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Abstract 

The objective of the present work is to describe the underlying principles, the 
development and the implementation of the Energy Systems Optimisation Module, one 

. The 
Energy Systems Optimisation Module objectives are twofold: The acquirement of the 
state of the art knowledge in Energy Systems and Optimisation theory, and  most 
significantly - the familiarisation with the formulation, modelling and applications of 
optimisation methods and tools in practical problems. The diverse disciplines of the 
students as well as the wide spectrum of case studies being analysed are of the most 
important characteristics of the Module. After the implementation of the course the 
students have acquired a wider scope of how energy problems may be approached and 
solved.  
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1. Introduction  scope and objectives of the work 
Energy systems optimisation is of a continuously increasing interest area due to the 
technical complexity and the environmental and social perspective of these problems. 
The energy systems design and operation are complicated issues that need very well 
educated scientists and professionals educated to be able to encounter the wide spectrum 
of aspects being involved in these processes.  
In this context the design and implementation of an optimisation course in general and 
more specifically in energy systems is an interesting and stimulating process since the 
students should depart from the basic idea of the single solution of a problem and 
understand that in real systems the most crucial issue is the selection among a number 
of multiple feasible solutions that have different performance on a certain criterion (or 
criteria) and the following decision making. 
The objective of the present work is to describe the underlying principles, the 
development and implementation of the Energy Systems Optimisation Module, one of 
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academia and industry. In the MSc Course emphasis is placed on creating the new 
generation of energy educated students and professionals who will be broadly exposed 
in all the components of energy through quantitative analytical methods and multi-scale 
systems based approaches. The degree is offered in two tracks: Renewable Energy 
Technologies with a focus in Wind and Solar Energy and Design of Energy Systems 
including the Optimisation of Energy Systems and the Strategic Technology and 
Business Planning Module. 
The specific postgraduate course admits a number of students originating from different 
degrees (all fields of engineering, physics, chemistry, geology, agronomy, information 
science) and educates them in the theoretical and practical issues of Energy. Most of the 
students have already acquired some professional experience, while the rest have just 
graduated from University. 

2. Design and contents of the Optimisation Module 
The Energy Systems Optimisation Module objectives are twofold: The acquirement of 
the state of the art knowledge in Energy Systems and Optimisation theory, and -most 
significantly- the familiarisation with the formulation, modelling and practical 
applications of optimisation methods and tools in practical problems. 
Many excellent quality textbooks have been developed for Optimisation (e.g. Diwekar, 
2003, Knopf, FC. 2012, Ravindran A. et al, 

2009). On the contrary, very few, if any, research works have been carried 
out related to the optimisation education (Oana Popa et al., 2015, Norberto García et al., 
2012). However the subject is very interesting, horizontal and multidisciplinary. In fact 
it aims to enhance the ability of professionals to evaluate multiple solutions of a 
problem and to support rational decisions. 
A parameter affecting crucially the design and the development of the module is the fact 
that most of the students attending the module have no prior experience in optimisation, 
possibly except those originating from Chemical Engineering discipline. Some of the 
students have possibly attended Operations Research (i.e. Mathematical Programming) 
in their undergraduate courses but only as a generic tool without any focus in 
engineering and certainly not in energy systems. Therefore, significant effort should be 
put in the transfer of insight and understanding of the optimisation concept prior to any 
technical details. 
The inspiration and mission of the Energy Systems Optimisation Module is that the 
students should be able to apply the optimisation concepts, principles and tools in their 
organisations, industries and wherever they work in order to apply a rational and 
consistent decision support and encourage with their advanced education and 
knowledge the progress of the energy sector in their countries, the consistent and 
rational decision making as well as the advancement of their own careers in a very 
competitive and demanding sector in international basis. Certainly some of the students 
continue with PhD degrees but most of them attend the course for career advancement 
purposes. 
To that effect, the Module has been designed in such a way that will cover the above 
requirements, be complete in theoretical basis and accommodate a wide spectrum of 
energy systems in case studies and examples. The content of the module (Table 1) 
includes theoretical aspects, such as methods and tools for optimisation, the LP, MILP 
and integer programming models, as well as Multicriteria Analysis. 
The delivery of the module includes class teaching as well as optimisation software 
laboratory tutorials. The case studies that are presented also originate from different 



  

energy systems and the energy models developed express a wide variety of systems and 
problems and performance measures. Optimisation criteria are performance measures 
and the constraints may reflect physical conditions, environmental and social goals, 
mass and energy balances, system capacities, technical limitations of the energy systems 
under consideration (Table 2). 
It is also very interesting to mention that in parallel to optimisation, the knowledge 
acquired from other courses is very efficiently exploited. For example in most cases the 
optimisation of energy systems incorporates concepts from engineering economics and 
the optimisation criterion is an economic function. Therefore the students implement 
their knowledge in feasibility analysis and incorporate economic measures (IRR, NPV 
etc.) in the optimisation criterion. 

Table 1: Energy Systems Optimisation Module Contents 

Module Content  

Process Systems Engineering issues. The concept of the energy system.  

The need of energy systems modelling. The usual objectives and constraints of an energy 
optimization problem. Emphasis on problem formulation and solving. 

Basics for model development. The modeling process and steps. Examples of energy models  
various practical applications. Optimization using examples from energy industries. 

Various techniques for the solution of optimisation problems. Mathematical programming for 
the solution of optimisation problems. Linear, Integer Programming, MILP. 

Optimisation Software for energy systems. Comparative evaluation, examples, case studies. 

Energy Supply Chains, concept, examples of novel energy supply chains. Power & fuel SC. 

Energy systems design with optimization methods and tools. Multicriteria optimization. 
Specific problems: for the design - planning - operation of energy systems. 

Hybrid energy systems. Definition, characteristics, modelling. Specific examples. 

The energy - economics optimisation problem. 

Case studies and examples. Problem topics include optimization of energy investment, 
production and transportation; efficient energy production and conversion. 

Furthermore, the synthesis and configuration of energy systems, especially those 
involving multiple energy sources (e.g. hybrid systems) is also approached through 
optimisation by applying the Life Cycle Cost as the optimisation criterion. Actually the 
design and optimum sizing of hybrid energy systems is one rather complicated and 
challenging topic of the energy generation sector, since it combines knowledge of the 
energy behavior of various energy generation technologies with a variety of 
optimization criteria. In most cases a multi-criteria decision making procedure is 
required in order to select the most appropriate solution (Kondili et al., 2013). More 
specifically, the hybrid energy system design requires the calculation of the appropriate 
fuel mix (wind, solar, hydro, biomass, oil, natural gas, etc.) and energy storage 
characteristics (energy storage type, storage capacity, input-output power, etc.) that 
fulfills the existing constrains (e.g. energy autonomy of remote consumers, system 
reliability, land availability, seasonal variation, etc.) (Kaldellis et al., 2011). In most 
cases the optimization criteria include minimum investment capital, minimum lice cycle 
energy production cost, optimum financial behavior (i.e. minimum pay-back period, 
maximum IRR or/and profit ratio), minimum environmental impacts (e.g. minimum 



carbon dioxide emissions, minimum air pollution, minimum embodied energy, etc.) and 
maximum social acceptance (Kaldellis et al, 2012. In a general case, different weight 
factors should be selected for each optimization criterion (using for example a Delphi 
analysis) adopted and a multi-parameter procedure to be implemented. Finally, a 
sensitivity analysis is applied in order to support the optimum solution selected 
(Kaldellis et al., 2013). 

Table 2: Energy Systems and problems under consideration in the Optimisation Module (indic.) 

Energy Systems  

Building energy management systems for energy saving and management 

Process and manufacturing industry energy systems design and operation 

Electric cars and novel transportation applications 

Energy supply chains for remote areas 

Investments and infrastructure planning for an area, a region, a country 

Hybrid systems configuration and design  

Energy models optimisation criteria 

Investment Cost (Operational Cost, Total Cost) minimisation  

Total Profit Maximisation  

Environmental impacts minimization 

Total value of the system (defined accordingly) maximization 

Energy consumption minimization 

Energy models constraints 

Capacity of power generation systems 

Capacity of equipment, of storage systems, of installations 

Mass and energy balances 

Technical constraints of the specific systems  

Conversion equations  

Environmental and social impacts of the energy systems 

At this point it is important to mention that conventional as well as renewable energy 
sources are all included in the module content.  

3. Experience from the implementation of the course 
One of most important aspects of the module is the project assignment, where the 
students are asked to select different energy systems problems and approach them with 
the most suitable optimisation methods. In fact the assignments are mostly defined and 
suggested by the students themselves and are relevant to their careers, to the 
organisation they work for or to their interests and future plans. The variety of problems 
being dealt with indicates the different perspective of energy problems optimisation. 
CAPE tools are used in the case studies and assignments (EXCEL Solver, GAMS) and 
tutorials are being held during the course for the familiarisation of the students with 



  

these software tools. 
Table 3.  
Many optimisation courses base their content in the mathematics of the optimisation 
algorithms. However, for professionals that the main objective is to acquire knowledge 
and experience for implementing Decision Support methods and tools, the mathematics 
of the optimisation, however interesting they might be, are not the main objective. On 
the contrary, in most cases tools and methods simple in their use would be very useful, 
in order to solve or be advised on the solution of energy systems optimisation problems. 
In the present course the effort is focused in transferring to the students the optimisation 
concepts and principles, the modeling approach and the great potential of optimisation 
to solve practical problems. Therefore, the students get the knowledge and the 
experience to contribute effectively to any type of problem of energy systems, from the 
strategic planning and energy policy design, to the infrastructure and investments 
planning, the synthesis and configuration of the energy systems, their design and 
operation on day to day use. 

Table 3: Energy Systems Optimisation Module Assignments (indicatively) 

Assignment Subject Comments Methods and Tools 

Optimal production planning in 
industrial valves manufacturing 
plant. 

Development of the process 
model with energy use & 
environmental impacts minim. 

Mathematical 
optimisation, GAMS  

Hybrid energy system design Model development for the 
design of a RES hybrid energy 
system 

Mathematical 
optimisation (EXCEL 
Solver) 

Energy Supply Chain 
optimisation in a remote area 

Development of an RTN energy 
model  

Mathematical 
optimisation, GAMS 

Biomass plant optimisation  Power and heat from total cost 
min. for a food industry  

Math. optimisation 
(EXCEL Solver) 

Waste to energy contribution in 
energy environmental impacts 
minimization 

Energy production env. Impacts 
minimization, with the use of 
the Waste to Energy Techn. 

Mathematical 
optimisation (EXCEL 
Solver) 

 

4. Discussion and Conclusions  Relevance to CAPE  

It is believed that for any optimisation course that intends to be a tool for advancement 
and to equip the students with the knowledge and experience of the integrated solution 
of energy problems and the approach that all the components of a system serve the goal 
of optimal operation of the entire system that they belong to, the focus as well as the 
expected learning outcomes should be -and in our course have been achieved- to  
transfer to the very diverse audience of students the experience and insight to: 

 Recognize which problems have multiple feasible solutions therefore a scope for 
optimisation in order to determine the optimal amongst all the alternative solutions. 

 The ability to identify -based on the type of each problem- the most suitable solution 
method(s) and tool(s) among a number of available tools. 

 The ability to define the problem variables, meaning which problem are we actually 
trying to solve and what do we expect the solution of the problem to determine and 



which are the problem parameters, where do they depend on, whether their values 
are known and which are the sources of information for these parameters. 

 In cases where mathematical modeling is the most suitable approach, to be able to 
develop a mathematical optimisation model reflecting the problem under 
consideration by defining properly the variables, the parameters, the criterion to be 
optimised and the system constraints. 

 To understand the operation of the optimisation algorithms, to familiarise themselves 
with optimisation software and be able to interpret the optimisation results.  

As the energy industry and job market continue to grow, a well-trained and educated 
workforce capable of inventing and implementing innovations and meeting challenges 
will be required. Therefore, energy technologies education should be paralleled with 
more specialised courses like the one that has been described in the present work. The 
diverse audience creates high level design of the module in order to be well understood 
by all the students but, at the same time, offers the experience of various case studies 
and assignments that widen significantly the scope of the education. 
Furthermore, the interdisciplinary nature of the optimization toolset enables the students 
to apply similar, integrated, systematic, problem solving techniques to problems in other 
domains, where they also might have a background. In effect, the students have 
acquired both sets of skills (energy systems analysis and problem solving capabilities) 
during this course. It is believed that in two years of operation the course has been very 
successful since the students themselves recognise that they could actually put in the 
optimisation context many other of the subjects they have been taught. In addition, the 
optimisation is one of the core thematic areas of CAPE; therefore the use of CAPE 
methods and tools, the development of mathematical models for complex energy 
systems and their relevant problems contribute very substantially to the expansion of 
CAPE scope in new fields closer to the very interesting area of sustainability.   
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