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Thermodynamics – The Department 
Systems Analysis and Technology 
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The Institute of Technical Thermo-
dynamics does research in the field of 
efficient energy storage systems that 
conserve natural resources, and next 
generation energy conversion 
technologies. 
The department provides methods and 
tools which support problem solving in 
the field of energy related systems 
analysis and technology assessment. 
Decision makers from science, policy 
and industry guided by the specific 
knowledge of the department to 
identify long term research priorities, 
and to establish a framework 
supporting sound energy-, 
environmental- and research-policy. 
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and security is integrated into national 
and international cooperative ventures.  
 
 
 
Imprint 

Deutsches Zentrum für  
Luft- und Raumfahrt  
German Aerospace Center 
Institute of Technical Thermodynamics 
Pfaffenwaldring 38-40,  
70569 Stuttgart 
 
Editorial Office: Dr. Chr. Schillings 
Tel. +49 711 6862-784 
christoph.schillings@dlr.de 
www.DLR.de/tt/system 

 

Studies of department Systems Analysis 
and Technology Assessment 
 

Project results 
 

Solaratlas for the Mediterranean 

 Evaluation of the Germa Market Incentive Program 

 Evaluation of PV and CSP - Thermvolt 

 Energy supply and deman concepts - KomRev 

 Energy [R]evolution: country study Brazil 

  

New studies 
 

MUSEKO  

 Kopernikus ENavi  

ERAFLEX  

 
 

Publications 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Solar Atlas for the Mediterranean 

 
 
The solar atlas for the Mediterranean brings a high quality data base of the global and direct radiation 
for the southern and eastern Mediterranean in a public accessible internet data base. The web-portal 
offers an easy to use interface for the average values but also single annual values. Within the portal 
there are also simulation tools for on- and off-grid PV systems and hot water systems. These tools shall 
support the dissemination of these technologies in the target region.  
 
For the use in country analysis there is Open Linked Data access to socioeconomic data from the data 
bases of the project partners RCREEE and OME. The digital maps also can be downloaded for further 
analysis. The portal is multilingual in English, French and Arabic. This is the first portal of its kind which 
is available in Arabic.  
 
The project has been finance by the German International Climate Initiative and supported also the 
development of the Global Atlas for renewable Energies of IRENA through the participation in the Clean 
Energy Ministerial Process.  
 
DLR-Infopage| Project Homepage 
 
Funding Organization: German International Climate Initiative 
 
Carsten Hoyer-Klick | +49 711 6862 728 | carsten.hoyer-klick@dlr.de  
 

Survey Project Results Project Results 

http://www.dlr.de/tt/en/desktopdefault.aspx/tabid-2885/4422_read-29032/
https://www.solar-med-atlas.org/
mailto:carsten.hoyer-klick@dlr.de
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Evaluation of the Market Incentive Program 
(MAP) for renewable energies in the heat market 
in the funding period 2012-2014 
 
The German Market Incentive Program (MAP) for renewable energy 
is a key instrument to support renewable heat technologies in 
existing buildings. Up to € 500 million in investment or interest 
subsidies are granted each year to improve the market opportunities 
of renewable energies in the heat market. The MAP currently 
focuses on solar thermal systems, efficient heat pumps, solid 
biomass and geothermal plants as well as district heating grids and 
heat storage units that are fed from renewable energy sources and / 
or industrial waste heat. 
 
Within the framework of the project, the MAP was scientifically 
evaluated during the funding period 2012 to 2014. In this context, the 
aim was firstly to examine the extent to which the objectives of the 
MAP – the expansion of renewable heat and cooling supply, the 
improvement of competitiveness, the increase in technological 
standards and innovation as well as the creation of a sustainable 
supply structure – were achieved. Subsequently, the evaluators 
determined whether the MAP was appropriate and causative for the 
achievement of objectives. Finally, they examined whether the 
implementation of the MAP was economically viable with regard to 
resource consumption. 
 
The main findings for the evaluation years 2012 to 2014 are: 
 
• The program objectives of the MAP were achieved to 77% in 

2012 and to 66% in 2013 and 2014. The expansion of 
renewable heat and cooling supply is progressing well. This is 
mainly due to the high addition of subsidized biomass plants, 
which could compensate the only modest addition of heat 
pumps as well as solar and geothermal energy plants. Potential 
for further improvement is in particular the reduction of levelized 
cost of heat and thus the improvement of competitiveness. 

• The MAP subsidy reduces the additional heat cost of subsidized 
technologies compared to a conventional heating system. 
Referred to the additional levelized cost of heat compared to the 
cost of a gas-fired reference system, the shares of the subsidies 
amount to 5% to 30%. The incentive effect of the average 
subsidy is considered to be good. 

• Overall, the MAP can be considered as a cost-effective and 
efficient instrument for climate protection with average 
abatement costs of around 10 €/tCO2, with significant 
differences in individual technologies (e.g. 6 €/CO2 for biomass 

boilers, 100 €/tCO2 and more for heat pumps and solar thermal 
systems). 

Based on the findings of the evaluation, recommendations on the 
future design of the MAP were developed within the framework of 
the project. Most of these were implemented in the amendment to 
the MAP Guidelines of April 2015. 
 
The results of the investigations are available on the information 
portal of the Federal Ministry of Economic Affairs and Energy:  
 
Download study 
 
Funding organization: Federal Ministry for Economic Affairs and 
Energy (BMWi) 
 
Cooperation: Fichtner (Projektkoordination), Technologie- und 
Förderzentrum (TFZ), Institut dezentrale Energietechnologien (IdE), 
DBI Gas- und Umwelttechnik (DBI-GUT), Technische Universität 
Hamburg (TUHH-IUE), ECOFYS, COMPARE Consulting 

Evelyn Sperber | Phone +49 711 6862 8145 | evelyn.sperber@dlr.de 

 
THERMVOLT - System comparison of solar 
thermal and photovoltaic power plants for the 
security of energy supply 
 
The THERMVOLT study offers a techno-economical comparison of a 
broad variety of PV-based, CSP-based power plant concepts as well 
as their combinations (CSP-PV). The PV-based systems consist of a 
PV plant, a Li-Ion battery and a fossil back-up (e.g. gas turbine) and 
are operated as an interconnected system or as a virtual power 
plant. CSP-based power plants can offer firm capacity by integration 
of thermal energy storages and by using a fossil hybrid operation 
strategy. A set of common boundary conditions is used for all 
variants. Each of the analyzed systems has to cover the same load 
curve (baseload or time-dependent). The nominal power level is 100 
MWel. If there is no solar energy available (direct or stored), the load 
must be covered by the fossil backup options. Thereby, only an 
annually-limited amount of CO2 emissions is permitted. 
 
Reference systems for all technologies are modeled in commercial 
or validated reference simulation tools. Those reference systems 
were used for validation of a common tool for the yield analysis 
(INSEL) applied for this study. During the yield calculation on an 
annual basis the sizes of solar fields and different storage capacities 
are optimized for each variant. Finally, an economic model is used to 

calculate LCOE of all variants. The model includes effects like 
impact of scale, degradation, learning curves and expected 
technology improvements between the years 2015/2020/2030. 
 
With the assumed boundary conditions the analysis shows that a 
combination of CSP and PV plant is in many cases the most cost 
effective solution. While in 2015 the PV-Battery systems are more 
expensive due to high storage cost, they may become competitive or 
even cheaper than CSP plants in 2030. The results strongly depend 
on the assumed scenario for the technology-specific learning curve 
as well as on the load conditions and on the set limit for CO2 
emissions. For all technologies in 2030 the lowest LCOE are 
achieved with configurations with very low specific CO2 emissions. 
 

 
Fig.: Simulation of a combined CSP-PV power plant with the INSEL 
simulation environment 
 
Funding Organization: Federal Ministry for Economic Affairs and 
Energy (BMWi) 
 
Cooperation: DLR Institute of Solar Research, Fichtner GmbH, M+W 
GmbH, Lappeeranta University of Technology 
 
Massimo Moser |  +49 711 6862 779 | massimo.moser@dlr.de 
 

http://www.erneuerbare-energien.de/EE/Redaktion/DE/Standardartikel/evaluierung_des_marktanreizprogramms.html
http://www.dlr.de/tt/desktopdefault.aspx/tabid-2920/4421_read-27216/sortby-lastname/
http://www.dlr.de/tt/desktopdefault.aspx/tabid-2920/4421_read-20653/sortby-lastname/
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The local efficiency revolution for climate 
protection in German cities – preconditions, 
transformation pathways and consequences 
(KomRev) 

The project KomRev aimed at developing effective energy demand 
and supply concepts on the municipal level at the example of the city 
of Rheine in North-West Germany. These concepts make an 
important contribution to limiting the implementation risks and 
economic costs of the sustainable transformation of the energy 
system. Two technically and economically feasible concepts of an 
efficient, interconnected energy system for the target year 2050 have 
been developed. The analysis and the simulations focussed on an 
effective local coupling of the sectors power, heat, gas, and 
transport.  

The department participated in two work packages: At one hand, we 
estimated and simulated potentials for load- and generation 
management as well as for internal waste heat recuperation for 
Rheine’s biggest industrial enterprise, a frozen food manufacturing 
company. Dispatch of power, heat and cold generating units was 
simulated on an hourly basis. A high temperature thermal energy 
storage decouples process heat demand and generation (from a 
combined heat and power unit); a cold storage decouples process 
cold demand and generation, and a low-temperature thermal energy 
storage decouples waste heat generation and re-use for low-
temperature heat demand. At a storage capacity of 6 h it is possible 
that the plant uses the greater part of its theoretical flexibility 
potential. It thus may contribute significantly to the balancing of local 
power generation surpluses and deficits.  

On the other hand, we developed a handbook for other 
municipalities which develop own concepts to reduce municipal 
greenhouse gas emissions by 95% and to halve energy demand by 
2050. The handbook builds on the experience gained within the first 
phase of the KomRev project.  

Funding Organization: Federal Ministry for the Environment, Natura 
Conservation, Building and Nuclear Safety (BMUB) 
 
Cooperation: Solar Institute Jülich, Wuppertal Institute for Climate, 
Environment and Energy, Leitstelle Klimaschutz Rheine 
 
Dr. Tobias Naegler | +49 711 6862 775 | tobias.naegler@dlr.de 
 

New DLR country study: Energy [R]evolution 
Brazil 
 
Under the frame of the Energy [R]evolution project series, a new 
scenario targeted a 100% renewable energy supply for Brazil. The 
scenario describes a transition towards a more sustainable energy 
supply, phasing out nuclear and CO2 emissions.Based on a 
projection of the future energy demand, we optimized power supply 
in 2050, applying the optimisation model REMix. The model explicitly 
analyzes interactions between grid extension, storage and 
fluctuating renewable supply. For the adaption of the model to 
Brazilian conditions, DLR cooperated with the Energy Planning 
Program (COPPE) of the Universidade Federal do Rio de Janeiro. In 
a next step we developed transformation pathways towards this 
optimized energy supply within the simulation model MESAP/Planet. 

The Energy [R]evolution 
features a dynamic extension 
of wind and solar energy, thus 
compensating for the phase 
out of nuclear and fossil 
energy. By 2050  99% of the 
energy supply comes from 
renewables. The power sector 
leads this transformation: 
Starting from 73% renewables 
today (predominantly hydro) 
the expansion of wind, PV and 
CSP increases the share to 
92% already by 2030.  Also 
the heat and transport sectors 
become fully renewable by 
2050.  Hydro will cover one 
thrid of total installed capacity, 
PV and Wind approximately a 

quarter each. Biomass and CSP provide additional backup and 
stability with 6% and 8% of total installed capacity. The optimization 
does not result in additional battery storage. However an expansion 
of grid capacity by one third is necessary, to transport mainly wind 
power from the north-east to the demand centers in the south-east. 
LCOE in the Energy [R]evolution Scenario are 10% lower than in the 
reference scenario in 2050. The Energy [R]evolution Scenario 
provides a completely CO2-free energy system, while the emissions 
increase by 10% in the reference scenario.  

Download: Study | Funding Organization: Greenpeace International 

Dr. Sonja Simon | +49 711 6862 781 | sonja.simon@dlr.de 
 

 
Model based analysis of the integration of 
intermittent renewable electricity generation by 
enhanced coupling of power, heat, gas and 
transport sector (multi sector coupling, MuSeKo) 

Until 2050 the share of renewables is projected to rise to 80% of 
German electricity generation and to 60% for overall energy 
consumption. In order to integrate this new and partially intermittent 
electricity generation while maintaining the security of supply it is 
necessary to render generation and demand largely flexible. At the 
same time achieving a high share of renewables in the heat and 
transportation sector requires a substantial substitution of far fossil 
fuels. Methodological developments of the existing energy system 
models are required for the analysis of renewables system 
integration via coupled electricity, gas, heat and transportation 
sectors. This concerns above all techno-economic analyses 
considering several energy economic perspectives (e.g. 
decentralised vs. centralised, micro- vs. macroeconomic). The 
research project MuSeKo addresses precisely this. It aims at 
modelling and assessing the flexibility that arises from the 
combination of different kinds of technologies. Possible development 
paths are taken into account via scenarios with different energy 
systems and framework conditions. 

 
Funding Organization: Federal Ministry for Economic Affairs and 
Energy (BMWi) 
 
Cooperation: Fraunhofer Institute for Manufacturing Technology and 
Advanced Materials (IFAM); Gas- und Wärme-Institut Essen e.V. 
(GWI) 
 
Dr. Hans Christian Gils | +49 711 6862 477 |  
hans-christian.gils@dlr.de 
 
 

New Studies 

mailto:tobias.naegler@dlr.de
http://elib.dlr.de/107961/
mailto:sonja.simon@dlr.de
http://www.dlr.de/tt/desktopdefault.aspx/tabid-2920/4421_read-23589/sortby-lastname/
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Kopernikus ENavi  

Germany aims at the transformation of their current energy system 
into a mainly CO2 neutral system based on renewable energies. An 
economic, environmentally safe, secure and socially acceptable 
energy system needs a holistic view on the systems level. ENavi 
looks at the transformation process as from a societal perspective 
with all political and societal challenges.  

The project ENavi targets at   

• a deeper understanding of the complex interrelated energy 
system and the connected areas in industry and consume,  

• development of options how the components of a future 
energy system could by integrated systemically with 
respect to goals of energy policy,  

• assessment of the consequences as precise as possible of 
measures to the energy system on a short and medium 
and long term scale,  

• generation of options for effective measures in a 
transdisciplinary discourse.  

One of the central products is the navigation instrument the 
researchers what to use to assess the wanted and unwanted effects 
in advance. It should support answering the decisive questions: How 
can it be achieved, that the transformation does not  stress the low 
income groups to hard? Which measures are suitable for an effective 
and efficient introduction of electromobility? Or how could several ten 
thousand supplies of private roof-top solar power be coordinated?  

The project should contribute to implement a sustainable 
transformation process with a wide acceptance. The potential 
findings on sustainable transformation pathways are of strategic 
importance for the assessment of market potentials of various 
technologies.  

Funding Organization: Federal Ministry of Education and Research 
(BMBF) 

Cooperation: appr. 90 partners. Project-coordinator: Institute for 
Advances Sustainability Studies (IASS) in Potsdam 

Carsten Hoyer-Klick | +49 711 6862 728 | carsten.hoyer-klick@dlr.de 

 

Effective framework conditions for cost-effective 
renewables expansion with complementary 
decentralized flexibility options in the electricity 
sector – ERAFlex 

The increasing share of variable renewable energies in the energy 
system leads to the need for a  flexibilisation at different system 
levels. In the electricity sector, controllable conventional and 
renewable energy generation plants, energy storage, load 
management, as well as the expansion of transport and distribution 
networks must be integrated as a flexible option at the decentralized 
level. However, the practical implementation of the energy transition 
shows discrepancies with the results of a system optimization model 
on a purely technical-economic basis. For example, a system-
optimizing curtailment of fluctuating renewable energies (fRE) leads 
to a different utilization of these installations as a market-driven 
regulation, since this depends on the flexibility options and their 
specific costs that are available to the actors. 

This can lead to a significant "efficiency gap", that is, a decisive 
difference in the efficiency of the theoretical achievement and the 
implementation in reality. In order to achieve a cost-effective 
development in reality, the incentive systems for actors with regard 
to investment and operating optimization of complementary flexibility 
options and renewable energies have to be taken more into account. 
It is also necessary to include the further development and partial 
changes of the regulatory framework and the promotional design into 
the calculations. The planned work is intended to identify the 
discrepancy between economically cost-minimizing system 
optimization and an impact analysis focusing on the actor specific 
market behavior.  Found discrepancies are finally to be closed step 
by step through iterative simulation runs (total costs and 
acceptance). 

In the ERAFlex project, the different modeling approaches of the 
cost-minimizing fundamental-analytical electricity market model 
E2M2 from the IER and the agent-based electricity market model 
AMIRIS from the DLR are compared. For this purpose, model results 
are compared on the basis of common scenarios, and the 
discrepancies between the various approaches are then analyzed 
and evaluated. With the help of iterative model applications and the 
goal-oriented adaptation of the regulatory framework and exogenous 
input parameters, an approximation of the results is attempted. 
Conclusions for effective regulatory frameworks are derived from 
this, which lead to both economically optimal and economically 
viable systems, while taking into account the interests of different 
actors. This is intended to support and promote the feasibility of the 

energy transition targets with high acceptance by the stakeholders 
involved.  

Funding: Federal Ministry for Economic Affairs and Energy (BMWi) 
 
Cooperation: Research Initiative STRise -  Stuttgart Research 
Initiative on Integrated Systems Analysis for Energy:  Universtiy 
Stuttgart, Institute of Energy Economics and Rational Energy Use 
 
Dr. Marc Deissenroth, Matthias Reeg | +49 711 6862 8139 | 
marc.deissenroth@dlr.de 
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