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Abstract 

Well-founded research is needed to gain sound insights into the relationship between 

energy and the environment in order to ensure a basis for responsible policy-making in the 

face of a climate crisis. Transparency in code and data is a prerequisite for reproducible 

research in energy modelling and its quality assurance and is embedded in the philosophy 

of open source energy modelling frameworks (OSEMFs). While the focus was on improving 

the quality of input data and comparing models to compare results, there has been a lack 

of research on the effects of the structural assumptions across different frameworks. 

This thesis analyses the structural differences and structural assumptions between the 

OSEMFs OSeMOSYS and oemof. The methodology applies a wholly harmonised 

experimental setup to allocate output differences to diverging contextual assumptions in 

the underlying different mathematical equations among the OSEMFs.  

Diverging results between OSEMFs based on different structural assumptions occurred in 

this thesis and traced back to their origin. OSeMOSYS's and oemof's underlying energy 

balance equations lead to the same results though, when diverging structural assumptions 

are removed. Already a single undocumented opaque assumption in the underlying 

mathematical equations among frameworks can have a noticeable influence on the 

optimisation results. 

The documentation of OSEMFs is still not comprehensive enough to facilitate 

investigations of this kind efficiently, and the documentation of assumptions embedded  in 

OSEMFs’ mathematical equations needs to be more detailed. The thesis could identify 

opportunities to enhance the performance of OSeMOSYS and highlights the importance 

of correct framework documentations to ensure their usability in practice. 



 
 

Sammanfattning 

Välgrundad forskning är fundamentalt för att få en god insikt i förhållandet mellan energi 

och miljö för att säkerställa en grund för ansvarsfullt beslutsfattande inför diverse 

klimatkriser. Transparens i kod och data är en förutsättning för reproducerbar forskning 

inom energimodellering, dess kvalitetssärkring och är inbäddad i filosifin som behandlas 

av Open Source Energy Modelling Frameworks (OSEMF). Den primära fokusen av 

rapporten behandlar förbättring av kvaliteten av inmatningsdata och  att jämföra resultatet 

från olika modeller. Det visar sig även finnas forskningsbrister inom effekterna av de 

strukturella antagagendana i dessa ramverk.  

Examensarbetet analyserar strukturella skillnader och strukturella antagendan mellan 

OSEMF, OSeMOSYS och eomof. Metoden tillämpar en harmoniserad experimentell 

uppsättning för att fördela resultat skillnaderna mellan OSEMF och dess strukturella 

antaganden.  

Avvikande resultat mellan OSEMF baserad på olika strukturella antaganden inträffade i 

denna avhandling och spårades tillbaka till deras ursprung. OSeMOSYS och oemofs 

underliggande energibalansekvationer leder dock till samma resultat när avvikande 

strukturella antaganden tas bort. Enstaka odokumenterat osammanhängande antagande i 

de underliggande matematiska ekvationerna mellan ramarna kan ha ett märkbart inflytande 

på optimeringsresultaten. 

Enligt resultat av examensarbetet går det att påstå att dokumentationen av OSEMF ännu 

inte är tillräckligt omfattande för att underlätta undersökning inom forskningsområdet, 

samt att dokumentationen av antaganden, vilka är inbäddade i OSEMF:s matematiska 

ekvationer måste vara mer detaljerade. Denna studie lyckades identifiera möjligheter att 

förbättra prestandan hos OSeMOSYS samt poängterar vikten av korrekta 

ramdokumentation för att säkerställa programmets användbarhet i praktiken.  
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1 Introduction 

The simulation of energy systems through energy modelling software (EMS) is a standard 

instrument used to facilitate capacity expansion and dispatch planning in energy policy, 

the energy sector, and climate studies. 

Due to the vast array of EMS available on the market, it is becoming increasingly difficult 

to keep track of the range and applicability of existing software. Academic research is 

addressing this problem with publications that have developed methods to contrast variant 

EMS. On the one hand, the focus is qualitative, intending to highlight theoretical key 

differentiators between the EMS, utilising category systems. On the other hand, 

quantitative studies compare the computational results of different EMS applied to 

preferably identical energy systems and scenarios. For more details, see the literature 

study in Chapter 2. 

However, it is not always clear what type of EMS is compared without closer inspection of 

the respective publication. In particular, this ambiguity is due to the terms “framework”, 

“model”, “model generator”, “integrated assessment model”, and “application” being used 

interchangeably to describe EMS across various publications [1, 2, 3, 4, 5, 6]. For this 

reason, the following definitions apply throughout this master’s thesis. 

An energy modelling framework is a coherent software environment for modelling 

and simulating energy systems to gain insight into technical, environmental, and 

policy issues. Its applicability is repeatable and not restricted to a specific use case 

but rather the functional boundaries of the framework. [own definition based on, 

[7],[8]] 

An energy model is a specific implementation of an energy modelling framework. It 

has clear system boundaries which are defined but not limited to the choice of its 

energy carrier, the temporal and spatial resolution of the simulation, and its energy 

conversion technologies. [own definition based on, [7],[8]] 
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An energy model represents a simplified reflection of reality, due to limited modelling time 

and computational resources and data availability. It can only provide insights into energy-

technical and environmental problems and complement the basis of information regarding 

contemporary or future-oriented research questions. The investigation of an energy system 

behaviour supports, thus, a more robust decision-making process by gaining system 

understanding through the variation of input parameters, components of the energy 

system, and system configurations.  

The variation of the input parameters reflects their influence on the model output, the 

extent of which can be explored by sensitivity analysis [9]. Sensitivity analysis’s 

plausibilities are frequently evaluated and validated by simulations with energy models that 

are applied to the same use case and stem from similar energy modelling frameworks. 

These evaluations can lead to different modelling results which can originate from different 

structural and parametric assumptions across the frameworks. In contrast to the 

discussion of the parametric assumptions, the frameworks’ structural assumptions and 

differences are undoubtedly acknowledged but, depending on the research objective, 

seldom the object of scientific investigation. Nevertheless, structural assumptions shape 

the mathematical foundation of a framework, yet their influence on the results remains 

opaque without further analysis. Adequate analysis, though, requires open access to the 

full framework documentation. However, many energy modelling frameworks are 

proprietary and do not provide open access to their source code, underlying assumptions 

and mathematical equations. This limited transparency makes it difficult, if not unfeasible, 

to compare different frameworks concerning a specific use case [8]. Ringkjøb's et al. 

classify only around one third of the current EMS for the analysis of electricity systems as 

open source [10]. 

After all, some proprietary and non-open source EMS do provide detailed information 

about their assumptions, mathematical equations, and structure. An example is the central 

energy planning tool of the EU commission, PRIMES [11]. Nevertheless, practical 

comparison is still infeasible due to the limited access to the source code, which restricts 

EMS within PRIMES to theoretical comparison. However, practical comparisons are 

necessary to examine the underlying software code that can lead to diverging results 

between EMS. This is all the more important, as ultimately, decisions are supported by the 

numeric output of an EMS, not its theoretical setup. 

EMS is developed for different purposes and allows the investigation of energy-related 

problems from different perspectives. For example, EMS focusses on:  

• power system analysis, with an emphasis on the analysis of physical phenomena 

[12]; 

• electricity markets, with an emphasis on economic analysis [13]; and 
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• whole-system approaches which cover physical, economic and environment 

aspects [14, 15, 16, 17, 18]. 

Although different pieces of EMS have their particular focus and investigate specific 

problems or technologies, certain primary characteristics overlap to describe an energy 

system. In the domain of EMS, the primary characteristics include the representation of 

the energy flow, the specification of the energy system in time and space, sectoral 

coverage, and the implementation of energy conversion processes.  

The holistic comparison of differences between EMS is only possible when the underlying 

assumptions, mathematical equations, and source code are transparent. Open source 

energy modelling frameworks meet these requirements. The Open Source Energy 

Modelling System (OSeMOSYS) [16] and the Open Energy Modelling Framework (oemof) 

[17] were selected for comparison in this master’s thesis for several reasons. Firstly, both 

frameworks, as OSEMFs, meet the transparency criteria for a practical comparison. 

Secondly, both frameworks follow the same whole-system approach and share the same 

degree of freedom regarding the four primary characteristics used to describe an energy 

system. Thirdly, both frameworks are generically designed, which makes them theoretically 

applicable to similar use cases and use the same linear optimisation methods to investigate 

research problems in the energy sector. Finally, both frameworks are sufficiently 

established in practice to inform policy and are therefore of interest for practical 

comparison. For more details, see the theoretical comparison in Chapter 4.  

 

Project 

This master’s thesis was developed in the scope of the open_MODEX project [19] and in 

my dual capacity as a student researcher for the Reiner Lemoine Institute (RLI) and as a 

master’s student in Sustainable Energy Engineering at the KTH Royal Institute of 

Technology in Stockholm in the Department of Energy Technology.  

The open_MODEX project compares five OSEMFs on their strengths and weaknesses and 

aims to identify synergies between the frameworks and to develop methods to be applied 

to all frameworks [20]. 

  

Table 1: open_MODEX Consortium 

Partner Framework 

Reiner Lemoine Institute Project lead 

Technical University Berlin GENeSYS-MOD 

Technical University Munich urbs 

Technical University of Denmark Balmorel 
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Europa-Universität Flensburg oemof 

RWTH Aachen University GENESYS-2 

 

The project enables its participants to familiarise themselves with other frameworks and, 

thereby, to question and reflect upon the approaches of their in-house frameworks 

critically. At the end of the project, all frameworks will be applied and compared based on 

a Germany-wide model with a spatial resolution at the national level. Within the project, I 

prepared the federal states of Berlin and Brandenburg for a cross-modelling exercise which 

will be partially incorporated into the scenarios of this work. 

This thesis partly builds upon methods developed during the open_MODEX project for the 

purpose of comparing OSeMOSYS to all other participating frameworks. Any method 

employed in this master’s project, which was developed during the open_MODEX project 

and not exclusively by myself is clearly referenced (indicated by [19]).  
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1.1 Problem Statement 

Despite their openness, it is not clear why new OSEMF emerge instead of promoting the 

development of existing OSEMF. Many frameworks claim to be designed for the same 

purpose, but conducting a comparison proves difficult due to different terminologies, 

development environments, and lack of standardised methods for comparing calculation 

results. Frameworks are applied to specific use cases rather than subjected to systematic 

examination. 

The influence of the structural differences on the result in multi-model comparisons is 

challenging to grasp. For this purpose, the factors influencing the calculation result must 

be harmonised to a large extent, which is not always feasible due to limitations of the 

applied frameworks. The limited use of framework functionalities, for the purpose of 

harmonisation, leads to limited applicability to real-life scenarios, which makes 

comparisons of this kind unattractive in practice to tackle complex modelling tasks. 

 

1.2 Research Question 

The study aims to examine the implications of the structural design of two OSEMFs on 

optimisation results using wholly harmonised scenarios. Contextual assumptions in the 

underlying different mathematical equations among the OSEMFs will be analysed.  

The thesis follows a three-step approach. Firstly, it aims to verify the comparability of 

OSeMOSYS and oemof regarding a specific use case theoretically. Secondly, it compares 

the calculation results of selected output variables under consideration of the frameworks’ 

mathematical equations. Thirdly, it analyses the consequences of the framework design 

regarding performance criteria and usability. 

Hence, four research questions emerge. 

1. What are the main theoretical differences between the examined energy modelling 

frameworks? 

2. What is a suitable comparative methodology in practice to analyse structural 

framework differences? 
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3. What are the differences in the modelling results between the two frameworks? 

4. What are the differences in the mathematical formulation between the two 

frameworks? 

5. How does framework implementation influence key performance indicators? 

The first research question examines the analytical capabilities of the respective energy 

modelling frameworks. As discussed above, OSEMFs serve different objectives and are 

designed for various scopes. Hence, an understanding of their characteristics and 

applicability to a specific use case is necessary. The second question investigates 

appropriate techniques to compare OSEMFs in practice. The third question looks into the 

practical implementation of the OSEMF with regard to its application on a common use 

case. Particular attention is paid to the calculation results of key economic and energy 

parameters. The fourth question investigates differences in the mathematical formulations 

between the two frameworks. The fifth question examines how the frameworks are coping 

with resources, such as calculation time and random access memory (RAM). 

1.3 Disposition 

This master’s thesis is structured into seven chapters.  

Chapter 1 served: as an introduction to the topic; to define key terms as they are applied 

in this thesis; and to outline the scope of the master thesis. 

Chapter 2 comprises a literature study which aims to support a more comprehensive 

understanding of previous energy modelling software comparisons. 

Chapter 3 presents the methodology to compare the selected open source energy 

modelling frameworks in practice.  

Chapter 4 introduces and compares the OSEMFs through a theoretical comparison based 

on the literature review. 

Chapter 5 presents the case study.  

Chapter 6 discusses the results and compares the frameworks with a focus on their 

programming paradigm and mathematical formulations. 

Chapter 7 concludes the master’s thesis, discusses the limitations of the work and makes 

suggestions for future research based on the findings of this work. 

The Appendix includes supporting material referenced in the text. 
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2 Literature Review 

This chapter reviews how multi-EMS approaches have been applied as a method of 

investigation in research and outlines these approaches. The literature review has been 

conducted as a narrative literature review [21]. 

 

The review highlighted in particular: 

• benefits of EMS comparisons;  

• barriers for EMS comparisons;  

• comparative depth and foci of previous comparisons;  

• applied comparison methodologies; and   

• lessons learnt from prior comparisons.  

The growing system complexity of present and future energy systems opens up new 

challenges for analysis. The growth of: 

• intermittent renewable energy’s share of the energy market;  

• liberalised markets; and  

• recognition of the importance of natural resources and societal factors,  

have resulted in the same factors needing to be taken in to account in energy modelling 

to inform policy-making [22]. The need for decarbonisation leads to the physical integration 

of different energy sectors, such as heating, cooling, and transportation, in addition to the 

electricity sector [23]. The assessment of the interaction between growing decision 

variables is increasingly examined in scenario analyses [24]. As EMS grow in complexity 

and number, the need for their evaluation increases [25]. Achievable by direct review of 

the structure of an EMS or by comparison to other EMS in specific applications, EMS 

cannot be validated in the sense of verifying the truth of their assumptions with certainty 

[26, 27]. In EMS comparisons, one could examine whether: different types of EMS are 

similar in achieving their objective in certain respects; or structural and parametric 
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modelling assumptions or methods are alike [27]. This could ultimately lead to better 

modelling practices and result in improved insights.  

Energy model comparisons are an established method to gain insights into energy-

technical and economic research questions [28]. These comparisons are useful to identify 

findings that are robust across different modelling methodologies [4]. Structural differences 

between the models have been regarded but not systematically explored. With an 

increasing number of models and increasing model complexity [2], the call for transparent 

research has grown [29]. The need for well-founded, open research grows to produce 

meaningful insights to foster solutions in the face of climate crises and is reflected in 

research [30]. The fact that model-based policy advice must be reproducible so that 

assumptions can be tested and questioned is repeatedly discussed in recent literature. 

Prerequisites for this are that data, model assumptions, and model source code are open 

and accessible [31, 32, 33]. Openness has various shades and the publication of data and 

model under a suitable license numerous gradations. Open data only became the subject 

of increased interest in the last two decades with the emergence of open energy projects 

[34]. Before, proprietary projects hindered the exchange and collaboration in energy 

modelling. Data and code were - and to a large extent continue to be - viewed as items of 

intellectual property and, hence, items capable of holding monetary value in a regulated 

market [34].  

The open modelling community pushes for practices to improve open energy modelling 

processes by aiming to increase public transparency and scientific reproducibility under 

open licenses [8]. As a result of this movement, the exchange of methods, assumptions, 

and data became intensified. Research has focused on the improvement of input data [35, 

36, 37]. The focus in model comparisons has been on the parameters and their influence 

on the optimisation result. Depending on the research objective and involved models, 

various degrees of harmonisations across the models have been reached. 

Riahi et al. [4] explore the consequences of adopted policy commitments in the 

Copenhagen Accord and Cancún Agreements on global greenhouse gas emissions in 2030 

across nine modelling teams in the AMPERE modelling exercise. The nine different pieces 

of EMS are based on different modelling approaches and differ in their sectoral 

representation. The main input data was harmonised across the EMS to improve the 

comparability of the results, and technological sensitivity cases were set up to account for 

parametric uncertainty. The results between the EMS diverge regarding the different 

research objectives and are discussed using the numeric output of the EMS. 

Lucena et al. [38] aim to assess the possible effects of GHG mitigation strategies on the 

industrial and energy sector within different countries using six different pieces of EMS, 

each with different modelling approaches (simulation/optimisation) in the LAMP–

CLIMACAP project. The EMS differ in various theoretical aspects, such as degree of 

foresight, spatial resolution, and representation of technology options. Furthermore, there 
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was no attempt to harmonise input data. Bosetti et al. [37] focus on assessing the impact 

of technology costs in relation to three different pieces of EMS through the means of an 

extensive sensitivity analysis. In their research, they attempt to harmonise the input data 

but are not wholly successful, due to structural differences of the different pieces of EMS. 

Kriegler et al. [5] investigate the effect of technological advancement of the energy system 

components on climate mitigation using 18, structurally different in part, pieces of EMS in 

the EMF 27 study. The input dataset was not harmonised across the different EMS. The 

differences were perceived as a necessity to cover a broad range of parametric and 

structural uncertainty. Gils et al. [39] undertake a modelling experiment with three pieces 

of EMS to simulate and compare different pathways towards a completely renewable 

energy system in Germany. The input data is completely harmonised, which was achieved 

by a time-consuming multi-stage harmonisation process. However, due to specific EMS 

characteristics, not all data could be implemented, and noticeable differences in the results 

occur. 

All of the five projects mentioned above acknowledge the structural differences between 

the compared models but study the models’ differences in results with input-output 

analysis or multiple scenario runs and sensitivity analysis. Gils et al., Kriegler et al., and 

Bosetti et al. apply framework factsheets to account for structural differences between the 

EMS. 

Structural differences between EMS are largely based on theoretical factsheet 

comparisons in research. Multiple facets of factsheets exist and are often derived from 

theoretical considerations. 

Based on a literature review, Wiese et al. [7] identify five energy system modelling 

challenges and define, mainly based on the Open Energy Platform (OEP) factsheets, 

aspects on which energy system models are investigated. The factsheets based on the 

five main challenges (complexity, uncertainty, interdisciplinary modelling, scientific 

standards, and utilisation) take into account: the increasing interconnectedness of energy 

systems; the inclusion of social dimensions; and the use of the models by different target 

groups.  

Hall et al. [40] develop a factsheet based on a literature search and combine several 

approaches into one. The authors aim to develop a central "living document" that can 

clearly illustrate model specifics. The classification scheme is therefore deliberately 

designed in great detail and comprises fourteen categories, whereby no claim is made to 

completeness. 

Savvides et al. [23] frame their factsheet on a literature review and thereby extend the 

scheme with regard to future energy market aspects. The focus of the extension is on the 

coupling of energy systems, the integration of social aspects, and the mapping of different 

resolutions of input parameters. They use four main categories (model theoretic 

specifications, detail of modelling, market representation, and general information). 
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Hybrid approaches emerge. The creation of factsheets at RegMex [39] is based on a multi-

stage process. Based on literature research, preliminary factsheets are created, which are 

then applied and individually adapted in two model experiments to take into account the 

specifics of the models. In parallel to the work on the model experiments, progress is 

further developed by organising a steering committee in workshops of the OpenMod 

initiative. 

However, the analyses of the effects of structural differences or the code structure on the 

model output are not within the methodological capacity of factsheets.  

Attention has been given to examine this relationship by Dodds et al. [3] but limited to a 

single piece of EMS. The focus has been on the effects of the input-output relationships 

between the individual model versions and the optimisation result. The model’s system 

boundaries were described qualitatively, equations counted between the model versions 

and assigned to thematic constraint groups (e.g. electricity, transport, and residential), but 

not analysed on their underlying assumptions. Changing representations of technologies 

across model versions in different sectors have been identified but are not discussed 

contextually, e.g. how they differ in the representation of an energy component.   

As open energy modelling projects are rather novel, with one of the first projects, Balmorel, 

emerging in 2001, few comparisons have been performed amongst OSEMFs. Until this 

point, comparisons of OSEMFs have not been facilitated in a modelling experiment. 

The model experiment RegMex [39], which was carried out to compare the modelling 

approaches of participating frameworks transparently, includes no OSEMF and did not 

look at the different underlying mathematical equations, but provides five valuable lessons 

learnt that are considered in the thesis: 

• sufficient time for harmonisation of the input data across the models should be 

taken into account;  

• start data collection should be carried out only after querying necessary input 

variables; 

• purposeful selection of the models should be undertaken to allow for the 

identification of differences in results; 

• identification of model interfaces for input data processing should be ensured; and  

• prioritisation regarding the focus of the analysis should be undertaken to isolate 

single effects. 

In comparison to the reviewed literature, the model comparison in this master’s thesis 

achieves a complete usage of harmonised input data and uses EMS that is designed 

with the same methodology and applies to the same use case. Furthermore, the results 

are not only discussed and compared on the basis of the numeric output itself, but 

additionally on the basis of the origin of their underlying mathematical structure. 
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Based on the literature study, this master’s thesis aims to contributes to the gap in the 

research aiming to examine the structural differences amongst EMS, in particular OSEMFs, 

and their implications for the optimisation result. The analysis also focusses on the 

contextual assumptions that: underlie the mathematical equations; are different between 

different EMS; and are rarely discussed in existing research. The methodology applied in 

this thesis builds upon the lessons learnt from previous research and will focus on selected 

components and equations and harmonisation. 
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3 Methodology 

This chapter describes the methodology applied in this thesis to answer the research 

questions. The chapter introduces methods to compare the structural differences of both 

frameworks in practice and presents the characteristics of the model experiment.  

 

3.1 Elements of Linear Programme 

Both frameworks use linear optimisation techniques to output the result. Therefore, it is 

important to understand the basic working principles of linear programming.  

The essential elements of a linear programme consist of the objective function, constraints, 

and bounds to specify the optimisation problem. The three elements are defined in 

mathematical formulations as equations and inequalities. An optimisation function 

minimises or maximises an objective. It determines an optimal value with regard to the 

decision variables satisfying all constraints and parameters. [41] 

Variables and parameters have two different functions in a mathematical formulation and 

are defined as follows and referenced in italic font throughout the thesis. 
 

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 
𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝 

 

A 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 represents certain aspects specifying an energy system in a framework’s 

mathematical equation. A 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 is exogenously defined by the user through its 

numeric input. The 𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑠𝑠 are endogenously defined within the framework and represent 

results of the equation system.  
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Depending on the framework objective, the function of a 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 and 𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝 can 

switch.  

For example, the installed capacity of a power plant can be exogenously defined in the 

dispatch operation mode of the framework. Alternatively, it will be endogenously defined 

in the capacity expansion mode by the framework, where the goal of the optimisation is to 

determine the optimal capacity expansion strategy according to the given constraints. 

The purpose of the above definitions is twofold.  

Firstly, it is important to match mathematically equivalent elements of the linear equations 

in both frameworks during the comparison and therefore, to become familiar with their 

functionalities. Secondly, it increases clarity for the reader when discussing the linear 

equations. 

A system of linear equations is called a linear programme (LP) in the following. 

3.2 Procedure of Comparison 

The selection criteria for frameworks for the modelling experiment were discussed in the 

introduction. In addition to that chapter’s brief comparison of the two frameworks, both 

frameworks are theoretically compared in relation to their applicability to the specific use 

case investigated in this thesis. This theoretical comparison in Chapter 4 shall be 

considered the first step in the procedure of comparison. 

The second step is to design the model experiment to investigate the structural differences 

between both frameworks and to ensure that the mathematical equations are the only 

possible source of any differences in the results. 

The practical comparison of OSEMFs represents their application to a specific case study, 

the output of which is an energy model. In order to achieve comparability regarding their 

mathematical operating principle, all steps of the process chain that influence the model 

output, illustrated schematically in Figure 1, ought to be harmonised between the 

frameworks.  

Firstly, the input parameters should be harmonised. On the one hand, this includes the 

representability of the energy system components used in both frameworks, on the other 

hand the utilisation of the same input dataset. Both are accounted for in this work by the 

choice of base technologies, further explained below, and by the data collection, data pre-

processing, and actual data input into the OSEMF by one modeller. Thus, the first part of 

the process chain, framed in green in Figure 1, shall be excluded as a source of possible 

differences in model output.  
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Secondly, the solving of the linear equations should be ensured by a numerical solver from 

the same manufacturer to exclude potential programming errors in different solvers as 

sources of model output differences. The utilisation of the open source solver GLPK v. 

4.65 in both frameworks to solve their linear programmes rules out the possibility of model 

output differences stemming from such a source. 

 

 

Figure 1: Experimental Setup 

 

This experimental setup is designed to ensure that the mathematical equations and their 

initialisation, the linear programme, should be the only possible sources of model output 

differences (framed in yellow). 

The third step of the methodology relates to the energy system design to be modelled. It 

is structured to be easy to use, to isolate effects on single equations and to avoid 

interconnections within each framework’s mathematical equation. 

Additional specifications of the energy system will introduce additional constraints. 

Contraints can be designed differently between the frameworks and lead to different 

results. Therefore, the models of both frameworks have to be compared incrementally 

starting with the minimum reasonable amount of specifications, to trace back differences 

in the results between frameworks clearly to a single equation.  

In this study the minimal reasonable energy system includes a timestep dependent 

demand, an energy supply only specified by an energy conversion efficiency and costs, 

and a simple energy transmission. For more details regarding the energy system, see 

Chapter 5. 

The fourth step is the harmonisation of terminology regarding the parameters and variables 

to be able to compare similar elements of the linear programme.  

The actual comparison of results and equations is performed with the harmonised 

terminology in Chapter 6. 

The comparison is carried out gradually. First, the objective value is compared as the most 
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aggregated comparison variable, then the energy production by technology, and finally the 

differences in the mathematical equations. 

The mathematical equations are compared in practice to be able to detect possible 

implementation errors of their theoretical description. Hence, the mathematical equations 

are discussed in Chapter 6 and do not form part of any preceding theoretical analysis. 

3.3 Harmonised Terminology 

A hurdle when comparing mathematical formulations of OSEMFs is the different naming 

conventions of the 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠 and 𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑠𝑠. This makes it difficult to match and compare 

the functionalities of both frameworks initially, as two nomenclatures have to be 

considered. 

The 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 and 𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝 definition in oemof and OSeMOSYS is different, hence the 

direct comparison of the linear programme is impracticable without terminological 

knowledge of both frameworks.  

The comparison of the mathematical equations is only useful if the 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 and 𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝 

naming conventions are harmonised and their meanings are clear for the reader. The 

subsequent mapping of the framework-specific variables and their meanings are based on 

the framework concepts above. This section supports the comparison in Chaper 6. The 

mapping system is based on the open_MODEX naming convention for future comparability, 

although, due to the limited number of compared elements in this thesis, a simplified 

terminology could have been chosen [19].  

 

Nomenclature  

  

𝜋𝜋 −  𝑐𝑐𝑐𝑐𝑠𝑠𝑝𝑝𝑠𝑠 Superscript (descriptive) 

𝜅𝜅 −  𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠 𝑝𝑝𝑐𝑐 𝑣𝑣𝑖𝑖𝑠𝑠𝑝𝑝𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑖𝑖 𝑐𝑐𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐𝑣𝑣𝑝𝑝𝑣𝑣𝑝𝑝𝑠𝑠 𝑐𝑐𝑝𝑝𝑝𝑝 −  𝑔𝑔𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑣𝑣𝑐𝑐𝑖𝑖 𝑐𝑐𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐𝑣𝑣𝑝𝑝𝑐𝑐 

γ −  𝑝𝑝𝑝𝑝𝑝𝑝𝑣𝑣𝑐𝑐𝑠𝑠 𝑝𝑝𝑝𝑝𝑣𝑣 −  𝑝𝑝𝑝𝑝𝑣𝑣𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐𝑖𝑖 

𝐸𝐸 −  𝑝𝑝𝑣𝑣𝑝𝑝𝑐𝑐𝑝𝑝𝑝𝑝𝑣𝑣𝑐𝑐𝑣𝑣𝑝𝑝𝑐𝑐 𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖 𝑓𝑓𝑓𝑓𝑠𝑠𝑝𝑝 −  𝑓𝑓𝑓𝑓𝑝𝑝𝑣𝑣 𝑓𝑓𝑠𝑠𝑝𝑝 

𝑣𝑣 −  𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝 𝑔𝑔𝑝𝑝𝑖𝑖 −  𝑔𝑔𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑣𝑣𝑐𝑐𝑖𝑖 

 𝑣𝑣𝑖𝑖 −  𝑣𝑣𝑖𝑖𝑝𝑝𝑓𝑓𝑝𝑝 
Sets 𝑣𝑣𝑖𝑖𝑠𝑠𝑝𝑝 −  𝑣𝑣𝑖𝑖𝑠𝑠𝑝𝑝𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑖𝑖 

𝑐𝑐 ∈ 𝑌𝑌 −  𝑌𝑌𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠 𝑣𝑣𝑖𝑖𝑣𝑣 −  𝑣𝑣𝑖𝑖𝑣𝑣𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑝𝑝 𝑐𝑐𝑐𝑐𝑠𝑠𝑝𝑝𝑠𝑠 
𝑝𝑝 ∈ 𝑅𝑅 −  𝑅𝑅𝑝𝑝𝑔𝑔𝑣𝑣𝑐𝑐𝑖𝑖𝑠𝑠 𝑣𝑣𝑣𝑣𝑓𝑓𝑝𝑝 −  𝑣𝑣𝑣𝑣𝑓𝑓𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑝𝑝 

𝑔𝑔 ∈ 𝐺𝐺 −  𝑇𝑇𝑝𝑝𝑐𝑐ℎ𝑖𝑖𝑐𝑐𝑣𝑣𝑐𝑐𝑔𝑔𝑣𝑣𝑝𝑝𝑠𝑠 𝑐𝑐𝑝𝑝𝑓𝑓 −  𝑓𝑓𝑣𝑣𝑓𝑓𝑝𝑝𝑖𝑖  𝑐𝑐𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑣𝑣𝑐𝑐𝑖𝑖 𝑝𝑝𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝𝑣𝑣𝑖𝑖𝑝𝑝𝑝𝑝𝑖𝑖𝑝𝑝𝑖𝑖𝑐𝑐𝑝𝑝 𝑐𝑐𝑐𝑐𝑠𝑠𝑝𝑝𝑠𝑠 
𝑝𝑝 ∈ 𝑇𝑇 −  𝑇𝑇𝑣𝑣𝑝𝑝𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠 𝑐𝑐𝑝𝑝𝑣𝑣 −  𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝  𝑐𝑐𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑣𝑣𝑐𝑐𝑖𝑖 𝑝𝑝𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝𝑣𝑣𝑖𝑖𝑝𝑝𝑝𝑝𝑖𝑖𝑝𝑝𝑖𝑖𝑐𝑐𝑝𝑝 𝑐𝑐𝑐𝑐𝑠𝑠𝑝𝑝𝑠𝑠 
 𝑐𝑐𝑓𝑓𝑝𝑝 −  𝑐𝑐𝑓𝑓𝑝𝑝𝑝𝑝𝑓𝑓𝑝𝑝 
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 𝑠𝑠𝑝𝑝𝑣𝑣𝑣𝑣 −  𝑠𝑠𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑔𝑔𝑝𝑝  
 𝑤𝑤𝑝𝑝𝑐𝑐𝑐𝑐 −  𝑤𝑤𝑝𝑝𝑣𝑣𝑔𝑔ℎ𝑝𝑝𝑝𝑝𝑖𝑖 𝑝𝑝𝑣𝑣𝑝𝑝𝑝𝑝𝑝𝑝𝑔𝑔𝑝𝑝 𝑐𝑐𝑐𝑐𝑠𝑠𝑝𝑝 𝑐𝑐𝑓𝑓 𝑐𝑐𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣 
  

 Subscript (set related) 

 𝑓𝑓 −  𝑓𝑓𝑓𝑓𝑝𝑝𝑣𝑣𝑠𝑠 
 𝑔𝑔 −  𝑔𝑔𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑣𝑣𝑐𝑐𝑖𝑖 𝑝𝑝𝑝𝑝𝑐𝑐ℎ𝑖𝑖𝑐𝑐𝑣𝑣𝑐𝑐𝑔𝑔𝑣𝑣𝑝𝑝𝑠𝑠 

 

 

Table 2: Parameter Names 

Parameter 

names 
open_MODEX OSeMOSYS oemof 

    

Investment 

Costs 
π𝑔𝑔
𝑖𝑖𝑖𝑖𝑖𝑖,𝑐𝑐𝑐𝑐𝑐𝑐 CapitalCost capex 

Fixed Costs π𝑔𝑔
𝑜𝑜𝑜𝑜𝑜𝑜,𝑐𝑐𝑐𝑐𝑐𝑐 FixedCost removed since v.0.2.0 

Variable 

Costs 
π𝑔𝑔
𝑜𝑜𝑜𝑜𝑖𝑖,𝑔𝑔𝑔𝑔𝑖𝑖 VariableCost variable_costs 

Fuel Costs π𝑜𝑜
𝑜𝑜𝑓𝑓𝑓𝑓𝑔𝑔,𝑔𝑔𝑔𝑔𝑖𝑖 included in variable costs included in variable costs 

Life-time κ𝑔𝑔
𝑙𝑙𝑖𝑖𝑜𝑜𝑔𝑔 OperationalLife n 

Installed 

Capacity 
κ𝑔𝑔
𝑖𝑖𝑖𝑖𝑓𝑓𝑖𝑖,𝑐𝑐𝑐𝑐𝑐𝑐 ResidualCapacity nominal_value 

Efficiency 
γ𝑔𝑔
𝑖𝑖𝑖𝑖,𝑔𝑔𝑔𝑔𝑖𝑖 

γ𝑔𝑔
𝑜𝑜𝑓𝑓𝑖𝑖,𝑔𝑔𝑔𝑔𝑖𝑖 

InputActivityRatio/ 

OutputActivityRatio 
conversion_factors 

WACC π𝑔𝑔
𝑖𝑖𝑖𝑖𝑖𝑖,𝑤𝑤𝑐𝑐𝑐𝑐𝑐𝑐 DiscountRate wacc 

Demand 

(electricity) 
E SpecifiedAnnualDemand Load.amount * Load.profile 
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4 Theoretical Framework Comparison 

This chapter compares the two open source energy modelling frameworks OSeMOSYS 

and oemof theoretically. It provides a brief insight into their historical development, 

structure, and functionalities to understand their main working principles. Selected 

differences are discussed. The chapter introduces a common naming convention to make 

framework functionalities and their underlying elements comparable and prepares the 

ground for the mathematical comparison. The chapter highlights the applicability of both 

frameworks to a specific modelling task using the previously presented method of a 

framework factsheet comparison. Note that both frameworks are under continuous 

enhancement and that this comparison represents a snapshot in their development. 

4.1 Open Source Energy Modelling Frameworks 

Additional to the six OSEMFs with a whole-system approach mentioned above other 

OSEMFs with a similar focus exist: Calliope  

 

The following theoretical framework comparison examines: 

• oemof v.0.3.2; and 

• OSeMOSYS “short code” and “long code” v. 2017_11_08. 

The code versions of both frameworks are examined as they have been downloaded, 

without further adjustments. 
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4.1.1 OSeMOSYS and oemof in Contrast 

Functionalities 

OSeMOSYS and oemof are OSEMFs that aim to cover physical, economic, and 

environment aspects in energy system model. The frameworks follow a bottom-up 

approach and use linear programming techniques to optimise energy models. The 

frameworks are generically designed and allow the free choice of base units, which have 

to be consistently chosen throughout, as no unit conversion is implemented. Both 

frameworks are open in their development and allow for the implementation of new 

components. The frameworks modular approach enable users to tailor functionalities to 

their needs and apply both frameworks to a broad bandwidth of research subjects in the 

energy sector.  

Focus 

The frameworks are in a different development phase due to their different roll-out. 

OSeMOSYS, released 2011, has been on the market for four years longer than oemof and 

consequently, its user community is better established in comparison to oemof’s. Oemof 

is developing an extension that focuses on modelling specific technologies in the heat 

sector, providing a far more precise option compared to its framework-inherent generic 

alternative to represent technologies in the heat sector (oemof-heat) [17]. OSeMOSYS’s 

user community had different needs, driven by their research foci. This has led to different 

development paths, which has seen OSeMOSYS being extended to the investigation of 

multi-resource problems addressing the interlinkages of climate, energy, land use, and 

water use (CLEWs) [16]. Oemof is only now beginning to approach developments of this 

kind within its projects. Oemof puts a strong emphasis on support and automation of its 

users’ modelling processes. Outstanding are its supportive synthetic demand generation 

feature, demandlib, and the linkage to windpowerlib and pvlib. OSeMOSYS has similar 

goals with otoole but progress is not yet as advanced as that of oemof. While the 

development of the extension in oemof is partially in the responsibility of other groups, 

oemof profits from the resources, efforts, and know-how of other developer teams. It, 

therefore, has a stronger inter-institutional development focus of its functionalities than 

OSeMOSYS does. 

Practical Application 

In practice, OSeMOSYS is used by a variety of institutions, for example, the United Nations 

Department of Economic and Social Affairs (UNDESA), the United Nations Development 

Programme (UNDP), the World Bank, and the Optimus community. Furthermore, it is 

applied in capacity building for energy planners, academic teaching, and research. The 

framework has been used to model the electricity supply system of Cyprus to investigate, 

https://github.com/oemof-heat
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inter alia, the effect of a policy-driven transition to gas on the island’s energy security in 

compliance with the environmental regulations of the European Union after 2020 [42]. A 

CLEWs model has been applied to a case study in Uganda. The framework has been used 

to build the model TEMBA, which investigates the optimal use of resources between grid 

expansion and generation expansion for 47 national states in Africa [43]. Finally, it allows 

for the seamless integration of the transport sector. It was applied to model the role of 

shared autonomous vehicles to explore their role for climate change mitigation pathways 

[44] and to investigate transition technologies for electrification and optimisation of bus 

transport systems [45]. 

Research institutions use Oemof in practice, such as the DLR – the Institute of Networked 

Energy Systems, the Center for Sustainable Energy Systems (ZNES) Flensburg, and the 

Reiner Lemoine Institute. The framework has been used for research purposes to advise 

policymakers on how to achieve their energy policy in line with climate objectives [46] and 

to assess the effects of flexible energy storage solutions on the energy system 

transformation [47]. It has been applied in research projects integrating social dimensions 

into energy modelling to increase the societal acceptance of the energy transition on 

energy islands [48]. The framework has been used to manage data to build an open feed-

in time series database for fluctuating renewables [49]. 

Target Groups 

OSeMOSYS aims to support the energy research community and energy planners in 

developing countries with an open framework for long-run energy planning [50]. The goal 

has been to provide a straightforward tool to apply and use without upfront investment 

costs. In its objective to target future energy modellers in developing countries with less 

economic resources, it has been a concern of the developer community to provide 

extensive training material. Until today, this manifests in a wide variety of materials that 

not only cover functionalities of the framework and its development environment, but 

additionally, the fundamentals of energy modelling itself. This makes the framework 

accessible for energy experts, who passed through professional education in energy-

related studies, such as energy politics or energy economics, with a solely fundamental 

understanding of physics and energy technologies. At the same time, the framework code 

is comprehensive enough to enable new sophisticated research for energy engineers with 

professional education in energy engineering and profound knowledge in physics and 

energy technologies.  

With its release in 2015 oemof’s developing paradigm has aimed “[…] to establish a 

working inter-institutional development process by following the best practice from 

professional software development as much as possible, and only later shift to establish 

an active user community.” [[8], p. 68]. In doing so, the framework has targeted the needs 

of energy system modellers [51], who have competences of energy engineers 
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complemented with expertise in computer science. The framework is designed to support 

the whole modelling process in different scientific energy system modelling projects and 

hence provides interfaces to integrate additional helpers. In its current development state, 

at the very least, basic programming skills are a prerequisite to use oemof’s model building 

environment. The above research examples represent an extract of oemof’s and 

OSeMOSYS’s scientific applicability. 

Both framework communities support the open energy modelling initiative, a group 

fostering open source and open data in energy modelling [52]. As open frameworks, they 

undergo constant enhancement and development of new features from their communities.  

While this subchapter served as an introduction to both frameworks, the next two 

subchapters will examine their structural and code design. 
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4.1.2 OSeMOSYS Structure 

OSeMOSYS, short for “Open Source energy MOdelling SYStem”, is an open source energy 

modelling framework available in Python, GAMS, and GNU MathProg. OSeMOSYS is 

designed to operate with two files to model and optimise an energy system. These are: 

the “energy model file” that contains the user-defined input data to specify the energy 

system; and the “code file” that contains the mathematical equations to specify the linear 

optimisation problem.  

In its current stage of development, OSeMOSYS offers pre- and post-processing 

interfaces. Regarding pre-processing, energy model files can either be generated by the 

Python-based tool otoole, the graphical user interface MoManI, or manually via a text 

editor. Post-processing options, such as graphical preparation of the results, are offered 

by MoManI and are under development in otoole. 

The latest stable released and maintained code version is written in GNU MathProg 

language and has two implementations: firstly, the OSeMOSYS “long code”; and secondly, 

the OSeMOSYS “short code”. The “long code” version is characterised by a detailed 

mathematical description, which results in many intermediate linear equations that have to 

be constructed and computed. The “long code” stems from its original release in 2011 

and was developed in collaboration with a range of institutions, including the International 

Atomic Energy Agency (IAEA), the United Nations Industrial Development Organisation 

(UNIDO), KTH Royal Institute of Technology, Stanford University, University College 

London (UCL), University of Cape Town (UCT), the Paul Scherrer Institute (PSI), the 

Stockholm Environment Institute (SEI), and North Carolina State University [53]. The short 

code was developed due to performance issues of executing the long code in a SE4ALL 

Modelling Challenge by the UN DESA in 2016 [54]. The “short code” decreases the number 

of intermediate equations constructed and computed by combining several equations into 

one to enhance the performance at the cost of the code readability [53]. However, a 

change of the basic framework's mathematical elements was not implemented in the “short 

code” between the code versions . 

The framework’s mathematical formulations structurally consist of sets, parameters, and 

variables. Together they form the mathematical equations, which are provided for each 

instantiation of an energy model. Nevertheless, the mathematical equations can be edited 

based on the user’s needs and are structured into thematic blocks. [53] 

Sets define specifics of an energy model, such as the spatial resolution (REGION), the 

temporal resolution (YEAR, TIMESLICE, SEASON, DAYTYPE, DAILYTIMEBRACKET), and 

the physical components of the energy model, which can be characterised as follows: 
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• TECHNOLOGY represents any kind of conversion technology;  

• FUEL represents any kind of technology-specific in- or output; 

• EMISSIONS represents any type of technology-specific output that is not an input 

for a subsequent conversion process; and 

• STORAGE represents any kind of storage technology to transmit technology-

specific output across timesteps. 

An energy model can be further specified by user-defined parameters to constrain more 

elements of the energy system. Examples of parameters are technology specifiers, such 

as energy conversion efficiencies, installed capacities, constraints on technology activities, 

and emissions and their in- and outputs or cost aspects. 

Variables are defined framework-internal to compute the output. Each variable and 

parameter is dependent on a number of sets. Therefore, the mathematical formulations 

are built for their corresponding sets and all set entries.  

 

 

Figure 2: OSeMOSYS Energy Network (own illustration) 

 

4.1.3 Oemof Structure 

Oemof, short for “Open Energy System Modelling Framework”, is a Python-based open 

source energy modelling framework. Oemof has emerged from three forerunner energy 

modelling projects (renpass, MRESOM, and pahesmf) and a first version was initially 

released in 2015 [8]. The framework has been established as a collaboration of the Centre 

for Sustainable Energy Systems (ZNES) Flensburg, the Reiner Lemoine Institute (RLI), and 

the Otto-von-Guericke-University of Magdeburg (OVGU) and is open and strengthened by 

new developers, who form the oemof developer group [55].  
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The oemof framework for modelling energy systems is implemented in Python. Python’s 

object-orientated programming paradigm allows code design in packages. Packages 

function as directories to structure the code and to pass functionalities to sub-packages. 

Likewise, it is possible to import packages independently from their hierarchical level and 

to use their functionalities. 

The oemof framework consists of three layers that are defined by the influence and the 

development engagement of the oemof developer group to the technical functionalities of 

the packages. This classification is organisational. 

The first layer is the core layer. At the core of the framework, in the oemof developer 

group’s competence regarding its functionalities is the oemof package with its first level 

of sub-packages (core, solph, outputlib, and demandlib1). 

The physical components of an energy system are defined in classes associated with 

individual specifying parameters within the core package. In its principle graph theory, all 

physical energy components are nodes that are connected by edges. A node is either 

representative of an energy conversion technology, a so-called “Component”, or 

representative of an energy carrier, a so-called “Bus”. An edge represents both: the 

structural relation; and the quantitative relation of nodes. As shown in Figure 3, 

components are further specified based on their characteristics in sinks, sources, and 

transformers. 

 

Figure 3: oemof’s Principle Graph-Theoretical Elements [51], p.21] 
 

All components of the energy system and their relations are individually added to an energy 

system class in which the temporal resolution, the spatial resolution, and additional 

 
1 Note that a regrouping of functionalities in packages is under discussion in the oemof developer 
group, but not crucial to understand oemof’s modular system. 
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configurations are specified. Figure 4 shows a schematic representation of an energy 

system in oemof.   

 

Figure 4: oemof’s Energy Network [51], p.19] 

 

Once the energy system is defined, the linear equations, which are allocated to each 

component, can be transferred into a format, using the solph package, which is readable 

by a solver, and the optimisation performed. This format, however, contains the same 

structural elements as in OSeMOSYS, which are namely sets, parameters, and variables. 

The second layer is the namespace layer and enables an extension of functionalities based 

on packages from the core layer. In providing this extension possibility, the framework 

enables different modelling approaches based on the same core energy components. 

The third layer is the oemof cosmos layer. This layer contains useful features in the domain 

of energy system modelling and is subject to standard development guidelines as part of 

the framework to meet quality standards for code development and compatibility. 

Examples are Feedinlib, which contains feed-in time series for volatile power plants, and 

demandlib, which provides artificial demand time series based on annual demands. 
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4.2 Framework Factsheet Comparison 

As touched upon in the literature review, factsheets may be used to theoretically compare 

EMS on the basis of their functionalities. 

This theoretical comparison is based on the OEP framework factsheet [56],[19]. The 

current version of the OEP factsheet (the May 2019 version) entails five main sections 

(basic information, openness and accessibility, model building, references, and 

mathematical description) with several categories. Its current update has considered the 

results of a literature study [7, 23, 39, 40], workshop-based expert reviews at the 

conferences FNE [57] and openMOD 2019 [52], and a feedback-loop on GitHub before its 

publication. 

Table 3 only presents relevant categories of the OEP framework factsheet to demonstrate 

the comparability of the selected frameworks towards the application example presented 

in Chapter 5. The selected categories are a selection of all available categories of the OEP 

factsheet. 

 

Table 3: Framework Factsheet with Focus on Use Case Relevant Categories  

Category OSeMOSYS oemof 

Basic Information   

Sectoral scope Electricity Electricity 

Openness & 

Accessibility 
  

Open source Yes Yes 

Model Building   

Variable timestep Yes Yes 

Renewable 

Technology 

Inclusion 

Hydro, Solar, Wind, Biomass Hydro, Solar, Wind, Biomass 

Cost Inclusion 

Fuel prices, Investment, Fixed 

Operation & Maintenance, 

Variable Operation & 

Maintenance 

Fuel prices, Investment, Fixed 

Operation & Maintenance, 

Variable Operation & 

Maintenance 

Mathematical 

Description 
  

The underlying 

methodology 
Optimization Optimization 
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Objective Function 

Type 
Minimize Total System Cost Minimize Total System Cost 

External Solver GLPK, CBC GLPK, CBC 

   

  



 

 
 

Case Study 27 
  

 
 

 

5 Case Study 

This chapter presents the main case study and the reference energy system that is the 

basis of the practical analysis of the OSEMFs, supplementary to the theoretical 

comparison. The chapter describes the reference energy system and the system 

boundaries, as well as the applied scenarios of this study.  

5.1 Reference Energy System and System Boundaries  

This study considers two RESs. 

Firstly, the Super Simple System (S1) which represents a simplified fictional energy system. 

It serves to understand the key differences among the mathematical operating principles 

of the examined frameworks based on the linear programme.  

Secondly, the Berlin-Brandenburg Case Study (TX) which models the German federal 

states Berlin and Brandenburg. The RES serves as the primary model to investigate the 

structural differences in practice between the two frameworks. The analysis focuses on 

the question of whether both frameworks result in the same technology mix of electricity 

generation, the same investment decisions and the same calculation of total costs. 

5.1.1 Super Simple System (S1) 

S1 is set up by three energy system components: one primary energy source, one energy 

conversion technology with in- and output, and one demand. The naming of the 

components is arbitrary and does not influence the solution of the linear programme. 

However, for further specification and the sake of simplicity, a simplified gas process chain 

is assumed. 
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Figure 5: RES S1 

 

S1 is applied in the early stages of the comparison process. In order to model S1 it is 

sufficient to build a basic energy system in the respective framework, without the necessity 

to understand the main working principles yet. It is also possible to utilise example models 

which are often provided by the framework developer teams and further reduce their 

complexity by excluding energy system components. 

A mapping system is introduced in S1 to support the understanding of the mathematical 

operating principles. The mapping is handled with the help of the numeric input of the 

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠. Each 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 is assigned to a unique numeric input as an identifier that 

appears only once in the linear programme of both frameworks. This allows someone 

already familiar with the mathematical equations of their framework to recognise two 

aspects in the framework that is foreign to them, without extensive studies of the 

documentation. At first, it is possible to become familiarised with the general structure of 

the linear programme, which is helpful to gain an understanding of the underlying 

mathematical relations. Second, it is possible to identify 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠 and 𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑠𝑠 that are 

related to the selected input parameters in S1 and thus detect differences in the modelling 

of energy systems compared to their own framework.  

In the following Table 4, the numeric input of the 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠 for the scenario S1 are 

presented. S1 is applied to one timestep. For the open_MODEX naming convention, see 

Chapter 3.3.  

 

Table 4: Mapping System in S1 

Parameter  ID (𝑖𝑖𝑓𝑓𝑝𝑝𝑝𝑝𝑝𝑝𝑣𝑣𝑐𝑐 𝑣𝑣𝑖𝑖𝑝𝑝𝑓𝑓𝑝𝑝) Unit 

γ𝑔𝑔
𝑖𝑖𝑖𝑖,𝑔𝑔𝑔𝑔𝑖𝑖 1.1101 - 

κ𝑔𝑔
𝑖𝑖𝑖𝑖𝑓𝑓𝑖𝑖,𝑐𝑐𝑐𝑐𝑐𝑐 3.1101 MW 

𝐸𝐸 2.1101 MWh 

π𝑔𝑔
𝑜𝑜𝑜𝑜𝑖𝑖,𝑔𝑔𝑔𝑔𝑖𝑖 9.1202 € 
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5.1.2 Berlin-Brandenburg Case Study (TX)  

The RES TX represents the metropolitan region Berlin-Brandenburg in the reference year 

2016. Six scenarios are applied to TX, which differ in two aspects. The first aspect is the 

temporal resolution of the optimisation, and the second aspect is the optimisation 

objective. The number of timestep is varied so as to look into their influence on key 

performance indicators in the respective framework. As measuring points, temporal 

resolutions are chosen that are typical for both frameworks: an hourly resolution for oemof 

and aggregated timesteps for OSeMOSYS. Dispatch and investment decisions are the 

main fields of application of both frameworks. Hence, both operating modes are examined. 

The "T" in the RES name is short for timesteps, and the "X" indicates the number of 

timesteps (1,16,8784) as well as the type of optimisation ("I" - investment mode, "absence 

of I" - dispatch mode). The following scenario names result:  

• T1, T16, T8784 (dispatch mode); and 

• TI1, TI16, TI8784 (investment mode), which assume no existing electricity 

production capacities in both regions. 

The timesteps have been chosen to apply both frameworks in their usual domain. 

OSeMOSYS is commonly used with aggregated timesteps, oemof by contrast commonly 

works in an hourly resolution. By applying both frameworks to the number of timesteps 

usually taken by the other framework, the frameworks are tested to see whether they can 

stand up to their self-description and are generically applicable to variable timesteps. 

Assumptions of the Model 

The RES TX assumes both German federal states as islands with interconnecting electricity 

lines between them, but with no additional connection to either a German federal state or 

Poland. The energy conversion technologies and their installed capacities are aggregated 

by the federal states. Primary energy conversion technologies comprise renewable fuels 

(wind, solar, run-of-river hydro, and biomass) and fossil fuels (lignite, hard coal, oil, and 

natural gas). Secondary energy conversion technologies include the high-voltage electricity 

transmission grid exclusively. Moreover unlimited fuel supply and transmission capacity 

within each federal state is assumed. TX covers the electricity sector only and aggregates 

the final electricity demand on federal state level. Figure 6 shows a schematic 

representation of the RES TX.  

The time-series data was obtained in an hourly resolution for the leap year 2016 (=8784h) 

and then aggregated to sixteen and one timestep. 

The complete input dataset and its methods of calculation as well as their references can 

be found in Appendix A. 
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Figure 6: RES TX 
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The implementation of the modelled technologies from the energy system in Figure X above 

is described as follows for both frameworks. 

Renewables 

Renewable energy technologies (wind, solar PV, and run-of-river hydro) are identically 

modelled in both frameworks. They are represented respectively by a technology in 

OSeMOSYS and a source in oemof. In both frameworks, renewables are characterised by 

a timeslice-dependent capacity factor, an installed capacity, and an output fuel. 

Fossil Fuels 

Fossil-fuel-based energy production (lignite, hard coal, oil, and natural gas) and biomass 

have been modelled in the same way in both frameworks. They are represented by a 

technology in OSeMOSYS and a transformer in oemof. They are characterised by an input 

fuel, an output fuel, an energy conversion efficiency, and an installed capacity. 

Transmission and Trade 

Transmission and trade technologies have been modelled similarly in both frameworks. 

They are represented by a technology in OSeMOSYS and a transformer in oemof, both 

characterised by an input fuel, an output fuel, an energy conversion efficiency, and an 

installed capacity. 
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6 Results and Discussion 

This chapter concentrates on the analysis of the obtained data. In the first third of the 

chapter, the findings obtained by modelling S1 are discussed. First insights into 

fundamental differences in the mathematical formulations are documented on the basis of 

S1. The second section of the chapter first considers the results of the dispatch 

optimisation and then the results of the investment optimisation of TX. The last part of the 

chapter discusses selected results separately.  

6.1 Mathematical Comparison 

The mathematical comparison proceeds mainly at the phenomenological level, which 

discusses the underlying assumptions of the equations and the effects of their formulation. 

The large differences in the mathematical formulation of the linear equations between the 

frameworks make it difficult to compare the effect of the input variables to the output 

variables across the frameworks, as each framework has its dynamics. Where possible, 

the causes of different results, which are located in the framework design and the 

mathematical equations, are shown. 
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6.1.1 S1 

S1 has been calculated with oemof v.0.3.2 and OSeMOSYS “short code” and “long code” 

v. 2017_11_08. Their linear programmes, which are further discussed below, are 

documented in Appendix B. It is recommended to have the LPs ready for display in parallel 

when reading this section to support the reading flow. In the following analysis, selected 

aspects are highlighted with line reference in brackets to the respective constraint in the 

LP, e.g. a line reference in line twelve of an LP is indicated as (12) and highlighted in green 

in the LP. In order to improve the clarity of the documentation, the observations are 

numbered and later discussed. 

1. It can be observed that the LP generated: by the OSeMOSYS “long code” contains 

106 constraints and 91 variables; by the OSeMOSYS “short code” contains 66 

constraints and 53 variables; and by oemof contains four constraints and four 

variables.  

2. OSeMOSYS’s LP both “long code” (219,223,233,243) and “short code” 

(122,158,169,173) contain numeric values not defined by the user. 

3. It stands out that from the four identifiers (highlighted in red) three appear in the 

oemof LP, four in the OSeMOSYS “long code” LP, and four partially repeated in the 

OSeMOSYS “short code” LP. 

4. Furthermore, one can note that technology-fuel relational constraints appear that 

were not defined by the user in the OSeMOSYS “long code” LP (50,52,74) and 

“short code” LP (14,27,72,85). Partially they make no technical sense, but at least 

they do not influence the result, because the user does not define their numeric 

relationship. For better understanding, constraint EBa2 in the OSeMOSYS “long 

code” LP (52)  is verbalised; the constraint relates to how much fuel (electricity) is 

produced by a technology (gas import). 

5. Moreover, it can be noted that in the oemof LP, the variable costs appear in the 

objective function (5) and the specified capacity of the natural gas power plant in 

the bounds (29), while in OSeMOSYS both are defined in constraints.  

6. Lastly, the objective value is 18.781 in both code versions of OSeMOSYS compared 

to 19.245 in oemof.  
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In the following section, all observations are discussed in chronological order. 

Regarding observation one; OSeMOSYS uses two files to model and optimise an energy 

system: on the one hand, the “energy model file” which contains the input data specified 

by the user; and on the other hand, a “code file” containing the mathematical equations to 

specify the linear optimisation problem. In its standard configuration, the “code file” 

contains all the relevant equations to utilise the full range of functionalities that the 

framework can provide. Thus, a user only has to specify the input data and is exempt from 

grappling with the selection of the relevant mathematical equations to optimise their energy 

model. Whereas oemof works in a similar way using a “model file” and a “code file” but 

requires the user to create the “code file” for each modelling exercise from scratch. In 

doing so, the user does not have to deal with the mathematical equations either. By adding 

the desired specified energy system components to a separate energy system class, the 

predefined relevant mathematical equations, which are deposited in their respective 

classes, are added to a “code file”. Through this design, the relevant mathematical 

equations to specify the energy system are picked out of the entire framework functionality 

and only specify the functionalities needed by the user. The difference in the number of 

equations, hence, at first reflects the different framework functionalities that can be 

optimised with the code file, regardless of whether or not it is needed by the user. As a 

result, the LP of oemof in S1 is just defined by four constraints and four variables compared 

to a multiple of the equations in OSeMOSYS. 

The second observation is a consequence of the first. By providing the full set of 

OSeMOSYS functionalities in each “code file”, it becomes necessary to embed consistent 

dummy data in the “model file”, in case of non-user defined parameters, to ensure 

solvability of the optimisation problem. This circumstance requires the energy modeller to 

check the dummy data to ensure that they do not restrict the solution space to a degree 

that makes the problem unsolvable. For example, in that case, other units have been 

chosen rather than the selected units to design the dummy data. This, however, defines 

another step in the modelling process and is the reason for the non-user defined values. 

One can conclude from the third observation firstly, in the OSeMOSYS “long code”, no 

numeric transformations are performed regarding the selected identifiers in the merger of 

“code” and “model” file; secondly, no numeric transformations are performed regarding 

the selected identifiers and equations were substituted in the OSeMOSYS “short code”; 

and thirdly, the oemof LP numeric transformations are performed by merging the “code” 

and “model” file regarding the energy conversion efficiency (19). 

Observation four requires consideration of the basic structure of the mathematical 

equations in OSeMOSYS. As explained in Chapter 3.1, the mathematical structure is built 

upon sets, 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠 and 𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑠𝑠. The reason for observation four can be found the 

definition of the sets and 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠. Technology-fuel relations in OSeMOSYS are logically 
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and numerically defined in the 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠, 𝐼𝐼𝑖𝑖𝑝𝑝𝑓𝑓𝑝𝑝𝑡𝑡𝑐𝑐𝑝𝑝𝑣𝑣𝑣𝑣𝑣𝑣𝑝𝑝𝑐𝑐𝑅𝑅𝑝𝑝𝑝𝑝𝑣𝑣𝑐𝑐, which defines the input fuels 

of a technology and 𝑂𝑂𝑓𝑓𝑝𝑝𝑝𝑝𝑓𝑓𝑝𝑝𝑡𝑡𝑐𝑐𝑝𝑝𝑣𝑣𝑣𝑣𝑣𝑣𝑝𝑝𝑐𝑐𝑅𝑅𝑝𝑝𝑝𝑝𝑣𝑣𝑐𝑐, which defines the output fuels of a technology.2 

As discussed above, constraints in OSeMOSYS are built by the iteration of each 

mathematical equation to its designated sets. Since the technically reasonable technology-

fuel combinations are defined in 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠, this pre-filter to specify the energy system is 

unusable in the generation of the equations. On the contrary, as technologies and fuels 

are defined as sets, all possible technology-fuel combinations are considered when 

creating constraints that are dependent on both sets, regardless of their purpose. This 

design results in technology-fuel relations that are not intended or specified by the user 

and ultimately lead to unnecessary constraints that do not influence the objective of the 

optimisation. However, the constraints are calculated and lead to a longer calculation time 

and higher memory consumption. 

Observation five reflects the different mathematical approaches of the frameworks to 

formulate their LPs. However, an assessment of this observation regarding the framework 

performance or influence on the result cannot be made. 

Observation six can be rationalised with the different assumptions that are underlying the 

equations. The reason for the difference in the objective value can be found in the objective 

functions of both frameworks, which are discussed in the following chapter.  

  

 
2 Note that one technology can have more than one input and output fuel. This circumstance is 
taken into account with the set MODE_OF_OPERATION. 
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6.1.2 Objective Function 

As discussed above, oemof’s objective function depends on the model and is case-

specific built, while OSeMOSYS’s objective function has a fixed basic structure. In this 

chapter, the objective functions of both frameworks are presented with regard to the 

following scenarios. 

 

The following scenarios contain a dispatch and an investment mode. Hence, both are 

mathematically represented in both frameworks’ objective functions. 

OSeMOSYS 

For more details regarding the full composition of OSeMOSYS’s objective function, see 

Appendix C. 

 

𝜋𝜋𝑂𝑂𝑂𝑂𝑔𝑔𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂
𝑜𝑜𝑜𝑜𝑜𝑜 =               � [𝐷𝐷𝑣𝑣𝑠𝑠𝑐𝑐𝑐𝑐𝑓𝑓𝑖𝑖𝑝𝑝𝑝𝑝𝑖𝑖𝑂𝑂𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑣𝑣𝑖𝑖𝑔𝑔𝐷𝐷𝑐𝑐𝑠𝑠𝑝𝑝(𝑝𝑝, 𝑝𝑝, 𝑐𝑐)

𝑇𝑇

𝑖𝑖
                

+𝐷𝐷𝑣𝑣𝑠𝑠𝑐𝑐𝑐𝑐𝑓𝑓𝑖𝑖𝑝𝑝𝑝𝑝𝑖𝑖𝐷𝐷𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝐼𝐼𝑖𝑖𝑣𝑣𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑝𝑝(𝑝𝑝, 𝑝𝑝,𝑐𝑐) 

+𝐷𝐷𝑣𝑣𝑠𝑠𝑐𝑐𝑐𝑐𝑓𝑓𝑖𝑖𝑝𝑝𝑝𝑝𝑖𝑖𝑇𝑇𝑝𝑝𝑐𝑐ℎ𝑖𝑖𝑐𝑐𝑣𝑣𝑐𝑐𝑔𝑔𝑐𝑐𝐸𝐸𝑝𝑝𝑣𝑣𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐𝑖𝑖𝑠𝑠𝑛𝑛𝑝𝑝𝑖𝑖𝑝𝑝𝑣𝑣𝑝𝑝𝑐𝑐(𝑝𝑝, 𝑝𝑝,𝑐𝑐) 

−𝐷𝐷𝑣𝑣𝑠𝑠𝑐𝑐𝑐𝑐𝑓𝑓𝑖𝑖𝑝𝑝𝑝𝑝𝑖𝑖𝐷𝐷𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑔𝑔𝑝𝑝𝐷𝐷𝑝𝑝𝑣𝑣𝑓𝑓𝑝𝑝(𝑝𝑝, 𝑝𝑝,𝑐𝑐)] 

 

𝑝𝑝 −  𝑝𝑝𝑝𝑝𝑔𝑔𝑣𝑣𝑐𝑐𝑖𝑖;  𝑝𝑝 −  𝑝𝑝𝑝𝑝𝑐𝑐ℎ𝑖𝑖𝑐𝑐𝑣𝑣𝑐𝑐𝑔𝑔𝑐𝑐;  𝑐𝑐 − 𝑐𝑐𝑝𝑝𝑝𝑝𝑝𝑝 

Although OSeMOSYS’s “code file” contains all the relevant equations to model storage, 

the relevant storage equations have not been built (Appendix B) due to the absence of 

data in the storage set. They are not part of the objective function for the use cases. 

Oemof 

𝜋𝜋𝑜𝑜𝑔𝑔𝑜𝑜𝑜𝑜𝑜𝑜
𝑜𝑜𝑜𝑜𝑜𝑜 =                       � � � 𝑓𝑓𝑣𝑣𝑐𝑐𝑤𝑤(𝑣𝑣, 𝑐𝑐, 𝑝𝑝) ∗ 𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝 𝑐𝑐𝑐𝑐𝑠𝑠𝑝𝑝𝑠𝑠(𝑣𝑣, 𝑐𝑐, 𝑝𝑝)

𝑇𝑇

𝑖𝑖
 

𝑂𝑂

𝑜𝑜

𝐼𝐼

𝑖𝑖
                

+ � � 𝑣𝑣𝑖𝑖𝑣𝑣𝑝𝑝𝑠𝑠𝑝𝑝(𝑣𝑣, 𝑐𝑐) ∗ 𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑠𝑠𝑝𝑝𝑠𝑠(𝑣𝑣, 𝑐𝑐)  
𝑂𝑂

𝑜𝑜

𝐼𝐼

𝑖𝑖
   

 

𝑣𝑣 −  𝑣𝑣𝑖𝑖𝑝𝑝𝑓𝑓𝑝𝑝, 𝑐𝑐 −  𝑐𝑐𝑓𝑓𝑝𝑝𝑝𝑝𝑓𝑓𝑝𝑝, 𝑝𝑝 −  𝑝𝑝𝑣𝑣𝑝𝑝𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝  
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𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑠𝑠𝑝𝑝𝑠𝑠 = 𝑐𝑐𝑝𝑝𝑝𝑝𝑝𝑝𝑓𝑓 ∗
�𝑊𝑊𝑡𝑡𝐷𝐷𝐷𝐷 ∗ (1 + 𝑊𝑊𝑡𝑡𝐷𝐷𝐷𝐷)𝑙𝑙𝑖𝑖𝑜𝑜𝑔𝑔𝑖𝑖𝑖𝑖𝑜𝑜𝑔𝑔�

((1 + 𝑊𝑊𝑡𝑡𝐷𝐷𝐷𝐷)𝑙𝑙𝑖𝑖𝑜𝑜𝑔𝑔𝑖𝑖𝑖𝑖𝑜𝑜𝑔𝑔 − 1)
 

𝑊𝑊𝑡𝑡𝐷𝐷𝐷𝐷 −  𝑤𝑤𝑝𝑝𝑣𝑣𝑔𝑔ℎ𝑝𝑝𝑝𝑝𝑖𝑖 𝑝𝑝𝑣𝑣𝑝𝑝𝑝𝑝𝑝𝑝𝑔𝑔𝑝𝑝 𝑐𝑐𝑐𝑐𝑠𝑠𝑝𝑝 𝑐𝑐𝑓𝑓 𝑐𝑐𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣;   𝑐𝑐𝑝𝑝𝑝𝑝𝑝𝑝𝑓𝑓 −  𝑐𝑐𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣 𝑣𝑣𝑖𝑖𝑣𝑣𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑝𝑝  

 

 

From the documentation above, it becomes clear that the objective functions of both 

frameworks differ in their economic assumptions. 

Oemof is solely optimising variable costs internally and leaves the calculation of the fixed 

operation and maintenance costs to manual post-processing. Furthermore, the framework 

only discounts investment costs and not variable costs. OSeMOSYS, on the other hand, 

optimises the total discounted system costs, hence also includes the variable costs. 

This circumstance makes it irrelevant whether the fixed operation and maintenance costs 

are subtracted from OSeMOSYS’s total system costs or whether the fixed operation and 

maintenance costs are calculated manually and added to the variable and investment costs 

in oemof.  

To verify the correct implementation of the economic equations in OSeMOSYS, a manual 

calculation was performed. OSeMOSYS’s final objective function, as mathematically 

presented in Appendix C, was manually calculated in one iteration with the output 

variables derived from the framework. The result has been compared to the computed 

objective value of OSeMOSYS, and their equality has been confirmed.  

After the successful verification of OSeMOSYS’s mathematical implementation, it was 

decided to compare the undiscounted variable costs of OSeMOSYS, as an internally 

computed intermediate result, with the final objective value of oemof to compare direct 

framework outputs exclusively and reduce human error. 
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6.2 Result Comparison 

This subchapter presents the observations and results that have been obtained by 

modelling TX. As previously stated, the objective functions of both frameworks differ in 

their economic assumptions; therefore, the following analysis compares the variable costs 

as the most aggregated frameworks’ output. For further explanations, see Chapter 5.1.2. 

Furthermore, the generation-technology mix to supply the final demand is used as a control 

indicator to compare the frameworks. This entails the generation of technology-specific 

energy in the dispatch mode and additionally, the new installed capacity in the investment 

mode. The indicator will be consulted and discussed in detail if differences occur between 

the frameworks.  

A table is provided for each scenario, which compares the key performance indicators, 

taken from the solver statistics and the variable optimised operation costs as a 

mathematically most aggregated comparison indicator between the frameworks. The table 

presents the numeric results individually for each framework and additionally comparatively 

as a relation of OSeMOSYS to oemof. 

Every scenario comes with a figure of the electricity production in the Appendix. The figure 

shows the electricity production of each technology in region, electricity imports, final 

transmission, backstop activity to cover unmet demand, and excess electricity in oemof.  

 

The results of this chapter have been obtained with: 

• oemof v.0.3.2; and 

• OSeMOSYS “short code” v. 2017_11_08. 

The OSeMOSYS “short code” was chosen for consistency reasons, as it was not possible 

to run the TX scenarios with 8784 timesteps on the available machine, due to its 

performance limits. The machine to perform the calculations for all optimisation runs is 

equipped with an i7-4600U CPU @ 2.1GHz and 16GB RAM and operates on Windows. 
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6.2.1 T1 

Figure T1 shows the produced electricity in MWh for scenario T1 in Appendix D. The 

scenario operates with one timestep in dispatch mode. It can be seen in Table 5 that both 

models’ optimisations result in the same electricity production mix, which results in similar 

variable operating costs. The total variable operation costs only differ in the ninth power. 

The difference regarding the performance parameters, however, is measurable but not yet 

considerable in wallclock time, although OSeMOSYS uses 5.8 MB compared to oemofs’s 

0.05 MB RAM usage, which is about 100 times more.  

The reasons for that are debated in Chapter 6.1.1 in the discussion regarding 

observations one to four.  

Table 5: Results T1 

OSeMOSYS oemof3 Ratio 𝑂𝑂𝑂𝑂𝑔𝑔𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂
𝑜𝑜𝑔𝑔𝑜𝑜𝑜𝑜𝑜𝑜

 

Variable operation costs 109,678,412.47 109,678,414.76 1.00 

Number of constraints 2,857 29 98.52 

Number of nonzeros 4,290 71 60.42 

Number of objectives 1 1 1.00 

Number of variables 2,730 43 63.49 

Wallclock time [s] 0.0 0.0 - 

RAM [Bytes] 5,854,971 56,548 103.54 

At this point, the focus will be on the impact on the output data of OSeMOSYS. Table 6 

exemplifies a snapshot of technology-fuel relations that are formed for the technology 

BBLIG_IMPORT in the (output) 𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝 “𝑛𝑛𝑝𝑝𝑐𝑐𝑖𝑖𝑓𝑓𝑐𝑐𝑝𝑝𝑣𝑣𝑐𝑐𝑖𝑖𝑃𝑃𝑐𝑐𝑇𝑇𝑝𝑝𝑐𝑐ℎ𝑖𝑖𝑐𝑐𝑣𝑣𝑐𝑐𝑔𝑔𝑐𝑐”. The 𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝 is shown 

as an example for a total of six 𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑠𝑠 that relate to the same sets (technology, fuel, 

and timeslice) and have the same inefficiencies. 

The snapshot in Table 6 shows how much fuel is imported by the lignite import technology 

in the energy system. The fuel import technology is only intended to provide the fuel lignite 

3 It shall be noted that the results for oemof could only be produced due to a twist in 

applying the framework, which is explained more clearly in T16. 
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to the region Brandenburg, and only this technology-fuel relationship has been user-

defined.  

Table 6: OSeMOSYS Technology-Fuel Relations 

r l t f y ProductionByTechnology 

… … … … … … 

BB_BE 1 BBLIG_IMPORT BBNaturalGas 2016 0 

BB_BE 1 BBLIG_IMPORT BBHardCoal 2016 0 

BB_BE 1 BBLIG_IMPORT BBLignite 2016 46844784 

BB_BE 1 BBLIG_IMPORT BBOil 2016 0 

BB_BE 1 BBLIG_IMPORT BBBiomass 2016 0 

BB_BE 1 BBLIG_IMPORT BBEL_SEC 2016 0 

BB_BE 1 BBLIG_IMPORT BBEL_FIN 2016 0 

BB_BE 1 BBLIG_IMPORT BENaturalGas 2016 0 

BB_BE 1 BBLIG_IMPORT BEHardCoal 2016 0 

BB_BE 1 BBLIG_IMPORT BELignite 2016 0 

BB_BE 1 BBLIG_IMPORT BEOil 2016 0 

BB_BE 1 BBLIG_IMPORT BEBiomass 2016 0 

BB_BE 1 BBLIG_IMPORT BEEL_SEC 2016 0 

BB_BE 1 BBLIG_IMPORT BEEL_FIN 2016 0 

… … … … … … 

r-region, l-timeslice, t-technology, f-fuel, y-year

Only one of fourteen technology-fuel relations seen in Table 7 is user-defined in the 

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑂𝑂𝑓𝑓𝑝𝑝𝑝𝑝𝑓𝑓𝑝𝑝𝑡𝑡𝑐𝑐𝑝𝑝𝑣𝑣𝑣𝑣𝑣𝑣𝑝𝑝𝑐𝑐𝑅𝑅𝑝𝑝𝑝𝑝𝑣𝑣𝑐𝑐.  

In total, 448 technology-fuel relations are computed for one timestep in the 𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝 

“ProductionByTechnology”. In the optimal case, in total, 32 technology-fuel relations, 

which have been user-defined in the 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑂𝑂𝑓𝑓𝑝𝑝𝑝𝑝𝑓𝑓𝑝𝑝𝑡𝑡𝑐𝑐𝑝𝑝𝑣𝑣𝑣𝑣𝑣𝑣𝑝𝑝𝑐𝑐𝑅𝑅𝑝𝑝𝑝𝑝𝑣𝑣𝑐𝑐, should have been 

computed.    

The observation is addressed in an upcoming OSeMOSYS version after being 

communicated over the progress of the thesis. 

The inefficiencies mentioned above regarding the technology-fuel relations together with 

mathematical design to provide the framework functionalities in each “code file”, which are 

not necessarily needed, are the reasons for more equations in the LP of OSeMOSYS 

compared to oemof.  



 

 
 

Results and Discussion 41 
  

 
 

6.2.2 T16 

Figure T16 shows the produced electricity in MWh for scenario T16 in Appendix D.  

In Figure T16, it can be seen that both optimisations result in the same electricity 

production mix. Table 7 shows the same variable operating costs in both models. 

However, this result can only be achieved, just as in T1, when dealing with the aggregated 

timesteps in a manner not intended in oemof v.0.3.2.  

 

Table 7: Results T16 

 OSeMOSYS oemof Ratio 𝑂𝑂𝑂𝑂𝑔𝑔𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂
𝑜𝑜𝑔𝑔𝑜𝑜𝑜𝑜𝑜𝑜

 

    

Variable operation costs 109,678,273.50 109,678,273.50 1.00 

    

    

Number of constraints 31,552 449 70.27 

Number of nonzeros 52,050 1,121 46.43 

Number of objectives 1 1 1.00 

Number of variables 31,200 673 46.36 

Wallclock time [s] 0.1 0.0 - 

RAM [Bytes] 53,148,267 531,812 99.94 

 

In oemof, the time representation is based on the Pandas DatetimeIndex, a framework 

distant Python package. The index allows to generate date- and time ranges in different 

frequencies, resampling, time-span representation, and other useful features [58]. The 

index is used to determine the time increment within the models, in other words: the 

temporal distance between the timesteps. The index is only allowing equidistant timesteps, 

which makes time aggregation in the intended way not possible.  

Unfortunately, this circumstance is neither recorded in the documentation nor indicated in 

the updated OEP framework factsheet, which has cost significant time in the debugging 

of the model. However, in the attempt to implement aggregated timesteps in the oemof 

model, various parameters have been tested to twist the model. In doing so, the usage of 

the  𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 “𝑝𝑝𝑝𝑝𝑓𝑓” lead to a successful adaptation, although, according to the 

documentation, the parameter is not supposed to operate in the applied range. 

The 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 “𝑝𝑝𝑝𝑝𝑓𝑓” is defined in the oemof.network package as:   

„max : numeric (sequence or scalar) Normed maximum value of the flow. The flow absolute 
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maximum will be calculated by multiplying :attr:`nominal_value` with :attr:`max`” (line 64, 

network.py).  

The numeric input to the 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 should be “normed” between 0 and 1, which is 

discussed in the GitHub issue #678 in the oemof repository. 

(https://github.com/oemof/oemof-solph/issues/687). 

However, the value range of the 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 is not checked in oemof and is acknowledged 

with an error message but allows values greater than one. This circumstance is used to 

account for the time aggregation in the 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝. 

The timesteps of the energy system class have been defined in an hourly resolution with 

16 consecutive timesteps. 

A transformer in oemof is defined in the following way: 

energysystem.add(solph.Transformer( 
    label="BBNGA_P", 
    inputs={BBNaturalGas: solph.Flow()}, 
    outputs={BBEL_SEC: solph.Flow(nominal_value=733.3, variable_costs=19.89, 
             max=var_section_length)}, 
    conversion_factors={BBEL_SEC: 1, BBNaturalGas: 1.72})) 
 
var_section_length = 
[360.0,360.0,540.0,900.0,552.0,368.0,552.0,736.0,460.0,276.0,552.0,920.0,276.0,276.0,368.
0,1288.0] 
 
 
The 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝“𝑣𝑣𝑝𝑝𝑝𝑝𝑓𝑓𝑝𝑝𝑐𝑐𝑝𝑝𝑣𝑣𝑐𝑐𝑖𝑖𝑙𝑙𝑝𝑝𝑖𝑖𝑔𝑔𝑝𝑝ℎ” represents the aggregated hours of each of the 16 

timesteps. By the multiplication with the installed capacity (in oemof named inter alia 

𝑖𝑖𝑐𝑐𝑝𝑝𝑣𝑣𝑖𝑖𝑝𝑝𝑣𝑣𝑖𝑖𝑝𝑝𝑣𝑣𝑓𝑓𝑝𝑝) the variable temporal length of each section between the timesteps is 

considered. 

  

https://github/
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6.2.3 T8784 

Figure T8784 shows the produced electricity in MWh for scenario T8784 in Appendix D, 

scalable in high resolution. The scenario is applied within the technical scope of oemof 

and OSeMOSYS and is implemented by the books without any twists or adaptions. The 

variable costs differ in the sixth power between OSeMOSYS and oemof, as shown in Table 

8. 

In Figure T8784, it can be seen that both frameworks choose an identical technology mix 

to satisfy the demand but partially different technology activities. The differences occur in 

the renewable electricity production in wind, hydro, and to a lesser extent solar PV in 

Brandenburg. The reason for the difference is found in the modelling approach of oemof. 

The framework requires fixing the input data for the capacity factors for the renewables. 

In doing so, the solver has no permission to alter the input values and is required to use 

the full extent of the available renewable capacity. Unrequired electricity production for the 

final demand is accounted for in excess production, which is displayed at the bottom of 

the Figure.  

Two questions arise: 

1. Why is OSeMOSYS not using the full available and free electricity production from 

renewable energy sources?  

2. Why is oemof using the same amount of electricity production from lignite as 

OSeMOSYS, if theoretically more free electricity production from wind is available? 

Excess in oemof is mathematically implemented as a slack variable and conceptually 

implemented as a sink only allowing inputs. In-depth knowledge of oemof’s excess 

implementation is required to answer the questions. 

However, as shown in Table 9, a minor difference in the variable costs occurs, but the 

mismatch in renewable electricity production between the frameworks is not the reason 

for the difference in the costs. All renewables are modelled without variable costs. 

The active technologies with variable costs determine the difference in the results in the 

scenario: electricity production from lignite in Brandenburg and the import from 

Brandenburg. The difference cannot be seen in Figure T8784, as it is too minor, but is 

traceable in the numbers. 

The additional aggregated electricity production in OSeMOSYS is 30.44 MWh throughout 

the year. This corresponds to 143.67€ of additional variable costs in the OSeMOSYS 

model. Additionally, there is an aggregated difference of 0.55 MWh in transmission activity 

between Brandenburg and Berlin, which accounts for 0.55€. Together these cost 
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differences account for 144.23€, which is the exact variable cost difference between both 

frameworks. 

This thesis puts forward the hypothesis that the algebraic transformations regarding the 

technology efficiencies (see Chapter 6.1.1, third obervation) cause this difference which 

could lead to rounding differences. 

Furthermore, this thesis asserts that the investigation of a difference in the results caused 

by different mathematical equations, which account for 0.0001% of the total result in this 

case, might not be appropriate. Such investigation could mislead the user by causing them 

to: believe in a false precision of the frameworks; and consider all the other parametric 

and structural uncertainties that influence the modelling result, when more parameters are 

applied in the model. 

Table 8: Results T8784 

OSeMOSYS oemof Ratio 𝑂𝑂𝑂𝑂𝑔𝑔𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂
𝑜𝑜𝑔𝑔𝑜𝑜𝑜𝑜𝑜𝑜

 

Variable operation costs 111,913,385.67 111,913,241.42 1.00 

Number of constraints 16,804,736 245,953 68.32 

Number of nonzeros 27,960,158 614,881 45.47 

Number of objectives 1 1 1.00 

Number of variables 16,672,864 368,929 45.19 

Wallclock time [s] 2,755.2 126.7 21.75 

RAM [Bytes] 27,406,419,787 279,820,516 97.94 

Before the results described above were obtained, deviations in results occurred. The 

deviations in the choice of electricity-producing technologies can be seen in Figure T8784a 

in Appendix D.  

The validation of the results between the frameworks has been not possible, as 

described above. Hence, the frameworks have been tested to comply with their own 

logic system. The direct structure of OSeMOSYS was reviewed on its own. The 

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝐷𝐷𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐𝑣𝑣𝑝𝑝𝑐𝑐𝑇𝑇𝑐𝑐𝑡𝑡𝑐𝑐𝑝𝑝𝑣𝑣𝑣𝑣𝑣𝑣𝑝𝑝𝑐𝑐𝐴𝐴𝑖𝑖𝑣𝑣𝑝𝑝 was located as the source of error.  

The six models in OSeMOSYS were built with the help of, but not exclusive use of, the 

Model Management Infrastructure (MoManI) Training Manual 201908-rev06 edition.  

The MoMani manual suggests setting the value for the 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝐷𝐷𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐𝑣𝑣𝑝𝑝𝑐𝑐𝑇𝑇𝑐𝑐𝑡𝑡𝑐𝑐𝑝𝑝𝑣𝑣𝑣𝑣𝑣𝑣𝑝𝑝𝑐𝑐𝐴𝐴𝑖𝑖𝑣𝑣𝑝𝑝
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to 1 for energy transmission technologies that do not perform energy conversion 

processes. As the transmission capacity is restricted in this scenario, an impact can be 

observed. S1 was expanded with a transmission technology and the 

𝐷𝐷𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐𝑣𝑣𝑝𝑝𝑐𝑐𝑇𝑇𝑐𝑐𝑡𝑡𝑐𝑐𝑝𝑝𝑣𝑣𝑣𝑣𝑣𝑣𝑝𝑝𝑐𝑐𝐴𝐴𝑖𝑖𝑣𝑣𝑝𝑝 set to 1, which resulted in an unfeasible solution. A feasible solution 

resulted as expected, only when the 𝐷𝐷𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐𝑣𝑣𝑝𝑝𝑐𝑐𝑇𝑇𝑐𝑐𝑡𝑡𝑐𝑐𝑝𝑝𝑣𝑣𝑣𝑣𝑣𝑣𝑝𝑝𝑐𝑐𝐴𝐴𝑖𝑖𝑣𝑣𝑝𝑝 was set to 8784 for the other 

energy production technologies. For more details, see Chapter 6.4. 

The correct 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 value for 𝐷𝐷𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐𝑣𝑣𝑝𝑝𝑐𝑐𝑇𝑇𝑐𝑐𝑡𝑡𝑐𝑐𝑝𝑝𝑣𝑣𝑣𝑣𝑣𝑣𝑝𝑝𝑐𝑐𝐴𝐴𝑖𝑖𝑣𝑣𝑝𝑝 has to be 8784 for the transmission 

technologies, identical to the production technologies, to produce the results in Table 8. 
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6.2.4 TI1 

Figure T1 shows the produced electricity in MWh for scenario T1 in Appendix D. It can be 

seen that in both models, the same technology mix has been chosen.  

In the investment scenarios with aggregated timesteps the usage of the  

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑓𝑓𝑝𝑝𝑝𝑝𝑝𝑝𝑣𝑣𝑐𝑐𝑝𝑝𝑣𝑣𝑖𝑖𝑝𝑝𝑣𝑣𝑓𝑓𝑝𝑝, representing the installed capacity, with the 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 “𝑝𝑝𝑝𝑝𝑓𝑓” 
could not be applied, as the installed capacity is the objective of the optimisation itself. 

A transformer in oemof is defined in the following way: 

energysystem.add(solph.Transformer( 
    label="BBNGA_P", 
    inputs={BBNaturalGas: solph.Flow()}, 
    outputs={BBEL_SEC: 

      solph.Flow(variable_costs=19.89*section_length['timesteps_in_section_1'], 
    investment=solph.Investment(ep_costs=epc_BESOLPV_P))}, 
    conversion_factors={BBEL_SEC: 1, BBNaturalGas: 1.72})) 
 
'timesteps_in_section_1' = [8784] 
 
 
The multiplication of the variable costs with the factor 8784 in oemof, on the one hand, 

leads to the production choice for one timestep as in OSeMOSYS. Nevertheless, it 

increases the variable cost artificially so that the results are not comparable anymore, as 

shown in Table 9. Only the performance indicators are comparable to T1. They slightly 

improve in favour of OSeMOSYS due to the additional constraints and variables that are 

added in oemof’s LP. In the OSeMOSYS model, the number of variables and constraints 

remains the same.  

It shall be noted that investment costs for renewables are higher than the investment 

costs for fossil-fuel-based technology (Appendix A), which is the reason why both 

frameworks do not invest in renewable electricity generation. Another reason is that the 

scenarios do not include costs for emissions, which incentivises fossil-fuel-based 

technologies throughout all scenarios. 

 

Table 9: Results TI1 

 OSeMOSYS oemof Ratio 𝑂𝑂𝑂𝑂𝑔𝑔𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂
𝑜𝑜𝑔𝑔𝑜𝑜𝑜𝑜𝑜𝑜

 

    

Variable operation costs 

+ Capital investment 
6,724,809,720.50 39,304,711,330,433.00 0.00 

    

    

Number of constraints 2,857 49 58.31 
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Number of nonzeros 4,320 116 37.24 

Number of objectives 1 1 1.00 

Number of variables 2,730 63 43.33 

Wallclock time [s] 0.0 0.0 - 

RAM [Bytes] 5,863,363 72,732 80.62 
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6.2.5 TI16 

Figure T16 shows the produced electricity in MWh for scenario T16 in Appendix D. It can 

be seen that both models differ in their energy production mix. As discussed in the scenario 

TI1, harmonisation attempts failed for the investment modes with aggregated timestep. By 

not attempting to harmonise both frameworks in this scenario oemof’s behaviour using 

aggregated timeslices is shown. 

The transformer in oemof is defined in the following way: 

energysystem.add(solph.Transformer( 
    label="BBNGA_P", 
    inputs={BBNaturalGas: solph.Flow()}, 
    outputs={BBEL_SEC: solph.Flow(variable_costs=19.89, 
    investment=solph.Investment(ep_costs=epc_BESOLPV_P))}, 
    conversion_factors={BBEL_SEC: 1, BBNaturalGas: 1.72})) 
 

The technical output of both frameworks is not comparable, as oemof cannot handle 

aggregated timeslices. Similar to TI1, the amount of variables and constraints in oemof 

increases due to the additional equations of the investment mode. In OSeMOSYS, the 

amount of equations and parameters remains the same as in T16. 

 

Table 10: Results TI16 

 OSeMOSYS oemof Ratio 𝑂𝑂𝑂𝑂𝑔𝑔𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂
𝑜𝑜𝑔𝑔𝑜𝑜𝑜𝑜𝑜𝑜

 

    

Variable operation costs + 

Capital investment 
6,607,744,723.93 645,950,239,556.99 0.01 

    

    

Number of constraints (rows) 31,552 769 41.03 

Number of nonzeros 52,080 1,841 28.29 

Number of objectives 1 1 1.00 

Number of variables  31,200 768 40.63 

Wallclock time [s] 0.1 0.0 - 

RAM [Bytes] 53,175,783 791,460 67.19 
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6.2.6 TI8784 

Figure TI8784 shows the produced electricity in MWh for scenario TI8784 in Appendix D, 

digitally available in high resolution. The scenario is applied within the technical scope of 

oemof and OSeMOSYS, as no time aggregation had to be performed. Hence, both the 

technical as well as performance indicators are comparable. 

Figure TI8784 shows that the demand for Brandenburg in both models is entirely covered 

by lignite-based electricity production, which is also partially exported to Berlin. It is also 

noticeable that the OSeMOSYS model produces more electricity from that technology than 

the oemof model in a range of [0-39.28MWh] per timestep. In the Berlin region, one can 

see that electricity production by natural gas in the oemof model is marginally higher than 

in the OSeMOSYS model. The difference ranges from [0-39.29MWh] per timestep. 

Table 11 shows the units of capacity investment in each model in 2016. The investment 

difference corresponds to the observed difference in electricity production per technology 

mentioned above. As a result, the different investment and production decisions between 

the two models account for a total of 236,446 MWh varying electricity production in 2016. 

Table 11: Units of Capacity Investment in 2016 in TI8784 

OSeMOSYS oemof Difference 𝑂𝑂𝑂𝑂𝑔𝑔𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 − 𝑜𝑜𝑔𝑔𝑜𝑜𝑜𝑜𝑜𝑜 

BBLIG_P 3,263.28 3,223.98 39.30 

BENGA_P 1,598.12 1,637.40 - 39.28

The resulting dissimilarity in the costs accounts for 41,463,336€, which represents about 

5% lower costs in the OSeMOSYS model, as shown in Table 12. 

Table 12: Results TI8784 

OSeMOSYS oemof Ratio 𝑂𝑂𝑂𝑂𝑔𝑔𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂
𝑜𝑜𝑔𝑔𝑜𝑜𝑜𝑜𝑜𝑜

 

Variable operation costs + 

Capital investment 
 706,028,873.70 747,492,210.26 0.95 

Number of constraints 16,804,736 421,633 39.86 

Number of nonzeros 27,960,188 1,000,957 27.93 

Number of objectives 1 1 1.00 

Number of variables 16,672,864 412,864 40.38 
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Wallclock time [s] 9,366.0 3,134.7 2.99 

RAM [Bytes] 27,414,308,567 424,835,108 64.53 

 

The only apparent difference between the mathematical equations between the models is 

their different assumptions regarding the discounting of the costs in the objective 

function.  

Setting the discount rate to zero was not possible, as the oemof equations became 

unsolvable, due to a division by zero error. Hence, in the following, the discount rate was 

approximated to 0 to decrease the influence of the different economic assumptions. The 

new discount rate has been set to 0.0000000001.  

Figure TI87874a in Appendix D shows the new electricity production in both models.  

No electricity production differences can be observed in Figure TI87874a. Nevertheless, 

as shown in Table 13, the results still differ marginally. The new optimal cost difference 

reduced to a 650.41€ discrepancy between the models, which represents a 0.0002% 

difference in results. 

Table 13: Results TI8784a 

 OSeMOSYS oemof Ratio 𝑂𝑂𝑂𝑂𝑔𝑔𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂
𝑜𝑜𝑔𝑔𝑜𝑜𝑜𝑜𝑜𝑜

 

    

Variable operation costs + 

Capital investment 
375,278,665.00 375,278,014.59 1.00 

 

As shown in Table 14, both models’ investment decisions converge and are nearly 

identical. 

Table 14: Units of Capacity Investment in 2016 in TI8784a 

 OSeMOSYS oemof Difference 𝑂𝑂𝑂𝑂𝑔𝑔𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 − 𝑜𝑜𝑔𝑔𝑜𝑜𝑜𝑜𝑜𝑜 

BBLIG_P 4323.65 4323.64 0.01 

BENGA_P 537.75 537.75 0.00 

 

The differences in the results show that already in simplified models, one different 

structural assumption can account for a notable difference in the optimisation result.  

However, the economic assumptions are discussed in detail in neither of the frameworks. 

Even though the economic mathematical equations are transparently documented, the 

underlying implicit assumptions are not communicated in writing. The same applies to 

other mathematical equations. This makes it difficult for modellers in multi-model 
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comparisons to discuss the structural model assumptions and to assess their impact on 

the result.  

The structural model assumptions should be discussed and documented with the same 

present openness as the parametric assumptions, to increase the transparency of energy 

modelling exercises.  

This recommendation is not only limited to the economic equations but expands to 

equations that enable additional framework functionalities. The documentation of the 

economic assumptions in the objective function could be an appropriate starting point. 

The table below showcases, in the case of OSeMOSYS, clarification of the abstract 

description of the model’s objective: minimise total system cost. The mathematical 

expression should be written in a standardised format to provide inter-framework 

comparability. 

 

Table 15: Framework Assumption Documentation 

OSeMOSYS open_MODEX Assumption 

𝐷𝐷𝑣𝑣𝑠𝑠𝑐𝑐𝑐𝑐𝑓𝑓𝑖𝑖𝑝𝑝𝑝𝑝𝑖𝑖𝑂𝑂𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑣𝑣𝑖𝑖𝑔𝑔𝐷𝐷𝑐𝑐𝑠𝑠𝑝𝑝(𝑝𝑝, 𝑝𝑝, 𝑐𝑐) 
�π𝑔𝑔

𝑜𝑜𝑜𝑜𝑖𝑖,𝑔𝑔𝑔𝑔𝑖𝑖 + π𝑔𝑔
𝑜𝑜𝑜𝑜𝑜𝑜,𝑐𝑐𝑐𝑐𝑐𝑐�

(1 + 𝑤𝑤𝑝𝑝𝑐𝑐𝑐𝑐)(𝑦𝑦𝑡𝑡−𝑦𝑦𝑚𝑚𝑚𝑚𝑚𝑚;𝑦𝑦𝑚𝑚𝑚𝑚𝑚𝑚+0.5) 
generation start is in the 

middle of year, for initial 

year (GitHub, osemosys, 

issue#38 [59] 
𝐷𝐷𝑣𝑣𝑠𝑠𝑐𝑐𝑐𝑐𝑓𝑓𝑖𝑖𝑝𝑝𝑝𝑝𝑖𝑖𝑇𝑇𝑝𝑝𝑐𝑐ℎ𝑖𝑖𝑐𝑐𝑣𝑣𝑐𝑐𝑔𝑔𝑐𝑐 

𝐸𝐸𝑝𝑝𝑣𝑣𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐𝑖𝑖𝑠𝑠𝑛𝑛𝑝𝑝𝑖𝑖𝑝𝑝𝑣𝑣𝑝𝑝𝑐𝑐(𝑝𝑝, 𝑝𝑝, 𝑐𝑐) 
�π𝑔𝑔

𝑔𝑔𝑜𝑜𝑖𝑖,𝑔𝑔𝑔𝑔𝑖𝑖�
(1 + 𝑤𝑤𝑝𝑝𝑐𝑐𝑐𝑐)(𝑦𝑦𝑡𝑡−𝑦𝑦𝑚𝑚𝑚𝑚𝑚𝑚;𝑦𝑦𝑚𝑚𝑚𝑚𝑚𝑚+0.5) 

𝐷𝐷𝑣𝑣𝑠𝑠𝑐𝑐𝑐𝑐𝑓𝑓𝑖𝑖𝑝𝑝𝑝𝑝𝑖𝑖𝐷𝐷𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝐼𝐼𝑖𝑖𝑣𝑣𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑝𝑝(𝑝𝑝, 𝑝𝑝, 𝑐𝑐) 
�π𝑔𝑔

𝑖𝑖𝑖𝑖𝑖𝑖,𝑐𝑐𝑐𝑐𝑐𝑐�
(1 + 𝑤𝑤𝑝𝑝𝑐𝑐𝑐𝑐)(𝑦𝑦𝑡𝑡−𝑦𝑦𝑚𝑚𝑚𝑚𝑚𝑚)  

𝐷𝐷𝑣𝑣𝑠𝑠𝑐𝑐𝑐𝑐𝑓𝑓𝑖𝑖𝑝𝑝𝑝𝑝𝑖𝑖𝐷𝐷𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑔𝑔𝑝𝑝𝐷𝐷𝑝𝑝𝑣𝑣𝑓𝑓𝑝𝑝(𝑝𝑝, 𝑝𝑝, 𝑐𝑐)] 
�π𝑔𝑔𝑓𝑓𝑐𝑐𝑙𝑙𝑖𝑖�

(1 + 𝑤𝑤𝑝𝑝𝑐𝑐𝑐𝑐)(1+𝑦𝑦𝑚𝑚𝑚𝑚𝑚𝑚; 𝑦𝑦𝑚𝑚𝑚𝑚𝑚𝑚−𝑦𝑦𝑚𝑚𝑚𝑚𝑚𝑚;𝑦𝑦𝑚𝑚𝑚𝑚𝑚𝑚)  

𝑐𝑐 −  𝑐𝑐𝑝𝑝𝑝𝑝𝑝𝑝 , 𝑝𝑝 −  𝑝𝑝𝑣𝑣𝑝𝑝𝑝𝑝 𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝 ,𝑝𝑝𝑣𝑣𝑖𝑖 –  𝑝𝑝𝑣𝑣𝑖𝑖𝑣𝑣𝑝𝑝𝑓𝑓𝑝𝑝 

 

The equations for the DiscountedOperatingCost(r,t,y) and DiscountedTechnology-

EmissionsPenalty(r,t,y) assume power plant building time before the actual functioning of 

the plant in the initial year (highlighted in orange). The described assumptions could indeed 

be spotted with rigorous investigation by modellers but would require additional resource 

investment. Moreover, in models with more input parameters and relevant equations, this 

can quickly become a time-consuming task. Framework remote users would first have to 

make sure that this is an intended assumption and not an implementation error, since this 

assumption may not be widespread. As it is little effort for the development teams to 

document the assumptions known to them, doing so is considered worthwhile for the 

benefit of future structural framework comparisons, as to do so would allow for better 

assessment of uncertainty in results.  

https://github.com/OSeMOSYS/OSeMOSYS_GNU_MathProg/issues/38
https://github.com/OSeMOSYS/OSeMOSYS_GNU_MathProg/issues/38
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The same applies to oemof. It is an unusual economic approach to discount only a part of 

the total system costs (investment costs) and not other parts as the variable costs. This 

assumption should also be made transparent. 



 

 
 

Results and Discussion 53 
  

 
 

6.3 Modelling Temporal Resolution 

After completing the modelling exercise, it can be stated that the documentation of the 

temporal modelling capabilities in oemof was not sufficient. While OSeMOSYS offers a 

variety of options to specify non-equidistant time intervals, oemof does not. Even though 

modelling energy systems in more granular temporal resolutions is becoming increasingly 

important to model intermittent renewables accurately [25], the aggregation of timesteps 

is useful to decrease the computational burden in large models. Oemof, however, can 

handle a larger number of timesteps and is more time and resource efficient than 

OSeMOSYS due to its economical use of linear equations, originating in its code design. 

It shall be noted that expansions to OSeMOSYS have been developed to represent 

variability in electricity generation, but have not been tested here [60]. Due to the 

computational effort of its current code implementation, it is recommended to only use as 

many timesteps as necessary to obtain useful results in OSeMOSYS.  

With some time investment and by trial and error, it was possible to tweak the oemof 

model to operate with aggregated timeslices in the dispatch mode. For the investment 

mode, this was not possible. Although oemof boasts a feature to work with timesteps of 

different lengths, the temporal distance of consecutive timesteps can only be set as 

equidistant. Since oemof v.0.2.2, the feature of an objective weighting has been 

implemented, which allows weighting of the objective function’s components, but this does 

not influence further constraints in the model and is, hence, a sole economic feature 

(GitHub, oemof-solph, pull request #484). The feature of a non-equidistant time index 

seems to be under development and only available in oemof v.0.4.0. (GitHub, oemof-

solph, pull request #668) [61]. 

6.4 Framework Documentation 

Both frameworks have the potential to reduce their learning curve to operate the framework 

by improving their documentation. Improved documentation would also improve the 

usability of the frameworks. Individual learning curves are subjective and depend on the 

user’s previous knowledge and abilities regarding the topic. 

New framework users of oemof assess the learning process as straightforward. “There are 

few rules which [have] to be followed when building the model. However, it is well 

documented and quite easy to learn” [62], p.24]. This user has a background in energy 

systems modelling with the OSEMF urbs [18] and experience in coding in Python and its 

development environments. 

https://github.com/oemof/oemof-solph/pull/484
https://github.com/oemof/oemof-solph/pull/668
https://github.com/oemof/oemof-solph/pull/668
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Members of the oemof developer group acknowledge that “[…] it takes effort for new users 

to learn to build an oemof-based application […]” [51], p. 24]. As a new oemof user, this 

can be confirmed, mainly due to the need to familiarise oneself with oemof’s model building 

environment and its economical description of certain functionalities.  

Oemof offers example models and documentation of its functionalities and mathematical 

operating principle as training material. It also links suggested sources to study the basic 

functionalities of its underlying programming language to build models. However, the depth 

of knowledge required to become a proficient user of the framework is not clear from the 

start. The initial ambiguity primarily stems from the unknown required skill level in Python, 

which is necessary to operate oemof. A quick start guide regarding its model building 

environment in Python, explaining the key concepts needed to operate the framework and 

the frameworks’ key functionalities itself, could reduce the training time. Note that 

oemof.tabular, as a tabular input data form, is under development.  

OSeMOSYS offers the same extent of training material as oemof but additionally provides 

a step-by-step manual to rebuild the provided example model and to introduce the 

essential key functionalities of the framework in great detail. Furthermore, it offers video 

material to support energy modelling practices. As a new user to OSeMOSYS, the 

necessary depth to understand its three model building environments is clear from the 

start. The model building environment with text files comes with an extensive manual. The 

model building environment otoole, using tabular input sheets, is documented online. The 

model building environment in OSeMOSYS’s graphical user interface MoMani comes with 

a comprehensive manual. Despite its supporting character, a flaw was found.  

As discussed in Chapter 6.2.3, instructions from the MoMani Manual version 201908-

Rev06, under 5b, regarding the 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 “CapacityToActivityRatio”: “For Import and 

transmission technologies, where energy is not changed from one type to another, use the 

default value, which is (1).” [63], p.26]. This leads to a faulty modelling approach. It shall 

be highlighted that this flaw only relates to the MoMani Manual version 201908-Rev06 and 

does not concern the framework code of OSeMOSYS. 

The main framework documentation on “read the docs” describes the 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 
“CapacityToActivityRatio” as “Conversion factor relating the energy that would be 

produced when one unit of capacity is fully used in one year” [53]. The 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 relates 

the units of the installed capacity to the units of the produced energy.  

In the scenario T8784, the CapacityToActivityRatio is 8784 for energy production 

technologies, as an hourly resolution is chosen and the desired energy unit is MWh. To 

clarify: 1MW of installed capacity of the power plant BBGAS_P could theoretically produce 

8784MWh of energy in a year. If the 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 is applied to transmission technologies as 

instructed in the MoMani manual, then 1MW of transmission line could transmit 1MWh of 

energy in a year, but it should be able to transmit 8784MWh of energy in a year. If the 
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𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 were applied as instructed, the transmission capacity would be underestimated 

by the factor of the 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 itself, in this case, 8784. This is not a problem if the 

transmission capacity is not restricted or assigned to any costs. Otherwise, faulty results 

occur. It is therefore suggested that the transmission technologies also use the same 

CapacityToActivityRatio factor as the production technologies. Especially, student 

research that uses the MoMani training manual, as their central training material might be 

affected. The flaw should be communicated to the OSeMOSYS community openly to avoid 

further mistakes related to the issue.  

A brief review of available OSeMOSYS projects has been performed to assess the impact 

of this faulty instruction. It appears that older energy models, such as TEMBA and SAMBA, 

model the transmission and import technologies correctly. OSEMBE though seems to 

assign the default value 1 to several technologies that appear to be transmission or import 

technologies (e.g: CHEL00TD0, CHHF00I00). A final assessment could not be made due 

to the great complexity of the model and minor deviations of the technology naming from 

the nomenclature convention. 

The mathematical analysis of a framework proves to be more practical if the mathematical 

equations are centrally stated in one place, rather than dispersed over the read-the-docs 

documentation and the code of the framework, as in oemof. Centralised documentation 

eases the familiarisation with a framework and the comparison to other frameworks.  
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7 Conclusion 

The conclusion addresses the research questions consecutively in the first sub-chapter 

Main Points. Further conclusions that have been reached from incidental  observations 

are discussed in Ancillary Points. The chapter concludes with a critical evaluation of 

this work, a listing of potential synergies and an outlook on future research. 

7.1 Main Points 

The research questions of the master’s thesis are discussed as follows.  

1. What are the main theoretical differences between the examined energy modelling 

frameworks? 

Despite the frameworks’ general similarity, theoretical differences between the two OSEMFs 

exist. A set of theoretical differences and similarities between the frameworks are 

discussed in greater detail in Chapter 4.1.1. The conclusion focusses on the development 

regarding their functionalities, and the theoretical differences which emerged from the 

realisation of this experiment. 

The theoretical comparison showed that despite their high theoretical similarity in 

application possibilities, both frameworks have subtle differences in their applicability. The 

historical user needs have added detailed specialisations to the two frameworks, making 

each somewhat more mature to specific use cases and therefore suitable for energy 

modellers with different needs. 

The most apparent theoretical difference and finding of this thesis is both frameworks’ 

ability to model aggregated, or non-equidistant, timesteps. At the beginning of the thesis, 

this theoretical similarity, based on the factsheets, influenced the design of the study. The 

practical comparison has revealed temporal modelling abilities as a theoretical difference. 

The outcome highlights the need for a more detailed query of the temporal resolution 
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possibilities of frameworks in factsheets. The category “variable timestep” in the present 

OEP framework factsheets is not specific enough to query for equidistant and non-

equidistant time-resolution. This is a limitation of the theoretical framework factsheet and 

should be addressed with the introduction of an additional category.  

2. What is a suitable comparative methodology in practice to analyse structural

framework differences?

The comparative methodology is presented in Chapter 3 in detail. 

The first step of the methodology, the theoretical comparison, proved insufficient to ensure 

the full applicability of both frameworks to a common use case. The factsheet-based 

functionality comparison, complemented by the self-descriptive framework documentation 

study, did not reveal that oemof v.0.3.2 is incapable of modelling aggregated timesteps.  

Assuming the framework documentations do not improve, the framework developers 

should be contacted directly, as an intermediate step in future framework comparisons, to 

verify the applicability of the investigated frameworks to a use case.  

The full harmonisation of the experimental setup can be viewed as a key measure of 

success to the study of structural framework differences.  

In the given time frame for this work, the nine parameters to specify the energy system 

delivered sufficient complexity to the energy model to identify structural differences in their 

mathematical equations. The incremental introduction of parameters proved useful to 

localise output differences. 

Lastly, the harmonised terminology seems excessive in a comparison with only two 

frameworks but shows its worth as the number of compared frameworks increases. It 

ensures the comparability of OSeMOSYS with the other frameworks of the open_MODEX 

project in relation to the mathematical equations considered in this thesis. 

3. What are the differences in the modelling results between the two frameworks?

The differences in the modelling results are discussed in detail in Chapter 6.2. Different 

modelling results could be attributable to the structural differences between the 

frameworks due to the limited applied parameters within the study design and the high 

degree of harmonisation in the experiment. The numeric difference has been a maximum 

of 5.5% difference between both objective values and was caused by different economic 

assumptions in the investment mode. The dispatch mode showed similar results that were 

very close to identical, which suggests the similarity of the basic energy balance equations. 

It has been highlighted that the underlying assumptions of the mathematical equations are 

the root of the different modelling results in this study. Greater transparency is needed in 

this respect so that more complex comparisons can be performed more economically.   
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4. What are the differences in the mathematical formulation between the two

frameworks?

Both frameworks differ in their structure and assumptions to represent energy systems, 

which is expressed in the mathematical formulations. 

This master’s thesis is able to show the effect of assumptions in mathematical equations 

between the frameworks on a single isolated parameter, the discount rate.  

Oemof’s mathematical equations abstract the energy as flows, that are balanced between 

nodes. Node-pairs define directed connections on which the energy is flowing. Energy-

technical parameters as installed capacity, energy conversion efficiencies or availability 

factors, and economic parameters, such as variable or investment costs, are directly 

allocated to the flows.  

OSeMOSYS’ equivalent of oemof’s flow 𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝 to relate energy-technical and economic 

dimensions is the RateOfActivity 𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝.  

Further differences in the mathematical formulations between the frameworks are that 

OSeMOSYS specifies its installed capacity within a constraint, while oemof specifies it as 

a bound. Variables costs are defined directly in the objective function in oemof, while they 

are defined in the constraints in OSeMOSYS. The same applies to investment costs.  

Oemof appears to have a higher degree of internal pre-calculations and simplification 

before the LP generation compared to OSeMOSYS. OSeMOSYS, in its “long code”, does 

not apply any preprocessing or simplification of the user-defined input data. In the “short 

code” none of the considered parameters have been preprocessed. 

5. How does framework implementation influence key performance indicators?

In the following, the influence of the framework design to key performance indicators is 

discussed.  

In all three scenarios, oemof has used fewer resources than OSeMOSYS to find an optimal 

solution. Four points have been identified that lead to a deviating resource use from 

OSeMOSYS compared to oemof and are rooted in the framework’ different mathematical 

formulations. Oemof’s mathematical equations generate LP’s that: 

• are only defined by user-defined input data;

• are only defined by necessary equations and user-defined parameters;

• are defined with preprocessed input data, if useful; and

• allow only user-defined energy system constraints.

OSeMOSYS’s code could make better use of the information provided by the user through 

preprocessing of the input data. It could query for the actual user-defined connections of 

the nodes and only build equations that are defined to improve its resource management. 

Furthermore, it could integrate a query to only build equations with user-defined 

parameters.  
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As mentioned above, OSeMOSYS developed methods to model variable renewables, 

which are optimised for the use with aggregated timesteps and more beneficial for its 

structure to work with fewer timeslices. Hence, it is not necessary to model with a large 

amount of timesteps. Considering the increasingly negative impact of energy use by 

electronic devices on the climate, it is worth optimising the framework code for better 

resource efficiency.  

7.2 Ancillary Points 

The RES S1 proved to be very useful for understanding the fundamental mathematical 

approach of both frameworks in parallel to the study of the documentation. The simple 

method can be applied to future OSEMF comparisons to address the problem of the 

different naming conventions of the parameters and variables.  Since the mathematical 

structure between OSeMOSYS and oemof is very different, S1 could not be used to 

compare possible mathematical flaws in their implementation.  

However, in perspective, a uniform naming convention of the elements in the linear 

equations and thus its energy system components would significantly simplify inter-

framework comparability. This would reduce the analysis of the mathematical equations to 

its pure mathematics and make the currently time-consuming part of the mathematical 

comparison - namely the content-related understanding of different equations - obsolete. 

OSEMFs could add to their mathematical documentation, for example, an overview of their 

assumptions that are implicit in their mathematical equations. Transparent documentation 

is consistent with the open guidelines of OSEMFs, and in most cases, assumptions are 

known to the developers and discussed in the framework community. Therefore, adding 

these to the documentation would simply amount to picking the low-hanging fruit.  

When developer-distant energy modellers are unaware of the full set of assumptions of 

their tools without extensive study of its mathematical structure, then the “black box of 

energy modelling” is not yet fully open.  

The comparison highlights the great importance of clear, comprehensive, and correct 

framework documentation. Ultimately, the capabilities of a tool user determine the 

usefulness of a tool and its economic application. If incomplete or incorrect documentation 

leads to lengthy debugging or even inapplicability to use cases, the economic advantage 

of OSEMFs in projects with limited economic scope may vanish. It can also affect the 

confidence in openly developed tools and hinder their broad spread and application. 

If the oemof developer group aims to grow its community, it should consider targeting 

users who have not yet decided on a specific OSEMF, from the type Energy Expert or 

Energy Engineer. An absolute beginner manual for oemof could help to lower the barriers 
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to becoming a user, despite causing the potential redundancy of its current 

documentation. Redundancies might not be in line with its informatics paradigm to 

promote efficiency in action, which is reflected in its code structure but could shorten the 

training time of new users.  

Ultimately, open and detailed energy modelling training material will contribute to societal 

capacity building and increase the understanding of energy system modelling to a broader 

audience. It is, therefore, in line with oemof’s open science approach and can strengthen 

the credibility of model-based decision-making, resulting in more societal acceptance 

towards controversial decision-making in the energy transition. Oemof can benefit from 

OSeMOSYS’s lessons learnt in that regard. 

As a soon to be graduate, it has been noted that the practical methods of an open 

modelling process and its benefits are acquired in practice. Process steps include: 

licensing of code and data; open version control of the model and data; and metadata 

[55]. Given the fact that a considerable share of graduates goes to the private sector, 

teaching open modelling processes and their benefits at university level will serve as a 

point of reference and support cultural change.   

7.3 Synergies 

Throughout the thesis and the comparison of the two frameworks, potential areas of 

synergies could be identified. They are listed in the following for the ease of access: 

• OSeMOSYS could benefit from oemof’s efficient mathematical structure;  

• Oemof could benefit from OSeMOSYS’s time aggregation methods; and 

• Oemof could benefit from OSeMOSYS’s knowledge transfer expertise. 

7.4 Academic Contribution 

OSeMOSYS and Oemof have not yet been compared in a framework comparison with a 

modelling exercise based on a wholly harmonised dataset. This thesis identifies useful 

practices which have not been considered in each’s framework implementations and thus 

point out opportunities to enhance performance, functionalities, and documentation. The 

methods developed in this thesis could be used towards simplification and standardisation 

of OSEMF comparisons. 

Specific academic contributions are: 

https://d.docs.live.net/2559388bf7e81eca/2%20M.Sc.%20Thesis/4_Workdocs/Review/Rhian/rest%20of%20conclusion.docx#BIB_oep


Conclusion 61 

• development of a protocol to compare model formulations and results between

different OSEMFs with a fully harmonised dataset and selected framework

functionalities;

• identification of inefficiencies in the code structure of OSeMOSYS (version

2017_11_08), regarding technology-fuel relations which led to performance

enhancements of OSeMOSYS in its next version;

• detection of implementation bugs in the Python toolkit otoole (acknowledged in the

toolkit's updated version) to support the usage of OSeMOSYS;

• extension of the OSeMOSYS test suite with the reference energy system (RES) S1;

and

• finding of missing parameter boundaries in code implementation for parameter

"max" in oemof v.0.3.2.

7.5 Critical Evaluation 

The literature study was based on a narrative review method, which is “prone to researcher 

bias, can selectively miss research and tends to place excessive reliance on individual 

studies and pays insufficient attention to methodological quality.” [21], table 4, p.23] 

The examined scenarios are limited in their choice of technologies and do not cover the 

full range of energy system components, which are theoretically comparable between the 

two OSEMFs. Furthermore, within the selected technologies, not all 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠 have been 

applied to introduce additional constraints to the energy system. That said, only a limited 

bandwidth of mathematical formulations could and have been compared. 

The models have only been run several times, without a proper performance test setup 

[64], and the final numbers represent a few model runs only. This decreases the 

trustworthiness of the obtained performance data. 

7.6 Future Research 

An extension of the comparison with oemof, focussing on the implementation of 

OSeMOSYS’s methods in relation to variable renewables with less timesteps, could prove 

interesting, especially with regard to oemof’s current efforts to develop methods for 

timestep reduction to further improve its computational performance while still achieving 

meaningful results. 

This OSEMF comparison could be extended to compare the implementations of more 

sophisticated energy system components, such as storage technologies. Additional 
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parameters should be included to examine their implementation in each framework and 

their influence on the results. Thus, the rather exemplary experiment in this thesis could 

be applied to scenarios that are relevant in practice to inform the energy transition. 

The common terminology developed within the open_MODEX project could be extended 

to compare frameworks holistically. The standardisation of terminology could ease the 

framework comparisons further and lead to synergies in the whole open energy modelling 

community through a common terminological understanding of the subject. 

OSEMFs have the capacity to empower all communities at both research and state level 

to strive for common global decarbonisation goals. The framework comparison has proven 

to be a valuable exercise to gain insights and improve OSEMFs. The potential of open 

comparisons to clarify assumptions that have decisive impact on global mitigation efforts, 

such as in the PRIMES model or the REMIND model to inform the EU Comminsion and the 

IPCC scenarios respectively, is evident. Nevertheless, their illumination is still open. 





64 

Appendix A: Model Assumptions 

The technologies are first defined by their region, than their fuel and then their function, as 

in: REGIONFUEL_FUNCTION 

Fuel Acronym Technology Acronym Region Acronym 

natural gas NGA P power plant Brandenburg BB 

hard coal HCO IMPORT fuel import Berlin BE 

lignite LIG 

oil OIL 

solar SOLPV 

wind WIND 

water RORHYD 

Exceptions are: [(BBINT, BEINT), (BBTRANS, BBTRANS) (BBBACKSTOP_FIN, 

BBBACKSTOP_FIN)], which are interconnections between the federal states, transmission 

lines within the federal states, and dummy technologies to satisfy the demand respectively. 

Table 16: Technology Costs 

Technology 
Investment 

Costs 

Fixed 

Costs 

Variable 

Costs 

Fuel 

Costs 

Life-

time 
Ref 

[€/MW] [€/MW/a] [€/MWh] [€/MWh] [a]

BBNGA_P 600,000 20,000 4.5 15.39 30 [65],[66] 

BBLIG_P 1,800,000 31,500 3.0 1.72** 40 [65],[67],[68] 

BBOIL_P 950,000 20,000 4.5 20.67 30 [69],[65],[66] 

BBBIO_P 3,700,000 71,400 - 30.18** 30 [65],[69],[67],[68]

BBSOLPV_P 1,460,000 45,100 - - 25 [65] 

BBWIND_P 1,330,000 12,200 - - 25 [65] 

BBRORHYD_P 2,925,000 66,800 - - 30 [69] 

BBTRANS - 35.13*** - - 40* [70] 

BBINT - - 2* - 40*

BENGA_P 600,000 20,000 4.5 15.39 30 [65] 

BEHCO_P 1,800,000 31,500 3.0 8.24 40 [65],[68],[66] 

BEOIL_P 950,000 20,000 4.5 20.67 30 [69],[65],[66] 
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BEBIO_P 6,700,000 71,400 - 30.18** 30 [65],[69],[67],[68]

BESOLPV_P 1,340,000 45,100 - - 25 [65] 

BEWIND_P 1,330,000 12,200 - - 25 [65] 

BETRANS - 35.13*** - - 40* [70] 

BEINT - - 1* - 40*
* assumption
** calculation: Fuel Costs: linear interpolation between 2013 and 2018,
*** calculation: Fixed Costs: length of transmission lines * 1.1€/MW*km

Oemof allows a technology-specific discount rate, while OSeMOSYS is not supporting this 

feature anymore since the version 2015_08_27 [71]. For this reason, the discount rate is 

assumed to be 7% and defined by this single value for all technologies. 

Table 17: Conversion Parameter 

Technology 
Installed 

Capacity 
Efficiency Ref 

[MW] [%] 

BBNGA_P 733.3 0.58 [72],[73] 

BBLIG_P  4409 0.43 [72],[73] 

BBOIL_P 333.5 0.38 [72],[74] 

BBBIO_P 439.8 0.4 [72],[68] 

BBSOLPV_P 3205.76 -** [72] 

BBWIND_P 6358.14 -** [72] 

BBRORHYD_P 4.86 -** [72] 

BBTRANS - 0.9*

BBINT 3000 1* [75] 

BENGA_P 1040 0.58 [72],[73] 

BEHCO_P 777 0.46 [72],[73] 

BEOIL_P 327 0.38 [72],[74] 

BEBIO_P 45.19 0.4 [72],[68] 

BESOLPV_P 86.95 -** [72] 

BEWIND_P 12.38 -** [72] 

BETRANS - 0.9*

BEINT 3000 1* [75] 
* assumption

** modelled as direct feed-in with time-series
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The renewable time series have been obtained from renewable ninja in an hourly resolution 

on the NUTS2 level. [76, 77] 

The demand series have been obtained from ENTSEO-E for the administrative area of the 

network operator 50Hz and were scaled for each federal state with the gross final energy 

consumption [78, 79]. 

The model files and input data are available on Github [80]. 
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Appendix B: LP Comparison 



1   \* Source Pyomo model name= S1 *\
2   
3   min 
4   objective:
5   +9.1202000000000005 flow(GAS_POWERPLANT_ELECTRICITY_0)
6   
7   s.t.
8   
9   c_e_Bus_balance(ELECTRICITY_0)_:
10   
11   

+1 flow(GAS_POWERPLANT_ELECTRICITY_0)
= 2.1101000000000001

12   
13   c_e_Bus_balance(GAS_0)_:
14   -1 flow(GAS_GAS_POWERPLANT_0)
15   +1 flow(GAS_IMPORT_GAS_0)
16   = 0
17   
18   c_e_Transformer_relation(GAS_POWERPLANT_GAS_ELECTRICITY_0)_:
19   +0.90081974596883152 flow(GAS_GAS_POWERPLANT_0)
20   -1 flow(GAS_POWERPLANT_ELECTRICITY_0)
21   = 0
22   
23   c_e_ONE_VAR_CONSTANT: 
24   ONE_VAR_CONSTANT = 1.0
25   
26   bounds
27      0 <= flow(GAS_GAS_POWERPLANT_0) <= +inf
28      0 <= flow(GAS_IMPORT_GAS_0) <= +inf
29      0 <= flow(GAS_POWERPLANT_ELECTRICITY_0) <= 3.1101000000000001
30   end
31   
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1   \* Problem: osemosys_short *\
2   
3   Minimize
4    OFS_Cost: - DiscountedSalvageValue(S1,GAS_IMPORT,2016)
5   - DiscountedSalvageValue(S1,GAS_POWERPLANT,2016)
6   + DiscountedTechnologyEmissionsPenalty(S1,GAS_IMPORT,2016)
7   + DiscountedTechnologyEmissionsPenalty(S1,GAS_POWERPLANT,2016)
8   + 8.90040384530521 RateOfActivity(S1,0,GAS_POWERPLANT,1,2016)
9   
10   Subject To
11    Acc1_FuelProductionByTechnology(S1,0,GAS_IMPORT,GAS,2016):
12   - ProductionByTechnology(S1,0,GAS_IMPORT,GAS,2016)
13   + RateOfProductionByTechnology(S1,0,GAS_IMPORT,GAS,2016) = -0
14  Acc1_FuelProductionByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016):
15  - ProductionByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016)
16  + RateOfProductionByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016) = -0
17   Acc1_FuelProductionByTechnology(S1,0,GAS_POWERPLANT,GAS,2016):
18   - ProductionByTechnology(S1,0,GAS_POWERPLANT,GAS,2016)
19   + RateOfProductionByTechnology(S1,0,GAS_POWERPLANT,GAS,2016) = -0
20   Acc1_FuelProductionByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016):
21   - ProductionByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016)
22   + RateOfProductionByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016)
23   = -0
24   Acc2_FuelUseByTechnology(S1,0,GAS_IMPORT,GAS,2016):
25   + RateOfUseByTechnology(S1,0,GAS_IMPORT,GAS,2016)
26   - UseByTechnology(S1,0,GAS_IMPORT,GAS,2016) = -0
27  Acc2_FuelUseByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016):
28  + RateOfUseByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016)
29  - UseByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016) = -0
30   Acc2_FuelUseByTechnology(S1,0,GAS_POWERPLANT,GAS,2016):
31   + RateOfUseByTechnology(S1,0,GAS_POWERPLANT,GAS,2016)
32   - UseByTechnology(S1,0,GAS_POWERPLANT,GAS,2016) = -0
33   Acc2_FuelUseByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016):
34   + RateOfUseByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016)
35   - UseByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016) = -0
36   Acc3_AverageAnnualRateOfActivity(S1,GAS_IMPORT,1,2016):
37   + RateOfActivity(S1,0,GAS_IMPORT,1,2016)
38   - TotalAnnualTechnologyActivityByMode(S1,GAS_IMPORT,1,2016) = -0
39   Acc3_AverageAnnualRateOfActivity(S1,GAS_POWERPLANT,1,2016):
40   + RateOfActivity(S1,0,GAS_POWERPLANT,1,2016)
41   - TotalAnnualTechnologyActivityByMode(S1,GAS_POWERPLANT,1,2016) = -0
42   CAa1_TotalNewCapacity(S1,GAS_IMPORT,2016):
43   + AccumulatedNewCapacity(S1,GAS_IMPORT,2016)
44   - NewCapacity(S1,GAS_IMPORT,2016) = -0
45   CAa1_TotalNewCapacity(S1,GAS_POWERPLANT,2016):
46   + AccumulatedNewCapacity(S1,GAS_POWERPLANT,2016)
47   - NewCapacity(S1,GAS_POWERPLANT,2016) = -0
48   CAa2_TotalAnnualCapacity(S1,GAS_IMPORT,2016):
49   + AccumulatedNewCapacity(S1,GAS_IMPORT,2016)
50   - TotalCapacityAnnual(S1,GAS_IMPORT,2016) = -0
51   CAa2_TotalAnnualCapacity(S1,GAS_POWERPLANT,2016):
52   + AccumulatedNewCapacity(S1,GAS_POWERPLANT,2016)
53   
54   
55   

- TotalCapacityAnnual(S1,GAS_POWERPLANT,2016) = -3.1101
CC1_UndiscountedCapitalInvestment(S1,GAS_IMPORT,2016):
- CapitalInvestment(S1,GAS_IMPORT,2016) = -0

56    CC1_UndiscountedCapitalInvestment(S1,GAS_POWERPLANT,2016):
57    - CapitalInvestment(S1,GAS_POWERPLANT,2016) = -0
58    EBa10_EnergyBalanceEachTS4(S1,S1,0,GAS,2016):
59    + 2 Trade(S1,S1,0,GAS,2016) = -0
60    EBa10_EnergyBalanceEachTS4(S1,S1,0,ELECTRICITY,2016):
61    + 2 Trade(S1,S1,0,ELECTRICITY,2016) = -0
62    EBa1_RateOfFuelProduction1(S1,0,GAS_IMPORT,1,2016,GAS):
63   + RateOfActivity(S1,0,GAS_IMPORT,1,2016)
64   - RateOfProductionByTechnologyByMode(S1,0,GAS_IMPORT,1,GAS,2016) = -0
65   EBa1_RateOfFuelProduction1(S1,0,GAS_POWERPLANT,1,2016,ELECTRICITY):
66   + RateOfActivity(S1,0,GAS_POWERPLANT,1,2016)
67   - RateOfProductionByTechnologyByMode(S1,0,GAS_POWERPLANT,1,ELECTRICITY,2016)
68   = -0
69   EBa2_RateOfFuelProduction2(S1,GAS_IMPORT,GAS,2016,0):
70   - RateOfProductionByTechnology(S1,0,GAS_IMPORT,GAS,2016)
71   + RateOfProductionByTechnologyByMode(S1,0,GAS_IMPORT,1,GAS,2016) = -0
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72  EBa2_RateOfFuelProduction2(S1,GAS_IMPORT,ELECTRICITY,2016,0):
73 - RateOfProductionByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016) = -0
74   EBa2_RateOfFuelProduction2(S1,GAS_POWERPLANT,GAS,2016,0):
75   - RateOfProductionByTechnology(S1,0,GAS_POWERPLANT,GAS,2016) = -0
76    EBa2_RateOfFuelProduction2(S1,GAS_POWERPLANT,ELECTRICITY,2016,0):
77   - RateOfProductionByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016)
78   
79   
80   
81   

+ RateOfProductionByTechnologyByMode(S1,0,GAS_POWERPLANT,1,ELECTRICITY,2016)
= -0
EBa4_RateOfFuelUse1(S1,0,GAS_POWERPLANT,1,2016,GAS):
+ 1.1101 RateOfActivity(S1,0,GAS_POWERPLANT,1,2016)

82   - RateOfUseByTechnologyByMode(S1,0,GAS_POWERPLANT,1,GAS,2016) = -0
83   EBa5_RateOfFuelUse2(S1,GAS_IMPORT,GAS,2016,0):
84   - RateOfUseByTechnology(S1,0,GAS_IMPORT,GAS,2016) = -0
85   EBa5_RateOfFuelUse2(S1,GAS_IMPORT,ELECTRICITY,2016,0):
86  - RateOfUseByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016) = -0
87    EBa5_RateOfFuelUse2(S1,GAS_POWERPLANT,GAS,2016,0):
88   - RateOfUseByTechnology(S1,0,GAS_POWERPLANT,GAS,2016)
89   + RateOfUseByTechnologyByMode(S1,0,GAS_POWERPLANT,1,GAS,2016) = -0
90   EBa5_RateOfFuelUse2(S1,GAS_POWERPLANT,ELECTRICITY,2016,0):
91   - RateOfUseByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016) = -0
92   NCC1_TotalAnnualMaxNewCapacityConstraint(S1,GAS_IMPORT,2016):
93   + NewCapacity(S1,GAS_IMPORT,2016) <= 99999
94   NCC1_TotalAnnualMaxNewCapacityConstraint(S1,GAS_POWERPLANT,2016):
95  + NewCapacity(S1,GAS_POWERPLANT,2016) <= 99999
96   OC1_OperatingCostsVariable(S1,GAS_IMPORT,2016):
97   - AnnualVariableOperatingCost(S1,GAS_IMPORT,2016) = -0
98    OC1_OperatingCostsVariable(S1,GAS_POWERPLANT,2016):
99   - AnnualVariableOperatingCost(S1,GAS_POWERPLANT,2016)
100   
101   
102   

+ 9.1202 TotalAnnualTechnologyActivityByMode(S1,GAS_POWERPLANT,1,2016)
= -0
OC2_OperatingCostsFixedAnnual(S1,GAS_IMPORT,2016):

103   - AnnualFixedOperatingCost(S1,GAS_IMPORT,2016) = -0
104    OC2_OperatingCostsFixedAnnual(S1,GAS_POWERPLANT,2016):
105    - AnnualFixedOperatingCost(S1,GAS_POWERPLANT,2016) = -0
106    SV3_SalvageValueAtEndOfPeriod3(S1,GAS_IMPORT,2016):
107    + SalvageValue(S1,GAS_IMPORT,2016) = -0
108    SV3_SalvageValueAtEndOfPeriod3(S1,GAS_POWERPLANT,2016):
109    + SalvageValue(S1,GAS_POWERPLANT,2016) = -0
110    SV4_SalvageValueDiscountedToStartYear(S1,GAS_IMPORT,2016):
111   + DiscountedSalvageValue(S1,GAS_IMPORT,2016)
112   - 0.952380952380952 SalvageValue(S1,GAS_IMPORT,2016) = -0
113   SV4_SalvageValueDiscountedToStartYear(S1,GAS_POWERPLANT,2016):
114   + DiscountedSalvageValue(S1,GAS_POWERPLANT,2016)
115   - 0.952380952380952 SalvageValue(S1,GAS_POWERPLANT,2016) = -0
116   TAC1_TotalModelHorizonTechnologyActivity(S1,GAS_IMPORT):
117   + TotalTechnologyAnnualActivity(S1,GAS_IMPORT,2016)
118   - TotalTechnologyModelPeriodActivity(S1,GAS_IMPORT) = -0
119   TAC1_TotalModelHorizonTechnologyActivity(S1,GAS_POWERPLANT):
120   + TotalTechnologyAnnualActivity(S1,GAS_POWERPLANT,2016)
121   - TotalTechnologyModelPeriodActivity(S1,GAS_POWERPLANT) = -0
122  AAC2_TotalAnnualTechnologyActivityUpperLimit(S1,GAS_IMPORT,2016):
123  + RateOfActivity(S1,0,GAS_IMPORT,1,2016) <= 99999
124  AAC2_TotalAnnualTechnologyActivityUpperLimit(S1,GAS_POWERPLANT,2016):
125   + RateOfActivity(S1,0,GAS_POWERPLANT,1,2016) <= 99999
126    CAa4_Constraint_Capacity(S1,0,GAS_IMPORT,2016):
127   - NewCapacity(S1,GAS_IMPORT,2016)
128   + RateOfActivity(S1,0,GAS_IMPORT,1,2016) <= -0
129   CAa4_Constraint_Capacity(S1,0,GAS_POWERPLANT,2016):
130   - NewCapacity(S1,GAS_POWERPLANT,2016)
131   
132   

+ RateOfActivity(S1,0,GAS_POWERPLANT,1,2016) <= 3.1101
CAb1_PlannedMaintenance(S1,GAS_IMPORT,2016):

133   - NewCapacity(S1,GAS_IMPORT,2016)
134   + RateOfActivity(S1,0,GAS_IMPORT,1,2016) <= -0
135   CAb1_PlannedMaintenance(S1,GAS_POWERPLANT,2016):
136   - NewCapacity(S1,GAS_POWERPLANT,2016)
137   
138   

+ RateOfActivity(S1,0,GAS_POWERPLANT,1,2016) <= 3.1101
E5_DiscountedEmissionsPenaltyByTechnology(S1,GAS_IMPORT,2016):

139   - DiscountedTechnologyEmissionsPenalty(S1,GAS_IMPORT,2016) = -0
140    E5_DiscountedEmissionsPenaltyByTechnology(S1,GAS_POWERPLANT,2016):
141   - DiscountedTechnologyEmissionsPenalty(S1,GAS_POWERPLANT,2016) = -0
142    EBa11_EnergyBalanceEachTS5(S1,GAS,2016,0):
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143   + RateOfActivity(S1,0,GAS_IMPORT,1,2016)
144   
145   

- 1.1101 RateOfActivity(S1,0,GAS_POWERPLANT,1,2016) >= -0
EBa11_EnergyBalanceEachTS5(S1,ELECTRICITY,2016,0):

146   + RateOfActivity(S1,0,GAS_POWERPLANT,1,2016) >= 2.1101
147    EBa9_EnergyBalanceEachTS3(S1,GAS,2016,0): - Demand(S1,0,GAS,2016) = -0
148    EBa9_EnergyBalanceEachTS3(S1,ELECTRICITY,2016,0):
149   - Demand(S1,0,ELECTRICITY,2016) = -2.1101
150    EBb4_EnergyBalanceEachYear4(S1,GAS,2016):
151   + RateOfActivity(S1,0,GAS_IMPORT,1,2016)
152   
153   

- 1.1101 RateOfActivity(S1,0,GAS_POWERPLANT,1,2016) >= -0
EBb4_EnergyBalanceEachYear4(S1,ELECTRICITY,2016):

154   + RateOfActivity(S1,0,GAS_POWERPLANT,1,2016) >= -0
155    RE1_FuelProductionByTechnologyAnnual(S1,GAS_IMPORT,GAS,2016):
156   - ProductionByTechnologyAnnual(S1,GAS_IMPORT,GAS,2016)
157   + RateOfActivity(S1,0,GAS_IMPORT,1,2016) = -0
158  RE1_FuelProductionByTechnologyAnnual(S1,GAS_IMPORT,ELECTRICITY,2016):
159  - ProductionByTechnologyAnnual(S1,GAS_IMPORT,ELECTRICITY,2016) = -0
160    RE1_FuelProductionByTechnologyAnnual(S1,GAS_POWERPLANT,GAS,2016):
161    - ProductionByTechnologyAnnual(S1,GAS_POWERPLANT,GAS,2016) = -0
162    RE1_FuelProductionByTechnologyAnnual(S1,GAS_POWERPLANT,ELECTRICITY,2016):
163   - ProductionByTechnologyAnnual(S1,GAS_POWERPLANT,ELECTRICITY,2016)
164   + RateOfActivity(S1,0,GAS_POWERPLANT,1,2016) = -0
165   RE4_EnergyConstraint(S1,2016): 0 AccumulatedNewCapacity(S1,GAS_IMPORT,2016)
166   <= -0
167   RM3_ReserveMargin_Constraint(S1,2016,0): 0 AccumulatedNewCapacity(S1,GAS_IMPORT,2016)
168   <= -0
169  TAC2_TotalModelHorizonTechnologyActivityUpperLimit(S1,GAS_IMPORT):
170  + RateOfActivity(S1,0,GAS_IMPORT,1,2016) <= 99999
171   TAC2_TotalModelHorizonTechnologyActivityUpperLimit(S1,GAS_POWERPLANT):
172   + RateOfActivity(S1,0,GAS_POWERPLANT,1,2016) <= 99999
173   TCC1_TotalAnnualMaxCapacityConstraint(2016,S1,GAS_IMPORT):
174   + NewCapacity(S1,GAS_IMPORT,2016) <= 99999
175   TCC1_TotalAnnualMaxCapacityConstraint(2016,S1,GAS_POWERPLANT):
176  + NewCapacity(S1,GAS_POWERPLANT,2016) <= 99995.8899
177   
178   Bounds
179    AnnualVariableOperatingCost(S1,GAS_IMPORT,2016) free
180    AnnualVariableOperatingCost(S1,GAS_POWERPLANT,2016) free
181    TotalTechnologyModelPeriodActivity(S1,GAS_IMPORT) free
182    TotalTechnologyModelPeriodActivity(S1,GAS_POWERPLANT) free
183    Trade(S1,S1,0,GAS,2016) free
184    Trade(S1,S1,0,ELECTRICITY,2016) free
185   
186   End
187   
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1   \* Problem: osemosys *\
2   
3   Minimize
4    cost: + TotalDiscountedCost(S1,2016)
5   
6   Subject To
7    EQ_SpecifiedDemand(S1,0,GAS,2016): - RateOfDemand(S1,0,GAS,2016) = -0
8    EQ_SpecifiedDemand(S1,0,ELECTRICITY,2016):
9   
10   
11   

- RateOfDemand(S1,0,ELECTRICITY,2016) = -2.1101
CAa1_TotalNewCapacity(S1,GAS_IMPORT,2016):
- NewCapacity(S1,GAS_IMPORT,2016)

12   + AccumulatedNewCapacity(S1,GAS_IMPORT,2016) = -0
13   CAa1_TotalNewCapacity(S1,GAS_POWERPLANT,2016):
14   - NewCapacity(S1,GAS_POWERPLANT,2016)
15   + AccumulatedNewCapacity(S1,GAS_POWERPLANT,2016) = -0
16   CAa2_TotalAnnualCapacity(S1,GAS_IMPORT,2016):
17   + AccumulatedNewCapacity(S1,GAS_IMPORT,2016)
18   - TotalCapacityAnnual(S1,GAS_IMPORT,2016) = -0
19   CAa2_TotalAnnualCapacity(S1,GAS_POWERPLANT,2016):
20   + AccumulatedNewCapacity(S1,GAS_POWERPLANT,2016)
21   
22   

- TotalCapacityAnnual(S1,GAS_POWERPLANT,2016) = -3.1101
CAa3_TotalActivityOfEachTechnology(S1,GAS_IMPORT,0,2016):

23   + RateOfActivity(S1,0,GAS_IMPORT,1,2016)
24   - RateOfTotalActivity(S1,GAS_IMPORT,0,2016) = -0
25   CAa3_TotalActivityOfEachTechnology(S1,GAS_POWERPLANT,0,2016):
26   + RateOfActivity(S1,0,GAS_POWERPLANT,1,2016)
27   - RateOfTotalActivity(S1,GAS_POWERPLANT,0,2016) = -0
28   CAa4_Constraint_Capacity(S1,0,GAS_IMPORT,2016):
29   - TotalCapacityAnnual(S1,GAS_IMPORT,2016)
30   + RateOfTotalActivity(S1,GAS_IMPORT,0,2016) <= -0
31   CAa4_Constraint_Capacity(S1,0,GAS_POWERPLANT,2016):
32   - TotalCapacityAnnual(S1,GAS_POWERPLANT,2016)
33   + RateOfTotalActivity(S1,GAS_POWERPLANT,0,2016) <= -0
34   CAb1_PlannedMaintenance(S1,GAS_IMPORT,2016):
35   - TotalCapacityAnnual(S1,GAS_IMPORT,2016)
36   + RateOfTotalActivity(S1,GAS_IMPORT,0,2016) <= -0
37   CAb1_PlannedMaintenance(S1,GAS_POWERPLANT,2016):
38   - TotalCapacityAnnual(S1,GAS_POWERPLANT,2016)
39   + RateOfTotalActivity(S1,GAS_POWERPLANT,0,2016) <= -0
40   EBa1_RateOfFuelProduction1(S1,0,GAS,GAS_IMPORT,1,2016):
41   + RateOfActivity(S1,0,GAS_IMPORT,1,2016)
42   - RateOfProductionByTechnologyByMode(S1,0,GAS_IMPORT,1,GAS,2016) = -0
43   EBa1_RateOfFuelProduction1(S1,0,ELECTRICITY,GAS_POWERPLANT,1,2016):
44   + RateOfActivity(S1,0,GAS_POWERPLANT,1,2016)
45   - RateOfProductionByTechnologyByMode(S1,0,GAS_POWERPLANT,1,ELECTRICITY,2016)
46   = -0
47   EBa2_RateOfFuelProduction2(S1,0,GAS,GAS_IMPORT,2016):
48   + RateOfProductionByTechnologyByMode(S1,0,GAS_IMPORT,1,GAS,2016)
49   - RateOfProductionByTechnology(S1,0,GAS_IMPORT,GAS,2016) = -0
50  EBa2_RateOfFuelProduction2(S1,0,GAS,GAS_POWERPLANT,2016):
51  - RateOfProductionByTechnology(S1,0,GAS_POWERPLANT,GAS,2016) = -0
52   EBa2_RateOfFuelProduction2(S1,0,ELECTRICITY,GAS_IMPORT,2016):
53  - RateOfProductionByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016) = -0
54    EBa2_RateOfFuelProduction2(S1,0,ELECTRICITY,GAS_POWERPLANT,2016):
55   + RateOfProductionByTechnologyByMode(S1,0,GAS_POWERPLANT,1,ELECTRICITY,2016)
56   - RateOfProductionByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016)
57   = -0
58   EBa3_RateOfFuelProduction3(S1,0,GAS,2016):
59   + RateOfProductionByTechnology(S1,0,GAS_IMPORT,GAS,2016)
60   + RateOfProductionByTechnology(S1,0,GAS_POWERPLANT,GAS,2016)
61   - RateOfProduction(S1,0,GAS,2016) = -0
62   EBa3_RateOfFuelProduction3(S1,0,ELECTRICITY,2016):
63   + RateOfProductionByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016)
64   + RateOfProductionByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016)
65   - RateOfProduction(S1,0,ELECTRICITY,2016) = -0
66   EBa4_RateOfFuelUse1(S1,0,GAS,GAS_POWERPLANT,1,2016):
67   + 1.1101 RateOfActivity(S1,0,GAS_POWERPLANT,1,2016)
68   - RateOfUseByTechnologyByMode(S1,0,GAS_POWERPLANT,1,GAS,2016) = -0
69   EBa5_RateOfFuelUse2(S1,0,GAS,GAS_IMPORT,2016):
70   - RateOfUseByTechnology(S1,0,GAS_IMPORT,GAS,2016) = -0
71    EBa5_RateOfFuelUse2(S1,0,GAS,GAS_POWERPLANT,2016):
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72   + RateOfUseByTechnologyByMode(S1,0,GAS_POWERPLANT,1,GAS,2016)
73   - RateOfUseByTechnology(S1,0,GAS_POWERPLANT,GAS,2016) = -0
74  EBa5_RateOfFuelUse2(S1,0,ELECTRICITY,GAS_IMPORT,2016):
75  - RateOfUseByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016) = -0
76    EBa5_RateOfFuelUse2(S1,0,ELECTRICITY,GAS_POWERPLANT,2016):
77   - RateOfUseByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016) = -0
78    EBa6_RateOfFuelUse3(S1,0,GAS,2016):
79   + RateOfUseByTechnology(S1,0,GAS_IMPORT,GAS,2016)
80   + RateOfUseByTechnology(S1,0,GAS_POWERPLANT,GAS,2016)
81   - RateOfUse(S1,0,GAS,2016) = -0
82   EBa6_RateOfFuelUse3(S1,0,ELECTRICITY,2016):
83   + RateOfUseByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016)
84   + RateOfUseByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016)
85   - RateOfUse(S1,0,ELECTRICITY,2016) = -0
86   EBa7_EnergyBalanceEachTS1(S1,0,GAS,2016):
87   + RateOfProduction(S1,0,GAS,2016) - Production(S1,0,GAS,2016) = -0
88    EBa7_EnergyBalanceEachTS1(S1,0,ELECTRICITY,2016):
89   + RateOfProduction(S1,0,ELECTRICITY,2016)
90   - Production(S1,0,ELECTRICITY,2016) = -0
91   EBa8_EnergyBalanceEachTS2(S1,0,GAS,2016): + RateOfUse(S1,0,GAS,2016)
92   - Use(S1,0,GAS,2016) = -0
93   EBa8_EnergyBalanceEachTS2(S1,0,ELECTRICITY,2016):
94   + RateOfUse(S1,0,ELECTRICITY,2016) - Use(S1,0,ELECTRICITY,2016) = -0
95    EBa9_EnergyBalanceEachTS3(S1,0,GAS,2016): + RateOfDemand(S1,0,GAS,2016)
96    - Demand(S1,0,GAS,2016) = -0
97    EBa9_EnergyBalanceEachTS3(S1,0,ELECTRICITY,2016):
98   + RateOfDemand(S1,0,ELECTRICITY,2016) - Demand(S1,0,ELECTRICITY,2016)
99    = -0
100    EBa10_EnergyBalanceEachTS4(S1,S1,0,GAS,2016):
101   + 2 Trade(S1,S1,0,GAS,2016) = -0
102    EBa10_EnergyBalanceEachTS4(S1,S1,0,ELECTRICITY,2016):
103    + 2 Trade(S1,S1,0,ELECTRICITY,2016) = -0
104    EBa11_EnergyBalanceEachTS5(S1,0,GAS,2016): - Demand(S1,0,GAS,2016)
105    + Production(S1,0,GAS,2016) - Use(S1,0,GAS,2016) >= -0
106    EBa11_EnergyBalanceEachTS5(S1,0,ELECTRICITY,2016):
107   - Demand(S1,0,ELECTRICITY,2016) + Production(S1,0,ELECTRICITY,2016)
108   - Use(S1,0,ELECTRICITY,2016) >= -0
109   EBb1_EnergyBalanceEachYear1(S1,GAS,2016): + Production(S1,0,GAS,2016)
110   - ProductionAnnual(S1,GAS,2016) = -0
111    EBb1_EnergyBalanceEachYear1(S1,ELECTRICITY,2016):
112   + Production(S1,0,ELECTRICITY,2016)
113   - ProductionAnnual(S1,ELECTRICITY,2016) = -0
114   EBb2_EnergyBalanceEachYear2(S1,GAS,2016): + Use(S1,0,GAS,2016)
115   - UseAnnual(S1,GAS,2016) = -0
116    EBb2_EnergyBalanceEachYear2(S1,ELECTRICITY,2016):
117    + Use(S1,0,ELECTRICITY,2016) - UseAnnual(S1,ELECTRICITY,2016) = -0
118    EBb3_EnergyBalanceEachYear3(S1,S1,GAS,2016): + Trade(S1,S1,0,GAS,2016)
119    - TradeAnnual(S1,S1,GAS,2016) = -0
120    EBb3_EnergyBalanceEachYear3(S1,S1,ELECTRICITY,2016):
121   + Trade(S1,S1,0,ELECTRICITY,2016) - TradeAnnual(S1,S1,ELECTRICITY,2016)
122    = -0
123    EBb4_EnergyBalanceEachYear4(S1,GAS,2016):
124   + ProductionAnnual(S1,GAS,2016) - UseAnnual(S1,GAS,2016) >= -0
125    EBb4_EnergyBalanceEachYear4(S1,ELECTRICITY,2016):
126   + ProductionAnnual(S1,ELECTRICITY,2016)
127   - UseAnnual(S1,ELECTRICITY,2016) >= -0
128   Acc1_FuelProductionByTechnology(S1,0,GAS_IMPORT,GAS,2016):
129   + RateOfProductionByTechnology(S1,0,GAS_IMPORT,GAS,2016)
130   - ProductionByTechnology(S1,0,GAS_IMPORT,GAS,2016) = -0
131   Acc1_FuelProductionByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016):
132   + RateOfProductionByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016)
133   - ProductionByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016) = -0
134   Acc1_FuelProductionByTechnology(S1,0,GAS_POWERPLANT,GAS,2016):
135   + RateOfProductionByTechnology(S1,0,GAS_POWERPLANT,GAS,2016)
136   - ProductionByTechnology(S1,0,GAS_POWERPLANT,GAS,2016) = -0
137   Acc1_FuelProductionByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016):
138   + RateOfProductionByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016)
139   - ProductionByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016) = -0
140   Acc2_FuelUseByTechnology(S1,0,GAS_IMPORT,GAS,2016):
141   + RateOfUseByTechnology(S1,0,GAS_IMPORT,GAS,2016)
142   - UseByTechnology(S1,0,GAS_IMPORT,GAS,2016) = -0
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143    Acc2_FuelUseByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016):
144   + RateOfUseByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016)
145   - UseByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016) = -0
146   Acc2_FuelUseByTechnology(S1,0,GAS_POWERPLANT,GAS,2016):
147   + RateOfUseByTechnology(S1,0,GAS_POWERPLANT,GAS,2016)
148   - UseByTechnology(S1,0,GAS_POWERPLANT,GAS,2016) = -0
149   Acc2_FuelUseByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016):
150   + RateOfUseByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016)
151   - UseByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016) = -0
152   Acc3_AverageAnnualRateOfActivity(S1,GAS_IMPORT,1,2016):
153   + RateOfActivity(S1,0,GAS_IMPORT,1,2016)
154   - TotalAnnualTechnologyActivityByMode(S1,GAS_IMPORT,1,2016) = -0
155   Acc3_AverageAnnualRateOfActivity(S1,GAS_POWERPLANT,1,2016):
156   + RateOfActivity(S1,0,GAS_POWERPLANT,1,2016)
157   - TotalAnnualTechnologyActivityByMode(S1,GAS_POWERPLANT,1,2016) = -0
158   Acc4_ModelPeriodCostByRegion(S1): + TotalDiscountedCost(S1,2016)
159   - ModelPeriodCostByRegion(S1) = -0
160    CC1_UndiscountedCapitalInvestment(S1,GAS_IMPORT,2016):
161   - CapitalInvestment(S1,GAS_IMPORT,2016) = -0
162   CC1_UndiscountedCapitalInvestment(S1,GAS_POWERPLANT,2016):
163   - CapitalInvestment(S1,GAS_POWERPLANT,2016) = -0
164   CC2_DiscountingCapitalInvestment(S1,GAS_IMPORT,2016):
165   + CapitalInvestment(S1,GAS_IMPORT,2016)
166   - DiscountedCapitalInvestment(S1,GAS_IMPORT,2016) = -0
167   CC2_DiscountingCapitalInvestment(S1,GAS_POWERPLANT,2016):
168   + CapitalInvestment(S1,GAS_POWERPLANT,2016)
169   - DiscountedCapitalInvestment(S1,GAS_POWERPLANT,2016) = -0
170   SV3_SalvageValueAtEndOfPeriod3(S1,GAS_IMPORT,2016):
171   + SalvageValue(S1,GAS_IMPORT,2016) = -0
172    SV3_SalvageValueAtEndOfPeriod3(S1,GAS_POWERPLANT,2016):
173    + SalvageValue(S1,GAS_POWERPLANT,2016) = -0
174    SV4_SalvageValueDiscountedToStartYear(S1,GAS_IMPORT,2016):
175   - 0.952380952380952 SalvageValue(S1,GAS_IMPORT,2016)
176   + DiscountedSalvageValue(S1,GAS_IMPORT,2016) = -0
177   SV4_SalvageValueDiscountedToStartYear(S1,GAS_POWERPLANT,2016):
178   - 0.952380952380952 SalvageValue(S1,GAS_POWERPLANT,2016)
179   + DiscountedSalvageValue(S1,GAS_POWERPLANT,2016) = -0
180   OC1_OperatingCostsVariable(S1,GAS_IMPORT,0,2016):
181   - AnnualVariableOperatingCost(S1,GAS_IMPORT,2016) = -0
182    OC1_OperatingCostsVariable(S1,GAS_POWERPLANT,0,2016):
183   + 9.1202 TotalAnnualTechnologyActivityByMode(S1,GAS_POWERPLANT,1,2016)
184   - AnnualVariableOperatingCost(S1,GAS_POWERPLANT,2016) = -0
185   OC2_OperatingCostsFixedAnnual(S1,GAS_IMPORT,2016):
186   - AnnualFixedOperatingCost(S1,GAS_IMPORT,2016) = -0
187    OC2_OperatingCostsFixedAnnual(S1,GAS_POWERPLANT,2016):
188   - AnnualFixedOperatingCost(S1,GAS_POWERPLANT,2016) = -0
189    OC3_OperatingCostsTotalAnnual(S1,GAS_IMPORT,2016):
190   - OperatingCost(S1,GAS_IMPORT,2016)
191   + AnnualVariableOperatingCost(S1,GAS_IMPORT,2016)
192   + AnnualFixedOperatingCost(S1,GAS_IMPORT,2016) = -0
193   OC3_OperatingCostsTotalAnnual(S1,GAS_POWERPLANT,2016):
194   - OperatingCost(S1,GAS_POWERPLANT,2016)
195   + AnnualVariableOperatingCost(S1,GAS_POWERPLANT,2016)
196   + AnnualFixedOperatingCost(S1,GAS_POWERPLANT,2016) = -0
197   OC4_DiscountedOperatingCostsTotalAnnual(S1,GAS_IMPORT,2016):
198   + 0.975900072948533 OperatingCost(S1,GAS_IMPORT,2016)
199   - DiscountedOperatingCost(S1,GAS_IMPORT,2016) = -0
200   OC4_DiscountedOperatingCostsTotalAnnual(S1,GAS_POWERPLANT,2016):
201   + 0.975900072948533 OperatingCost(S1,GAS_POWERPLANT,2016)
202   - DiscountedOperatingCost(S1,GAS_POWERPLANT,2016) = -0
203   TDC1_TotalDiscountedCostByTechnology(S1,GAS_IMPORT,2016):
204   + DiscountedCapitalInvestment(S1,GAS_IMPORT,2016)
205   - DiscountedSalvageValue(S1,GAS_IMPORT,2016)
206   + DiscountedOperatingCost(S1,GAS_IMPORT,2016)
207   - TotalDiscountedCostByTechnology(S1,GAS_IMPORT,2016)
208   + DiscountedTechnologyEmissionsPenalty(S1,GAS_IMPORT,2016) = -0
209   TDC1_TotalDiscountedCostByTechnology(S1,GAS_POWERPLANT,2016):
210   + DiscountedCapitalInvestment(S1,GAS_POWERPLANT,2016)
211   - DiscountedSalvageValue(S1,GAS_POWERPLANT,2016)
212   + DiscountedOperatingCost(S1,GAS_POWERPLANT,2016)
213   - TotalDiscountedCostByTechnology(S1,GAS_POWERPLANT,2016)
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214   + DiscountedTechnologyEmissionsPenalty(S1,GAS_POWERPLANT,2016) = -0
215   TDC2_TotalDiscountedCost(S1,2016):
216   + TotalDiscountedCostByTechnology(S1,GAS_IMPORT,2016)
217   + TotalDiscountedCostByTechnology(S1,GAS_POWERPLANT,2016)
218   - TotalDiscountedCost(S1,2016) = -0
219  TCC1_TotalAnnualMaxCapacityConstraint(S1,GAS_IMPORT,2016):
220  + TotalCapacityAnnual(S1,GAS_IMPORT,2016) <= 99999
221  TCC1_TotalAnnualMaxCapacityConstraint(S1,GAS_POWERPLANT,2016):
222  + TotalCapacityAnnual(S1,GAS_POWERPLANT,2016) <= 99999
223   NCC1_TotalAnnualMaxNewCapacityConstraint(S1,GAS_IMPORT,2016):
224   + NewCapacity(S1,GAS_IMPORT,2016) <= 99999
225   NCC1_TotalAnnualMaxNewCapacityConstraint(S1,GAS_POWERPLANT,2016):
226  + NewCapacity(S1,GAS_POWERPLANT,2016) <= 99999
227   AAC1_TotalAnnualTechnologyActivity(S1,GAS_IMPORT,2016):
228   + RateOfTotalActivity(S1,GAS_IMPORT,0,2016)
229   - TotalTechnologyAnnualActivity(S1,GAS_IMPORT,2016) = -0
230   AAC1_TotalAnnualTechnologyActivity(S1,GAS_POWERPLANT,2016):
231   + RateOfTotalActivity(S1,GAS_POWERPLANT,0,2016)
232   - TotalTechnologyAnnualActivity(S1,GAS_POWERPLANT,2016) = -0
233  AAC2_TotalAnnualTechnologyActivityUpperLimit(S1,GAS_IMPORT,2016):
234  + TotalTechnologyAnnualActivity(S1,GAS_IMPORT,2016) <= 99999
235   AAC2_TotalAnnualTechnologyActivityUpperLimit(S1,GAS_POWERPLANT,2016):
236   + TotalTechnologyAnnualActivity(S1,GAS_POWERPLANT,2016) <= 99999
237    TAC1_TotalModelHorizonTechnologyActivity(S1,GAS_IMPORT):
238   + TotalTechnologyAnnualActivity(S1,GAS_IMPORT,2016)
239   - TotalTechnologyModelPeriodActivity(S1,GAS_IMPORT) = -0
240   TAC1_TotalModelHorizonTechnologyActivity(S1,GAS_POWERPLANT):
241   + TotalTechnologyAnnualActivity(S1,GAS_POWERPLANT,2016)
242   - TotalTechnologyModelPeriodActivity(S1,GAS_POWERPLANT) = -0
243  TAC2_TotalModelHorizonTechnologyActivityUpperLimit(S1,GAS_IMPORT):
244  + TotalTechnologyModelPeriodActivity(S1,GAS_IMPORT) <= 99999
245   TAC2_TotalModelHorizonTechnologyActivityUpperLimit(S1,GAS_POWERPLANT):
246   + TotalTechnologyModelPeriodActivity(S1,GAS_POWERPLANT) <= 99999
247    RM1_ReserveMargin_TechnologiesIncluded_In_Activity_Units(S1,0,2016):
248    - TotalCapacityInReserveMargin(S1,2016) = -0
249    RM2_ReserveMargin_FuelsIncluded(S1,0,2016):
250    - DemandNeedingReserveMargin(S1,0,2016) = -0
251    RM3_ReserveMargin_Constraint(S1,0,2016):
252   - TotalCapacityInReserveMargin(S1,2016)
253   + DemandNeedingReserveMargin(S1,0,2016) <= -0
254   RE1_FuelProductionByTechnologyAnnual(S1,GAS_IMPORT,GAS,2016):
255   + ProductionByTechnology(S1,0,GAS_IMPORT,GAS,2016)
256   - ProductionByTechnologyAnnual(S1,GAS_IMPORT,GAS,2016) = -0
257   RE1_FuelProductionByTechnologyAnnual(S1,GAS_IMPORT,ELECTRICITY,2016):
258   + ProductionByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016)
259   - ProductionByTechnologyAnnual(S1,GAS_IMPORT,ELECTRICITY,2016) = -0
260   RE1_FuelProductionByTechnologyAnnual(S1,GAS_POWERPLANT,GAS,2016):
261   + ProductionByTechnology(S1,0,GAS_POWERPLANT,GAS,2016)
262   - ProductionByTechnologyAnnual(S1,GAS_POWERPLANT,GAS,2016) = -0
263   RE1_FuelProductionByTechnologyAnnual(S1,GAS_POWERPLANT,ELECTRICITY,2016):
264   + ProductionByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016)
265   - ProductionByTechnologyAnnual(S1,GAS_POWERPLANT,ELECTRICITY,2016) = -0
266   RE2_TechIncluded(S1,2016): - TotalREProductionAnnual(S1,2016) = -0
267   RE3_FuelIncluded(S1,2016):
268   - RETotalProductionOfTargetFuelAnnual(S1,2016) = -0
269    RE4_EnergyConstraint(S1,2016): - TotalREProductionAnnual(S1,2016) <= -0
270    RE5_FuelUseByTechnologyAnnual(S1,GAS_IMPORT,GAS,2016):
271   + RateOfUseByTechnology(S1,0,GAS_IMPORT,GAS,2016)
272   - UseByTechnologyAnnual(S1,GAS_IMPORT,GAS,2016) = -0
273   RE5_FuelUseByTechnologyAnnual(S1,GAS_IMPORT,ELECTRICITY,2016):
274   + RateOfUseByTechnology(S1,0,GAS_IMPORT,ELECTRICITY,2016)
275   - UseByTechnologyAnnual(S1,GAS_IMPORT,ELECTRICITY,2016) = -0
276   RE5_FuelUseByTechnologyAnnual(S1,GAS_POWERPLANT,GAS,2016):
277   + RateOfUseByTechnology(S1,0,GAS_POWERPLANT,GAS,2016)
278   - UseByTechnologyAnnual(S1,GAS_POWERPLANT,GAS,2016) = -0
279   RE5_FuelUseByTechnologyAnnual(S1,GAS_POWERPLANT,ELECTRICITY,2016):
280   + RateOfUseByTechnology(S1,0,GAS_POWERPLANT,ELECTRICITY,2016)
281   - UseByTechnologyAnnual(S1,GAS_POWERPLANT,ELECTRICITY,2016) = -0
282   E4_EmissionsPenaltyByTechnology(S1,GAS_IMPORT,2016):
283   - AnnualTechnologyEmissionsPenalty(S1,GAS_IMPORT,2016) = -0
284    E4_EmissionsPenaltyByTechnology(S1,GAS_POWERPLANT,2016):
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285   - AnnualTechnologyEmissionsPenalty(S1,GAS_POWERPLANT,2016) = -0
286   E5_DiscountedEmissionsPenaltyByTechnology(S1,GAS_IMPORT,2016):
287   + 0.975900072948533 AnnualTechnologyEmissionsPenalty(S1,GAS_IMPORT,2016)
288   - DiscountedTechnologyEmissionsPenalty(S1,GAS_IMPORT,2016) = -0
289   E5_DiscountedEmissionsPenaltyByTechnology(S1,GAS_POWERPLANT,2016):
290   + 0.975900072948533 AnnualTechnologyEmissionsPenalty(S1,GAS_POWERPLANT,2016)
291   - DiscountedTechnologyEmissionsPenalty(S1,GAS_POWERPLANT,2016) = -0
292   
293   Bounds
294    TotalTechnologyModelPeriodActivity(S1,GAS_IMPORT) free
295    TotalTechnologyModelPeriodActivity(S1,GAS_POWERPLANT) free
296    Trade(S1,S1,0,GAS,2016) free
297    Trade(S1,S1,0,ELECTRICITY,2016) free
298    TradeAnnual(S1,S1,GAS,2016) free
299    TradeAnnual(S1,S1,ELECTRICITY,2016) free
300    TotalREProductionAnnual(S1,2016) free
301    RETotalProductionOfTargetFuelAnnual(S1,2016) free
302   
303   End
304   
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Appendix C: OSeMOSYS Objective Function 
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Appendix D: Graphs Production 

It is recommended to view the graphs in the PDF version of this master’s thesis, as the 

Figures are scalable and can be displayed in high resolution. 
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