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Summary 

In this paper an approach for a holistic market model that optimises original 

equipment manufacturer (OEM) product portfolios in the automotive industry against 

the background of the EU CO2 legislation is presented. The approach utilises both 

system dynamic to relationships between market actors and agent-based modelling 

to represent customer-related processes. The optimisation of an OEM's portfolio is 

performed by varying product portfolio decisions and adjusting pricing strategies. The 

model is calibrated and validated with a sophisticated approach. Exemplary results 

show that the derivation of optimal strategies strongly depends on the OEM type and 

the current product portfolio. PHEVs will be a key element of future powertrain 

portfolios. However, multiple measures have to be implemented in a structural and 

temporal coordinated way. 

1 Research and Engineering Objective 

Climate change is one of the most critical challenges of the 21st century. In order to 

reduce anthropogenic CO2 emissions, the European Union (EU) has set emission 

reduction targets for each industry sector. Due to the fact that a major part of 

anthropogenic CO2 emissions can be traced back to the transportation sector, 

stringent targets regulating new vehicle CO2 fleet emissions were adopted. In 2020, 

new vehicles should emit less than 95 g/km CO2 on average. Reducing those targets 

even further is currently under discussion. Possible targets for 2025 range between 

68 g/km and 78 g/km and 2030 targets ranging from 50 g/km to 70 g/km. 

In case of target exceedance, high penalties have to be paid by the vehicle 

manufacturers. In order to fulfil the targets and to avoid penalty penalties as well as 

damage corporate reputation, manufactures need to adjust their product portfolio and 

deploy new technologies in their vehicle fleet. On the one hand, conventional 

powertrains need to become more efficient, but on the other hand it is necessary to 

introduce new alternative powertrains to the market, especially regarding the more 

stringent targets in 2025 and potentially 2030.  

The customer acceptance and awareness of new technologies and alternative fuel 

vehicles (AFV) is questionable and influenced by various political measures ranging 

from direct subsidies to reduced taxes or non-monetary incentives like free parking. 

At the same time, high investments need to be made for technology development. 
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This situation leads to high financial risks, increasing even further when considering 

the comparably long development period for new powertrains.  

In order to meet these challenges appropriately it is necessary to estimate the impact 

of product portfolio decisions as well as public measures in advance of development. 

2 Methodology and Model Structure 

The econometric simulation model presented in this paper enables vehicle 

manufacturers to optimise their product portfolio against the background of the EU 

CO2 regulation and heterogeneous customer demands by using a hybrid modelling 

approach incorporating system dynamics (SD) and agent-based modelling (ABM). 

The technological profoundness of the model even allows utilising the model to 

investigate portfolio decisions of automotive suppliers. As a result, potential failures in 

product and technology planning can be identified and avoided as well as risks of 

false investments can be mitigated. The structure of the holistic market model is 

shown in Fig. 1. 

 

Fig. 1: Relationships of actors within the holistic market model [own illustration] 

The challenge of representing the complex interactions of the EU vehicle market is to 

adequately model both macro effects (e.g. cost degression of EV components) and 

micro processes (e.g. customers’ vehicle choice). In order to fulfil all identified 

requirements and to depict the underlying market structure the model is composed 

out of three modules, namely a vehicle manufacturer, a customer, and a market 
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environment module. It is designed as a hybrid model combining advantages of two 

different modelling approaches [1]. Hence, system dynamics is used for the vehicle 

manufacturer and the market environment module as well as for relations between 

modules. To simulate market behaviour an agent-based model as a microscopic 

approach is used. Agent-based modelling allows considering numerous different 

customers and is therefore well suited to simulate large and heterogeneous groups. 

For the crucial task of determining vehicle choice, a sophisticated discrete-choice 

model was integrated. Extensive data is used to parameterize technological and 

economical vehicle data as well as customers’ socio-demographic characteristics.  

The model is validated using sensitivity analysis and comparison with historic data. 

The target variable for the optimisation is the sales revenue of the focused OEM. 

Economical and technological leverages that may be applied by the focused OEM 

are utilised namely its profit margins and technology deployment strategy. The 

outcome is influenced by application of various scenarios, e.g. regarding customer 

incentives and taxation. 

The model is currently parameterised for application against the EU framework 

conditions. However, in principle, the model can be adapted for any global 

automotive market. 

2.1 Module Vehicle Manufacturers 

The product portfolio and the customer structure of OEM in the European Vehicle 

Market are obviously very heterogeneous. However, simplification is a crucial 

element of modelling. Hence, two types of manufacturer, premium and volume OEM 

are differentiated. Each OEM type is represented by two model OEM, each to 

account for competitive effects on a basic level. Thus, four OEM are modelled in 

total, with one premium and one volume OEM in focus as well as one OEM each 

serving as a reference and competitor. 

Each OEM may offer up to eleven powertrain configurations (ICEV, MHEV, FHEV, 

PHEV, each as petrol and diesel alternative, CNG, BEV, and FCEV) in eight 

segments and three variants with different system power and pricing. Hence, this 

setup leads to product portfolio of up to 264 vehicle configurations. This structure 

allows flexible testing of various strategies. Technological improvements may be 

applied using a pre-defined technology package approach with a maximum of five 

steps. Each technology package contains different technologies applicable either 

immediately or in the future for every specific segment and powertrain configuration. 

Every vehicle is described by twenty-five attributes relevant for customers purchase 

decision, tax/incentive or OEM profit calculation. These attributes are mostly defined 

by database information, or if such vehicles do not exist (e.g. FCEV derivates), 

attributes are determined by comparison to similar vehicles, manufacturer 

announcements and assumptions. New vehicle components (e.g. battery, electric 

motor, etc.) are subject to significant economies of scale and economies of scope. 

Hence, manufacturing costs for these components are calculated endogenously.  
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Both, the final technological and economical vehicle attributes are calculated within 

the model. While the technological parameters are equal for all customers, purchase 

prices and fuel costs have to be adapted for each EU member state represented in 

the model. 

Command variable for the optimisation process is the profit under defined boundary 

conditions, e.g. full target compliance or certain operating margins. The optimisation 

process leads to an experimental design where multiple experiments are carried out 

in parallel. Afterwards the results are manually analysed and new experiments are 

set up. 

2.2 Module Vehicle Customers 

To simulate market behaviour, an agent-based modelling approach is used. One 

single agent represents multiple customers. Each agent is defined by a set of more 

than 30 attributes of which 15 describe the agent's sociodemographic background. 

Basic customer information originates from the large-scale mobility survey "Mobilität 

in Deutschland" conducted in Germany in 2008 and 2009 [2]. Country-specific 

information was analysed and data was adapted to fit the respective national 

averages of the modelled EU countries.  

Although every customer has its own background and preferences, it is possible to 

identify customer clusters with similar background and preferences. One first 

distinctive feature may be the kind of future vehicle use, which is either solely private 

or at least partly business-related. Thus, different types of customers base their 

purchasing decision for a new vehicle on different criteria. Within the model, four 

basic types of customer groups are considered: private customers, fleet customers 

and company car customers with and without fuel card (fuel paid by employer).  

This consideration leads to two different implemented methods to calculate purchase 

decision probabilities. In order to find the most efficient vehicle for fleet customers, 

the total costs of ownership (TCO) approach is used [3]. In contrast, (random) utility 

theory is a broadly accepted approach to describe purchase decisions not strictly 

bound to economic reason and therefore ideal for private customers [4] [5].  

Besides customer characteristics and vehicle parameters, marketing and word-of-

mouth play an important role during the purchase decision process [6]. Within the 

model, both mechanisms are implemented. This approach allows a more realistic 

representation of the real-world innovation diffusion process. Especially in the case of 

innovative products, such as electrified vehicles, social interaction (word-of-mouth 

through various channels) plays a key role in spreading information within society. A 

sufficient amount of information is crucial to adapt a certain product [7]. As there is no 

relevant information available neither regarding advertisement success nor social 

interaction, the effect of these mechanisms needs to be calibrated. 

Lastly, customers tend to be influenced by past decisions and strive for alignment 

with market trends. As an example, petrol and diesel market shares in various EU 

member states cannot be solely explained by rational behaviour. To nevertheless 
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address this issue, a mechanism is implemented slightly influencing the purchase 

decision if a powertrain technology within the choice set is new or underrepresented 

in the respective market. 

2.3 External Factors 

While OEM and customers determine market development, external factors strongly 

influence the behaviour of these market participants. For example, tax regulations 

have led to significant differences in powertrain market shares in the past.  

For this reason, the 13 EU-member states with the largest new vehicle market are 

implemented in detail, representing about 95 % of the total EU new vehicle market. 

The remaining countries are consolidated under simplifications. The detailed vehicle 

and fuel related taxation system, i.e. regarding new vehicle registration/purchase, 

annual vehicle taxation, fuel, and electricity taxation is implemented for each of this 

states. Furthermore, fuel availability for alternative fuels, e.g. the density of public 

charging points, is calculated endogenously and separately for every country 

depending on simulated market development. Future fuel and energy prices are 

subject to scenario-based assumptions.  

Manufacturing costs of electric motors, power electronics, batteries, H2-tanks, and 

fuel cell systems are highly dependent on production numbers. As the model is 

limited to the EU and production numbers are balanced on a worldwide scale, it is 

assumed that economies of scale and learning effects are only partly influenced by 

European sales while the rest is forecasted exogenously by scenario assumptions.   

3 Exemplary Results  

In the following, some exemplary results are presented to show the model 

capabilities. However, due to the non-quantifiable nature of the market diffusion 

effects, it becomes necessary to calibrate the model before usage and perform 

validation experiments. This process is described in a first step. 

3.1 Calibration and Validation 

Calibration and validation are a complex process in agent-based modelling tools and 

cannot be independently performed. For this reason, a sophisticated calibration and 

validation approach is used, see Fig. 2. 

Calibration is done by comparison to historic new vehicle registration data. Until 

today, vehicles with an alternative powertrain concept are underrepresented in the 

European new vehicle market. In order to avoid stochastic effects to determine 

endogenous parameters the European market as a whole is inappropriate for the 

aforementioned comparison. For this reason, calibration of endogenous parameters 

is performed by comparing historical data of the French new vehicle market starting 

in 2010 to the predicted values calculated by the model. The French new vehicle 

market is suited well for this comparison for two reasons. Firstly, the French new 
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vehicle market is comparably large and therefore adequately representative for the 

European market as a whole. Secondly, there is an acceptable amount of new 

vehicle registrations with alternative powertrains.  

Validation of the final model is performed in multiple steps. For the statistical 

validation, a quantitative comparison to historic data of the Norwegian new vehicle 

market is conducted. The Norwegian Market is well-suited since vehicles with 

electrified powertrains, especially battery electric vehicles, are widely accepted in 

Norway and have a significant market share in new vehicle sales. Furthermore, the 

Norwegian legislation utilises virtually all imaginable monetary and non-monetary 

incentive measures. Therefore, the validity of the customer decision process can be 

shown. 

 

Fig. 2: Calibration and validation process used for the model [own illustration 

based on [8]] 
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The quantitative results of the calibration and validation process are shown in Fig. 3. 

 

Fig. 3: Results of the calibration and validation process [own illustration] 

French values are met very well during calibration. Although the diesel market share 

is slightly underestimated, the general development is simulated correctly. The same 

can be said for alternative powertrains.  

Norwegian market share for conventional vehicles fits reasonable well, while the 

market share of FHEV is underestimated. However this gap closes in the model 

results within an extended simulation period, which can be led back to a slightly 

underestimated speed of innovation diffusion for FHEV in Norway. In contrast, the 

xEV market development forecast shows a very good match with only marginal 

errors.  

In conclusion, the calibration and validation process of the above described model 

can be called valid for the European new vehicle market if no special effects have to 

be considered. The calibrated model allows simulations of the EU vehicle market until 

2030. 

3.2 Exemplary Market Forecast  

The results in the base reference scenario (i.e. without significant optimisation 

measures) indicate a strong loss of importance of the conventional ICEV already in 

the early 2020s. PHEV and BEV gain significant market shares after 2020/2021 
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among customers increases. The current trend towards diesel engines will stop as 

the CO2 reduction potential of petrol engines is greater. In the long term conventional 

ICEV will remain only as a niche application with the advent of 48 V MHEV. 

 

Fig. 4: Powertrain technology market share in reference scenario for the complete 

market [own illustration] 
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legislation is a mass-based standard, vehicle mass has to be considered as an 

additional factor. 

 

Fig. 5: OEM-specific CO2 / mass development for an exemplary premium OEM in 

the reference scenario without sufficient portfolio measures leading to 

target non-compliance in multiple years (assumptions: 2025 78 g/km with 

slope equal to 2020, 2030 60 g/km with slope = 0) [own illustration] 

In addition to the above mentioned technical analysis of OEM performance further 

economical results can be derived from the simulation model, e.g. OEM revenue, 

profit or penalties. 
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4 Discussion 

The limitations of the presented simulation tool can be led back to the limitations of all 

modelling approaches, implying a simplification of the conditions in reality with the 

risk of over-simplification. A large amount of imaginable effects and causal relations 

have been tested for their market impact. Relevant effects and relations have been 

included in the model. However, for reasons of complexity, it is not possible to 

include all effects in detail. Another limitation arises from the limited availability of 

data regarding costs and socio-demographics. Nevertheless, risks of false 

assumptions are covered by application of scenarios. 

Finally, new mobility services up to high level automated vehicles may significantly 

change today’s new vehicle market. This effect is currently only considered as a 

scenario assumption. Amongst others, this would affect total greenhouse gas 

emissions as well as manufacturers sales numbers. To provide even more 

comprehensive insights, the model could be extended or complemented by 

respective modules. In this case, the choice model for customers' needs could be 

expanded to other modes of transportation. 

5 Conclusions 

The EU automotive industry is facing large challenges through decarbonisation 

efforts, especially the CO2 legislation, which implicates high financial risks due to an 

unknown future customer demand.  

Therefore, the objective was to create and validate a holistic market modelling toolkit 

for the EU automotive market, which enables to simulate and optimise technical as 

well as economical product portfolio strategies of vehicle manufacturers. For this 

purpose, two modelling paradigms, system dynamics and agent-based modelling are 

applied and combined into a sophisticated hybrid modelling and simulation 

framework with the purchase decision model derived from a large customer survey. 

Calibration and validation were carried out qualitatively and quantitatively within a 

process specifically designed for multi-agent models. The simulation results show a 

very good match with the actual, historical development.  

With the validated model, various experiments were performed with the whole EU 

new vehicle market until 2030. It was shown that an accelerated deployment of both 

conventional and alternative powertrain technologies is necessary to meet future 

legislative demands. The widespread and early introduction of electrified powertrains 

is unavoidable to be continuously successful. Mild-hybrids will play a key role in 

future powertrain portfolios, e.g. in form of 48 V-hybrids.  

Besides an enhancement of the model runtime, extension of the model scope 

towards new mobility concepts will be a focus of further research. 
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