

Glasgow City Centre S-Paramics Model (urban)

The M8 Baillieston to Newhouse (M8BTN) Study S-Paramics Model was developed by
SIAS on behalf of TS during 2003 and 2004 for use in detailed operational and
economic assessment of the proposed upgrade of the A8 between Junctions 6 – 8 to
motorway standard. The model covers principally the strategic road network on the M8
(J6-J9), M73, M74 (J1 – J6) and the A725 (Shawhead to Raith). The model was
originally developed with a base year of 2004, however, for the purpose of this project
an interim upgrade to 2007 conditions was undertaken.
The Glasgow City Centre (GCC) S-Paramics Model was originally developed by SIAS
on behalf of Glasgow City Council in 2007 and was used in a series of option tests in the
city centre throughout 2007 and 2008. Based on recommendations made by SIAS
during the initial model development a subsequent upgrade of the model was
undertaken in 2008 with the model having a 2007 base year. This model covers the
whole of Glasgow city centre to the north of the River Clyde stretching from west of the
Scottish Exhibition and Conference Centre (SECC) in the west to the east of High Street
in the east with northern and southern boundaries of the M8 and the River Clyde
respectively. In addition to the urban streets the model also includes the M8 from
Junction 15 – 20 inclusive.
Figures 4.2and 4.3 show the coverage of the M8BTN and GCC S-Paramics models.
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Figure 4.2 : M8 Baillieston to Newhouse S-Paramics Model Network
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Figure 4.3 : Glasgow City Centre S-Paramics Model Network

4.2.2 Output Verification
Observed vehicle trace data was collected by TRL covering a complete circuit within
both the M8BTN and GCC model areas. This involved driving an instrumented vehicle
around the circuit several times while simultaneously logging information about the
vehicle speed, engine speed and engine load. This also included a GPS trace enabling
the coordinates of the vehicle to be plotted as it traversed the circuit. All information
was recorded at a frequency of 1Hz with the observations taking place between
Tuesday 6 November and Friday 9 November 2007.
The observed vehicle trace data provided detailed information relating to the speed,
acceleration and engine load characteristics of the trace vehicle for each circuit. TRL
used this information as an input to their own version of the PHEM based IEM tables to
produce estimates of the emissions that would result from these observations. This was
subsequently provided to SIAS as a series of updated vehicle trace files including the
corresponding emissions estimates for each observed datapoint. For this comparison,
the trace vehicle was assumed to be a Euro3 standard petrol car with an engine in the
1.4 – 2.0L range.
SIAS used the same information and converted this to carpositions.csv format and used
this as input to the PHEM based post-processor module. The outputs from this were
then compared with the PHEM based estimates provided by TRL and it was
demonstrated that the PHEM based post-processor produced exactly the same outputs
as those provided by TRL for each datapoint. This provides an independent validation
of the PHEM based module and demonstrates that for a given set of inputs the module
will produce the correct outputs.
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4.2.3 Vehicle Trace Comparisons
Comparisons between the observed and modelled trace data were undertaken. The
purpose of these comparisons was to check how well the models represented the more
detailed vehicle dynamics which impact on the emissions estimates produced by the
PHEM based module.
Two elements were examined:
• How well did the modelled journey times match the observed traces?
• How well did the modelled dynamics (acceleration/deceleration) match
the observed traces?
Both models were previously calibrated and validated using observed turn count, queue
length and journey time data, using the guidance specified in DMRB. This ensured that,
globally, the models represented the observed datasets satisfactorily in the context of
the original model applications.
The comparison of observed and modelled vehicle traces was undertaken to ensure that
the traffic conditions on the trace routes in the model satisfactorily matched the
observed data. This ensured that the comparison of the detailed vehicle dynamics was
appropriate. There would have been no value in comparing detailed accelerations on a
section where the modelled and observed conditions (reflected by the journey times)
differed significantly.
In the case of the M8BTN area the vehicle traversed the circuit in both the clockwise and
anti-clockwise directions. In the GCC area, due to the one-way operation of many
streets it was only practical to record information on a clockwise circuit. For analysis
purposes, each circuit was divided into a series of sections with the corresponding
modelled and observed data being compared as appropriate.
The observed vehicle trace information was provided to SIAS in .CSV file format which
enabled easy interpretation and analysis. The data was imported to MapInfo GIS and
cleaned to remove any spurious records (e.g. where the vehicle moves “off circuit”,
layover periods, etc.). Following this cleaning process, the data was summarised to
provide:
• Distance vs time journey time plots
• Acceleration rate frequency distributions
The distance time plots allowed a comparison of the modelled and observed speed
profile along each route section, and illustrate how well the model represents the traffic
conditions on each section. In general, the modelled and observed journey times
compared well, and as such it was considered appropriate to compare the more detailed
dynamics without undertaking any refinements to the models.
The acceleration rate frequency comparisons were undertaken by calculating the
frequency of the recorded acceleration rate within bins of 0.5ms-2. A percentage based
frequency plot was then prepared to compare the modelled and observed values for
each section. Ideally, a comparison of the acceleration profile along each section would
have been produced for these comparisons, however, this alternative method was
adopted as it would have been impractical to compare each observed datapoint against
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a corresponding modelled datapoint due to technical issues (e.g. GPS coordinate drift,
differences in the frequency of modelled/observed data collection, the enormous
modelled sample compared with a small observed sample, etc.). It should also be
borne in mind when interpreting these comparisons that the modelled data includes
information for any vehicle which was present on any part of the route, whether or not it
travelled the entire route whereas the observed data only relates to complete trips along
each route
Examination of the observed acceleration distribution plots for the M8BTN and GCC
models demonstrated that the majority of values on each route fell in the -0.5ms-2 –
0.5ms-2 bin. This bin comprises anything between 40% – >80% of all acceleration
values for each path and in almost all cases represents 60 – 80% of all acceleration
values. In the vast majority of cases the model matched very well in this acceleration
bin in both time periods demonstrating that the significant majority of modelled
accelerations are in the same range as the observations.
There was a general tendency in the modelled data to have a wider range of
acceleration/deceleration values, however in most cases the general shape of the
acceleration frequency plots matched well between modelled and observed. The
overall proportion of higher acceleration and deceleration values was relatively small in
all cases and therefore the overall trends were considered to demonstrate a good match
between modelled and observed. Consideration needs to be given to the nature of the
observed dataset – one vehicle driven by one driver undertook the trace surveys. The
trace data also only represents a sample of all vehicles on each route within a given
time period. The modelled data represents all modelled traffic on each route and
effectively represents a range of different drivers. A wider range of modelled
accelerations in comparison to the observed is not unexpected.
Figures 4.4 and 4.5 show the distance-time and acceleration frequency comparisons for
one of the routes in the Glasgow City Centre model; along Cathedral Street to the Royal
Infirmary.
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Figure 4.4 : Example Distance-Time Comparison
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Figure 4.5 : Example Frequency Distribution Comparison

Figure 4.3 shows that the modelled journey time and conditions encountered along the
route matched the observed very well on this route. The range of modelled journey
times (based on the minimum and maximum journeys) is wider than the observed,
which reflects the limited number of observations from the trace data. The modelled
and observed acceleration frequency distributions matched very well on this route, as
illustrated by figure 4.4.
The close match of the modelled and observed acceleration frequency distributions,
along with the satisfactory time distance comparisons indicated that the detailed vehicle
dynamics in both models was suitably representative of reality. A robust estimate of
emissions could therefore be established by feeding the model outputs into the PHEM
based processor.
While, ideally, detailed acceleration comparisons would be
undertaken before applying a model in a detailed emissions study, assuming realistic
vehicle dynamic characteristics have been adopted and the model validates well to
flows and journey times, there should be no need to do so. The results of the testing
have shown that, at least for S-Paramics microsimulation, if the traffic conditions
encountered by vehicles are representative of reality, then so will be the detailed
dynamic performance
4.2.4 Comparison of PHEM and WebTAG based emissions estimates
Global emissions estimates for both the GCC and M8BTN models were established
using both the PHEM based module, and WebTAG based approaches. Carbon Dioxide
Equivalent (CO2(e)) estimates were generated for the AM and PM periods of 07:00 –
10:00 and 16:00 – 19:00 respectively. The PHEM based module and WebTAG both
provide outputs in terms of the total carbon generated – this has been converted to
CO2(e) by applying a factor of 44/12 (the ratio of the atomic weight of carbon to weight
of a CO2 molecule).

© PTRC and Contributors 2011

Two WebTAG based approaches were adopted; the first reflecting a TUBA based
approach, using average origin-destination speeds, and the second less aggregate
using average individual trip speeds. The GCC model includes fixed route bus services;
for simplicity each bus route was treated as an origin-destination pair for the TUBA
based approach.
Tables 4.1 and 4.2 present the network wide CO2(e) estimates from the GCC and
M8BTN models, for the three methodologies.
Table 4.1 : Network Wide CO2(e) estimates - GCC Model

Network Wide CO2(e) Emissions (tonnes)
AM
PM
WebTAG TUBA
WebTAG Individual Trip
PHEM Based Module
% Diff PHEM-WebTAG TUBA
% Diff Phem-Webtag OD

84.7
84.0
126.5

79.0
78.3
115.9

49%
51%

47%
48%

Table 4.2 : Network Wide CO2(e) estimates - M8BTN Model

Network Wide CO2(e) Emissions (tonnes)
AM
PM
WebTAG TUBA
WebTAG Individual Trip
PHEM Based Module
% Diff PHEM-WebTAG TUBA
% Diff Phem-Webtag OD

201.0
203.7
245.9

183.4
185.0
221.2

22%
21%

21%
20%

The tables show that at a global level the two WebTAG approaches generate similar
estimates. The PHEM based module generates estimates greater than the WebTAG
approaches, of the order of 50% greater for the GCC model and around 20% greater for
the M8BTN model.
The differences between the PHEM and WebTAG estimates can mainly be attributed to
the more detailed nature of the analysis, whereby the dynamic performance of the
individual vehicles is better represented. The level of the differences between the
PEHM and WebTAG approaches for the M8BTN and GCC model results is likely due to
the differing nature of each network. While congested at specific locations, the M8BTN
is generally a more free-flowing inter-urban style network whereas the GCC network
represents urban conditions with many signalised junctions leading to stop-start
conditions and more extreme acceleration/deceleration of vehicles.
When considering specific origin destination movements, the differences between the
three approaches can become more significant. At a global level, the two WebTAG
approaches do not differ greatly as the differences at individual movement level average
out across the whole model. Considering the M8BTN model, for example, differences of
up to 26% are observed between the TUBA and OD based WebTAG approaches for
individual origin destination movements.

© PTRC and Contributors 2011

The differences for individual origin destination flows are much greater between the
PHEM and WebTAG approaches. Again considering the M8BTN model, differences of
up to 240% are observed between the PHEM module outputs and the WebTAG OD
approach. In general, the PHEM module generates greater emissions at movement
level than the WebTAG approaches; however in some instances lower emissions are
predicted. The most significant differences are observed for movements which
encounter congestion or significant stop start behaviour (at junctions, etc.) for a large
proportion of their journey. The PHEM module provides a more robust and detailed
estimate of the emissions generated in these conditions.
In general, the application testing has illustrated the importance of adopting a more
detailed methodology for estimating emissions in the context of schemes which may not
have a significant impact on global average speeds, but have an impact on certain key
traffic movements, or remove stop start behaviour. Adopting a WebTAG based
approach can result in possible benefits being overlooked. This could be critical in the
context of scheme economic appraisal, where savings in carbon emissions are
monetised and form part of the scheme benefits.
5

SUMMARY

The more detailed IEM based methodologies for producing emissions estimates from
traffic models have been demonstrated to produce more robust, detailed and generally
larger absolute estimates of emissions than more traditional average speed based
methods. The increased volume of emissions estimated is due to the greater degree of
detail in the IEM methodologies and in particular, the reflection of the variation in speed
and acceleration along the length of individual vehicle trips. Traditional, average speed
based methods smooth out these variations leading to a general tendency to
underestimate vehicle emissions.
The PHEM based method with its additional detail in terms of the vehicle fleet and
reflection of gradient effects will produce more robust and reliable estimates than
historic IEM based methods such as the MODEM based method. A generic PHEM
based module has been developed and tested which produces timestep by timestep
emissions estimates for each vehicle in a microsimulation model. This module can
therefore be used with the outputs from any microsimulation modelling software to
produce detailed vehicle emission estimates in which the inherent error is minimised as
far as possible.
Successful testing of the module has been undertaken using S-Paramics models and
the results have been demonstrated to be robust and intuitively correct when compared
with those produced from other methodologies and observations. The computational
accuracy of the estimates produced from the PHEM based module has also been
independently verified in collaboration with TRL.
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