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Advanced Energy System 
Modelling Using OSeMOSYS
Modelling the Road Transport Sector (Theory)
Please use the following citation for:  
· This Activity
Plazas-Niño, F. (2024, April). Advanced Energy System Modelling Using OSeMOSYS: Modelling the Road Transport Sector (Theory) (Version 1.0). 
· OSeMOSYS UI Software 
TBC
· OSeMOSYS Google Forum  
If you are stuck, please ask questions here. If you get ahead, please answer questions in the same forum. Please state that you are using the ‘OSeMOSYS UI’ and not ‘ClicSAND’.
____________________________________________________________________________ 

Objectives


This resource provides three key elements:
1. Clearly defines and explains how to calculate transport demands using different data sources.
2. Provides examples of applying equations in calculations to model the transport sector.
3. Explains the main parameters used in modelling transport technologies using OSeMOSYS.

Introduction


Modelling road transport within energy system models is crucial for comprehensive energy planning and policy development. Road transport accounts for a significant portion of energy consumption and greenhouse gas emissions globally, making it a key focus area for efforts to reduce carbon emissions and enhance energy efficiency. By integrating road transport into energy system models such as OSeMOSYS, policymakers and analysts gain a holistic understanding of the interactions between transportation, energy supply, and other sectors.
One of the primary benefits of modelling road transport in energy system models is the ability to assess the impacts of different policies, technologies, and investment strategies on transportation energy demand, fuel consumption, and emissions. This includes evaluating the adoption of alternative fuel vehicles (e.g., electric, hydrogen, biofuels), the deployment of charging infrastructure, improvements in vehicle efficiency, and shifts in travel behaviour (e.g., modal shifts, telecommuting). By simulating various scenarios, decision-makers can identify cost-effective pathways to decarbonize the transport sector while ensuring energy security, economic competitiveness, and environmental sustainability.
Furthermore, integrating road transport into energy system models allows for the identification of synergies and trade-offs between transportation and other energy-intensive sectors. For example, modelling electric vehicles (EVs) in conjunction with renewable energy deployment enables assessments of the potential for grid integration, load management, and the reduction of overall greenhouse gas emissions. Additionally, by considering the interactions between transportation and urban planning, energy system models can inform land-use policies, infrastructure development, and public transit investments to create more sustainable and resilient transportation systems. Overall, modelling road transport within energy system frameworks enhances the ability to formulate comprehensive energy strategies that address the complex challenges of transportation sustainability, energy security, and climate change mitigation.

Transport Demand


The transport energy demand is calculated in terms of final energy and encompasses two categories:
1. Passengers: This involves transporting people from one place to another, such as commuting from home to work for a worker. The units are measured in passenger-kilometres (pkm), representing the product of the number of people transported and the distance travelled by those individuals.
2. Freight: This category includes the transportation of goods from one place to another, such as the movement of fruits from the field to supermarkets. The units are measured in tons-kilometres (tkm), representing the product of the number of tons of goods transported and the distance travelled by those commodities.
At the same time, transport demand can be categorized by modes of transportation, such as cars, motorcycles, buses, trucks, and more. Further subcategories are possible based on data resolution; for example, cars could be classified into compact cars, full-size cars, SUVs, minivans, and pickups. Moreover, it's important to note that passenger transport can be divided into private and public modes, depending on the type of transportation selected. For instance, the use of cars is considered private, whereas buses are part of public transport. Depending on data availability, it's also feasible to disaggregate demands by the distance travelled, further dividing sectors into urban and intercity transport.
To calculate transport demand accurately, we need information on the energy balance by fuel and activity mode. This involves following equations 1 and 2.
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In some cases, technology efficiency is provided in Gvkm/PJ. We can convert the corresponding efficiency by multiplying the load factor, as illustrated in equations 3 and 4. The load factor represents the average number of passengers or tons transported by each type of vehicle. Data of vehicle efficiency can vary depending on each country and specific studies could provide accurate values for each situation, however, some reference values could be gathered from [1,2].
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For example, let’s consider the following energy balance for year 2021.
	Final energy consumption (PJ)
	Petrol
	Diesel
	Electricity

	Road – cars
	12.3
	4.5
	0.4

	Road – motorcycles
	6.7
	0
	0

	Road – buses
	2.1
	10.9
	0.7

	Road - trucks
	0
	16.8
	0


Let’s also consider the following efficiencies for each type of technology.
	Efficiency
	Petrol (ICE*)
	Diesel (ICE*)
	Electricity (BEV**)

	Cars [Gpkm/PJ]
	0.5
	0.53
	2.8

	Motorcycles [Gpkm/PJ]
	0.98
	1.07
	7.04

	Buses [Gpkm/PJ]
	4.2
	5.24
	14.5

	Trucks [Gtkm/PJ]
	0.44
	0.46
	2.7


*ICE: Internal Combustion Engine **BEV: Battery Electric Vehicle
Applying the equations 1 and 2, we obtain:





Fleet Stock Calculations

Typically, fleet stock data is more readily available than disaggregated energy balance information. Therefore, we can use this data to estimate the corresponding energy consumption by technology. Equation 5 illustrates how we can conduct such calculations. It's important to ensure that the sum of consumptions by fuel aligns with the total fuel consumption in the energy balance for road transport. If a significant difference arises, adjustments may be necessary for the values of activity factors, load factors, and efficiencies across different technologies.
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For example, let's consider a scenario where we know that the number of petrol cars in a country is 650,000 vehicles. With an activity factor of 10,000 km and a load factor of 2.5 passengers per vehicle, and assuming an efficiency of 0.5 Gpkm/PJ, the calculation of petrol consumption would be as follows:


Techno-economic parameters of Transport Technologies in OSeMOSYS

The main parameters used to characterize transport vehicles in OSeMOSYS are described in the following subsections.

Residual Capacity
The residual capacity represents the installed capacity to fulfil transport demand per year, equivalent to the fleet stock. While we could input the residual capacity in units of Giga-vehicles [Gv], using a factor of ‘Capacity to Activity Unit’ parameter equal to the activity factor times the load factor for each technology, it is preferable to input the residual capacity directly in Gpkm/year or Gtkm/year. We can calculate the residual capacity based on fuel energy consumption or fleet stock, as illustrated in equations 6 and 7.
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Capital cost
The capital cost of vehicles corresponds to the commercial cost of each technology. Initially measured in USD per vehicle, we can convert this to USD per passenger-kilometre or USD per tonne-kilometre. This conversion involves dividing the unit cost of each vehicle type by the product of the activity factor and the load factor, as demonstrated in equation 8.
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Fixed cost
The fixed costs of transport technologies include maintenance costs, annual running costs, insurance costs, road taxes, among others. These costs are typically dependent on the capital cost of the vehicle. Therefore, it is advisable to consider a percentage between 1% and 5% of the capital costs if specific data is not available.

Operational life
The operational lifetime represents the standard value of a technology's lifespan in number of years. However, in the case of vehicles, operational life can often surpass the recommended standard of fabrication and extend beyond. Therefore, it is advisable to review the average lifespan of vehicles using specific country or regional data. The operational life of vehicles should typically fall between 10 and 25 years for most technologies.

Input Activity Ratio
This parameter is the reciprocal of the technology efficiency, with units in PJ/Gpkm or PJ/Gtkm.

Output Activity Ratio
For most technologies, the output activity ratio is selected to be equal to 1.
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