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INTRODUCTION
Mobility is an essential part of daily life and vital for society and the economy. Our quality of life
depends on an efficient and accessible transport system. At the same time, transport is also a major
cause of pollution in the European Union (EU), contributing to climate change, air pollution and noise
pollution. Most importantly, transport is also one of the biggest contributors to greenhouse gas
emissions. Against the background of the discussions on reducing CO2 emissions and the fact that the
transport sector has not seen the same gradual decline in emissions as other sectors, the evaluation
of measures with regard to their CO2 reduction potential is becoming increasingly important.
Therefore, the project partners in the SUMBA+ project have addressed this issue and looked at how
an assessment of the planned measures can also be made with regard to their effect on CO2 emissions.
The focus was on the analysis of measures on transport demand and traffic flow and the resulting local
changes in greenhouse gas emissions. Emissions resulting from the production, maintenance and, if
necessary, dismantling of infrastructures and means of transport as well as electricity production were
not considered.
As part of this work, two webinars were held on the topic and the project partners City of Växjö and
Riga Planning Region have quantified the CO2 saving potential of their measures.
This report is a brief documentation of the work, complementing the detailed documentation that
both project partners have also published. The first part summarises essential background information
on the determination of transport-related CO2 emissions. This is followed by a brief summary of the
two webinars and the main findings discussed. Sections three and four briefly present the approach
and results for the two case studies of the city of Växjö and the urban area of Riga.

BACKGROUND INFORMATION ON DETERMINATION OF TRANSPORT
RELATED CO2 EMISSIONS
Transport is one of the largest emitters of greenhouse gases. For emission calculation, the transport
sector is divided into road, rail, shipping and air traffic. Within the SUMBA+ project, measures are
evaluated that can have an impact on transport demand in passenger transport as well as on traffic
flow. Accordingly, the further explanations focus on the determination of emissions in road transport.
For the purpose of
recording greenhouse gas
emissions,
different
elements
can
be
considered. As shown in
Figure 1, an assessment of
emissions over the lifetime
of a vehicle includes both
the emissions generated
during the creation of the
vehicle (Vehicle Body Cycle)
and the emissions emitted
Figure 1: Framework of Life Cycle Assessment (Zheng 2021)
during the operation of the
vehicle
(Well-to-Wheel).
The Well-to-Wheel perspective covers the entire energy consumption and CO2 emissions of a fuel
caused by production, supply and use and can be further differentiated: Well-to-Tank includes the
emissions that occur during the provision of the respective fuel (e.g. extraction, processing and
transport of the fuel), whereas Tank-to-Wheel records the emissions that occur during the combustion
of fuels in the engine of a motor vehicle (see Figure 2).

Figure 2: Conceptual diagram of Well-to-Wheel (Mazda 2016)

The statistics on CO2 emissions from the transport sector refer to a sub-sector in the energy chain of
a vehicle that extends from energy input to energy output, i.e. Tank-to-Wheel (TTW).
The carbon content of fuels is constant; during combustion of the fuel, most carbon atoms combine
with two oxygen atoms each to form CO2 molecules. Other compounds are hardly ever formed.
Therefore, the amount of CO2 produced can be calculated directly from the consumption; burning
one litre of petrol releases 2.33 kg of CO2, burning one litre of diesel releases 2.65 kg of CO2 (Juhrich
2016). Therefore, combustion-related CO2 emissions are calculated by multiplying the relevant fuel
data, as obtained from statistics, by the applicable emission factors. In addition to direct CO2
emissions, the most important other greenhouse gases are also taken into account as CO2 equivalents
- depending on their climate impact (e.g. CH4 and N2O).
However, the fuel consumption of vehicles themselves depends on various factors such as vehicle
type, speed, and driving environment. With the help of emission factors, these different situations are
reflected in order to obtain emission values that are as realistic as possible. They describe the emitted
mass of a compound per driven distance and can be distinguished for various situations.
At least two emission models are available for the European region. The emission calculator COPERT
(https://www.emisia.com/utilities/copert/) is coordinated and further developed by the European
Environment Agency (EEA) and covers a large number of European countries and their characteristics.
The second emission model HBEFA (The Handbook Emission Factors for Road Transport
https://www.hbefa.net/e/index.html) was originally developed on behalf of the Environmental
Protection Agencies of Germany, Switzerland and Austria. Today, further countries (Sweden, Norway,
France) as well as the JRC (European Research Center of the European Commission) support HBEFA.
In a first step, vehicle strata are defined, where each vehicle stratum represents a group of vehicles
with the same or very similar emission behaviour. The mix of vehicle strata corresponds to the fleet
composition and can vary by country. For the calculation of emissions, it is not only the composition
of the vehicle population that is relevant, but mostly the mileage-weighted composition, as different
vehicle classes have different mileages. In addition, emissions from road vehicles are significantly
dependent on the way the vehicles are operated and driven. For example, emissions are increased
after a cold start compared to an already warm engine. Also of relevance are the driving patterns that
predominate on a certain stretch of road or road type and in different traffic situations. Both of the
above-mentioned emission models can reflect these aspects through the variety of emission factors
available.
In a further step, the traffic volume must be determined with the help of traffic models, counts or
estimates. In a final step, these values are multiplied by the emission factors to derive the emission
quantities. As an example, the software PTV Visum for the macroscopic modelling of transport
networks and transport demand, includes procedures for calculations of emissions by using the HBEFA
emission factors for this purpose. Further information on the emission factors and the procedures can
be found on the websites for the two emission models mentioned above.

WEBINARS ON MODELLING CO2 EMISSIONS
An international workshop on the use of traffic models as a basis for the analysis of transport-related
CO2 emissions was planned as part of the project activities. Due to the pandemic, the international
workshop was replaced by two webinars.
The first webinar aimed to give an introduction to the topic as well as theoretical background on
emission modelling. Kay Gade from the DLR Institute of Transport Research introduced the topic by
presenting the different transport-related emissions such as greenhouse gases, particles and noise,
with a focus on greenhouse gases. It was also shown that the transport sector in the EU, in contrast
to the other sectors, has not reduced its greenhouse gas emissions compared to 1990, but has
further increased them. Furthermore, it became clear that 60 percent of the emissions were emitted
by cars. In order to reduce emissions at all levels - from national to local in cities - a variety of
measures are possible: measures to promote and strengthen a modal shift towards environmentally
friendly and sustainable transport options, the reduction of transport volumes, the increase of
electromobility as well as measures to improve traffic flow, to name but a few. Measures can have
different effects on the transport system and the CO2 reduction potential in terms of time, space
and amount. Against the background of scarce public funds, it can therefore be in the interest of the
municipalities to evaluate measures also with regard to their reduction potential.
Against this background, Daniel Krajzewicz from the DLR Institute for Transport Research explained
in detail how vehicular emissions are modelled, which input parameters are necessary and which
inventory data sets are available. He also focused on the challenges that arise in emissions modelling
as well as the different modelling levels and the level of detail of the different models. He also
showed the two leading manuals on emission factors and in which (European) countries they are
valid. His presentation was rounded off by showing selected project results.
In the second webinar, the speakers used project examples to present the challenges and results of
determining transport-related emissions at different geographical levels, from a nationwide view to
the level of an individual city and its measures. The first presentation by Stefan Seum and Dennis
Seibert from the DLR Institute of Transport Research showed the procedure and results of a
modelling of CO2 emissions from transport for the whole of Germany. The presentation by Daniella
Bonilla Estrella from KCW Consulting for Public Transport followed on from this and presented the
climate targets and mobility at the level of the German federal state of Bavaria, as well as initial
approaches to evaluating the underlying measures. The webinar was concluded by the presentation
of Therese Zieden from Ramboll Consulting. The presentation focused on the identification of the
impacts of measures at city level. The project partner, the city of Växjö, is investigating to what
extent car traffic can be reduced in the city centre. For this purpose, traffic that does not have the
city centre as its source or destination is to be diverted to larger bypasses by means of construction
measures, among other things. In addition to the traffic effects, the effects on traffic-related
emissions have also been studied.
In total, about 50 participants took part in the webinars. The speakers and the participants of the
webinars agreed that the assessment of measures with regard to their effects on greenhouse gas
emissions is a useful extension of the existing assessment methods. However, the complexity of the
calculation, the necessary input data and any necessary software requirements stand in the way of
simple application, depending on the problem and the level of detail required.
The presentations of the webinars are attached to the report.

EMISSIONS AND TRANSPORT MODELLING IN VÄXJÖ MUNICIPALITY
During the SUMBA+ project, Växjö municipality used the help of its PTV Visum transport model to
analyse transport-related emissions in the municipality today and in 2040. The method was used to
assess different measures for promoting sustainable mobility: cycling walking and public transit.
These measures include a circulation plan1 that uses a series of street closures to direct car traffic to
a ring road that, in turn results in safer streets for cycling and walking. In addition, transfer points
such as park and ride and bike and ride were assessed in the model to predict their potential for
increased intermodal travel from neighbouring villages to Växjö city. The potential, according to the
model, was however not sufficient to create a meaningful reduction in car traffic and thus emissions.
An emissions analysis was therefore omitted for this measure. Low potential is likely due the rural
nature, and therefore low traffic demand, of the municipality outside the city and long trip times for
intermodal trips compared to the car.
Emissions in Växjö municipality: method and results
The software PTV Visum has a built-in module for calculating traffic emissions. The module is based
on HBEFA (Handbook of emission factors) 4.1 and uses all available parameters and factors that are
available in the manual. Sweden is one of the countries covered by HBEFA.
The issue calculation in Växjö transport model depends on:
•
•
•
•

Road type - The entire road network has been classified based on road types used in HBEFA.
Road fleet - An approximate set of vehicle types in Sweden,
Proportion of cold starts - An important factor that is calculated emissions from all cold
starts.
Reference year - In this case in 2018 and 2040.

The proportion of cold starts is the only one that does not have a default value and must be
specified for each area in the traffic model. In this case, the proportion of cold starts has been
calculated based on land use in each area. It has been assumed that 65 % of all journeys from a
home are a cold start and that 20 % of all journeys from a workplace / commercial area are a cold
start. The proportion of cold starts from home (journey start) depends on whether the car is in a
heated garage / has an engine heater or not, or if the car has already been used during the day. As
there is very little research on this and the variation is great in Sweden with the seasons, this has
been considered a sufficiently good assumption.
The table below shows the results of the emission calculations, the calculations include both car
traffic and truck traffic. The reason why CO and HC decrease is the increased proportion of electric
cars that are adopted in the car fleet by the year 2040. PM has decreased since 1990 and still does
today, this is partly due to better catalysts, partly to better materials in tires and asphalt. The same
development is also predicted in the future. Emissions of CO2 and NOx, on the other hand, will
increase in the future due to the increasing travel by car.

1

A separate and more detailed study on the circulation plan for Växjö was conducted in SUMBA+ activity 3.2
and can be found on the project website, sumba.eu.

Table 1 - Comparison of total distance travelled and emissions. ("Nuläget" = current situation; "Skillnad" = difference)

Circulation plan
Emission calculations have been carried out for two alternatives of a circulation plan in Växjö, socalled alternative C (figure 1) and alternative E (figure 2), that were compared to the current
situation (2018 reference). Alternative E has also been analysed with expanded major highway
infrastructure projects, such as the Fagrabäck and Helgevärma junctions, and additional lanes on
Norrleden. This third scenario is referred to as alternative E+.
The table below shows the results of the emission calculations for all scenarios. By design, the
circulation plan allows cars to arrive at their destination but sometimes take a longer route to get
there, often traveling on a so-called ring road to travel from one zone to another. As expected, the
different scenarios resulted in longer total car travel distances in the city. Alternative C results in an
increase of total driven distance by 2 %, with a 17 % increase for alternative E and 19 % increase for
alternative E+. Emissions increase minimally with alternative C (3 %) but more sharply with
alternative E (by 30 %) due to increased congestion. Alternative E+, with the infrastructure
investments to junctions and highway capacity, reduces congestion and therefore emissions slightly
by 19 % compared to current.
It should be noted that the sensitivity of the transport model to modal shift is not sufficient to
predict a shift between the different scenarios. There is therefore no meaningful modal change
between the current situation and the different scenarios, despite for example travel times
increasing significantly in alt E. In reality, a shift in modal share in conjunction with alternative E
might be sufficient to reduce congestion on the ring road and result in lower emissions for this
scenario but not accounted for in the model.

Table 2 - Comparison of total travel distance and circulation plan alternatives (Fordonskm = total travel distance)

Figure 4: Alternative
C 3 - alternative C
Figure

Figure 5: Alternative
FigureE5 - alternative E

EVALUATION OF CO2 EMISSION REDUCTION POTENTIAL AND
MODELLING FOR RIGA METROPOLITAN AREA
The transport sector and population behaviour have a significant impact on the quality of the
environment. In the current situation, most CO2 emissions from the transport sector are generated
by private car transport. It is essential to reduce trips by private cars by replacing it with public
transport or micro-mobility tools. To assess and forecast the volume of CO2 emissions from the
transport system in the Riga Metropolitan Area, a methodology has been developed to calculate the
CO2 reduction in the implementation of the planned mobility points and cycling infrastructure
development projects.
The report entitled “Evaluation of CO2 Emission Reduction Potential and Modeling for Riga
Metropolitan Area Transport System (SUMBA +)” includes both the description of the current
situation of Riga metropolitan area mobility and the methodology for calculating the CO2 reduction
in the Riga metropolitan area. The methodology for the implementation of mobility points and
cycling infrastructure development projects has been developed considering the existing mobility
habits and flows of citizens, the availability of potential services, as well as examples of good practice
in European countries. Riga metropolitan area transport system CO2 emissions reduction potential
and forecasting are involved in the development of Riga planning region municipalities, passenger
transport service providers, etc. The report should be integrated into mobility points and cycling
infrastructure development projects to assess the reduction of CO2 emissions, both in the short
term and in the long term.
The report concludes the potential and forecasting for the reduction of CO2 emissions of the Riga
metropolitan area transport system and and can be found on the project website, sumba.eu. A
presentation about the taken steps as well as the results was held at the final conference, the
presentation slides can be found in Annex II.
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