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Introduction 
 
Heat waves in France or Germany and the accompanying forest fires this year as well as 
many more extreme crises related to global warming show us every day the importance 
of the topic of "sustainability". The latest IPCC report Climate Change 2022: "Mitigation 
of Climate Change", clearly emphasized again how important it is to reduce the amount 
of CO2 in all sectors in order to stay below the threshold of 1.5 degree. [1]  In the transport 
sector, where emissions almost remained constant in comparison to the transport volume 
over the last years, many different new technological solutions like e-fuels, hydrogen or 
political measures (CO2 prices or taxes) have already been discussed.[2] Since 2021, 
there is a national CO2 price in Germany. [3] In contrast to the EU-ETS trading system, 
the so-called "distributors" must acquire CO2e certificates in an upstream trading system 
for each ton distributed CO2. [4] As a result, the fuel price for large consumers and private 
households in Germany increased in January 2021. [5] For private households many price 
simulations are already existing. However, only few price simulations are available for 
the cargo sector. [6] Usually, it was not possible for the freight forwarders or logistic 
service providers (LSP) to pass these additional costs on within the value chain. 
Consequently,  the contribution margin (also called "diesel net") has decreased. [7] The 
EU is planning further measures as part of its Fit-For-55 strategy package, such as the 
inclusion of the transport sector into the CO2e certificate trading system or the expansion 
of the CO2 component in the truck toll. [8] As a result of this internalisation of CO2 
avoidance costs, the calculation of a cost-bearing transport price and efficient fleet 
management is becoming more dynamic and multidimensional, which leads to  more 
complexity for LSP. By switching to lower-emission trucks or avoiding empty 
kilometres, not only emissions can now be saved, but also considerable costs can be 
avoided due to an increased fuel price or a higher pollutant class in the toll. [9] 
 
For this reason, the Muenster University of Applied Sciences in cooperation with the 
Otto-von-Guericke University in Magdeburg has asked in a research project the following 
question:  
 

• How do legal regulations for the internalization of CO2e emissions affect the 
calculation of transport costs nationally? 

 
Methodology and Model Description: 
 
In order to answer this research question, a simulation model for the individual cost 
components of the transport price calculation was developed by the authors, supported by 
the model building approach by Nyhuis. [10] The new model allows one to simulate 
different scenario-based break-even calculations which are based on the comparison 
between different CO2 components and sustainable logistic (investment) decisions like 
the new “truck model” or optimized route calculations. 
 
In the model, the recognized and frequently used proportionate cost structures of the 
"Bundesverband Güterkraftverkehr Logistik und Entsorgung (BGL)" have been modified 
in such a way that the weighting of the individual cost bearers changed based on the 
influence of the increased internalization of CO2 costs. [11] For example, an increase in 
the national CO2 within the price upstream trading system will lead to higher diesel costs 
for large consumers as well as fuel costs for freight forwarders. If this cost increase inside 
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the vehicle deployment costs cannot be passed on, it leads to a recalculation of the 
investment bill for a lower-consumption truck or an investment in improved route 
planning software to reduce empty kilometres. Similar effects can be observed with an 
increase in the toll rate for the pollutant class.  
 
If this becomes important in relation to the other influencing factors such as the axle and 
weight class, investment opportunities in newer, lower-emission trucks will have to be 
recalculated (see Figure 1). 
 

 
Figure 1: Emission class-related change in individual cost objects and their interdependencies for the simulation 
(Source: Own visualization) 
 
Therefore, we started to analyse the impact on logistical sustainability decisions in the 
following four different scenarios: LSP additionally have to compensate there emission 
by (i) the current 84 EUR (ISIN:XC000A0C4KJ2) [12], (ii) the “Sweden” model with a 
CO2 Price of 120 EUR, (iii) CO2 Price of 84 EUR + a higher CO2 toll for a national LSP 
and (iv) CO2 Price of 84 EUR + a higher CO2 toll for a European LSP.  The main goal 
of all scenarios is to understand when different “tipping points” are reached to invest in 
sustainability solutions from a financial point of view.  
 
This paper will describe the model approach, the simulated scenarios, and initial results. 
For this purpose, the paper describes the current applicable regulatory measures in 
Germany in Chapter 1 and provides a literature overview of the current state of research 
in Chapter 2. Chapter 3 describes the methodological approach. Chapter 4 describes the 
model structure and the different modelling variables. Chapter 5 discusses this critically 
and describes the further procedure. 
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Model Results: 
 
With this paper, we show the extent to which an internalization of different CO2 
compensation costs influences transport prices. How this changes the individual cost 
objects in detail and helps to better quantify future political decisions in terms of business 
management. Therefore, in a first step four scenarios were defined. Further scenarios are 
also possible to be considered. For example, a scenario that additional costs through the 
internalization of the CO2 avoidance costs, such principle like a "CO2 floater" were 
elaborated. 
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