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Scenario development with MESAP models 

Modelling environment “MESAP/PlaNet”: The modelling environment “MESAP/PlaNet” is a 
commercially available software which allows the flexible development of models of complex 
systems of substance fluxes and conversion processes between the commodities regarded. 
“MESAP/PlaNet” combines a database with a graphical programming interface. While the database 
allows managing both input parameters and simulation output for the different scenarios calculated, 
the graphical interface allows defining the structure of the modelled system and the quantitative 
interdependencies between the individual structural elements on different structural depth levels 
(see details below).  

TT-STB uses “MESAP/PlaNet” to develop energy system models (accounting frameworks) which in 
turn allow constructing target-oriented energy and greenhouse gas emission scenarios. Furthermore, 
MESAP/PlaNet calculates necessary investments e.g. in the electricity or heat supply and the 
resulting electricity and heat generation costs for each technology employed, i.e. it analyses the 
economic consequences of the developed scenarios.  

 

Fig. 1: Structure of the first level of the MESAP Germany model 

Studies in which MESAP models have been used by TT-STB: In recent years, TT-STB has developed 
two different energy system models based on the MESAP/PlaNet software. The model “MESAP-E[R]” 
has been employed in a large number of international (global, regional and national) scenario studies 
for Greenpeace (the “Energy [R]Evolution” studies). The model variant “MESAP Germany” is used to 
design energy scenarios to scientifically accompany the “Energiewende” in Germany. Both model 
variants are based on the same modelling principles. However, they differ with respect to complexity 
(number of energy carriers, conversion and end-use technologies, end-use sectors etc.) and to the 
statistical data basis used to calibrate the models 
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Structure of MESAP Germany: Figure 1 illustrates the structure of the first level of the MESAP 
Germany model. The main input parameters on this level of the model are the drivers for energy 
demand like GDP, population, the number of employees in the service and commerce sectors (yellow 
oval in figure 1). These parameters define the (useful) energy demand in the end-use sectors 
transport, industry, residential and service and commerce (red).  Detailed simulations in these end-
use sectors yield estimates of the final energy demand per energy carrier of these sectors (see below 
and  figures 2 and 3). The conversion of primary energy carriers to final energy carriers is calculated 
in the containers marked in green in figure 1 for electricity and district heat, and in blue for other 
conversion processes, as e.g. gasoline and diesel production from crude oil, biofuel production from 
several biomass fractions, H2O eletrolysis, methanation, etc.). The violet markings denote the 
resulting total (primary) energy demand per energy carrier. The CO2 emissions resulting from the 
combustion of fossil fuels are shown in black.   

Figure 2 shows details of one container of the 2nd model level in the MESAP Germany model – the 
container “industry”.  

 

Figure 2: Details of the end-use container „industry“ in the MESAP Germany model (2nd model level) 

In the end-use sector industry we distinguish between different end-use applications (in red: space 
heat/hot water, process heat, space cooling, process cooling, IIC (information, illumination, 
communication), and mechanical energy), whose (useful) energy demand is individually driven by the 
driver GVA (gross value added) and the individual energy intensities for each end-use application 
(yellow oval). Furthermore, electricity and heat autoproduction in industrial CHP plants are taken 
into account as well (green). Final energy (demand per energy) of combined heat and power 
production as well as the end-use applications are summed up in the blue oval. On this model level, 
the main input parameters are the energy intensities, which reflect estimates of the development of 
useful energy demand, which – in turn – reflect e.g. the efficiency of production processes, the 
thermal insulation of industrial buildings, the equipment with and the use of IIC technologies etc. 
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Another important input parameter at this model level is the amount of electricity produced in 
industrial CHP plants.  

On the 3rd model level, different technologies to provide useful energy for the different applications 
are defined. Figure 3 illustrates this in the case of industrial process heat supply, where a number of 
technologies are distinguished (gas, coal, biomass burner, electric heater, solar thermal, heat 
pumps, …). On this model level, the main input parameters are the estimated development of the 
market shares of each technology within the simulation period.  

Each of these technologies, in turn, is characterised by estimates of the future development of the 
efficiency (useful energy vs. final energy), the fuel split (if applicable) and CO2 emission factors, but 
also economic factors like load factors and investment, O&M and fuel costs.  

 

Figure 3: Details of the container “industrial process heat” in MESAP Germany (3rd model level) 

Principle of scenario development with the MESAP models: The MESAP models are accounting 
frameworks and serve for the development of target-oriented scenarios for the entire energy system. 
Thus, MESAP models are no optimization models with adjust parameters of a future energy system in 
order to minimize e.g. the total future costs of the energy systems. Target-oriented energy scenarios 
show possible pathways of the transformation of an energy system in order to achieve one (or 
several) overarching targets, e.g. a significant reduction of energy-related greenhouse gas emissions 
and – at the same time - a high level of energy security and moderate energy prices.  They are 
capable of integrating premises and results of more detailed studies on individual end-use or 
conversion sectors, on individual technologies or energy carriers into the overall picture of the 
possible future development of the energy system. In particular, they take into account (national) 
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limited availability of individual energy carriers (e.g. sustainable biomass for energy purposes , …), 
limited potentials of individual technologies (e.g. wind power, pumped hydro storage, …), limited 
potentials for an increase in end-use or conversion efficiency etc. Finally, the interactions between 
different sectors, energy carriers can be quantitatively be depicted in the entire scenario. However, it 
has to be kept in mind that the experience and the knowledge of the scenario developer is the most 
critical input into the development process, as the developer has to adjust the individual model 
parameters in a way that the overarching targets may be fulfilled, while potential limits are respected 
and other premises are taken into account. The MESAP model itself serves mainly for consistently 
integrating all these individual aspects into a scenario of the entire system, to analyse the complex 
interdependency of different sectors, to analyse conflicting goals between targets, potentials and 
premises, and to analyse consequences of the scenario e.g. in terms of greenhouse gas emissions, 
costs for energy supply etc.  
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