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Vorwort 

Im Jahr 2012 wurde an der 
Hochschule Luzern – Technik & 
Architektur der englischsprachige 
Studiengang Energy Systems 
Engineering eingeführt mit dem 
Ziel, eine gesamtheitliche 
Ausbildung zu gewähren, welche 
dem internationalen Anspruch an 
die Energie gerecht wird.  
Unsere Studierenden erwerben im 
Verlaufe ihres Studiums die für die 
Karriere in der Energiebranche  
sowie für eine weiterführende  
akademische Ausbildung wichtigen 
Kompetenzen in Mathematik,  
Physik, Informatik, elektrische-  
und thermische Energietechnik,  
Betriebsökonomie und Nach-
haltigkeit. 

Ab dem ersten Semester wenden 
unsere Studierenden ihr Wissen 
und ihre Fähigkeiten im Rahmen 
von praxisorientierten Projekt-
arbeiten interdisziplinär an. Der 
krönende Abschluss bildet die    
Bachelor-Thesis. Diplomanden des 
Studienjahres 2018/2019 zeigen im 
Folgenden ihre Kurzfassungen der 
erfolgreich durchgeführten 
Arbeiten. 

Preface 

In 2012 the Lucerne School of 
Engineering and Architecture  
introduced an English taught 
program with the objective to fully 
respond to global challenges of 
Energy. During the course of study, 
our students learn the expected 
skills as required for their carrier in 
the field of energy or the  
consecutive academic education. 
This includes math, physics, 
information technology, electrical 
and thermal energy engineering, 
business, accounting and 
sustainability. 

Starting in the first semester, our 
students apply their knowledge 
and competencies to inter-
disciplinary projects relevant to the 
market. The absolute highlight is 
the Bachelor Thesis. Overviews of 
the works performed by the  
graduates of the year 2018/2019 
can be seen in the following. 
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Combined Heating and Power System 
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Turbine and Batteries 

Student: Awet Abraha 

Supervisor: Dr. Shaun West 

Expert: Jim Siler 

Industry partner: MAN energy solutions  

In a classical energy supply system        

consumers purchase electricity from the 

distribution grid and separately burn fuel 

in an on-site boiler to produce thermal 

energy. Studies show that the overall com-

bined efficiency of the distribution grid and 

the conventional boiler syatem is around 

45% of the total primary energy input. 

This thesis examines the potential benefits 

of various configurations and operating 

concepts for a combined heating and 

power (CHP) system using MGT6000 gas 

turbines and a battery energy storage  

system (BESS), given the importance of 

improving the performance parameters, 

such as primary energy saving (PES),    

carbon dioxide (CO2) emissions saving, 

payback period (PP), and net present value 

(NPV). 

 

 

 

 

The CHP system was investigated using 

several scenarios, where each scenario 

used a different number of gas turbines 

and strategic operations. The numerical 

results showed that the average rate of 

primary energy and carbon dioxide (CO2) 

emissions savings are significant, for all 

scenarios. However, the financial perfor-

mance of the CHP system depends signifi-

cantly on the number of gas turbines, 

which operate at full load throughout the 

year, and the size of the BESS. 
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Student: Robert Beaufait 

Supervisor: Dr. Willy Villasmil, Benjamin Sponagle 

Expert: Dr. Kai Lieball 

Industry partner: CC Thermal Energy Storage HSLU T&A 

The forward progress of energy manage-

ment and utilization has pushed the devel-

opment of various techniques for energy 

optimization and efficiency. According to 

an European Union report, significant 

amounts of thermal energy are produced 

alongside the typical energy utilization and 

often goes unused. Thermal energy stor-

age is a progressive field of study investi-

gating solutions designed for optimizing 

energy supplies from daily to seasonal 

time scales. A proper assessment is neces-

sary in all cases to design a system that 

performs competitively with the price of 

available energy resources (e.g. grid elec-

tricity and fossil fuels). Design require-

ments rely on accurate measurements of 

the thermophysical properties of storage 

media and insulation to determine the 

efficiency of a system.  

Due to the nature of most material prop-

erties being dependent on a fundamental 

characteristic (e.g. temperature, porosity, 

etc.), there is not a single measurement 

technique suitable to measure all materi-

als over all possible states and measure-

ment ranges.  

Therefore, it is imperative to first properly 

evaluate and classify materials before 

selecting the method and equipment to 

determine thermophysical properties 

(thermal conductivity, thermal diffusivity, 

and specific/volumetric heat capacity).  
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Energetic and Financial Forecast of Self-
Consumption of a PV Installation               

with ZEV 

Student: Sebastian Conrad 

Supervisor: Dr. Achim Schneider 

Expert: André Bongard 

Industry partner: Alfred Müller AG 

The energy strategy 2050 intends a step-

wise withdrawal from nuclear energy.      

Decentralized electricity production using 

photovoltaic (PV) is considered to become 

one of the main parts of the energy supply 

next to hydropower. 

 

In the new district "Reussperle" in Buch-

rain, a large PV plant was installed which 

shall contribute to a sustainable energy 

supply in the region. In order to optimize 

the benefits offered by the photovoltaic 

installation, a merger for self-consumption 

(ZEV) was formed.  

 

The ZEV enables the PV operator to sell 

the generated photovoltaic energy to the 

tenants, benefitting both parties. The ten-

ants receive cheap renewable energy and 

the operator receives a higher price per 

kilowatt-hour, compared to the feed-in. 

 

The scope of this work was  

forecasting the energetic and financial 

performance of the system. For this     

purpose a model in Excel was created. 

Different scenarios were simulated to 

evaluate their effects on the system per-

formance. These scenarios included future 

expansion plans for the district, as well as 

the implementation of a battery storage 

and the participation in the liberal energy 

market. 

 

The tool will also be used in future       

projects. „Reussperle“ serves as the refe-

rence, on the basis of which the tool is 

further developed and calibrated. 
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Improvement of Schindler‘s Product 
Data Support for the Global Product 

Management 

Student: Sebastian Egger 

Supervisor: Markus Raschke 

Expert: Thomas Wodrich 

Industry partner: Schindler AG 

Schindler’s business leaders have the  

demand for data which is searchable,  

viable and flexible enough to deliver  

actionable insights. Traditional data      

management approaches do not allow to  

access and analyze data easily for action-

able insights. Companies today face the 

challenge to integrate and visualize data 

quickly to drive better business decisions, 

this also applies for Schindler’s global 

product management.  

This paper analyzed the struggles 

Schindler’s product management has with 

product data and information support and 

suggested two solutions. 

The first recommendation focuses on the 

long-term strategy Schindler should apply 

to support their business units with the 

right tools based on data that is accurate 

and reliable.  

Schindler’s IT landscape development 

roadmap shows that all corporate entities 

should be working with a single client by 

the end of 2022. At this time the F3 prod-

ucts will be ramped up globally and all 

corporate entities use the new configura-

tor - a globally standardized process to 

record and manage data. When this    

happens, the use of Business Intelligence 

(BI) tools will be the most effective way to 

support business units such as product 

management in their work. 

The second recommendation focuses on 

utilizing a tool that already exists by im-

proving it in terms of data quality and 

correct use in order to serve the data re-

quirements of the product management.  
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Economic Evaluation of a Solid Oxide Fuel Cell 

(SOFC) and a Gas Engine: A Comparison of Two 

Options for a Sewage Treatment Plant 

Student: Mario Fischer 

Supervisor: Prof. Dr. Claas Wagner 

Expert: Thomas Peyer 

Industry partner: BG Consulting Engineers 

Solid oxide fuel cells (SOFC) and gas      

engines are two different cogeneration 

technologies that share the same purpose; 

convert chemical energy stored in biogas 

into electricity and useful heat simul-

taneously and with high efficiencies. This 

thesis provides an analysis and               

comparison of the economic feasibility of a 

SOFC and a gas engine, operating at the 

biological sewage treatment plant ARA 

Rontal, and to further analyse a SOFC's 

economic sensitivity to market as well as 

technological changes. 

 

A discounted cash flow (DCF) valuation 

shows that, purely in financial terms and 

under the given conditions, a gas engine 

clearly outperforms its counter-part. A 

SOFC, despite its many benefits, is not able 

to offset its initial investment costs, and 

still needs to overcome mainly economic 

and technical challenges in order to    

become profitable and achieve pene-

tration into the energy market. With 

further research into cell electro-

chemistry, materials science, and ceramic 

processing, its economic performance can 

be improved by lowering material costs 

and operating temperatures. And if fuel 

cells are made eligible for subsidies, a 

SOFC will become competitive with other 

existing technologies. 

 

The methods used in this study are not 

limited to the energy system of a sewage 

treatment plant, but may be applied to 

others, independent of their type and 

surrounding industry. 
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Developing New Features to the         

Existing Value Propositions of Smart 

Metering Systems in Switzerland 

Student: Haile Kibreab 

Supervisor: Dr. Benjamin Rohrbach, Prof. Dr. Uwe W. Schulz 

Expert: Daniel Stauffer 

Industry partner: CC Power Economy HSLU T&A 

The challenges posed by regulations aimed 

at reducing CO2 emissions, increasing 

competition and increasing energy security 

in the electricity sector are leading to the 

use of smart metering systems. Smart 

metering systems are designed to provide 

real-time information about energy pro-

duction and consumption.  

The Swiss Energy Strategy 2050 depicts the 

installation of smart meters as an integral 

part of the energy efficiency policy and 

sets a mandatory smart meter roll-out of 

80% of all the electricity meters up to 

2027. European companies in the smart 

metering segment are in an advanced 

stage and this will likely benefit the Swiss 

companies due to their socio-economic 

similarities.  
The ontology analysis identified that the 

value propositions of the existing smart 

metering companies represent the       

epistemic, functional and economic values 

whereas the companies are less likely to 

represent the ethical and social values. The 

offering comparison of the existing smart 

metering companies also helped to       

identify the difference in the offerings of 

the smart marketing companies in       

Switzerland and Europe. Based on the 

analysis, the study developed the follow-

ing new features for the existing Swiss 

smart metering system companies: 

  Secure and reliable smart meters 

  Display devices 

  Smart meter data platforms 

  Advanced solutions for smart grids   
  and smart cities 

  Infrastructure for E-mobility 
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Identification, Quantification and Moneti- 

 sation of Multiple Benefits for Distributed 

Energy Systems Projects in Buildings 

Student: Rossella Huta 

Supervisor: Prof. Dr. Claas Wagner 

Expert: Thomas Peyer 

Industry partner: Siemens AG 

Benefits occurring within renewable  

energy projects might in some cases not 

be evident and therefore hinder the  

project’s implementation. This thesis aims 

at analysing Distributed Energy Systems  

projects for buildings in order to uncover, 

quantify and monetise hidden benefits.  

The analysed case is an installed photovol-

taic (PV) and battery storage system at the 

new Siemens production building in Zug, 

Switzerland. The final goal is to deliver a 

methodology which can be applied to  

similar projects in conceivably different 

technical and regulatory frameworks.  

The technical system was first optimised to 

have a better comparison between       

demand and supply side. The regulatory 

framework was thoroughly analysed.  

Later, several use cases for the technical 

system were developed and evaluated.  

A cost-benefit analysis finally revealed 

which use cases best fit the system from 

an economic perspective.  

The results of the analysis show that for 

the examined case, PV systems in  

combination with production facilities are 

a viable option at this moment in time 

thanks to new business models, incentive 

programmes, acceptable feed-in tariffs 

and general costs reduction for PV       

systems. For storage scenarios, on the 

other hand, high battery investment costs 

and low power tariffs show that the    

current market situation is not convenient 

for a battery system.  

The results of the analysis by applying the 

mentioned methodology are, however, 

dependent on the specific technical and 

regulatory aspects of the analysed system, 

which can entirely differ from one project 

to the other. 
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Evaluation of "Micro Combined Heat and 

Power" for Swiss Residential Buildings in 

Terms of Technology & Economic Feasibility  

Student: Shlok Joshi 

Supervisors: Prof. Dr. Uwe W. Schulz, Arturo J. Egli 

Expert: Dr. Daniel Dillier 

Industry partner: Stadtwerke Wetzikon 

This thesis investigates the feasibility of 

promoting gas based micro combined heat 

and power in Swiss cities to better prepare 

for upcoming challenges in energy. Two 

cases, one family house, and multi‐family 

house were tested with two alternatives, 

Someone AG (an independent start‐up) 

and multi‐utility, having a different 

weighted average cost of capital and ad-

ministration costs. Scenarios were aggre-

gated based on the future development of 

gas price (involving energy, CO2 levies, and 

transport). electricity price (energy and 

grid) and own consumption percentage. 

Combined scenarios were defined based 

on future developments. The business case 

results were simulated for the defined 

scenarios to calculate internal rate of re-

turn (IRR). Sensitivity on IRR based on heat 

price and investment capital was          

conducted. Multi‐utility is able to offer 

heat about 6 Rp./kWh less than Someone 

AG for similar IRR due to lower weighted 

average cost of capital (WACC) and             

synergies in administration costs.  

With a 10% increase in the total Invest-

ment of a project, a 1-3% IRR change is 

expected.  Maintenance costs would affect 

the IRR by 1% if increased by 10%.  

Business cases are very sensitive to  

changes in gas price. CO2 levy relief for 

micro combined heat and power units or 

any subsidies may help develop the mar-

ket.  
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Business Model Innovation for the 
Swiss Photovoltaic Market 

Student: Prince Kappani 

Supervisor: Dr. Achim Schneider 

Expert: Dr. William Gizzi 

Industry partner: CC Power Economy HSLU T&A 

One of the main objectives of the Swiss 

Energy Etrategy 2050 is to increase the 

renewable energy share in the Swiss   

energy mix. Solar energy being              

inexhaustible and abundant in the environ-

ment has a big role in fulfilling this task. 

The primary aim of this thesis is to find 

attractive business models that would help 

to tackle the Swiss Energy Strategy 2050, 

and to develop guidelines that would help 

potential photovoltaic stakeholder to find 

their most suitable business model.  

 

A PESTEL analysis was performed to     

monitor the macro-economic factors that 

affect the current Swiss photovoltaic    

market. Literature research and interviews 

were conducted to analyze the various 

business models offered by different    

providers in the Swiss market. A specific 

market segment is selected to implement 

the business models. Those were then 

compared using a cost-benefit analysis 

that determined the payback period for 

the PV-systems. Guidelines were designed 

for each business model with the infor-

mation obtained through literature     

research and interviews. 

 

The cost-benefit analysis of the different 

business models for the selected market 

segment revealed that a combination of 

two business models attained the fastest 

payback period compared to the others. 

One of them focuses on the direct con-

sumption of generated photovoltaic 

electricity and the other on virtual storage 

of the excess electricity. However, this 

solution varies from one provider to 

another as the cost structure differs. 
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Evaluation of the Business Case to Operate a District 

Combined Heat and Power (CHP) Plant for Swiss 

Municipality Areas in Light of the ZEV Policy 

Student: Marco Kunz 

Supervisors: Prof. Dr. Uwe W. Schulz, Arturo J. Egli 

Expert: Dr. Daniel Dillier 

Industry partner: Swisspower AG 

This bachelor thesis discusses the          

economic feasibility of two alternatives for 

operating a district Combined Heat and 

Power (CHP) plant in light of the own    

consumption policy ZEV. The considered 

alternatives operating the CHP are an           

independent company called Someone AG 

and a Multi-utility selling the produced 

heat and electricity to their customer in 

contracting. The difference of the two 

alternatives are mainly the considered 

discount rates and administration costs, 

which both are in case of a Multi-utility 

(5.5 %, 2 %) lower than for Someone AG 

(12 %, 25 %).  

As economic feasibility depends on many 

external parameters such as gas and     

electricity price developments, several 

scenarios have been created to consider 

different future developments. Some of 

the uncertainties were eliminated by partly 

couple the heat price to the future gas 

price development. A technical evaluation 

for a typical district  

containing three multi-family buildings 
was executed and the results were used to 
perform discounted cash flow analyses for 
all developed scenarios. The ZEV policy 
was considered for the business case, 
which allows the selling of electricity on 
the production site and its neighbouring 
parcels. Due to a lack of regulations in the 
heat market, there are large deviations in 
prices. Therefore, the business case was 
calculated using different initial heat   

prices for the produced heat.  
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Converting a 19th Century Farmhouse in  
Valais into a Low Energy Demand  

Residential Building 

Student: Christophe Kurkdjian 

Supervisor: Prof. Dr. Heinrich Manz 

Expert: Dr. Fabian Dähler 

Industry partner: Rosina Bisi 

In accordance with the objectives of the 

Swiss Energy Strategy 2050, energy       

efficiency in buildings is central to combat 

the threat posed by global warming and 

climate change. The state of the building 

stock in Switzerland is similar to that of the 

European Union; 35% is over 50 years old. 

The building envelopes of these buildings 

are invariably not well adapted to current 

needs of energy demand and thermal com-

fort. Indeed, nearly 75% of these buildings 

are energy inefficient, and only 0.4-1.2% 

are renovated each year. 

By means of the building energy simulation 

software WUFI®PLUS, this paper demonst-

rates the effect that location, orientation, 

glazing, thermal insulation, night-time 

ventilation, initial temperature, window to 

wall ratio and shading factor has on the 

heating energy demand and the thermal 

comfort of a farmhouse built in 1895 in 

Valais.  

The results were evaluated according to 

the SIA 380/1 and EN 15251 standards. 

The results illustrate how, by improving 

the thermal insulation to 0.25 W/(m2)(K) 

or less, installing windows with thermal 

transmittances inferior to 1.00 W/(m2)(K)

and window to wall ratios of 0.53, high 

levels of thermal comfort could be      

achieved with regards to the EN 15251 

standard, while keeping the heating    

energy demand below the limits set by the 

SIA 380/1 standard. Furthermore this   

scenario shows how the effect of orienta-

tion, night-time ventilation and shading 

factor had no significant effect on the 

thermal comfort level and the heating 

energy demand.  

 



Bachelor Thesis 
Energy Systems                        
Engineering 

2019 
Metamorphosis of Horses into Cash Cows: 
A Case Study of Greenhouse Gas Reduction 
in Horse Husbandry 

Fortunat Moehr 



Bachelor Thesis 2019 

Metamorphosis of Horses into Cash Cows: 

A Case Study of Greenhouse Gas 

Reduction in Horse Husbandry 

Student: Fortunat Moehr 

Supervisor: Dr. Benjamin Rohrbach, Prof. Dr. Claas Wagner          

Expert: Daniel Stauffer 

Industry partner: Energie Wasser Luzern (EWL) 

Agriculture is a major contributor to green-
house gas emissions. The extent of horse 
breeding on these contributions has been 
little examined so far. 

The purpose of this bachelor thesis is to 
identify the most effective greenhouse gas 
reduction measures for a specific case of a 
horse pension.  

This has been achieved by literature re-
search of commonly used measures in the 
agricultural sector as well as the identifica-
tion of potential measures related to horse 
husbandry. 

A business plan drawn up jointly with the 
future tenant and the proprietor's guide-
lines as part of this case study defined the 
framework conditions for future operation.  

A selection workshop with the future ten-
ant defined a set of analysed measures. 

The impact assessment showed considera-
ble greenhouse gas savings potential.  

Moreover, the integration into the existing 
business plan revealed potential economic 
benefits.  

A key question is the access to capital in 
order to realize the necessary infrastruc-
ture investments.  

The use of synergies between the individ-
ual measures seems to have the potential 
to further improve the results. 
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Acceptance of New Energy Efficient  
Technology in Housing Sector 

Student: Andreas Rippstein 

Supervisor: Dr. Benjamin Rohrbach, Prof. Dr. Christoph Imboden  

Expert: Daniel Stauffer 

Industry partner: CC Power Economy HSLU T&A 

The aim of this bachelor thesis is to     

identify criteria for success or failure of 

the implementation of energy efficiency 

measures (EEMs) and renewable de-

centralized energy systems (RDES) in 

condominium renovation projects.  

 

Nowadays EEMs and RDES are a focus in 

Swiss politics as measures to reduce    

energy consumption and combat climate 

change. A study found that the rate of 

energetic renovations conducted by con-

dominium owned housing is significantly 

lower than any other form of ownership it 

was therefore decided to focus on this 

group. 

 

This project is based on two case studies, 

a condominium owned residential com-

plex in Rubigen, which installed PV and a 

condominium owned residential complex 

in Thun, where a roof was renovated, and 

PV was planned. 

 

This study provides evidence that the 

background and interest of owners, help-

ful recommendation given by experts   

regarding PV, other measures or subsidies 

and the social network within and outside 

the condominium complex has a            

significant influence on the successful 

implementation of EEMs and RDES in   

condominium owned residential complex-

es and buildings. 
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Economic Analysis of Energy Concept 
for Campus Horw 

Student: Martina Tomyslak 

Supervisor: Prof. Dr. Sabine Sulzer Worlitschek  

Expert: William Gizzi 

Industry partner: CC Power Economy HSLU T&A 

The Lucerne School of Engineering and 

Architecture (HSLU T&A) plans to renew 

and enlarge its current infrastructure by 

about 50%: the new Campus Horw should 

set an example regarding sustainability 

and energy efficiency. 

This Bachelor Thesis aims to identify the 

most economically attractive technologies 

to incorporate in the energy system of the 

new Campus Horw, as addition to the al-

ready planned connection to the “See-

Energie” district heating network by ewl. 

Different sizing combinations of given 

technologies are derived from a sensitivity 

analysis based on two energy price scenar-

ios for the year 2030. The ecological im-

pact of the suggested installations is also 

considered and tested for compliance to 

selected requirements set by the “2000-

Watt site” guidelines. 

The analyses concluded that, inde-

pendently of the energy price, the new 

Campus Horw energy system should con-

sist of a combination of a water-water 

heat pump connected to the district 

heating network “See-Energie” and a bio-

gas fired boiler.  
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