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Resumo 

 

Neste trabalho, pretende-se definir as opções de conversão da energia que conduzem ao uso 

racional da energia num distrito em Genebra, Suíça. Os recursos disponíveis são identificados 

e avaliados bem como as tecnologias possíveis de forma a fornecer os serviços de energia ao 

distrito. Assim, em particular, o objectivo do projecto é identificar as sinergias entre as 

tecnologias, os serviços e os recursos na área estudada. 

Em primeiro lugar, é feito o levantamento dos dados dos edificios. Os recursos disponíveis são 

analisados e é usada a ferramenta EnerGis para avaliar as sinergias entre os recursos e os 

serviços a disponibilizar. O objectivo é estabelecer um método que defina a harmonização 

entre os serviços energéticos exigidos numa área geográfica e os recursos disponíveis nessa 

mesma área. EASY é uma ferramenta de integração da energia para o uso óptimo da mesma 

em processos industriais. Assim, é feita a integração de processos entre as exigências dos 

edifícios e as tecnologias disponíveis. Duas soluções analisadas: o sistema centralizado e o 

sistema descentralizado. Cada sistema considera todas as tecnologias que, para o caso 

estudado são: bomba de calor a água superficial, a bomba de calor a ar, bomba de calor 

geotermal clássica, bomba de calor da água subterrânea, a bomba de calor a partir de uma 

estrutura, cogeração com um motor de gás e cogeração a partir da biomassa. São 

considerados três períodos: inverno, meia estação, verão e um caso de design. Depois da 

integração de processos é feita a uma análise de investimento para compreender qual o melhor 

sistema (centralizado ou descentralizado) e qual a melhor tecnologia a utilizar em cada caso de 

forma a ter a melhor eficiência energética possível. Na análise de investimentos foram 

utilizados dois critérios de análise de rendibilidade: valor actual líquido (VAL) e rácio beneficio-

custo (RBC). 

Foi possível concluir que relativamente ao sistema centralizado a melhor tecnologia a utilizar é 

uma bomba de calor usando água subterrânea e que para o sistema descentralizado é mais 

eficiente utilizar uma bomba de calor a água superficial. 

Dos dois sistemas, o mais vantajoso em termos económicos é o sistema descentralizado. 

 

 

Palavras-chave: Conversão energética, district heating, integração de processos, bomba de 

calor, cogeração, eficiência energética. 
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Abstract 

 

The purpose of this thesis is to define the energy conversion options that lead to the rational 

use of energy in a district of Geneva, Switzerland. This is made by considering and comparing 

the available resources and the possible technologies to supply the energy services of the 

district. Thus, in particular, the goal of the project is to highlight the synergies between the 

technologies, services and resources in the studied area. 

First of all the data of the buildings is collected. The available resources are analysed and 

EnerGis is used to evaluate the synergies between the resources and the services to deliver. Its 

objective is to establish a method that defines the matching between the required energetic 

services in a geographic area and the available resources in the same area. 

Easy is an interactive energy integration tool for optimal use of energy in industrial processes. 

Through this, it is made the process integration between the requirements of the buildings and 

the technologies available. 

Two solutions are analysed: the centralized system and the decentralized system. Each system 

considers all the technologies taking into account for this case study: water heat pump, air heat 

pump, classic geothermal heat pump, ground water heat pump, geostructure heat pump, 

cogeneration with a gas engine and cogeneration with biomass. 

Three periods are considered: winter, mid-season, summer and design case.  

After the process integration is made an investment analysis to understand what the best 

system is (centralized or decentralize) and what is the best technology. In the investment 

analyses were used two criteria of profitability analysis: Net Present Value (NPV) and benefit-

cost ratio (RBC). 

It was possible to conclude that relatively to the centralized system, the best technology to be 

use is the ground water heat pump and that for the decentralized system is more efficient the 

water heat pump. Comparing both systems, the most advantageous, in economic terms, is the 

decentralized one. 

 

Key words: energy conversion, district heating, process integration, heat pump, cogeneration, 

energy efficiency. 
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1. Introduction 

 

In the world today, one of the most important issues is the sustainability and the sustainable 

development. The protection of the environment in the long-term constitutes one of the most 

essential stakes of the society nowadays. 

In this context, the reduction of CO2 emissions is a challenge for the coming decade, especially 

with the implementation of the Kyoto protocol. Also the reduction of energy consumption is a 

requirement. 

In Switzerland, the energy services (mainly heating and cooling of buildings) contribute to over 

40% of the final energy consumption, it is essential to find ways to improve the efficiency of 

energy conversion technologies, and the way that technologies are linked. 

District energy systems that are constituted by equipments within a network that provides 

energy to a set of buildings in the most efficient way are believed to be a form to explore. These 

present a great potential to contribute to the reductions of greenhouse gas emissions linked 

mainly with heating, but also with electricity and cooling. District energy systems represent an 

option for a sustainable development. 

 

The development of new or existing urban areas requires the adoption of a holistic vision that 

combines technologies, resources and energy services to be supplied. It is therefore a need to 

develop methods that capture the complexity of the system, considering the decentralized and 

centralized options as well as cogeneration. 

The use of energy has always impacts on our environment. Even if the consequences of our 

consumption are not always perceptible locally or in the short-term, they are quite real and 

involve planetary stakes. 

The energy concept is the product of a systematic step, including an exegetic approach and the 

development of alternatives, aiming costs which are not disproportionate, to limit the 

requirements in energy for the project of construction, and to minimize the recourse to non-

renewable energies. 

District heating is an issue very common in the north and central Europe countries. This occurs 

because these countries have low temperatures in the winter. Thus, nowadays are studied 

methods and models to construct or rebuild, in a more efficient way, heating networks. 

 

The goal of this project is to define the energy conversion options that lead to the rational use of 

energy in a district of Geneva, Switzerland. This is made by considering and comparing the 

available resources and the possible technologies to supply the energy services of the district. 

Thus, in particular, the goal of the project is to highlight the synergies between the technologies, 

services and resources in the studied area. 
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This work starts with the characterization and history of district heating and with the description 

of the case study. 

In first plan, the possible conversion technologies to use in this particular case are described. 

A data collection is performed. In this it is important to define, in a very precision way, all the 

needs and the resources available in the district in study, this because the best way to obtain 

valid and precise results is starting with a rigorous data collection.  

A theoretical framing is presented about the tolls and the methodology used in this work, which 

is based on the use of EnerGis and EASY models.  

Finally is described the resolution of the case study with the methodologies described. The 

results are presented. An investment analysis is made for the two alternatives studied: a 

centralized and a decentralized system. 

During the construction of the model some options will be tested in order to achieve a best 

solution for this case study. 

Later, the conclusions and the future work are presented.  
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2. District Heating Characterization 

 

2.1. Introduction 

 

For a better framing of the present study, in this chapter is made a characterization of the 

district heating such as its history. To a better overview of the problem, the characterization of 

the Geneva canton as the district in study is performed.  

Finally, a briefly description of the problem is done.   

 

2.2. District Heating Characteristics 

 

District heating is a system for distributing heat generated in a centralized location for residential 

and commercial heating requirements such as space heating and water heating. The heat is 

often obtained from a cogeneration plant burning fossil fuels, and increasingly biomass, 

although heat-only boiler stations, geothermal heating and central solar heating are also used. 

District heating plants can provide higher efficiencies and better pollution control than localized 

boilers. 

Such systems present various advantages when compared to individual heating systems. 

Usually they are more energy efficient, due to simultaneous production of heat and electricity in 

combined heat and power generation plants. Also larger combustors have a more advanced 

flue gas cleaning than single boiler systems. In the case of surplus heat from industries, district 

heating systems do not use additional fuel because they use heat (termal heat recovery) which 

would be disbursed to the environment. 

District heating is a long-term commitment that fits poorly with a focus on short-term returns of 

investment. Benefits to the community include avoided costs of energy, through the use of 

surplus and wasted heat energy, and reduced investment in individual household or building 

heating equipment. The associated networks, heat-only boiler stations, and cogeneration plants 

require high initial capital expenditure and correspondent financing. Only if considered as long-

term investments these may be translated into profitable operations for the owners of the district 

heating systems, or combined heat and power plant operators. These systems are less 

attractive for areas with low population densities, as the investment per household becomes 

considerably higher. 

Combined heat and power (CHP) is the use of a heat engine or a power station to 

simultaneously generate both electricity and useful heat. Conventional power plants emit the 

heat created as a by-product of electricity generation into the environment through cooling 

towers, flue gas, or by other means. CHP or a bottoming cycle captures the by-product heat for 

domestic or industrial heating purposes, either very close to the plant, or —especially in 

Scandinavia and eastern Europe—for distribution through pipes to heat local housing. 
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A heat-only boiler station generates thermal energy in the form of hot water for use in district 

heating applications. Unlike combined heat and power installations, which produce thermal 

energy as a by-product of electricity generation as explained above, heat-only boiler stations 

are dedicated to generating heat. 

 

2.3. District Heating History 

 

All modern heating apparatus can be traced back to Roman inventions, including hypocausts, 

greenhouses, water pipes, and hot water heating apparatus for baths. It has been recognized 

as far back as in this Roman times that water is an effective medium for the transfer of heat 

because thermosyphon movement (the natural, convective movement of water) results from the 

decrease of water density with increase of temperature. 

 

These Roman technologies, which never completely disappeared, became more widespread 

with the climactic cold period observed between the fourteenth and fifteenth centuries. Roman 

style baths and greenhouses became popular in Italy and Egypt where incubators were 

introduced. At least one geothermal district heating system has been operating since the 

fourteenth century, and written accounts of this system influenced district heating innovations 

for the next five hundred years. 

By the sixteenth and seventeenth centuries, fuel conservation, smoke abatement, and safety 

were large factors in the design of heating apparatus, as seen by a 1623 proposal to install 

district heating in London (Mackenzie-Kennedy, 1979). In the early middle ages, very 

elementary heating was built for various proposes featuring a single pipe “layer” water 

circulation from a “heating vessel” suspended over a fire hearth (boiler). Around 1780, the 

French architect Bonnemain, separated the “boiler” connection into flow and return branches 

and thus created a primitive hot water heating circuit.  

A Russian palace built in 1783 had an extensive hot water system based on French technology. 

Separate boiler plants and underground piping were used by English factories in the 1790s and 

by 1820 was fairly common. Boulton and Watt who in 1800 introduced steam to ensure more 

rapid distribution of heat, recommended hot water as the effective heat transfer medium in order 

to obtain lower temperatures and a more even and continuous heating action for such 

requirements as textiles, hot houses and high grade space heating. In 1825, waste heat from 

factories was used to warm public baths by the 1830s and several proposals were put forward 

to heat worker's houses with this same heat supply. The Crystal Palace in London had district 

heating in 1851, and at least two steam district heating systems were built in the United States 

in 1853 and one, at the U.S. Naval Academy in Annapollis has been in continuous operation 

ever since. A General Steam Supply Company was proposed in London in 1859 and a steam 

supply company was incorporated in Pennsylvania in 1869. Factories and institutions began to 

centralize their steam boilers on a large scale in the 1870s and many new boiler plants were 



5 
 

built. In 1876, hot water district heating was used to heat several large buildings at an asylum 

outside London. Systems were proposed for Zürich and Warsaw in 1872 and several patents 

were obtained for district heating in the 1860s and early 1870s. 

In spite of these efforts, no one had been able to introduce district heating on commercial basis 

until Birdsill Holly, a Lockport, New York inventor, installed a steam system in that town in 1877. 

Holly had previously developed a successful direct pressure water supply system and applied 

many of the same principles to the Holly steam system. His company installed nearly fifty 

systems before being sold to a group of investors, who sold hundreds more throughout the 

world over the next eighty years. 

 

District heating was not a new concept has seen above, although in Britain its serious initiation 

did not materialize until after the Second World War. Prior to 1939, coal was cheap and 

plentiful, the cost and the wellbeing of labour was not as critical as today and little attention was 

paid to environmental and air pollution. Individual open coal fires formed the staple means of 

providing residential and large proportional of commercial accommodation with a certain degree 

of warmth at a thermal efficiency of 10-12%, albeit with much smoke and loss of heat, although 

individual coal and coke fired boilers were also used for comparatively minor central heating of 

schools, office blocks and other functional buildings by means of hot water and steam radiators. 

In the middle of the last century, the fuel and the labour syndrome, also applied to other 

countries enjoying climatic conditions not dissimilar to those in Britain, also environmental 

pollution was not given much thought. It was, however, realized by the inhabitants that under 

certain winter ambient conditions, man´s own natural source of heat generation was not 

adequate to allow him to perform his everyday tasks in reasonable comfort without consequent 

reduction in productive effort and absenteeism caused by sickness.  

In Communist countries extensive networks were laid down in order to provide heat has a public 

utility service on similar lines to electrical power. In 1976 two-thirds of all buildings in the USSR 

were on district networks. Another Eastern bloc country, Poland, since the early fifties have 

been rapidly developing heating networks to serve industrial and municipal complexes in towns 

and here thermal generation was originated through the combination of power/heat plants. 

Since 1973, fuel economy policies in Poland have been rigidly implemented. In 1979 thermal 

energy sales average were 220 000 GW per annum and in 1990 the sales average double.  

Nowadays, district heating is a very delicate issue. With the Kyoto protocol, the word 

sustainability has become very popular. Thus, all the countries are very worried about the 

changes in the environment and about global warming. It is very important to have energetically 

efficiency with less CO2 emission and less fuel consumption. With this perspective, it is 

necessary to study, beyond many other subjects, the district heating networks as a way of 

effectively use energy with less damage to the environment. 

 

Beside transportation, heating is responsible for a large share of the total greenhouse gas 

emissions. For example, in Switzerland, heating alone generates over 40% of the total 
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emissions (all energy sectors considered, including transportation), making it a priority 

candidate among energy services when considering ways to decrease the overall emissions of 

Switzerland (Canton site). The integration of large efficient energy conversion technologies with 

district heating/cooling networks is therefore a possible solution to reduce the CO2 emissions. 

The resulting system with one (or more) polygeneration energy conversion technologies, 

together with the network connecting the technologies and the different buildings, is called 

district energy system. 

 

2.4. State of the Art 

 

There are some studies in district energy systems however this issue continues to be the object 

of much interest among researchers. 

The majority of the literature on district energy systems concerns the optimization (mainly in 

terms of costs) of the operation strategies of the energy conversion technologies, and/or the 

thermo-economic design and optimization of the energy conversion technologies.  

 

The list of works cited here cannot be considered exhaustive, but gives an overview of the 

research conducted mostly about the technologies. 

Ozgener et al. (2006) studied the performance of geothermal district heating systems in Turkey, 

by comparing the efficiencies of two different sites. 

Von Spakovsky (Weber, 2007) used mixed integer linear programming models to study the 

optimization of the operation of the heating and electricity plant connected to the distribution 

network of the Swiss Federal Institute of Technology in Lausanne (Switzerland), comprising two 

gas turbines and two heat pumps as well as two storage devices. 

Rolfsman (Weber, 2007) studied the optimal operation strategy of a combined heat-and-power 

plant, maximising the production of electricity when it can be sold at peak prices, thus 

implementing heat storage devices to have enough heat for the district heating system when 

electricity prices are low and the heat-and-power plant is not running at its maximum load. 

Rydstrand et al. (2004) examined the performance of humidified gas turbine cycles in district 

heating applications and came to the conclusion that such cycles have a potential to give much 

lower specific investment costs compared to combined cycles. 

 

There are also two thesis developed at the Swiss Federal Institute of Technology in Lausanne, 

by Curti (1998) and Bürer (2003) that have to be mentioned. Curti developed a method to 

design and optimize district heating systems, following an environomic approach (economic, 

energetic and environmental). Bürer, on the other side, conducted some research work on the 

potential of polygeneration energy systems to reduce the CO2 emissions linked to the 

residential and commercial sectors in Tokyo and Beijing, based on a mutli-criteria optimization 

method.  
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Also in the Swiss Federal Institute of Technology in Lausanne, but more recently, has been 

developed a geographical information system to model the energy requirements of an urban 

area (Girardin, et al. 2008). The objective of this platform is to model in detail the energy 

services requirements in a specific geographic area in order to evaluate the integration of the 

energy conversion systems. This approach is going to be used in the present thesis. 

 

On the works mentioned above nothing is mentioned on the network configuration. One of the 

reasons might be that they believe that the distribution network is anyway solved by politicians 

and urban planners, without involving any quantitative support. Therefore it is useless to include 

the design of the distribution network when studying the thermo-environomic optimization of 

district energy systems. This is not really the case and this should be further studied. 

 

2.5. Problem in study 

 

In this project it is developed a model for a district heating network the more energetically 

efficient as possible. The district in study, named Plan-les-Ouates, is in Geneva and aggregates 

forty five buildings forming a quarter. The model developed is based on real data of the 

buildings, available information provided by a system of territorial geographic information and 

statistical data. 

With this project it is intended to study the best network solution and the best system, to 

guarantee a certain level of heating to the district. The decision is based on the analysis of the 

needs of the buildings, resources of the district, output variables (like exterior temperature), 

primary energy available and possible energy conversion technologies. 

 

The project involves three main phases. In a first phase a data collection was performed. This 

includes the needs of the buildings and the resources available in the area in study.  

With this data analysis it was possible to consider and measured the energy services (heat, 

cold, hot water and electricity) and the energy resources available in the district considered 

(water, solar energy, geothermal energy, and biomass). This analysis was made in a second 

phase of the work where a model previously developed for the Geneva canton, EnerGis 

(Weber, et al. November 2007), was adapted and generalised to threat the data for the case 

studied along this work.  

With the results of the energetic model (EnerGis), a third phase of the work was performed. This 

involves the process integration and its optimization. In this phase the tool EASY is used. In this 

all pointed technologies were explored as a way to understand what would be the more efficient 

solution for the case study. 

In order to understand all the project phases, in the next chapter, a theoretical approach with 

the necessary concepts to fulfil the objectives of this work is given. 



3. Theoretical Approach

 

3.1 Introduction 

 

The district heating is a complex concept 

the technology to be used within

technologies that can be used. 

In this chapter it will be described some of the technologi

under analysis. Firstly, heat engines are 

and cogeneration systems work. Biomass and solar energy are other

used and are also explained. 

 

3.2. Heat engines 

 

A heat engine is a physical device that converts thermal energy to

mechanical output is called work, and the thermal energy input is called heat. Heat engines 

typically run on a specific thermodynamic cycle

cycle they follow. They often pick up alternate names, such as gasoline/petrol, turbine, or steam 

engines. Heat engines can generate heat inside the engine itself or can absorb heat from an 

external source. Heat engines can be open to the atmospheri

the outside (open or closed cycle)

In engineering and thermodynamics, a 

mechanical work by exploiting the temperature gradient between a hot sou

Heat is transferred from the source, through the "working body" of the engine, to the sink, and in 

this process some of the heat is converted into work by exploiting the properties of a working 

substance (usually a gas or liquid).

transforming this heat are possible namely using a Carnot cycle or a Rankine cycle. These are 

described below. 

 

Theoretical Approach 

a complex concept since it involves a large number of options concerning 

within the network construction. Thus, it is important to study all the

In this chapter it will be described some of the technologies that can be used in the cas

heat engines are characterized in order to understand how heat pumps 
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3.2.1.  Carnot Cycle 

 

The Carnot cycle is a particular thermodynamic cycle, modelled on the hypothetical Carnot heat 

engine, proposed by Nicolas Léonard Sadi Carnot, a French engineer, in 1824 and expanded 

upon by Benoit Paul Émile Clapeyron in the 1830s and 40s (Kroemer, et al. 1980). 

Every thermodynamic system exists in a particular state. A thermodynamic cycle occurs when a 

system is taken through a series of different states, and finally returned to its initial state. 

The Carnot cycle is a special type of thermodynamic cycle, as it is the most efficient cycle 

possible for converting a given amount of thermal energy into work or, conversely, for using a 

given amount of work for refrigeration purposes. 

During a part of the cycle performed by the working substance in an engine, some heat is 

absorbed from a hotter reservoir. On a second part of the cycle, a smaller amount of heat is 

rejected to a cooler reservoir. Therefore, the engine is said to operate between this two 

reservoirs. Since it is a fact of experience that some heat is always rejected to the cooler 

reservoir, the efficiency of an actual engine is never one hundred percent. 

 

Carnot's theorem is a formal statement of this fact: No engine operating between two heat 

reservoirs can be more efficient than a Carnot engine operating between those same reservoirs. 

Carnot cycle is therefore a set of processes that can be performed by any thermodynamic 

system whatsoever, whether hydrostatic, chemical, electrical and others. The system or working 

substance is imagined first to be in thermal equilibrium with a reservoir at a low temperature Tc.  

 

Four processes are then performed in the following order (see figure 3.2): 

 

1. Process D – A: A reversible adiabatic process is performed in such a direction 

that the temperature rises to that of the high-temperature reservoir, Th; 

2. Process A – B: The working substance is maintained in contact with the 

reservoir at Th, and a reversible isothermal process is performed in such a direction 

and to such an extent that heat QH is absorbed from the reservoir. During this step (A 

to B on diagram) the expanding gas causes the piston to do work on the 

surroundings. The gas expansion is propelled by absorption of heat from the high 

temperature reservoir; 

3. Process B – C: A reversible adiabatic process is performed in a opposite 

direction to process D until the temperature drops to that of the low-temperature 

reservoir, TC. For this step (B to C on diagram) we assume the piston and cylinder 

are thermally insulated, so that no heat is gained or lost (in an ideal engine). The gas 

continues to expand, doing work on the surroundings. The gas expansion causes it 

to cool to the "cold" temperature, TC; 

4. Process C – D: The working substance is maintained in contact with the 

reservoir at TC, and a reversible isothermal process performed in a direction opposite 
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to process A until the working substance and the surroundings are in their initial 

states. During this process, heat QL is rejected to the low-temperature reservoir.  

 

 
Figure 3.2 Carnot cycle depicted in a PV (Pressure/ Volume) diagram 

 

An engine operating in a Carnot cycle is denominated a Carnot engine. Since all four processes 

are reversible, the Carnot engine is a reversible engine. 

 

3.2.2. Rankine Cycle 

 

The Rankine cycle is also a thermodynamic cycle that converts heat into work. The heat is 

supplied externally to a closed loop, which usually uses water as the working fluid. Almost all 

coal and nuclear power stations use this cycle for power generation. It is named after William 

John Macquorn Rankine, a Scottish polymath (Moran & Shapiro. 2003). 

A Rankine cycle describes the most commonly operation model of steam heat engines found in 

power generation plants. 

This cycle is sometimes referred to as a practical Carnot cycle as, when an efficient turbine is 

used, the TS (temperature/Entropy) diagram will resemble the Carnot cycle. The efficiency of a 

Rankine cycle is usually limited by the working fluid. 

Without the pressure going super critical the temperature range between which the cycle can 

operate is quite small, turbine entry temperatures are typically 565°C (the creep limit of stainless 

steel) and condenser temperatures are around 30°C. This gives a theoretical Carnot efficiency 

of around 63% compared with an actual efficiency of 42% for a modern coal-fired power station. 

This low turbine entry temperature (compared to a gas turbine) is the reason why the Rankine 

cycle is often used as a bottoming cycle in combined cycle gas turbine power stations. 

One of the principle advantages of this cycle over other cycles is that during the compression 

stage relatively little work is required to drive the pump, due to the working fluid being in its 
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Figure 3.3 TS (Temperature/Entropy) diagram of a typical Rankine cycle
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In an ideal Rankine cycle the pump and turbine would be isentropic, i.e., the pump and turbine 

would generate no entropy and hence maximize the network output. Processes 1-2 and 3-4 

would be represented by vertical lines on the TS diagram and more closely resemble that of the 

Carnot cycle. The Rankine cycle shown here prevents the vapour ending up in the superheat 

region after the expansion in the turbine, which reduces the energy removed by the condensers. 

 

3.3. Heat Pump 

 

A heat pump is a machine or device that moves heat from one location (the source) to another 

location (the sink), using work. Most heat pump technology moves heat from a low temperature 

heat source to a higher temperature heat sink. 

According to the second law of thermodynamics heat cannot spontaneously flow from a colder 

location to a hotter area, work is required to achieve this.  This performed by the heat pumps, 

which differ on how they apply this work to move heat, but they can essentially be thought of as 

heat engines operating in reverse way. 

A heat engine allows energy to flow from a hot source to a cold heat sink, extracting a fraction 

of it as work in the process. Conversely, a heat pump requires work to move thermal energy 

from a cold source to a warmer heat sink. Since the heat pump uses a certain amount of work 

to move the heat, the amount of energy deposited at the hot side is greater than the energy 

taken from the cold side by an amount equal to the work required. Conversely, for a heat 

engine, the amount of energy taken from the hot side is greater than the amount of energy 

deposited in the cold heat sink since some of the heat has been converted to work. This 

description is illustrated in the figure 3.4. 

 

 
Figure 3.4 Illustration of a heat pump 
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Commonly a heat pump works by exploiting the physical properties of an evaporating and 

condensing fluid known as a refrigerant. 

As it can be observed in the figure above, the working fluid, in its gaseous state, is pressurized 

and circulated through the system by a compressor that elevates the temperature. On the 

discharge side of the compressor, the now hot and highly pressurized gas is cooled in a heat 

exchanger called a condenser until it condenses into a high pressure, moderate temperature 

liquid. The condensed refrigerant then passes through a pressure-lowering device like an 

expansion valve, or possibly a work-extracting device such as a turbine. This device then 

passes the low pressure, barely liquid (saturated vapour) refrigerant to another heat exchanger, 

the evaporator where the refrigerant evaporates into a gas via heat absorption. The refrigerant 

then returns to the compressor and the cycle is repeated. 

The next figure (figure 3.5) is a TS (Temperature/Entropy) diagram that illustrates the 

explanation above of a heat pump. 

 

 
Figure 3.5 TS (Temperature/Entropy) diagram of a typical Heat Pump 

 

In such a system it is essential that the refrigerant reaches a sufficiently high temperature when 

compressed, since the second law of thermodynamics prevents heat from flowing from a cold 

fluid to a hot heat sink. Similarly, the fluid must reach a sufficiently low temperature when 

allowed to expand, or heat cannot flow from the cold region into the fluid. In particular, the 

pressure difference must be great enough for the fluid to condense at the hot side and still 

evaporate in the lower pressure region at the cold side. The greater the temperature difference, 

the greater the required pressure difference and consequently more energy is needed to 

compress the fluid. Thus as with all heat pumps, the energy efficiency (amount of heat moved 

per unit of input work required) decreases with increasing temperature difference. Thus a 

ground-source heat pump, which has a very small temperature differential, is relatively efficient. 
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Refrigerators, air conditioners, and some heating systems are common applications that use 

this technology. Due to the variations required in temperatures and pressures, many different 

refrigerants are available. 

3.3.1. Efficiency and coefficient of performance 

 

When comparing the performance of heat pumps, it is best to avoid the word "efficiency" which 

has a very specific thermodynamic definition. 

The term coefficient of performance (COP) is used to describe the ratio of useful heat 

movement to work input. Most vapour-compression heat pumps utilize electrically powered 

motors for their work input.  

When used for heating a building on a mild day, a typical heat pump has a COP of three to four, 

whereas a typical electric resistance heater has a COP of 1.0. That is, one joule of electrical 

energy will cause a resistance to produce one joule of useful heat, while under ideal conditions, 

one joule of electrical energy can cause a heat pump to move much more than one joule of heat 

from a cooler place to a warmer place.  

Note that when there is a wide temperature differential, e.g., when heating a house on a very 

cold winter day, it takes more work to move the same amount of heat indoors as on a mild day. 

Ultimately, due to Carnot efficiency limits, the heat pump's performance will approach 1.0 as the 

outdoor-to-indoor temperature difference increases. Also, as the heat pump takes heat out of 

the air, some moisture in the outdoor air may condense and possibly freeze on the outdoor heat 

exchanger.  

The coefficient of performance of a heat pump is the ratio of the output heat to the supplied 

work or: 

 

(1) 

 

Where Q is the useful heat supplied by the condenser and W is the work consumed by the 

compressor.  

Note that COP has no units, therefore in this equation, heat and work must be expressed in the 

same units. 

According to the first law of thermodynamics, in a reversible system we can show that,  

 

Qhot = Qcold + W 

(2) 

So,  

W = Qhot − Qcold 

(3) 



 Where Qhot is the heat taken in by the cold heat reservoir and 

hot heat reservoir. 

Therefore, by substituting W in equation (1) we have:

 

For a heat pump operating at maximum theoretical efficiency (i.e. Carnot efficiency), 

shown that, 

 

Where Thot and Tcold are the temperatures of the hot and cold heat reservoirs

Hence, 

 

Similarly, 

 

It can also be shown that, 

COP

 

Note that these equations must use the absolute temperature, such as the Kelvin scale.

 

 

is the heat taken in by the cold heat reservoir and Qcold is the heat given

in equation (1) we have: 

 

 

For a heat pump operating at maximum theoretical efficiency (i.e. Carnot efficiency), 

 

 

            

are the temperatures of the hot and cold heat reservoirs, respectively.

 

 

 

 

COP cooling = COP heating – 1 

equations must use the absolute temperature, such as the Kelvin scale.
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is the heat given off by the 

(4) 

For a heat pump operating at maximum theoretical efficiency (i.e. Carnot efficiency), it can be 

(5) 

 (6) 

, respectively. 

(7) 

(8) 

(9) 

equations must use the absolute temperature, such as the Kelvin scale. 
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3.4 Cogeneration 

 

A cogeneration system is a specific configuration consisting of one or more generic 

cogeneration technologies and a series of heat exchangers, such as heat recovery boilers or 

heat pumps specially design for certain applications (Hu, 1985). 

Cogenerations technology refers to the engineering procedure expressed for the design and 

construction of any dual-fuel-use system that is capable of generating electric power and 

thermal energy sequentially from the same fuel source. Energy sources used in cogeneration 

are normally waste heat, waste products and fossil products. 

A cogeneration system generally consists of a thermal energy generation device (a boiler, for 

example), a prime mover (a steam turbine, for example), a generator and a heat exchanger. 

The thermoelectric centrals converted just 1/3 of the fuel energy in electric energy. The rest of 

the energy is heat that is lost. In cogeneration of heat and energy, more than 4/5 of the fuel 

energy is converted into useful energy. The cogeneration uses the excess of heat from the 

turbines for the production of energy, thus, it uses to advantage the residual heat of the 

thermodynamics processes (Hu, 1985). 

There are two main advantages to use cogeneration: the reduction of the energetic invoice and 

the reduction of the reserves of fossil fuels consumption. Beyond the performance, the 

cogeneration has a decentralized character because it has to be near the user unity. Because 

of this fact is going to be a reduction of the ambient impact therefore it is not necessary to have 

big and large lines and pipes and consequently infrastructures. 

 

The potentials users of the cogeneration are installations that verify the following conditions 

(Brandão, 2004): 

 

• Simultaneous and continued necessities of thermal and electric energy; 

• Availability of good quality of fuels; 

• The working period as to be, at least, 4.500 – 5.000 hours for year; 

• Enough space and an adjusted location for the implementation of the new 

equipment; 

• Available residual heat with high quality. 

 

The cogeneration technology more adjusted to which case depends on a set of factors 

(Brandão, 2004): 

• The heat/electricity ratio; 

• The temperature levels of the necessary thermal energy; 

• The availability of the fuel; 

• The fluctuations of the thermal needs. 

 

The advantages of using a cogenerations system are (Brandão, 2004): 



17 
 

• Economy of the primary energy – the implementation of the cogeneration it leads 

to a reduction of the consumption of the fuel in about 25% comparing to the 

conventional electrical energy production; 

• Reduction of the emissions – the reduction of the atmospheric pollution it follows 

the same proportion as the reduction of the fuel consumption. With the use of natural 

gas instead of derivatives of petroleum or coal, the CO2 emissions and particles are 

almost zero; 

• Economical benefits – there are economical advantages for the final user. The 

installations energetic costs are minors than the conventional installations. The prices 

reduction is about 20-30%. 

• Reliability increase of the energetic supply – small cogeneration centrals of electric 

energy and heat, linked to the electric grid, guarantee an uninterrupted operation of the 

installation in case of fail of the grid supply. Nationally, they favor the decentralized 

production, reducing the necessity of having big thermoelectric centrals. They also 

contribute for the local employment. 

 

3.4.1 Cogeneration Technologies 

 

The base of a cogenerations installation is the device that produces electricity and thermal 

energy. This machine characterizes the installation or the cogeneration central. The second 

most important device is the one that produces cold (in trigeneration case), that uses the 

thermal energy from the cogeneration process (absorption chillers). 

 

The most important technologies available in the cogeneration market are (Brandão, 2004): 

 

• Gas turbine (Brayton cycle) – used in big buildings or sets of buildings, such as 

hospitals or urban heating and cooling networks; 

• Steam turbine (Rankine cycle) – the steam turbines are not used in the tertiary 

sector; 

• Combined cycle; 

• Alternative motor of internal combustion (Diesel or Otto cycle); 

• Fuel cell stacks – the fuel cell stacks are used in the tertiary sector because they 

are efficient and silence when working; 

• Micro-turbine. 

 

The last two technologies from the list above are in development and in the beginning of the 

commercialization. Moreover, the production cost of these two technologies is still very high and 

the penetration in the market cannot occur. 
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3.4.1.1 Gas Turbine 

 

A gas turbine consists in a thermal motor where is produced work from a continue flow of hot 

gases proceeding from the continue burning of a fuel. This system is used in installations where 

there is residual heat for the process or a big quantity of electricity from cogeneration systems 

that make use of natural gas. 

Gas turbines are an established technology available in sizes ranging from several hundred 

kilowatts to over several hundred megawatts. Gas turbines produce high quality heat that can 

be used for industrial or district heating steam requirements. Alternatively, this high temperature 

heat can be recuperated to improve the efficiency of power generation or used to generate 

steam and drive a steam turbine in a combined-cycle plant. Gas turbine emissions can be 

controlled to very low levels using dry combustion techniques, water or steam injection, or 

exhaust treatment. Maintenance costs per unit of power output are about a third to a half of 

reciprocating engine generators. Low maintenance and high quality waste heat often make gas 

turbines a preferred choice for many industrial applications or large commercial CHP (Combined 

Heat and Power) greater than 3 MW. 

Gas turbines produce high-quality exhaust heat that can be used in CHP configurations to reach 

overall system efficiencies (electricity and useful thermal energy) of 70 to 80%. The big 

efficiency is due to: 30% of the total intrinsic in fuel energy that is used in the combustion is 

converted in mechanic energy, approximately 50% is contained in the exhaustion gases, part of 

the remain energy (approximately 20%) is absorbed by the system, and the rest is considered 

lose for the ambient. 

By the early 1980s, the efficiency and reliability of smaller gas turbines (1 to 40 MW) had 

progressed sufficiently to be an attractive choice for industrial and large institutional users for 

CHP applications. 

In the figure 3.6 is showed a schematic of a gas turbine-based CHP system. 

 

 
Figure 3.6 Gas turbine systems 
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Gas turbine systems operate on the thermodynamic cycle known as the Brayton cycle. In a 

Brayton cycle, atmospheric air is compressed, heated, and then expanded, with the excess of 

power produced by the expander (also called the turbine) over that consumed by the 

compressor used for power generation. The power produced by an expansion turbine and 

consumed by a compressor is proportional to the absolute temperature of the gas passing 

through the device. Consequently, it is advantageous to operate the expansion turbine at the 

highest practical temperature consistent with economic materials and internal blade cooling 

technology and to operate the compressor with inlet air flow at as low a temperature as 

possible. As technology advances permit higher turbine inlet temperature, the optimum 

pressure ratio also increases.  

Higher temperature and pressure ratios result in higher efficiencies and specific power. Thus, 

the general trend in gas turbine development has been towards a combination of higher 

temperatures and pressures. While such advancements increase the manufacturing cost of the 

machine, the higher value, in terms of greater power output and higher efficiency, provides net 

economic benefits. The industrial gas turbine is a balance between performances and cost that 

result in the most economic machine for both the user and manufacturer. The economics of gas 

turbines in process applications often depend on effective use of the thermal energy contained 

in the exhaust gas, which generally represents 60 to 70% of the inlet fuel energy. 

This type of cogenerations system is used is system with medium or big dimension where the 

power demand is between 40KW and 250MW and where the energy demand is constant. 

 

The most important advantages in the use of gas turbines are (Brandão, 2004): 

• Easy and simple maintenance (less repair times); 

• Raised reliability; 

• Low ambient pollution; 

• It is not needed permanent monitoring; 

• Thermal energy available at high temperatures (500º to 600º); 

• The units are compact and the weight is low; 

• It is pulled out fast; 

• Low level of vibrations. 

 

The most important disadvantages of the use of a gas turbine are: 

• The variety of fuel consumed is limited; 

• Short time of life; 

• Inefficacy in processes with few thermal needs. 
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3.5 Renewable energies 

 

Renewable energies are essential contributors to the energy supply portfolio as they contribute 

to world energy supply security, reducing dependency on fossil fuel resources, and provide 

opportunities for mitigating greenhouse gases. 

In this section two types of renewable energies are described: biomass and solar energy. These 

can be used for the case study analysis. 

 

3.5.1 Biomass 

 

With the commonly accepted goal of reducing the resource consumption, cutting greenhouse 

gas emissions and a more rational use of energy, the conversion of biomass and waste 

biomass into energy services plays an important role. As these resources are locally distributed, 

a good integration of waste treatment plants into urban energy supply systems is a key element 

for an efficient conversion. 

The performance of the conversion in thereby summarized in terms of mass and energy 

balances according to figure 3.7 below (Gassner, et al. 2007). 

 

 
Figure 3.7 Structured mass and energy balance for conversion processes 

 

Biomass is the organic matter in trees, agricultural crops and other living plant material. It is 

made up of carbohydrates — organic compounds that are formed in growing plant life. Ever 

since the earliest inhabitants of the region burned wood in their campfires for heat, biomass has 

been a source of energy for meeting human needs.  

Biomass is solar energy stored in organic matter. As trees and plants grow, the process of 

photosynthesis uses energy from the sun to convert carbon dioxide into carbohydrates (sugars, 

starches and cellulose). Carbohydrates are the organic compounds that make up biomass. 

When plants die, the process of decay releases the energy stored in carbohydrates and 
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discharges carbon dioxide back into the atmosphere. Biomass is a renewable energy source 

because the growth of new plants and trees replenishes the supply. 

The use of biomass for energy causes no net increase in carbon dioxide emissions to the 

atmosphere. As trees and plants grow, they remove carbon from the atmosphere through 

photosynthesis. If the amount of new biomass growth balances the biomass used for energy, 

bio energy is carbon dioxide "neutral." That is, the use of biomass for energy does not increase 

carbon dioxide emissions and does not contribute to the risk of global climate change. In 

addition, using biomass to produce energy is often a way to dispose of waste materials that 

otherwise would create environmental risks. 

 

Biomass combustion for heat and power is a fully mature technology. It offers both an economic 

fuel option and a ready disposal mechanism of municipal, agricultural and industrial organic 

wastes. However, the industry has remained relatively stagnant over the last decade, even 

though demand for biomass (mostly wood) continues to grow in many developing countries. 

One of the problems of biomass is that material directly combusted in cook stoves produces 

pollutants, leading to severe health and environmental consequences. A second issue is that 

burning biomass emits CO2, even though biomass combustion is generally considered to be 

“carbon-neutral” because carbon is absorbed by plant material during its growth, as explained 

above, thus creating a carbon cycle. First-generation biomass technologies can be 

economically competitive, but may still require deployment support to overcome public 

acceptance and small-scale issues. 

 

3.5.2 Solar Energy 

 

Solar energy is energy directly from the Sun, it drives the climate and weather and supports 

virtually all life on Earth. 

Solar energy technologies harness the sun's energy for practical ends. These technologies date 

from the time of the early Greeks, Native Americans and Chinese, who warmed their buildings 

by orienting them toward the sun. Modern solar technologies provide heating, lighting, and 

electricity. 

Solar power is used synonymously with solar energy or more specifically to refer to the 

conversion of sunlight into electricity. This can be done either through the photovoltaic effect or 

by heating a transfer fluid to produce steam to run a generator. There are two types of solar 

energy available in the market: solar photovoltaic and solar thermal collectors. 

 

The word “photovoltaic” is a marriage of two words - “photo”, meaning light, and “voltaic”, 

meaning electricity. So, photovoltaic technology is the scientific term used to describe solar 

energy involving the generation of electricity from light. 

Solar photovoltaic provide 0.04% of the world's energy usage. The photovoltaic (PV) market has 

grown extensively since 1992. RD&D efforts, together with market deployment policies, have 
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effectively produced impressive cost reductions: every doubling of the volume produced 

prompted a cost decrease of about 20%. But market deployment is concentrated: Japan, 

Germany and the United States account for over 85% of total installed capacity. PV still requires 

substantial RD&D investments, as well as deployment supports, to gain market learning. In the 

near term, RD&D efforts will focus on improving the balance-of-system components for both grid 

connected and stand-alone applications. Even with these supports, PV is not expected to be 

generally competitive until after 2020 – although it will continue to compete well in a growing 

range of market niches in which the cost of deployment supports is moderate (Kreider, et al. 

1975). 

 

Solar thermal applications make up the most widely used category of solar energy technology. 

These technologies use heat from the sun for water and space heating, ventilation, industrial 

process heat, cooking, water distillation and disinfection, and many other applications. 

Solar thermal collectors are already widely used in certain countries, primarily for hot water 

production. Various technologies are becoming more widely used, such as unglazed, glazed 

and evacuated tube water collectors, which have market shares of 30%, 50% and 20%, 

respectively. In principle, larger systems can be used for residential space heating and, in 

combination with absorption heat pumps, for cooling. However significant cost reductions are 

needed before the latter application will become cost-effective. 

Solar water heating technologies have high efficiencies relative to other solar technologies. 

Performance will depend upon the site of deployment, but flat-plate and evacuated-tube 

collectors can be expected to have efficiencies above 60 percent during normal operating 

conditions. In addition, solar water heating is particularly appropriate for low-temperature (25-70 

°C) applications such as swimming pools, domestic hot water, and space heating.  

 

The main advantages of the use of solar energy are: 

• The fuel is free; 

• No moving parts to wear out or break down; 

• Minimal maintenance required to keep the system running; 

• Modular systems can be quickly installed anywhere; 

• Produces no noise, harmful emissions or polluting gases; 

• The maintenance costs are not high. 

 

As an example, a surface from 4 to 6 m2 covers approximately 60% of the needs for domestic 

hot water of a family of 4 people (annual average). The 40% remainders are generally produced 

by the heating system of the building. From May to September, the needs are almost in totality 

covered by the solar installation. 
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3.6 Conclusion 

 

In this chapter the main concepts used for the problem in study were presented. The different 

types of technologies that are going to be used in the network design were characterized. 

A brief review on how heat engines in general work is given as a way to understand the system 

in study. 

Also the work of a heat pump is explained in general through the characterization of the existent 

type of cycles, its efficiency and coefficient of performance. This coefficient is important 

because it will help in the decision of the type of technology used. 

Also the most important technologies used for cogeneration are characterized. 

On the renewable energies, biomass and solar energy were simply explained. 

Finally, it were introduced the bases for the constructions of the network, knowing all the 

technologies used. 

In the next chapters the described concepts will be used for the formulation and resolutions of 

the problem in study. 
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4. Used Methodology and Tools  

 

4.1. Introduction 

 

The current work is first based on an existent energetic model developed for the Geneva canton 

(Weber, November 2007). This model uses the available geographic information of the territory 

and establishes the relations between the needs and the available resources of the area. 

 The model is implemented in a software tool, named as EnerGis, which was built using the 

Matlab language tool. As EnerGis was developed to analyse the Geneva Canton, an adaptation 

was made, along this work, to consider the district in study. The results from EnerGis are the 

composite curves of the buildings that represents the requirements (needs). 

Having the results from the EnerGis model a new software tool is used to access on the best 

conversion technology to be used in the network taken into account the needs and resources of 

the area in study. This tool is named EASY and is built using as basis the pinch analysis 

method. From the EASY results it is possible to understand, in terms of electricity consumption 

and operating cost of each technology, what might be the best solution to guarantee the 

requirements of the buildings. 

Below these two tools will be described in more detail. 

 

4.2. EnerGis methodology 

 

As referred above, EnerGis is a software tool built on a model. This considers a strategic plan 

for the development of the technologies used for the thermal needs of a certain area. It 

analyses the possible synergies between the resources and the services to deliver. Its objective 

is to establish a matching between the required energetic services in a certain geographic area 

and the available resources in the same area. For that it is important to analyse the 

performances of the energy conversion advanced systems that use in an efficient way the 

resources of that zone. 

Therefore, the model simulates the scenarios for the needs satisfactions considering the local 

resources and the existing conversion technologies. The model was applied to the Geneva 

canton and considers a division by sectors which were then considered for different periods of 

the year (winter, summer, mid-season and design case) (Weber, November 2007). In this way, 

it is possible to evaluate what are the most promising resources for each sector depending on 

the needs and on the existent external variables. 

The method used to build this EnerGis project is based on the energetic integrations principles. 

The assessment of the thermal needs represented by a composite curve, allows the prediction 

of the energetic services to provide and highlight for opportunities of energy revalorization. 
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The scheme of EnerGis tool is shown in the figure bellow. It involves four main parts: calculation 

definition, data download, energetic needs calculation per sector and network calculations. 

 

 

 

Figure 4.1 EnerGis scheme (adapted from Weber, November 2007) 

 

4.2.1. Calculation definition 

 

This part involves two main routines: 

 

• Load Project: Will seek projects that are defined in ProjectLibrary and indicates 

the adequate one; 

• ProjectLibrary: It is the list of the different projects. The definition of the project 

is made through this function. 

 

4.2.2. Energetic needs calculations 

 

This part involves a set of routines as described. At this point is going to be described the data 

download, energetic needs calculation per sector and network calculations. 
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• genergis: Calculates the energetic needs according to the project previously 

defined; 

• Project_Settings: Defined mainly access paths where to go to seek the data 

and where to send them; 

• ImportCategories: Import the statistical data for each category of building; 

• Upload GIS: This stage it is not constituted by a programmed function, but it 

uses the function shaperead. This function is from the Matlab toolbox. Thus, it is 

here that the proportion of area of construction of each category for each sub-

sector is imported. 

• agregate: If the sub-sectors would be defined in a too "refined" way, it is 

possible to incorporate some of them, that being defined in ProjectLibrary; 

• energis: It is in this function that the different calculations for each sub-sector 

are done; 

• enerbat: Principal function of energies that calculates the energetic 

consumptions for each sub-sector; 

• Cascade: Calculates the main composite curve and the flows; 

• network_heat: Calculate the load of the network according to its temperature 

outward journey; 

• calcul_reseau: Allows to calculate the costs of a potential heat network and, 

thus estimate the relevance of it; 

• CoutSpecRes: Calculate the investments costs and the dimensions of the 

network; 

• losses_distribution: Calculate the network losses allowing, thereafter to 

calculate an operational cost. 

 

These calculations are made on a set of principles that are described below. 

 

4.2.3 EnerGis Model 

 

Some of the model data is obtained from a geographic information system. The buildings in the 

sectors are characterized by its geometric specification, area location as well as building type 

and year of construction. Different kinds of buildings are considered namely residential, 

commercial, administrative, health, educational, hotels amongst others. 

 

The methodology used by EnerGis is as follows: 

 

• Identification of the energy spent indices; 

• Categorization of the area of construction; 
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• Modelling of the energetic needs during time; 

• Construction of the needs composite curve (Q-T diagrams). 

 

The proposed model depends on the exterior temperature and satisfies the thermal energy in a 

building.  The modelling of the thermal power required is based on the energetic signature 

theory. The energy signature theory said that there is a linear relation between outdoor 

temperature and building consumption. Thus, the temperature levels are obtained by a 

modelling of the curves of heating/cooling. The proposed method, which consists of restoring 

the energetic signatures on the basis of the annual energetic needs, applies supposing that for 

every building or building category it exists (Société Suisse des Ingénieur et Architecte, 2001): 

 

• An exterior temperature of constant non-heating 

• An exterior temperature of constant non-cooling 

 

And that: 

• The internal temperature does not vary significantly during the course of a period 

• The power for the hot sanitary water production does not vary significantly during the 

course of the year.   

 

The energetic signature is a linear model of thermal power demand (Q) as a function of the 

exterior temperature (Text) (Weber, November 2007). 

 

(10) 

Where, Tnc – Exterior temperature of non-heating 

 Tnr – Exterior temperature of non-cooling 

 

The energetic signature in a period of time ∆t is obtained from the application of the principle of 

the conservation of the thermal energy: 

 

∫        dt = Q∆t 

(11) 

 

The multi-periodic analysis is made in 3 seasons: 

• Winter: from November 15 to March 15 

• Summer: from June 1 to August 31 

• Mi-season: the time remainder. 
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The magnitudes of sizing are calculated for extreme conditions (for the heating a typical exterior 

temperature of -6 ºC, was considered as a fourth season). The temperature for each one of 

these seasons is shown in figure 4.2. 

 

 
Figure 4.2 Exterior temperatures (2005/2006) (Weber, November 2007) 

 

The medium power needed in each period is equal to the sum, for each building, or building 

category, of the quotient of the needed energy and the duration of the work time in the 

considered period. This definition is written in the formulas (12) and (13) (Weber, November 

2007). 

 

 

(12) 

With, 

 

(13) 
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Needs Composite Curve (Diagram Q-T) 

 

While considering the list of the buildings of a given zone, the complete energetic request of the 

zone is calculated and represented by a diagram power/temperature that is calculated for all the 

periods (seasons) considered.   

Every composite curve is formed from the needs flux list (powers, temperature to go, return 

temperature) of heating and cooling and of a temperature minimum difference (∆Tmin) 

underneath which heat exchanges are not possible. The composite curve expresses 

graphically, in a diagram Q-T, the report of the needs of heat and cooling for every interval of 

temperature.  The curve presents a pinch point in the contact place with the temperature axis: 

the heat needs correspond to the party above the pinch point while the cooling needs are 

situated below the pinch point.  This representation supposes therefore that if the temperature 

difference allows it, the recuperation by heat exchanges will be possible. 

An example of the needs of a composite curve is given forward in this thesis in figure 6.4. 

 

4.2.4.  Considerations about EnerGis and its application to Geneva 

Canton 

 

The EnerGis as referred above at the beginning of this work was only developed for the Geneva 

canton. With EnerGis is possible, from data of the Service Cantonale de l‘Énergie (buildings 

characteristic and respective consumption), to determine the statistic values on the surface 

consumptions of the buildings in function of its type of affectation (the type of buildings 

depending on the construction year). With this intention, the Geneva canton was divided in 475 

sub-sectors, area where construction was allotted (as well as the proportion of each affectation). 

Thus, it was possible to determine the consumption for each defined zone. Another important 

issue is that the EnerGis model is divided in periods that define the seasons of the year: 

summer, winter, mid-season and one day of extreme cold (design case) with the temperature of 

-6ºC. 

It is important to notice that EnerGis model is done for all sectors of the Geneva canton with 

statistical data. One part of this project will be therefore to adapt this model to the buildings that 

will be studied and integrate real data of that buildings. The resources of the area and the 

requirements of the buildings are inputs to this adaptation. From this new model results the 

representation of the needs of the buildings represented in composite curves.  

The next step of the project is the process integration between the needs and characteristics of 

the buildings and the technologies available. The results from EnerGis are the inputs in EASY. 

The link between these two tools will be explained in more detail in the next chapter. 
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4.3. EASY - Energy Analysis and Synthesis of Industrial 

Processes 

 

EASY is an interactive energy integration tool that allows the calculation of the optimal use of 

energy in industrial processes. It has been developed to solve process integration problems 

where the flow rate of streams has to be optimised. It is therefore mainly developed for 

optimising the integration of utilities and the combined heat and power production and aims at: 

 

• Targeting the heat requirements of chemical processes;  

• Targeting optimal utilities heat load for minimum costs; 

• Designing optimal heat exchanger networks. 

 

The Easy tool receives as an input the composite curves, a list of streams and a list of utilities 

that come from EnerGis, as explained above. With these inputs and with the different 

technologies implemented in EASY, it is obtained as output information about the best 

technology to choose. 

The main variables for almost all the technologies are the input and output temperatures of the 

network and the difference between maximum temperature of heating and the evaporation 

temperature. 

Some work has been done to implement different technologies in the EASY tool. These are 

respectively: a water heat pump, an air heat pump, a geothermal heat pump, cogeneration with 

a gas engine and cogeneration with biomass. 

The study developed also considered the analysis of a centralized system and a decentralized 

system with the integration of all mentioned technologies in such a way that allows for the 

choice of the best solution. 

In the next section it is going to be explained the theoretical background that describes the 

EASY tool. 

 

4.3.1. Pinch Analysis 

 

EASY performs the energy integration trough a pinch analysis method. This method was 

developed by Linhoff (Maréchal, 2007) and aims to identify the heat recovery opportunities in a 

system through the heat exchange between the existent hot streams to be cooled down and the 

existent cold streams. 

 

For a given system, a pinch point analysis is made in three steps: 

 

• The definition of the hot and cold streams – relies on the definition of the process unit 

operations and their required thermodynamic operating conditions; 
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• The calculation of the minimum energy requirement (targeting step) – computing the 

hot and cold composite curves of the process and identifying the pinch point location. 

The hot and cold composite curves represent respectively as a function of the 

temperature, the heat load available for heat exchange in the hot streams of the 

process and the heat required in the cold streams. The pinch point is identified by 

computing the heat cascade of the process that represents the maximum heat 

recovery between the hot and the cold streams, considering the minimum approach 

temperature constraint; 

• The design of the exchanger network (synthesis step) – using either heuristic and 

feasibility rules or applying mathematical programming methods. 

 

The power of the pinch analysis stands mainly in its ability to offer a holistic analysis of the 

possible heat exchanges in a large and integrated system. 

The pinch point identifies the bottleneck of the process in terms of heat recovery potential. The 

analysis of the streams in the vicinity of the pinch point will be of great help to further improve 

the energy efficiency of the process by changing the operating conditions of the unit operations 

concerned in order to create new energy recovery opportunities. 

Below the pinch point, the process is a heat source, i.e. the heat available in the hot streams is 

greater than the heat of the cold streams and the corrected temperatures of the hot streams are 

always greater or equal to the one in the cold streams. Thus, below the pinch point it is not 

necessary to use hot utilities. 

Similarly, above the pinch point the system has a heat deficit. The heat from the hot streams 

should be used to heat up the cold streams. If a cold utility is used to cool down the hot 

streams, less heat will be available for the cold streams and therefore additional heat will be 

required to balance the heat requirement of the cold streams. Thus, above the pinch point is not 

necessary to use cold utilities.  

The figure 4.3 is a generic example of a grand composite curve for the definition of the utility 

system (Maréchal, 2007). 

 
Figure 4.3 Grand composite curve for the definition of the utility system. 
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It is possible to identify in the graphic, in a normal black line, the composite curves and in a bold 

black line the utilities. It is also identified the self sufficient zone where hot streams can heat the 

cold streams. 

 

4.4. Conclusion 

 

In this chapter the tools and the methodology used in this work were explained. 

EnerGis methodology was presented explaining the respective scheme. The calculation 

definition and the energetic needs calculation were described in detail. The network calculation 

was not described because for the case presented in this thesis this part of EnerGis tool is not 

used. 

The EnerGis model presumptions, with an incidence to signature model, with all the 

formulations and assumption were analysed and described in detail. The results from EnerGis 

model are the composite curves that represent the requirements of the building. The composite 

curves are represented in a diagram Q-T and the global interpretation of the diagram was 

made. 

A second tool also used along this work was explained, the  EASY. The results from EnerGis 

are the EASY inputs as well as the technologies definition. EASY is a process integration tool. 

With pinch analysis method, integrates the technologies with the requirements of the buildings 

in order to provide the results that allow discussing what are the best results in terms of 

electricity consumption and operation costs for the different technologies. 

In the next chapter the case study under analysis in this work will be presented. It is made a 

general characterization of the Geneva Canton, with a resources analysis, as well as a 

characterization of the Geneva District studied in this thesis. The integration between the 

problem in study and he methodology described in the present chapter will be explained. 
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5. Case Study 

 

5.1. Introduction 

 

The main objective of this work, as described above, is to define the energy conversion options 

in a district of Geneva in order to use energy in a rational way. Thus, to achieve this objective, is 

necessary to evaluate the available resources and study possible technologies so as to supply 

energy services in the district. 

 

The entire Geneva canton was characterized and analysed and, after that, the entire commune 

and the buildings were carefully studied. Having the necessary data the EnerGis model is used 

and adapted to the particular case of the Geneva District. In this case, there are some buildings 

forming a district. Forty five buildings were considered. 

The results from EnerGis were used as inputs in the program EASY. Programming all the 

possible technologies considered to this case, it is possible to analyse and choose the best 

technology to use. 

 

In this chapter it will be described in detail the solution of the case study using the 

methodologies reported above. First an analysis of the Geneva Canton in a macroscopic view is 

given. This involves a general characterization of the canton where the heat requirements costs 

are identified as well as the available resources.  Then the Geneva district physical 

characterization is made where, first of all, the EnerGis model adaptation in explained. The 

resources of the district are described and a comparison is made between the buildings 

electricity consumption and some Suisse standards. Finally, the EASY model is applied to the 

district context and all the technologies used are described in detail. 

 

5.2. Geneva Canton – Macroscopic view 

 

Switzerland is a country organized in many cantons. Inside the cantons there are many 

communes, and inside the communes there are districts. 

Previous work named Stratégie thermique pour le canton de Genève: reseau de distribuition de 

chaleur et climatisation (Weber, November 2007) studied through EnerGis the Geneva Canton 

in a macroscopic view. This study is used as input data for the current work where a detailed 

district within the Geneva Canton was then considered. This is the Plan-les-Oates. Based on 

the macro perspective of Geneva, Plan-les-Ouates as a whole is analysed. 

 

These macro perspective allows a global view of the canton and it is very important in the 

context of the current work to: 
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� Have a overall view of all the communes; 

� Analyse, in a more generic way, with statistical data, possible technologies and 

important decision variables; 

� Study in detail the adequate technologies to the particular case of Plan-les-

Ouates. 

 

5.2.1. General characterization of Geneva Canton 

 

It is important to have an overall view on the entire canton where the district in study is inserted. 

The data presented in this section is a result from the EnerGis model made for the entire 

canton. All of the maps were draw with the help of geographical software named ArcGis. 

 It is possible to analyse, for the different communes, the cost of the network. In this way it is 

possible to understand the energetic characteristics of the Geneva canton. It is however 

important to note that diverse technologies in district heating systems could be used.  

 

Expected heat distribution cost (with the network temperature of 60ºC) 

 

In the map bellow it is represented the cost of a district heating network for all the communes in 

the Geneva canton. The network temperature of 60ºC was chosen, temperature that was 

defined as the one that describes more adequately the reality as used in the work of Weber, et 

al. (November 2007). 

 

 

 

 

 

 

 

 

 

Figure 5.1 Cost of a district heating network (CHF/MWh) 

The black point in the map represents the localization of Plan-les-Oates. 

By the observation of the map it is possible to conclude that the network cost in Plan-les-Oates 

is the less expensive one. This appears as a great advantage to work in this area since the 

network to build will be less expensive. 

From EnerGis, the exact expected heat distribution cost of 3,46 CHF/MWh was obtained. 
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5.2.2. Resources analyses in Geneva Canton 

 

The resources availability will define the technologies that can be used within the canton. 

Therefore an analysis of the resources in the canton is performed. If there is not a specific 

resource in the area in study, the possibility of importing a certain resource from other 

geographical areas is also considered. 

In this section the most important resources of Geneva canton are presented. These are 

respectively: biomass, geothermal, surface water and waste water treatment. 

 

Biomass 

In the map bellow is possible to see the type and location of the biomass waste production in 

the Geneva Canton. 

 

 
 

Figure 5.2 Type and location of biomass waste production 

 

By analyzing figure 5.2 it can be seen that in Plan-les-Ouates there is no available biomass 

waste. 

Despite this, it exist near the commune, vegetable waste that might be use to convert to energy 

in the district network in study. 

 

Geothermal  

Analysing the geothermal resources in figure 5.3 it can also be concluded that there is no 

possibility of using geothermal resource in Plan-les-Ouates. 

 



 

 

 

 

 

 

Figure 5.3 Existence of geothermal resources in Geneva canton

 

Surface Water 

In terms of surface water it is possible to see 

surface water available. 

 

 

  

 

 

 

 

 

 

 

Figure 5.4 Existence of surface water resource in Geneva canton

 

Despite this, there is available surface water near the commune that might be possible

 

Waste water treatment station 

When analysing the existence of waste water treatment station in the Geneva canton it can be 

seen that there is no possibility of using water from the water treatment station in Plan

Ouates. 

 

 

 

 

 

Existence of geothermal resources in Geneva canton 

is possible to see in figure 5.4 that in Plan-les-Ouates there is no 

 

Existence of surface water resource in Geneva canton 

Despite this, there is available surface water near the commune that might be possible

 

When analysing the existence of waste water treatment station in the Geneva canton it can be 

there is no possibility of using water from the water treatment station in Plan
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Ouates there is no 

Despite this, there is available surface water near the commune that might be possible to pump. 

When analysing the existence of waste water treatment station in the Geneva canton it can be 

there is no possibility of using water from the water treatment station in Plan-les-
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Figure 5.5 Existence of waste water treatment stations in Geneva canton 

 

5.2.3. Technology to be used 

 

There are different types of heat pumps that can be used in a district heating system that 

depend on the type of resource available. Thus, in each sector since the resource available is 

different, the best heat pump to be used is different as well. 

 

Using EnerGis and after analysing all the resources in Geneva canton, it has been made an 

examination about the best type of heat pump that should be used in each canton. The result 

map is represented in figure 5.6. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.6 Best heat pump types 
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In the Plan-les-Ouates commune it is more adequate to use an air heat pump. 

 

5.3. Plan-les-Ouates Buildings characterization 

 

 

After analysing the Geneva canton as a whole it is important to look into detail in the area that 

will be studied. The map below represents in more detail the location. The surface of this 

commune is 5.88Km2. In 2007, there were 9400 habitants in Plan-les-Ouates. 

 

 

Figure 5.7 Delimitation of Plan-les-Ouates 

 

 

Within this area the buildings to be considered are represented in the next figure. Forty five 

buildings are going to be analysed.  

 
Figure 5.8 Locations of the buildings in study 
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All data about the buildings needs and characterization is obtained from EnerGis model as 

referred previously. But for that, the model as described above is now going to be generalized 

to include the buildings in study. The analysis performed considers the actual district heating 

system of these buildings which are constituted by boilers. Some of the buildings use natural 

gas as resource and some use mazout (fuel oil). 

 

5.3.1. EnerGis district model 

 

In order to obtain the needs of the region in study and how this can be supplied by the 

resources, the geographical area data was introduced in the EnerGis model. 

Three types of data are considered: the Energis file (excel file), the needs file (shape file, 

created in ArcGis) and the resources file (shape file, created in ArcGis). 

Energis file has all the information about each type of building and all the variables that the 

model needs to make all the calculations. In the original EnerGis model, each building is 

characterized depending on the category which belongs, the year of construction and the type 

of affectation. 

Depending on the year of construction, the categories are classified by residence, 

administration, commerce, industry, education, health, hotels and others with more than one 

category associated to a year of construction and to a renewed or not renewed building. 

Consequently, for each type of category with all the associations, there is a different name (for 

example, Resid2, Resid6, Comm2, Comm4, Sante1, Hotel3 etc). 

In the needs file are represented the characteristics of the buildings, being the most relevant 

ones the category, the heat consumption and the electricity consumption. 

Finally, the resources file represents all the resources availability. 

For these two late files and by using the ArcGis software it is possible to obtain the geographical 

position of the buildings. 

 

For the case study in analysis, there are just three types of categories in this group of buildings: 

Resid2, Resid4, Comm2 and Comm4. The most part of the buildings are residence buildings 

and there are some for activities. There are no renewed buildings. This information can be seen 

in the figure 5.9: 
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Figure 5.9 Category of the buildings 

 

The majority of the buildings are residential where 48% are of type Resid4 and 31% are Resid2. 

Just 20% of the buildings are for commerce of which, around 2% are Comm2 and 18% are 

Comm4. 

 

Twenty two parameters are important to do all the calculations of the program. Some values 

were obtained from the Service Cantonal de l’Énergie. All the remaining values are statistical 

and are calculated by the EnerGis model. 

 

Having introduced the data characterized above the EnerGis model performs the necessary 

calculations and gives the power dimensions for heat demand and the optimal COP for each 

building. These results are shown in Figures 5.10 and 5.11. 

 

 

  

 

 

 

 

 

 

 

 

Figure 5.10 Power dimensions (at -6ºC) for heat demand 
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The heat demand concerning the buildings requirements is one of the most important variables 

to be take into account when choosing the best technology, and the EnerGis model considerers 

this variable as a main one. 

From the Figure 5.10 it can be seen that the buildings forming a “U” in the north of this map 

have already installed solar panels. Therefore these buildings appear with less heat demand. 

This was expected since part of the demand is fulfilled with the solar energy.  

The heat demand is also a function of the type of building because residential and commerce 

buildings do not have the same heat needs. 

 

The best building is the one with the highest COP because the difference between the output 

temperature and the input temperature is minimum. Therefore, the work will be minimum as 

well. Depending on network COP, is possible to decide between centralized or decentralized 

network. This is the main reason why it was important to draw and to analyse this map.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.11 Optimal COP for each building 

 

5.3.2. Resources 

 

Taking into account the type of resources described in section 5.2.2 it is important to analyse its 

use within the commune in study. 

 

Concerning the geothermal resources there is no opportunity to use them since their use in this 

commune is forbidden. Despite this, it is going to be done the associated study in order to 

analyse if this would be or not a good option in energetic terms. 
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In terms of water, the Geneva Lake is not very close to this commune, but Plan-les-Ouates is 

near to important rivers in the Geneva canton: L’Aire, approximately 5 Km, and L’Arve, 

approximately 3,5Km. Thus, there is a great opportunity to pump water from these rivers to use 

as a resource in this case study. 

 

In terms of biomass the forest covers approximately 3.5% of the surface of the commune. Thus, 

maybe it is possible to use biomass in the heating network of this district. However, the 

production of forest on the communal territory is insufficient to promote large scale biomass 

energy within the commune. Thus, the possibility to bring wood from other communes to 

promote the biomass energy in a bigger scale is a hypothesis to be considered. 

 

Relatively to the air and to the quality of the air, the commune of Plan-the-Ouates presents 

relatively important concentrations of Nox and particles fines. One belongs to the very important 

emissions of CO2 mainly of industrial origin, as well as Nox emitted by the traffic and the 

heating. The fine particles come mainly from the motorized traffic. Despite this, the quality of the 

air in Plan-les-Ouates is considered to be good so it appears as a great resource to use in this 

study. 

 

Finally, there is also the solar energy. This can always be used according to the variables that 

are behind an efficient and promising installation. 

 

5.3.3. Geneva buildings versus some standards 

 

 

In this section it is presented the comparison between the buildings in study and some Swiss 

standards for the energetic efficiency. It is important to take these standards into account since 

they allow an analysis on the improvement of the buildings. 

 

There are two important standards in terms of energy efficiency in the buildings in Switzerland: 

SIA 380/1 standard and MINERGIES standard. In this section it is going to be made a 

comparison between these important standards and the buildings in study. 

 

The Swiss Association of Architects and Engineers (SIA) issued standard 380/1 in 2007 that 

concerns the appropriate and efficient use of energy for room heating and hot-water systems in 

buildings. 

The energy consumption of buildings constructed on the basis of this standard is around 

100KWh per square meter per year. 
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Also it was defined an Energetic Deviation Factor that is the ratio between the real consumption 

of the buildings and the standard energetic consumption (100KWh/m2). 

 

In the map of figure 5.12, is possible to see that the energetic consumption of the buildings is 

much higher them the standard value mentioned above. The minimum ratio is 2.5 but most of 

the buildings have a significant higher factor. As is possible to see in the figure, the maximum 

factor for these buildings is 7.8. 

The conclusion for this comparison is that the buildings in study are far away to fulfil this 

standard. 

 

 

 

 

 

 

 

 

 

Figure 5.12 Representation of the Energetic Deviation Factor to SIA 380/1 standard 

 

Using the MINERGIES standard this is based on the efficient insulation of buildings. The 

standard requires that fossil-fuel consumption must not be higher than 50 % of the consumption 

of such buildings. The maximum energy consumption of buildings constructed before 2000 is 60 

KWh/m2 per year and 55 KWh/m2 per year for residential and commercial buildings respectively. 

Figure 5.13 represents the energetic deviation factor for this case. As for the previous standard, 

Energetic Deviation Factor is the ratio between the real consumption of the buildings and the 

standard energetic consumption depending on the type of building. 

As expected for the stricter MINERGIES standard the factor of the buildings is worse than for 

the SIA standard because the standard values for the consumption are even lower. 

The lowest factor for the buildings is 4.5 and the highest is 13. 
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Figure 5.13 Representation of the Energetic Deviation Factor to MINERGIES standard 

 

To have a global view about the comparison of this standards and the real consumption of the 

buildings analyse the table 5.1. 

 

Table 5.1 Comparison between the real consumption and some standards 

Current 
Consumption 

(KWh/year) 

SIA 
standard 

(KWh/year) 

Improvement 

percentage 

MINERGIS standard 

(KWh/year) 

Improvement 

percentage 

27.772.378 6.219.300 78% 3.680.655 87% 

 

 

Analysing the table above is possible to compare, in a more coherent way, the real consumption 

of the buildings and the standards considered in this case study. Relatively to the SIA standard, 

an improvement of 78% is needed in the buildings consumption to achieve the consumption 

proposed in the respective standard. Concerning the MINERGIES standard the improvement is 

87%. With this analysis is possible to conclude that these buildings need an important and 

relevant improvement to achieve an energetic efficiency. 

In the chapter six another similar comparison is made to understand if a new system and 

technology can improve these buildings efficiency. 

 

 

5.4. EASY model 

 

In order to obtain the final result the EASY tool is used which permits the analysis between the 

needs and the technologies available. 
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As explained in chapter four, the most important results from EnerGis model are the composite 

curves (diagram T (temperature) – Q (heat)) for each building and the global composite curve. 

The composite curves for each building are the input of the EASY model. From this diagram is 

possible to define the list of streams and the list of utilities in the network. 

 

Two different network systems were analysed as a form to fulfil the heat requirements of the 

commune. These are respectively a centralized and a decentralized system. In the first case, 

there is a big utility that serve all the buildings. Coupled with this central utility it also exists in 

each building a small utility to serve the variations in the demand. This system is constituted by 

a network to link the big utility to the buildings. On the other hand, in the decentralized system, 

there are just small utilities in each building to cover all the buildings demand. These two 

systems will be compared to see what the most efficient one is in this case. 

 

After analysing all the available resources in the Geneva canton and in the commune, different 

technologies are analysed within the EASY model. These were programmed into the software 

with all the required data. The technologies considered are: 

 

• Water heat pump 

• Air heat pump 

• Geothermal heat pump 

• Cogeneration with gas engine 

• Cogeneration with biomass 

 

For all the technologies it was defined the power, or the electricity needed, the operating cost 

and the investment cost of the respective resource. Also a factor that translates the equipment 

capacity is considered. This is denoted as FACMUL. 

Thus, the operating cost formula is defined as follows: 

 

Operating cost = Cost1 + FACUL * Cost2 

(14) 

 

The same approach is used for the investment cost: 

 

Investment cost = Invcost1 + FACMUL * Invcost2 

(15) 

For all the technologies the information about this costs and the FACMUL factor were given by 

the Mechanical Department (LENI) in EPFL were this project was developed. For the 

cogeneration with gas engine some extra calculations were performed as it will be explained 

later on in this chapter. 
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5.4.1. Water Heat Pump 

 

In this technology is used the water from the L’Arve river. The results are calculated for the four 

periods considered (winter, summer, mid-season and -6ºC extreme day). For the periods 

considered, the temperature of the river is defined by LENI from some statistical studies (Curti, 

1998).  

The input parameters considered in this technology are: the inlet temperature of the network, 

the outlet temperature of the network and the temperature difference between the heating and 

the evaporation. 

Three different input parameters will be compared to understand, for each period, what is the 

better network temperature for this technology. 

 

5.4.2. Air Heat Pump 

 

For the air heat pump the atmospheric air was used as resource. The results are calculated for 

the four periods considered (winter, summer, mid-season and -6ºC design case) where the 

temperature of the air is used. These temperatures are coming from the original EnerGis model 

where this kind of information is available. 

The input parameters are the same has in the water heat pump and the programming principle 

is the same. 

 

5.4.3. Geothermal Heat Pump 

 

In this technology a geothermal resource was considered. There are three types of geothermal 

resources that can be used: ground water, classical geothermal and geostructure.  

The temperature difference between the periods considered is not considered significant. Thus, 

in this case the four periods although analysed use a common temperature. The analysis of the 

different periods is although important since the buildings requirements change. 

As before the temperature used for the different periods was given by the EnerGis model. 

The input variables are the same has in the water heat pump and the programming principle is 

the same. 

 

5.4.4. Cogeneration with a gas engine 

 

The natural gas is used as the resource in this case. Therefore the cogeneration system is 

constituted by a natural gas engine. 

Relatively to the periods considered this technology as the same approach as the geothermal 

heat pump. The only difference is that in this case the temperature is considered as an input. 
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The input variables are the same as in the water heat pump and the programming principle is 

the same. 

Also an engine and a fuel are considered in this option. Since the price of the natural gas varies 

depending on the structure to be installed, two systems were studied (a centralized and a 

decentralized system). For the centralized case the industrial price of natural gas in Switzerland 

is used (0.022€/KWh), while for the decentralized it was considered the residential price of 

natural gas in Switzerland (0.05€/KWh). 

The equipment cost is calculated as follows: 

 

Equipment Cost = -0.0266 * Capacity2 + 578.84 * Capacity + 208174 [€] 

 

(16) 

 

The capacity value of the gas engine it is given by the EnerGis model (Energy_technologies). It 

was used a maximum and a minimum capacity considering that, for the minimum one the 

FACMUL was 1 and for the maximum capacity FACMUL was the ratio between the maximum 

and the minimum capacity. 

 

It is important to calculate the investment cost of this technology and for that the operating cost 

is defined as: 

 

Operating cost = Maintenance cost + Fuel cost [€] 

(17) 

 

Maintenance cost = 0.0407 * Capacity 0.2058 + 0.0034 [€] 

(18) 

 

 

With these formulas it was possible to calculate the variables described in the beginning of this 

chapter: Cost1, Cost2, Invcont1 and Invcost2. 

 

5.4.5. Cogeneration with biomass 

 

The type of biomass waste that it might be possible to use in this commune is the vegetable 

waste. This fact is possible to see in the beginning of this chapter when a macroscopic view of 

the canton was performed and where it can be seen that near Plan-les-Ouates there is a 

commune that produces vegetable waste. Therefore as an option it can be considered the 

importation of biomass waste. 
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The only difference between cogeneration with a gas engine and with biomass waste is the type 

and the characteristics of the fuel used by the engine. 

Thus, all the principle described in the last section is applicable in this case with the same 

programming format. 

 

5.4.6. Network 

 

For the centralized system the process integration of the network must also be performed. This 

is done by the Easy model. The necessary data for Easy is obtained from the EnerGis. This 

network establishes the link between the big utility and the small utilities. 

 

 

5.5. Conclusions 

 

In this chapter it was detailed all the method to solve the present case study. All the information 

described above is linked to the results that are going to be described in the next chapter. 

With the information in this chapter is possible to change and adapt the inputs values to have 

the best results, with the most efficient technology. 

In the next chapter all results analysis will be explained and described in detail.  
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6. Case-Study Results 

 

6.1. Introduction 

 

In this chapter it will be described the results obtained for two different systems: centralized and 

decentralized system. 

The main objective functions that are important to analyse in these results, as a way of 

comparing the different technologies, are the costs, the electricity consumption and the 

efficiency (COP). 

In both systems the technologies described above will be compared and analysed. 

 

All the results are separated in periods, since in each period or season the requirements of the 

buildings are different. As a legend for the periods we define: 

 

• P1 – summer (operating time: 2207 h) 

• P2 - mid-season (operating time: 3649 h) 

• P3 – winter (operating time: 2904 h) 

• P4 - Design case (-6 ºC) 

 

The four periods were studied on the work of this thesis but unfortunately due to the lack of 

space only the winter case is analysed in detail below and the full results given in annex. The 

needs of the buildings during the year are greater in the winter, so, if this period is analysed the 

needs of the other periods are easily covered. 

 

In order to facilitate the comprehension of the results, a summary of the most important 

variables to compare will be given. Also the analysis and the reasoning of a single technology 

will be performed in detail. The methodology and procedures that will be presented were also 

applied to different other technologies (for more details see annexe). 

 

In the next chapter it will be done an investment analysis in order to complete the comparison of 

all the technologies to be able to choose the best solution taking into account the efficiencies 

and the costs. 

 

6.2 Coefficient of Performance (COP) calculation 

 

As explained in chapter 3, COP is the ratio of the output heat to the supplied work: 
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(19) 

 

The Q is the total heat load for respective technology, and W is the total fuel consumption. 

The COP it is just considered for the heat pumps, despite this, for the cogeneration the COP will 

represent the efficiency of the technology. 

 

In the cogeneration case and for the decentralized system, W is represented by the fuel 

consumption. Relatively to the Q, as within cogeneration there is electricity production, it is 

represented by the sum of the fuel heat load and the electricity production. 

Relatively to the centralized system, W represents the fuel consumption and Q represents the 

heat production of the engine and the heat production of the decentralized heat pump. It is 

assumed a COP of 3 for a typical heat pump. The heat production of the decentralized system 

is electricity production of the engine (electricity that enters in the heat pump) times the typical 

COP. 

To be able to make a comparison between the heat pump COP and the cogeneration COP it is 

important to take into account the same input data. Thus for the heat pump it is considered that 

the fuel that enters in the electric central that will produce electricity to the heat pump, as 

represented in the figure 6.1.  

 

 

 

Figure 6.1 District heating representation for the centralized system with a heat pump 

 

As showed in the figure above, 34% of the fuel is used to feed the network and 51% is used for 

producing electricity. Thus, in the end there is a total efficiency of 85%. 

 

 

15% LOSSES 
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In both systems, for the heat pump, it has been also calculated a Design COP that represents a 

different optimization of the system in terms of design (Weber, November 2007).  

The theoretical COP represents the best COP possible to have in a perfect machine. To have 

the design COP the theoretical one in multiplied by a factor since the machines are not perfect. 

  

COPth = Tlm,hot  / (Tlm,hot − Tlm,cold ) 

(20) 
Where, 

Tlm,hot  - hot resource 

Tlm,cold  - needs temperature 

 

Design COP = ᶯCOP * COPth 

(21) 

 

The values for the ᶯCOP depend on the technology used and are represented on the table 6.1 

below (Weber, November 2007). 

Table 6.1 values for the ᶯCOP to different technologies 

Technology 
ᶯCOP 

 Decentralized Centralized 

Water Heat Pump 0,43 0,55 

Air Heat Pump 0,34 0,34 

Classic Geothermal Heat Pump 0,43 0,43 

Ground Water Heat Pump  0,55 

Geostructure Heat Pump  0,55 

 

 

Thus, having the values from EnerGis and EASY the application of the formula above is done. 

 

 

6.3 Centralized System 

 

The centralized system is constituted by a big utility connected through a network to all the 

buildings. Each building has a small utility to supply the different requirements between the 

buildings. The scheme of the centralized system described is represented on figure 6.2. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

L’Arve River 

 

Figure 6.2 

 

The input variables are the temperatures and the load of the network for the different seasons

They do not change from a technology to another 

needs. Another input variable is the resource temperature.

 

In figure 6.3 is represented, in a temperature/heat diagram

system.  This diagram is generic and applicable to all the technologies studied in this case

study. 

The green line represents the buildings requirements

lines represent heat pumps while the

heat exchanger of the heat pump.

The resource (T.resource) exchanges heat with the evaporator (T.evap.c). The fluid enters in 

the compressor (T.cond.c) of the big heat pump to satisfy the requirements of the network 

(T.net.cold; T.net.hot). The small heat pump uses the network as a cold resource (T.evap.d) 

and satisfies the requirements of the buildings that could not be satisfied by the network 

(T.cond.d). 

 

 

 Schematic draw of the centralized system 

The input variables are the temperatures and the load of the network for the different seasons

They do not change from a technology to another since they depend only on the buildings 

Another input variable is the resource temperature. 

is represented, in a temperature/heat diagram, a scheme for the centralized 

This diagram is generic and applicable to all the technologies studied in this case

the buildings requirements and the red line the network. The black 

while the blue line represents the resource and the grey li

heat exchanger of the heat pump. 

The resource (T.resource) exchanges heat with the evaporator (T.evap.c). The fluid enters in 

.c) of the big heat pump to satisfy the requirements of the network 

). The small heat pump uses the network as a cold resource (T.evap.d) 

and satisfies the requirements of the buildings that could not be satisfied by the network 
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The input variables are the temperatures and the load of the network for the different seasons. 

on the buildings 

the centralized 

This diagram is generic and applicable to all the technologies studied in this case-

ork. The black 

and the grey line the 

The resource (T.resource) exchanges heat with the evaporator (T.evap.c). The fluid enters in 

.c) of the big heat pump to satisfy the requirements of the network 

). The small heat pump uses the network as a cold resource (T.evap.d) 

and satisfies the requirements of the buildings that could not be satisfied by the network 



53 
 

 
Figure 6.3 Schematic diagram of the centralized system 

 

After this, and for the centralized system, it is presented the characteristics of the network to 

understand what happens between the big and the small utilities. The results are analysed for a 

single example, a water heat pump. Concerning the others technologies the same methodology 

is used and the results are given in annex. 

The representation of the building needs. the global composite curve, outputs of EnerGis and 

inputs for the EASY, are explained below. 

 

6.3.1. Representation of the needs 

 

It is important to represent the needs of the buildings so as to understand what will be the 

requirements in terms of technologies. 

Figure 6.4 represents the global composite curve of the buildings in the case study for each 

period. 



54 
 

 

Figure 6.4 Global Composite curves for all the periods 

 

Analysing this graphic it is possible to see that, as expected, for the design case the heat 

requirements (Q) are the biggest for the case when a -6ºC temperature for the environment 

surrounding the Plan-les-Ouates buildings is used. This is explained by the fact that for this 

case the temperature considered is below the average temperature in the winter (worst case). 

On the contrary the heat requirements are the smallest for the summer. 

The almost vertical lines in the graphic represent the hot water needs. The horizontal lines 

represent the heating needs in the buildings. Thus, it is easy to understand why the temperature 

requirement is almost the same for all the seasons (60ºC). The people that leave in the 

buildings need more or less the same temperature of hot water during the whole year. 

The main difference in this graphic is the requirements of heating. These requirements are 

represented by the horizontal lines, as explained above, and comparing the summer with the 

winter is possible to see that the heat requirement is clearly lower in the summer. Relatively to 

the temperature it is also clear that it required an higher temperature to heat the buildings in the 

winter than in the mid-season, for example. In the summer, the need of heating is very low what 

explains the lower heat requirement. 
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6.3.2. Characteristics of the Network 

 

For the centralized system, the network is the link between the big utility equipment and each 

building that has a small utility. In the table 6.2 are described the main characteristics, in terms 

of temperature and heat load, of the network for all the seasons.  

 

Table 6.2 Main characteristics of the network in the centralized system 

Characteristics 

Periods 

Inlet 

Temperature 

[ºC] 

Outlet Temperature 

[ºC] 

Heat Load 

[KW] 

Heat Load / 

Year 

[MWh/year] 

Summer 50 29 26 4,6 

Mid-Season 50 37 49 14,4 

Winter 50 37 92 21,5 

Design Case (-6ºC) 50 20 117  

 

 

The inlet temperature is the temperature of the fluid that enters the network. On the other hand, 

the outlet temperature is the temperature of the fluid when leaving network. 

The inlet temperature is the same for all seasons since it does not depend on the outside 

temperature but is the big utility outlet temperature. 

The outlet temperature is higher in the hot seasons then in the Design Case because in the 

network there are heat losses that depend on the exterior temperatures and for the hot seasons 

these are lower. 

The heat load is higher in the cold seasons then in the hot seasons because it is necessary 

more heat in the cold seasons to maintain the comfort in the buildings. 

 

 

6.3.3. Centralized system results summary 

 

As it will be seen bellow the results of the case study are very similar for all the technologies 

studied. This can be explained by the fact that for all the technologies the network structure is 

the same. The only aspect that changes is the resource temperature of each technology and, as 

consequence, the electricity consumption. 

 

In tables 6.3 and 6.4 are presented the most important results for all the technologies studied. 

Table 6.3 shows the main results parameters such as electricity consumption and operating 

cost, while table 6.4 presents the coefficient of performance (COP) for different resources. 
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Table 6.3 Technologies characterization for centralized system in winter 

Technology 

Resource 

temperature 

[ºC] 

Electricity/fuel 

consumption 

[KW] 

Season 

Energy 

[KWh/Winter] 

Operating Cost 

[MEuro/Winter] 

Water Heat 

Pump (HP) 
5 540,7 1570087 0.030 

Air HP 1 614,7 1785157 0.035 

Classic 

geothermal HP 
2 577,6 1677389 0.032 

     Ground 

    Water HP 
11 539,8 156747 0.027 

Geostructure 

HP 
8 539,9 1567851 0.029 

Cogeneration 

with gas 

engine 

10 3550,2 10309646 0.041 

Cogeneration 

with biomass 
10 3550,2 10309646 0.026 

 

 

 

Table 6.4 COP representation for the centralized system 

Technology Annual COP Design COP 

Water Heat Pump (HP) 2,839 5,693 

Air HP 2,671 3,094 

Classic geothermal HP 2,644 4,025 

Ground Water HP 2,841 7,084 

Geostructure HP 2,840 6,292 

Cogeneration with gas 

engine 
1,546  

Cogeneration with biomass 1,546  

 

 

 

Analysing the results for the centralized system is possible to conclude on which technology is 

the best one to use. 

From the table 6.3 is possible to say that the air heat pump, classic geothermal heat pump and 

the cogeneration system are not the best solutions since they have the highest values for 
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electricity/fuel consumption. Relatively to the operation costs, the cogeneration with biomass 

can be a good solution since has a lower value. Once more, the air heat pump and the 

cogeneration with a gas engine are not good solutions in terms of operating costs. 

The lower is the resource temperature more heat is needed to heat up the fluid. So, these 

values can be explained through the resource temperatures that in the case of these 

technologies are lower. 

 

Relatively to the COP, since the highest COP is the best one, the results are coherent to the 

ones explained above. The COP depends on the electricity consumption and in the heat load. 

The water heat pump, the ground water heat pump and the geostructure heat pump have the 

best COP. 

 

The air heat pump is a special case. The heat exchange it is more efficient with a fluid than with 

a gas. Thus, it is difficult to compare the air heat pump in a linear way. It is tricky to precise the 

outside temperature because it has a lot of variations during one season. In this way, the air 

heat pump will be compared in a linear way but it is important to take into account that the 

results about this technology should be more carefully analysed. 

 

Thus, from the results presented for the centralized system, the best solutions are the water 

heat pump, ground water heat pump and cogeneration with biomass. 

 

For the centralized case it has been done a comparison with the standards described in chapter 

five. With the technologies analysed the consumption of the buildings should be different. This 

way, the table 6.5 represents the improvements of these technologies comparing with the SIA 

standard and the MINERGIES standard. The consumption of the entire year is the sum of the 

consumptions for the different periods (summer, winter and mid-season). 

 

Table 6.5 Comparison between the centralized system consumptions and some standards 

Technology 
Consumption 

(kWh/year) 
SIA 

standard 
Improvement 

MINERGIS 

standard 
Improvement 

Water Heat Pump 
(HP) 

2.714.299,31 6.219.300 -129% 3.680.655 -36% 

Air HP 2.930.290,44 6.219.300 -112% 3.680.655 -26% 

Classic 
geothermal HP 

2.914.543,42 6.219.300 -113% 3.680.655 -26% 

Ground Water HP 2.636.237,41 6.219.300 -136% 3.680.655 -40% 

Geostructure HP 2.693.342,59 6.219.300 -131% 3.680.655 -37% 

Cogeneration 
with gas engine 

13.503.696,90 6.219.300 54% 3.680.655 73% 

Cogeneration 
with biomass 

13.503.696,90 6.219.300 54% 3.680.655 73% 
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Analysing the table above is possible to conclude that the water heat pump is the technology 

with the best improvement that goes beyond the standards. The cogeneration is the technology 

that still needs an improvement to achieve the standards. 

Concerning the conclusions for the centralized system, the water heat pump and the ground 

water heat pump are good solutions but the cogeneration does not have a good efficiency. 

 

With nowadays ambient problems, it is as well very important to understand what can be saved 

in terms of CO2 emissions with the different technologies used. 

The calculations of the CO2 savings for the different technologies, is the difference between the 

CO2 emissions to burn the fuel needed to supply the energy requirements and the CO2 

emissions to produce electricity for each technology for the same requirements. 

 

The table 6.6 represents the CO2 savings for the different technologies for the centralized 

system. 

 

Table 6.6 Representation of the CO2 savings for the centralized system 

Technology 
Consumption 

(KWH/year) 
CO2 saving (t/year) CO2 saving (%) 

Water Heat Pump (HP) 2.714.299,31 584.286,64 68% 

Air HP 2.930.290,44 611.811,94 66% 

Classic geothermal HP 2.914.543,42 605.206,44 65% 

Ground Water HP 2.636.237,41 567.698,02 68% 

Geostructure HP 2.693.342,59 579.921,38 68% 

Cogeneration with gas 
engine 

13.503.696,90 1.740.833,49 40% 

Cogeneration with 
biomass 

13.503.696,90 0 0% 

 

In the cogenerations with biomass case, the CO2 savings are null due to the fact that this 

technology is neutral, as explained above. 

 

Having presented the obtained results in a summarized form it is now going to be explained and 

for a single technology the methodology and results obtained. The example to be considered is 

the water heat pump. 

 

6.3.4. Example: Water Heat Pump 

 

As referred above the water heat pump calculation is used as an illustrative case for the EASY 

model utilization.  

The explanation and considerations for this case are the same for the remaining technologies. 

The related examples are shown in annex. 
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From the EASY results, the overall electricity consumption for water heat pump in the winter is 

406,51KW. The resource is the water of the L’Arve River. Which temperature in the winter is 

5ºC. 

Table 6.7 represents the cost and other important values for the water heat pump in the 

centralized system. 

 

 

Table 6.7 Costs for the water heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

    Operating cost (MEuro/season)                    :       0.029749 

    Investment cost (MEuro)                          :        0.0000 

    Net Present Value (MEuro/season)                 :      -0.029749 

    Mechanical cons. (GWh/season)                    :        1.2297 

    Primary energy (GWh/season)                      :        0.0000 

    CO2 of fuels (kt/season)                         :        0.0000 

    total CO2 including electricity (kT/season)      :       0.76585 

 

 

The most important variable from this table is the operating cost which is a comparison factor 

when deciding for the best solution. For this case-study the other parameters are not important 

to make a decision about the best technology. 

 

Figure 6.5 represents the first solution obtained through the EASY for this case study. 
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Figure 6.5 Integrated composite curve of water heat pump 

 

The green line represents the streams of the heat pump and the blue line represents the 

compressor. By analysing the figure 6.5 it is possible to understand that this solution was not 

the most efficient one because the utility representation (green line) and the requirements (red 

line) are not close enough. The yellow part of the graphic highlights the fact that the heat pump 

is over dimensioned. Thus, exists some heat losses and it is therefore necessary to look into a 

more promising solution. 

 

After understanding the results translated in the figure it is important to take into account the 

main objective of this integration that is the usage: of the less energy as much as possible and, 

as a consequence, fewer losses. 

The resource, in this case the water from the river, has a fixed temperature. The line that 

represents the water it is not drawn in the graphic but it is between the two horizontal green 

lines but closer to the lower line. The water is going to change heat with the internal fluid of the 

utility (the lower green line), a water heat pump in this case. 

 

On the other hand, the requirements temperatures are rigid and depend on the buildings needs. 

Thus, in the graphic the red line is fixed. 

To attain the main objective of the integration it is important to have the lower distance as 

possible between the higher green line and the red line. In this way it is possible to have just the 
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heat necessary while decreasing the losses and making the system more efficient. Thus the 

starting point is to have a pinch point with the temperature difference of ∆T min. To achieve that, 

the t.cond.c (see figure 6.3) as to differ to the t.net.hot only from ∆T min (see figure 6.3). 

Thus, it is possible to conclude that the situation represented in figure 6.5 is not the most 

efficient solution. 

Analysing the COP, this has a value of around 1,2 for all the technologies so no differentiation is 

obtained. 

 

To achieve a more efficient solution, new situations are then studied. The temperature of the 

utility fluid is decreased in the condensation phase and the case of having two heat pumps 

installed instead of just one is considered.  

Figure 6.6 represents the integrated composite curve of the utility with a lower temperature for 

the utility fluid. 

 

 
Figure 6.6 Integrated composite curve of water heat pump 

 

It is easy to understand that the efficiency increases significantly with this case since the 

requirement and the utility lines are much closer. 
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Observing figure 6.6 is possible to conclude that two heat pumps as big utilities are more 

efficient than having one heat pump. The mechanical work is lower. For this case, the COP is 

3,34 fact that represents a good increase in the efficiency. 

 

All this process of increasing the efficiency was made for all the technologies. In annexe, are 

the results for all the other technologies for the case improved. 

 

 

6.4. Decentralized System 

 

The decentralized system is constituted by one utility for each building. Thus, it doesn´t exist a 

network as in the centralized system.  In this case study it is going to be analysed, for each 

technology, one building of each category (depending on the construction year): residence_2 

(1961-1970), residence_4 (2001-2005), commercial_2 (1919-1945) and commercial_4 (1986-

1990). Therefore it will be possible to analyse what is the best technology for each type of 

building with different needs. The residence and the commercial buildings have different 

requirements such as the old and the new buildings. Despite this, and in order to compare the 

centralized and decentralized systems, the results are obtained for all buildings. In annexe is 

possible to observe the results for each type of building. 

The methodology used for the decentralized system is again applied in this case. 

Due to the amount of data and results that can be generated for the system in study only the 

classical geothermal heat pump as a geothermal technology was considered. This options is 

one of the most used in these type of systems.   

 

6.4.1. Decentralized system results summary 

 

The results of the case study are very similar to all the technologies. As for the centralized 

system, the EASY results to be analysed are respectively the electricity consumption, the costs 

and the integrated composite curve of the respective utility. The coefficient of performance 

(COP) is also a key to evaluate the efficiency of each technology. This parameter is calculated 

with results obtained from EnerGis and EASY through equations (10) to (12) as in the 

centralized system. In this case it is considered the surface of the building in study that 

represents one category. 

 

Table 6.8 shows the main results of the EASY for the decentralized system considering all the 

technologies. 
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Table 6.8 Technologies characterization for decentralized system 

Technology 

Resource 

temperature 

[ºC] 

Electricity/fuel 

consumption [KW] 

Operating Cost 

[MEuro/Winter] 

Water Heat Pump 

(HP) 
5 21,46 0,00157 

Air HP 1 22,80 0,00167 

Classic geothermal 

HP 
2 22,51 0,00164 

Cogeneration with 

gas engine 
10 27,87 0,00153 

Cogeneration with 

biomass 
10 64,91 0,000938 

 

 

The next table 6.9 represents the annual COP and the Design COP for each technology. 

 

Table 6.9 COP representation for the decentralized system 

Technology Annual COP Design COP 

Water Heat Pump (HP) 2,80 2,765 

Air HP 2,70 2,026 

Classic geothermal HP 2,48 2,331 

Cogeneration with gas 

engine 
3,76  

Cogeneration with biomass 1,72  

 

 

Analysing all the studied results for the decentralized system (see annexe for detail) is possible 

to conclude which technology is the best one to use in this case. 

From the table 6.8 is possible to say that the air heat pump and the cogeneration system are 

not the best solutions since they have the highest values for electricity/fuel consumption. 

Relatively to the operation costs, the cogeneration with biomass can be a good solution since 

has a lower value. Once more, the air heat pump and the geothermal heat pump are not good 

solutions in terms of operating costs. 

 

Relatively to the COP, the cogeneration with gas engine, water heat pump and air heat pump 

have the best COP.  
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The cogeneration with a gas engine has the best COP and a very competitive operating cost 

although the fuel consumption is high. 

 

The air heat pump appears as a special case. The heat exchange it is more efficient with a fluid 

than with a gas. Thus, it is difficult to compare the air heat pump in a linear way. It is tricky to 

precise the outside temperature because it has a lot of variations during one season. In this 

way, the air heat pump will be compared in a linear way but it is important to take into account 

that the results about this technology should be more carefully analysed. 

 

Thus, from the results presented for the centralized system, and taking into account the tree 

variables (electricity/fuel consumption, operating cost and COP), the best solutions might be 

water heat pump and cogeneration with gas engine. 

 

For the decentralized case it has been done as well a comparison with the standards described 

in chapter 5. With the technologies analysed the consumption of the buildings should be 

different. This way, the table 6.10 represents the improvements of these technologies 

comparing with the SIA standard and the MINERGIES standard. The consumption of the entire 

year is the sum of the consumptions for the different periods (summer, winter and mid-season). 

 

Table 6.10 Comparison between the decentralized system consumptions and some standards 

Technology 
Consumption 

(kWh/year) 
SIA 

standard 
Improvement 

MINERGIS 

standard 
Improvement 

Water Heat Pump 
(HP) 

5.713.341,22 6.219.300 -9% 3.680.655 36% 

Air HP 11.327.681,66 6.219.300 45% 3.680.655 68% 

Classic geothermal 
HP 

6.254.358,86 6.219.300 1% 3.680.655 41% 

Cogeneration with 
gas engine 

12.033.377,46 6.219.300 48% 3.680.655 69% 

Cogeneration with 
biomass 

16.873.764,66 6.219.300 63% 3.680.655 78% 

 

Analysing the table above is possible to conclude that the water heat pump is the technology 

with the best improvement that goes beyond the SIA standard. All the other technologies still 

need an improvement to achieve the standards. Despite this, the classical geothermal heat 

pump is very close to the SIA standard. 

Concerning the conclusions for the decentralized system, the water heat pump is good solution 

but the cogeneration does not have a good efficiency. 

 

With nowadays ambient problems, it is as well very important to understand what can be saved 

in terms of CO2 emissions with the different technologies used. The table 6.11 represents the 

CO2 savings for the different technologies for the decentralized system. 

 



65 
 

Table 6.11 Representation of the CO2 savings for the decentralized system 

Technology Energy (KWH/year) CO2 saving (t/year) Co2 saving (%) 

Water Heat Pump (HP) 5.713.341,22 1.221.805,25 67% 

Air HP 11.327.681,66 2.379.108,60 66% 

Classic geothermal HP 6.254.358,86 1.254.345,25 63% 

Cogeneration with gas 
engine 

12.033.377,46 2.895.590,34 76% 

Cogeneration with 
biomass 

16.873.764,66 2.314.988,18 43% 

 

 

 

 

 

6.5. Conclusions 

 

The present work has an enormous complexity since it has a lot of external variables that 

influence the final decisions as well as a large number of decision entities. There are several 

agents (independent entities that might take decisions) such as, the laboratory, the SIG 

(Geneva Industrial Services), the owner of the building. Thus, this problem can be called a multi 

agent problem. The most difficult factor to control is the acceptance of the habitants of the 

buildings on the use of these new heat network configurations. 

Two network configurations were studied: a centralized and a decentralized system. For each 

one of these structures alternative technologies were studied accounting for the different 

resources available. 

It is important to notice that in this work for the centralized system the technologies used at the 

building level should be considered. This aspect was not taken into account at the present study 

but is definitely important to be analysed. 

 

As main results it can be stated that: 

 

• The geostructure heat pump is limitative because an infrastructure is required to use it. 

However, this technology was still studied since is possible to build some infrastructure 

near the buildings and consequently implement this alternative which can be a good 

option for the project. 

 

• For the water heat pump case it is needed to pump the water from the river. In this case 

it is better to have a centralized system with a big heat pump. In this way it is possible to 
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use another fluid as resource until it exist the link from the river and the utility. It is a 

more flexible solution taking into account the future. 

 

• The air heat pump is a special case as it was referred in section 6.3.1. 

 

• The cogeneration is a very promising technology since produces electricity that can 

then be used in the district system or sold to the net. If it uses biomass as a resource it 

can be considered a “natural technology”. Nowadays since the environment is a big 

concern in the entire world this kind of solutions are very important to improve the world 

ambient. 

 

 

The main conclusion of this case study is on the decision about what is the type of system that 

can be a better solution. However, further studies are required to reach this conclusion since 

until now there are no sufficient data to make a structuralized conclusion. 

Thus, is important, as well, to analyse the investment cost of each technology for the different 

systems. In the next chapter this is made. 
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7. Investment Analysis 

 

7.1 Introduction 

 

After the analysis on the technical results of the case study, an investment analysis is 

performed so as to complete the results obtained. Thus, it is possible to have a more consistent 

conclusion about this work. 

In this chapter the investment cost for each technology is calculated. The life time of the 

network is assumed as sixty years and the life time of each technology is twenty years. Thus, 

the investment analysis is made for the time period of sixty years. The Net Present Value (NPV) 

and the benefit-cost ratio (RBC) are calculated to conclude on the best option. 

 

7.2 Investment Cost 

 

The analysis of the costs is made for the different technologies and for the network as well as 

the investment cost. The investment cost is given in euros [€] so as to be possible to compare 

all the technologies (Grandjean, 2006). 

 

Water Heat Pump Cost 

 

Cost = (12000 + Power * 320) + (290 * Power 0,25 * distance)  

(22) 

Where power represents the equipment size [KW] and the distance is the distance between the 

buildings and the river L’Arve and it is 3,5 Kilometres. 

 

Air Heat Pump Cost 

 

Cost = 5247,5 * Power 0,4856 

(23) 

Classic and Geostructure Geothermal Heat Pump Cost 

 

Cost = (12000 + Power * 320) + (2000 + Power * 1650) 

(24) 

Ground Water Heat Pump Cost 

 

Cost = 28000 + Power * 350 

(25) 
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Cogeneration Engine Cost 

 

Equipment Cost = Catalyst cost + CCF Cost + Maintenance cost + Space cost 

(26) 

Where, CCF = Couplage Chaleur Force 

 

Catalyst cost = 
(��� ∗ �,	 
���) 

�,��  

(27) 

CCF cost = Power * (F Euro * 16137 * Power -0,3799) 

(28) 

Maintenance cost = 0,040697 * Power -0,2058 

(29) 

Space cost = 675 * Power 

(30) 

Where,assumed, Space price (m3 price) = 600 CHF/m3 

           Space factor = 1,5 

           F euro = Conversion rate pour CHF/Euro = 0,625 

 

Network Cost 

 

The network cost is calculated in EnerGis. The input variables are the inlet and outlet 

temperatures [K] and the heat load [MW] of the network, the operating time [h/year], the surface 

of the district [Km2] and the number of buildings. 

It is important to refer that the network costs calculation is an approximation since the surface of 

the district is just an approximation.  

 

The investment cost calculation for the centralized and decentralized systems are exactly the 

same as described above. There is only one difference between the two systems: in the 

decentralized case does not exists the network so the total cost is equal to the equipment cost. 

Thus, the tables below represent the investment costs results for all the technologies for the 

centralized and decentralized systems. 
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Table 7.1 Investment costs for the centralized system. 

Technology Equip. Cost [€] Network cost [€] Total Cost [€] 

Water HP 6.125.421,70 720.550 6.845.972 

Air HP 158.425,31 720.550 878.975 

Classical G HP 2.234.560,39 720.550 2.955.110 

Water G HP 395.129 720.550 1.115.679 

Geostructure HP 2.080.961,52 720.550 2.801.512 

Cog. Engine 7.561.008,12 720.550 8.281.558 

Cog. Biomass 7.561.008,12 720.550 8.281.558 

 

 

Table 7.2 Investment costs for the decentralized system. 

Technology Equip. Cost [€] 

Water HP 34.930,03 

Air HP 39.490,29 

Classical G HP 149.113,03 

Cog. Engine 238.325,59 

Cog. Biomass 444.733,48 

 

Relatively to the centralized system, it is important to refer that the network cost is the same for 

all the technologies because it is just the link between the technologies and the buildings that is 

considered, which remains the same for any technology chosen since it only depends on the 

distance and in this work, an average of the distance was considered. This distance will depend 

on the resource of each technology. In this system, from table 7.1 is possible to conclude that, 

relatively to the investment cost, the air heat pump, ground water heat pump and the 

geothermal heat pump are the best technologies since have the lowest investment cost. 

In the decentralized system the network is not considered. The best technologies are the water 

heat pump and the air heat pump. 

 

7.3 Profitability analysis 

 

The enterprise profitability analysis of investment projects with a relatively long period of 

maturation will have as main criteria the factor time in consideration. The most used criteria are 

the Net Present Value (NPV) and the benefit-cost ratio (RBC). In this work these two criteria are 

used in this investment analysis so as to understand what will be the best solution. 
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NPV is the difference between the benefits and the costs that characterize an investment, after 

an updated with an actualization fee well chosen. The NPV is calculated for each technology 

and for each system, centralized and decentralized. The formula used is shown below. 

 

��� =  � ������ �
(1 + �) 

!

 "�
 

(31) 

 

Where i represents a tax of actualization. In this case it was used, as an assumption, 3%. 

The Values represent the cash-flow balance between the costs and the profit. The costs are 

constituted by the investment cost, already calculated (explained in section 7.2) and the 

exploitation costs. It is very difficult to calculate the exploitation cost because a lot of data is 

needed. Thus, it was assumed that the exploitation costs were 3% of the investment cost as it is 

used in similar systems. This value should however be analysed in detail in further studies. 

The profit is represented by what the people that leaves in the buildings in study pay for the 

electricity, heating and hot water nowadays. The consumption of each building is data available 

by the Service Cantonal de l’Energie du Canton de Genéve. It was considered for price of the 

service to the buildings a value of: 8,64 €/KWh. 

Tables 7.3 and 7.4 represent the NPV results calculation for the centralized and decentralized 

system respectively. 

 

 

Table 7.3 Net Present Value (NPV) for the centralized system 

Technology NPV 

Water Heat Pump -9.672.439,02 

Air Heat Pump 7.071.257,53 

Classic Geothermal Heat Pump 1.245.516,49 

Ground Water Geothermal Heat Pump 6.455.239,93 

Geostructure Heat Pump 1.676.522,76 

Cogeneration with a Gas Engine -13.700.767,82 

Cogeneration with Biomass -13.700.767,82 
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Table 7.4 Net Present Value (NPV) for the decentralized system 

Technology NPV 

Water Heat Pump 3.060.411,4 

Air Heat Pump 2.530.679,9 

Classic Geothermal Heat Pump -11.311.636,2 

Cogeneration with a Gas Engine -22.271.068,0 

Cogeneration with Biomass -48.640.309,8 

 

 

It is possible to conclude that for the centralized system the best technologies are the air heat 

pump and the ground water geothermal heat pump. In the decentralize case, the water heat 

pump is the best technology. 

 

The benefit-cost ratio (RBC) it is another way to measure the profitability of an investment. 

This is defined by the quotient between the benefits and the costs after an actualization in a 

convenient tax. 

The formula used to calculate this ratio is the following. 

 

#$% =  ∑ ($� − %�)(1 + �)( ! "�
∑  )� (1 + �)( ! "�

 

(32) 

Where, 

• Bt represents the profit. It is the same profit used for the NPV calculation. 

• Ct represents the exploitation costs (3% of the investment costs). 

• It represents the investment cost. 

• The tax used is represented by i (3%). 

 
The RBC calculation it was made just for the technologies with the best NPV for the centralized 

and decentralized system:  air heat pump and water heat pump respectively. 

The table 7.5 shows the results for these calculations. 

 

Table 7.5 Benefit-Cost Ratio (RBC) 

Technology / System RBC 

Water Heat Pump / Decentralized System 1,94 

Air Heat Pump / Centralized System 22,90 

Ground Water Heat Pump / Centralized System 8,95 
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When analysing the results, the assumptions made need to be taken into account. Therefore, all 

the calculations made for the centralized system just considered the big utility and the network. 

This appears as a limitation of the work and, as future development, it should be considered as 

well the small utilities that are in the buildings. This is the main reason why the benefit-cost ratio 

value obtained is big. Thus, it is very difficult to compare the RBC values for both systems. 

Despite this and taking into account the values presented (table 7.5), the air heat pump and the 

ground water geothermal heat pump in the centralized system are the best solutions for this 

case study. In the decentralize case, the benefit-cost ratio is 1,94. This means that the profits of 

this investment are 94% bigger than the costs therefore there is a margin of 94%. For the 

project to have no profits, the costs should be 94% higher. Thus, the investment for the 

centralize system it worsted. It is important to notice that these results are consistent with the 

results before of the investment analysis. One good technical solution for the decentralized case 

was the water heat pump as well as is shown after the investment analysis. 

For the centralized case it is done the RBC calculations for the air heat pump and ground water 

heat pump because are the best solutions in the results before the investment analysis and are 

the two that have the best NPV. Between the two solution, with an examination of the RBC is 

possible to conclude that, for the centralized system, the ground water geothermal heat pump is 

the best solution. 
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8 Conclusions and Future Work 

 

District heating systems provide an efficient service and, at the same time, allow a better 

exploitation of energy sources, including some alternative resources such as waste, geothermal 

sources, and so on. This, results in a lower impact to the environment and in particular reduces 

the polluting emissions, gives better control over them as well as rationalize the use of 

resources.  

 

The increase of the energy efficiency in urban areas appears as the result of the integration of 

three measures: the improvement of the building envelope, the use of endogenous resources 

and the efficiency of the energy conversion and distribution system. 

 

The main goal of this project was to understand, for a set of buildings, the best system to install 

and the technology to be used so as to provide an efficient service to deliver electricity, hot 

water and heating to a certain set of buildings.  

 

To achieve this goal a research about the resources availability in the area was done in a first 

phase as well as a data collection about the characteristics of the buildings in study. Consonant 

the type of available resources, a set of technologies was chosen to be analysed. Two models 

were used to compute the buildings requirements and the technologies chosen. The EnerGis 

model, using Matlab tool, from the buildings data create a composite curve representing the 

requirements of the buildings. The EASY model, which used as an input the composite curves 

obtained from EnerGis and, with the programming technologies, makes the process integration 

between the requirements and the technologies.  

 

With these results it was possible to analyse the best solution in terms of electricity or fuel 

consumption. Adding to these technical results, an investment analysis was also made in order 

to make a more detailed characterization of all the technologies. Thus, it is possible to have 

more consistent conclusions. In this investment analysis were used two profitability analysis 

criteria: Net Present Value (NPV) and benefit-cost ratio (RBC). As main conclusion it was states 

that the best solution relies on the decentralized system using as technology a water heat 

pump. 

 

In this work there were some assumptions made and some statistic data considered. Therefore 

the results are not fully representative of the real situation and further work need to be done to 

overcame this disadvantage.   

 

The models used and developed in this project are still in a research phase. In this way, there is 

a lot of possible and interesting future work to be developed: 
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• Further study should be made for the centralized system where the technologies used 

at the building level should be considered, aspects that was not taken into account at 

the present study but is definitely important to be analysed. 

• The models developed were case-study oriented therefore a generalisation of the 

models to adapt them to any district should be made in the future. 

• It would be also very interesting to analyse changes in the network temperature. For 

example develop the same calculations with a network temperature of 80ºC and 

compare the results obtained with the present results so as to analyse the influence of 

the temperature in the energetic efficiency. Also it would be interesting to compare the 

energy consumption after the implementation of this new solution and make the same 

comparison as the one made in chapter five. 

• The cooling in the buildings is a very important issue in some countries, even for 

Switzerland that is a cold country in most part of the year. It would be interesting to 

create a model that joins the heating and the cooling of the buildings so as to have an 

energetic efficiency for different situations. 

• The solar energy was referred in this work as a very important renewable energy to be 

used. This was not explored however in the present work and should not be neglected 

in the future.  
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Annexe A – Centralized System Results 

 

Water Heat Pump 

 

From Easy results report, the overall electricity consumption is 406,51KWh. The resource is the 

water of the L’Arve River. In the winter, the temperature of the water is 5ºC. 

The table A.1 represents the cost and other important values for the water heat pump in the 

centralized system. 

 

Table A.1 Costs for the water heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

    Operating cost (MEuro/season)                    :       0.029749 

    Investment cost (MEuro)                          :        0.0000 

    Net Present Value (MEuro/season)                 :      -0.029749 

    Mechanical cons. (GWh/season)                    :        1.2297 

    Primary energy (GWh/season)                      :        0.0000 

    CO2 of fuels (kt/season)                         :        0.0000 

    total CO2 including electricity (kT/season)      :       0.76585 

 

 

The figure A.1 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 
 

Figure A.1 Integrated composite curve of water heat pump 
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Air Heat Pump 

 

From Easy results report, the overall electricity consumption is 480,57KWh. 

The resource is the air of the district. The medium temperature of the air in the winter is 1ºC. 

The table A.2 represents the cost and other important values for the air heat pump in the 

centralized system. 

 

Table A.2 Costs for the air heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

    Operating cost (MEuro/season)                  :       0.35169E-01 

    Investment cost (MEuro)                        :        0.0000 

    Net Present Value (MEuro/season)               :      -0.35169E-01 

    Mechanical cons. (GWh/season)                  :        1.4537 

    Primary energy (GWh/season)                    :        0.0000 

    CO2 of fuels (kt/season)                       :        0.0000 

    total CO2 including electricity (kT/season)    :       0.90538 

 

 

 

The figure A.2 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 

Figure A.2 Integrated composite curve of air heat pump 
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Geothermal Heat Pump 

 

There are three types of geothermal heat pump. The difference between them is the resource 

and, as consequence, the temperature of the resource. 

For the resources of the geothermal heat pump, the temperature is the same for all the periods, 

since as, the ground temperature and the ground water temperature difference during the year it 

is not significant. 

 

Classical geothermal 

 

From Easy results report, the overall electricity consumption is 443,46KWh. 

The resource is the heat from the ground. The temperature of the ground heat in the winter is 

2ºC. The table A.3 represents the cost and other important values for the classical geothermal 

heat pump in the centralized system. 

 

 

Table A.3 Costs for the classical geothermal heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

    Operating cost (MEuro/season)                  :       0.32453E-01 

    Investment cost (MEuro)                        :        0.0000 

    Net Present Value (MEuro/season)               :      -0.32453E-01 

    Mechanical cons. (GWh/season)                  :        1.3415 

    Primary energy (GWh/season)                    :        0.0000 

    CO2 of fuels (kt/season)                       :        0.0000 

    total CO2 including electricity (kT/season)    :       0.83547 

 

 

 

The figure A.3 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 
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Figure A.3 Integrated composite curve of classical geothermal heat pump 

 

 

Geothermal with ground water 

 

From Easy results report, the overall electricity consumption is 375,28KWh. 

The resource is the ground water in the district in study. The temperature of the ground water in 

the winter is 11ºC. 

The table A.4 represents the cost and other important values for the geothermal with ground 

water heat pump in the centralized system. 

 

Table A.4 Costs for the geothermal with ground water heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

    Operating cost (MEuro/season)                  :       0.27463E-01 

    Investment cost (MEuro)                        :        0.0000 

    Net Present Value (MEuro/season)               :      -0.27463E-01 

    Mechanical cons. (GWh/season)                  :        1.1352 

    Primary energy (GWh/season)                    :        0.0000 

    CO2 of fuels (kt/season)                       :        0.0000 

    total CO2 including electricity (kT/season)    :       0.70702 

 

 

 

The figure A.4 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 
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Figure A.4 Integrated composite curve of geothermal with ground water heat pump 

Geostructure 

 

From Easy results report, the overall electricity consumption is 398,22KWh. 

In this case it is used an existent structure to achieve the ground, for example using a bridge 

structure. The temperature of the ground in the winter is 8ºC. 

The table A.5 represents the cost and other important values for the geostructure heat pump in 

the centralized system. 

 

Table A.5 Costs for the geostructure heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

    Operating cost (MEuro/season)                  :       0.29142E-01 

    Investment cost (MEuro)                        :        0.0000 

    Net Present Value (MEuro/season)               :      -0.29142E-01 

    Mechanical cons. (GWh/season)                  :        1.2046 

    Primary energy (GWh/season)                    :        0.0000 

    CO2 of fuels (kt/season)                       :        0.0000 

    total CO2 including electricity (kT/season)    :       0.75023 

 

 

 

The figure A.5 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 
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Figure A.5 Integrated composite curve of geostructure heat pump 

 

Cogeneration with a gas engine 

 

From Easy results report, the overall electricity production is 1258,6KWh. 

In this case there is a cogeneration system with a gas engine. The resource is the gas that 

enters is the engine, natural gas. The temperature of the gas in the winter is 10ºC. 

In cogeneration system the temperature for all the periods is the same. 

The table A.6 represents the cost and other important values for the cogeneration with a gas 

engine in the centralized system. 

 

Table A.6 Costs for the cogeneration with a gas engine 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.041811 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.041811 

     Mechanical cons. (GWh/season)                  :       -3.6550 

     Primary energy (GWh/season)                    :        9.9199 

     Total energy (GWh/season)                      :        3.2745 

     CO2 of fuels (kt/season)                       :        2.1453 

     total CO2 including electricity (kT/season)    :      -0.13100 

 

The figure A.6 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 



84 
 

 
Figure A.6 Integrated composite curve of cogeneration with a gas engine 

 

 

Cogeneration with Biomass 

 

From Easy results report, the overall electricity production is 1258,6 KWh. 

In this case there is a cogeneration system with biomass gas as a resource. The biomass waste 

used, as explained above, is vegetable waste. The temperature of the gas in the winter is 10ºC. 

The table A.7 represents the cost and other important values for the cogeneration with biomass 

in the centralized system. 

 

Table A.7 Costs for the cogeneration with biomass 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.025577 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.025577 

     Mechanical cons. (GWh/season)                  :       -3.6550 

     Primary energy (GWh/season)                    :        9.9199 

     Total energy (GWh/season)                      :        3.2745 

     CO2 of fuels (kt/season)                       :        3.0901 

     total CO2 including electricity (kT/season)    :       0.81376 

 

 

 

The figure A.7 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 
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Figure A.7 Integrated composite curve of cogeneration with biomass 
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Annexe B – Decentralized System Results 

 

The table B.1 represents the summary of the results for the decentralized system for the four 

types of buildings. 

 

Table B.1 Technologies characterization for decentralized system 

Technology 
Building 

category 

Surface 

[m
2
] 

Resource 

temperature 

[ºC] 

Electricity 

/fuel 

consumption 

[KW] 

Operating cost 

[MEuro/Season] 

Water Heat 

Pump (HP) 

Resid_2 389 5 8,41 0.000616 

Resid_4 1098 5 36,06 0.00264 

Comm_2 153 5 18,15 0.00133 

Comm_4 377 5 8,60 0.000630 

Air HP 

Resid_2 389 1 8,94 0.000654 

Resid_4 1098 1 38,32 0.00280 

Comm_2 153 1 19,28 0.00141 

Comm_4 377 1 9,14 0.000669 

Classic 

geothermal 

HP 

Resid_2 389 2 8,82 0.000646 

Resid_4 1098 2 37,82 0.00277 

Comm_2 153 2 19,03 0.00139 

Comm_4 377 2 9,02 0.000660 

Cogeneration 

with gas 

engine 

Resid_2 389 10 10,77 0.000592 

Resid_4 1098 10 47,22 0.00259 

Comm_2 153 10 23,53 0.00129 

Comm_4 377 10 11,42 0.000628 

Cogeneration 

with biomass 

Resid_2 389 10 25,08 0.000362 

Resid_4 1098 10 109,96 0.00159 

Comm_2 153 10 54,80 0.000792 

Comm_4 377 10 26,58 0.000384 

 

 

Water Heat Pump 

 

• Residence_2 

 

From Easy results report, the overall electricity consumption is 8,4143 KWh. 

The temperature of the river water in the winter is 5ºC. 
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The table B.2 represents the cost and other important values for the water heat pump in the 

decentralized system. 

 

Table B.2 Costs for the water heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.00061577 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.00061577 

     Mechanical cons. (GWh/season)                  :       0.025453 

     Primary energy (GWh/season)                    :        0.0000 

     Total energy (GWh/season)                      :       0.046279 

     CO2 of fuels (kt/season)                       :        0.0000 

     total CO2 including electricity (kT/season)    :       0.015852 

 

 

The figure B.1 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 
Figure B.1 Integrated composite curve of water heat pump 

 

 

• Residence_4 

 

From Easy results report, the overall electricity consumption is 36,064KWh. 
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The temperature of the river water in the winter is 1ºC. 

The table B.3 represents the cost and other important values for the water heat pump in the 

decentralized system. 

 

Table B.3 Costs for the water heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

    Operating cost (MEuro/season)                  :       0.0026392 

    Investment cost (MEuro)                        :        0.0000 

    Net Present Value (MEuro/season)               :      -0.0026392 

    Mechanical cons. (GWh/season)                  :       0.10909 

    Primary energy (GWh/season)                    :        0.0000 

    CO2 of fuels (kt/season)                       :        0.0000 

    total CO2 including electricity (kT/season)    :       0.067943 

 

 

The figure B.2 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 
Figure B.2 Integrated composite curve of water heat pump 

• Commercial_2 

 

From Easy results report, the overall electricity consumption is 18,145 KWh. 

The temperature of the river water in the winter is 1ºC. 

The table B.4 represents the cost and other important values for the water heat pump in the 

decentralized system. 
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Table B.4 Costs for the water heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.0013278 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.0013278 

     Mechanical cons. (GWh/season)                  :       0.054888 

     Primary energy (GWh/season)                    :        0.0000 

     Total energy (GWh/season)                      :       0.099796 

     CO2 of fuels (kt/season)                       :        0.0000 

     total CO2 including electricity (kT/season)    :       0.034184 

 

 

The figure B.3 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 

Figure B.3 Integrated composite curve of water heat pump 

 

 

• Commercial_4 

 

From Easy results report, the overall electricity consumption is 8,6024KWh. 

The temperature of the river water in the winter is 1ºC. 

The table B.5 represents the cost and other important values for the water heat pump in the 

decentralized system. 

 



90 
 

Table B.5 Costs for the water heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

    Operating cost (MEuro/year)                    :       0.62953E-03 

    Investment cost (MEuro)                        :        0.0000 

    Net Present Value (MEuro/year)                 :      -0.62953E-03 

    Mechanical cons. (GWh/year)                    :       0.26022E-01 

    Primary energy (GWh/year)                      :        0.0000 

    CO2 of fuels (kt/year)                         :        0.0000 

    total CO2 including electricity (kT/year)      :       0.16207E-01 

 

 

The figure B.4 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 
Figure B.4 Integrated composite curve of water heat pump 

 

Air Heat Pump 

 

 

• Residence_2 

 

From Easy results report, the overall electricity consumption is 8,94KWh. 

The temperature of the air in the winter is 1ºC. 

The table B.6 represents the cost and other important values for the air heat pump in the 

decentralized system. 
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Table B.6 Costs for the air heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.00065423 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.00065423 

     Mechanical cons. (GWh/season)                  :       0.027043 

     Primary energy (GWh/season)                    :        0.0000 

     Total energy (GWh/season)                      :       0.049170 

     CO2 of fuels (kt/season)                       :        0.0000 

     total CO2 including electricity (kT/season)    :       0.016843 

 

 

The figure B.5 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 
Figure B.5 Integrated composite curve of air heat pump 

 

 

• Residence_4 

 

From Easy results report, the overall electricity consumption is 38,318 KWh. 

The temperature of the air in the winter is 1ºC. 

The table B.7 represents the cost and other important values for the air heat pump in the 

decentralized system. 
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Table B.7 Costs for the air heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.0028041 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.0028041 

     Mechanical cons. (GWh/season)                  :       0.11591 

     Primary energy (GWh/season)                    :        0.0000 

     Total energy (GWh/season)                      :       0.21075 

     CO2 of fuels (kt/season)                       :        0.0000 

     total CO2 including electricity (kT/season)    :       0.072190 

 

 

 

The figure B.6 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 
Figure B.6 Integrated composite curve of air heat pump 

 

 

 

• Commercial_2 

 

From Easy results report, the overall electricity consumption is 19,279 KWh. 

The temperature of the air in the winter is 1ºC. 
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The table B.8 represents the cost and other important values for the air heat pump in the 

decentralized system. 

 

Table B.8 Costs for the air heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.0014109 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.0014109 

     Mechanical cons. (GWh/season)                  :       0.058320 

     Primary energy (GWh/season)                    :        0.0000 

     Total energy (GWh/season)                      :       0.10604 

     CO2 of fuels (kt/season)                       :        0.0000 

     total CO2 including electricity (kT/season)    :       0.036321 

 

 

The figure B.7 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 

Figure B.7 Integrated composite curve of air heat pump 

 

• Commercial_4 

 

From Easy results report, the overall electricity consumption is 9,1403 KWh. 

The temperature of the air in the winter is 1ºC. 
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The table B.9 represents the cost and other important values for the air heat pump in the 

decentralized system. 

 

Table B.9 Costs for the air heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.00066889 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.00066889 

     Mechanical cons. (GWh/season)                  :       0.027649 

     Primary energy (GWh/season)                    :        0.0000 

     Total energy (GWh/season)                      :       0.050271 

     CO2 of fuels (kt/season)                       :        0.0000 

     total CO2 including electricity (kT/season)    :       0.017220 

 

 

The figure B.8 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 
Figure B.8 Integrated composite curve of air heat pump 

 

Geothermal Heat Pump 

 

• Residence_2 

 

From Easy results report, the overall electricity consumption is 8,8240 KWh. 
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The temperature of the ground heat in the winter is 2ºC. 

The table B.10 represents the cost and other important values for the geothermal heat pump in 

the decentralized system. 

 

Table B.10 Costs for the classic geothermal heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.00064575 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.00064575 

     Mechanical cons. (GWh/season)                  :       0.026693 

     Primary energy (GWh/season)                    :        0.0000 

     Total energy (GWh/season)                      :       0.048532 

     CO2 of fuels (kt/season)                       :        0.0000 

     total CO2 including electricity (kT/season)    :       0.016624 

 

 

The figure B.9 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 
Figure B.9 Integrated composite curve of classic geothermal heat pump 

 

 

• Residence_4 

 

From Easy results report, the overall electricity consumption is 37,821 KWh. 
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The temperature of the ground heat in the winter is 2ºC. 

The table B.11 represents the cost and other important values for the geothermal heat pump in 

the decentralized system. 

 

Table B.11 Costs for the classic geothermal heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.0027677 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.0027677 

     Mechanical cons. (GWh/season)                  :       0.11441 

     Primary energy (GWh/season)                    :        0.0000 

     Total energy (GWh/season)                      :       0.20801 

     CO2 of fuels (kt/season)                       :        0.0000 

     total CO2 including electricity (kT/season)    :       0.071253 

 

 

The figure B.10 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 
Figure B.10 Integrated composite curve of classic geothermal heat pump 

 

• Commercial_2 

 

From Easy results report, the overall electricity consumption is 19,029 KWh. 

The temperature of the ground heat in the winter is 2ºC. 
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The table B.12 represents the cost and other important values for the geothermal heat pump in 

the decentralized system. 

 

Table B.12 Costs for the classic geothermal heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.0013926 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.0013926 

     Mechanical cons. (GWh/season)                  :       0.057562 

     Primary energy (GWh/season)                    :        0.0000 

     Total energy (GWh/season)                      :       0.10466 

     CO2 of fuels (kt/season)                       :        0.0000 

     total CO2 including electricity (kT/season)    :       0.035850 

 

 

The figure B.11 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 
Figure B.11 Integrated composite curve of classic geothermal heat pump 

 

• Commercial_4 

 

From Easy results report, the overall electricity consumption is 9,0216 KWh. 

The temperature of the ground heat in the winter is 2ºC. 
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The table B.13 represents the cost and other important values for the geothermal heat pump in 

the decentralized system. 

 

 

Table B.13Costs for the classic geothermal heat pump 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.00066021 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.00066021 

     Mechanical cons. (GWh/season)                  :       0.027290 

     Primary energy (GWh/season)                    :        0.0000 

     Total energy (GWh/season)                      :       0.049619 

     CO2 of fuels (kt/season)                       :        0.0000 

     total CO2 including electricity (kT/season)    :       0.016996 

 

 

The figure B.12 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 
Figure B.12 Integrated composite curve of classic geothermal heat pump 

 

 

Cogeneration with a gas engine 

 

• Residence_2 
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From Easy results report, the overall electricity production is 17,834 KWh. 

The temperature of the gas in the winter is 10ºC. 

The table B.14 represents the cost and other important values for the cogeneration with a gas 

engine in the decentralized system. 

 

Table B.14 Costs for the cogeneration with a gas engine 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.00059245 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.00059245 

     Mechanical cons. (GWh/season)                  :      -0.051790 

     Primary energy (GWh/season)                    :       0.14056 

     Total energy (GWh/season)                      :       0.046399 

     CO2 of fuels (kt/season)                       :       0.030399 

     total CO2 including electricity (kT/season)    :      -0.0018562 

 

 

The figure B.13 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 
Figure B.13 Integrated composite curve of cogeneration with a gas engine 

 

 

• Residence_4 

 

From Easy results report, the overall electricity production is 78,195 KWh. 
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The temperature of the gas in the winter is 10ºC. 

The table B.15 represents the cost and other important values for the cogeneration with a gas 

engine in the decentralized system. 

 

Table B.15 Costs for the cogeneration with a gas engine 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.0025976 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.0025976 

     Mechanical cons. (GWh/season)                  :      -0.22708 

     Primary energy (GWh/season)                    :       0.61631 

     Total energy (GWh/season)                      :       0.20344 

     CO2 of fuels (kt/season)                       :       0.13329 

     total CO2 including electricity (kT/season)    :      -0.0081386 

 

 

 

The figure B.14represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 
Figure B.14 Integrated composite curve of cogeneration with a gas engine 
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• Commercial_2 

 

From Easy results report, the overall electricity production is 38,968 KWh. 

The temperature of the gas in the winter is 10ºC. 

The table B.16 represents the cost and other important values for the cogeneration with a gas 

engine in the decentralized system. 

 

 

Table B.16 Costs for the cogeneration with a gas engine 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.0012945 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.0012945 

     Mechanical cons. (GWh/season)                  :      -0.11316 

     Primary energy (GWh/season)                    :       0.30713 

     Total energy (GWh/season)                      :       0.10138 

     CO2 of fuels (kt/season)                       :       0.066422 

     total CO2 including electricity (kT/season)    :      -0.0040558 

 

 

The figure B.15 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 
Figure B.15 Integrated composite curve of cogeneration with a gas engine 
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• Commercial_4 

 

 

From Easy results report, the overall electricity production is 18,903 KWh. 

The temperature of the gas in the winter is 10ºC. 

The table B.17 represents the cost and other important values for the cogeneration with a gas 

engine in the decentralized system. 

 

Table B.17 Costs for the cogeneration with a gas engine 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.00062794 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.00062794 

     Mechanical cons. (GWh/season)                  :      -0.054893 

     Primary energy (GWh/season)                    :       0.14898 

     Total energy (GWh/season)                      :       0.049179 

     CO2 of fuels (kt/season)                       :       0.032220 

     total CO2 including electricity (kT/season)    :      -0.0019674 

 

 

The figure B.16 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 
Figure B.16 Integrated composite curve of cogeneration with a gas engine 

 

 



103 
 

Cogeneration with Biomass 

 

Residence_2 

 

From Easy results report, the overall electricity production is 17,834 KWh. 

The temperature of the gas in the winter is 10ºC. 

The table B.18 represents the cost and other important values for the cogeneration with gas 

biomass in the decentralized system. 

 

Table B.18 Costs for the cogeneration with gas biomass 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.00036242 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.00036242 

     Mechanical cons. (GWh/season)                  :      -0.051790 

     Primary energy (GWh/season)                    :       0.14056 

     Total energy (GWh/season)                      :       0.046399 

     CO2 of fuels (kt/season)                       :       0.043786 

     total CO2 including electricity (kT/season)    :       0.011531 

 

 

The figure B.17 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 

Figure B.17 Integrated composite curve of cogeneration with gas biomass 
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• Residence_4 

 

From Easy results report, the overall electricity production is 78,195 KWh. 

The temperature of the gas in the winter is 10ºC. 

The table B.19 represents the cost and other important values for the cogeneration with gas 

biomass in the decentralized system. 

 

Table B.19 Costs for the cogeneration with gas biomass 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.0015890 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.0015890 

     Mechanical cons. (GWh/season)                  :      -0.22708 

     Primary energy (GWh/season)                    :       0.61631 

     Total energy (GWh/season)                      :       0.20344 

     CO2 of fuels (kt/season)                       :       0.19198 

     total CO2 including electricity (kT/season)    :       0.050558 

 

 

The figure B.18 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 

Figure B.18 Integrated composite curve of cogeneration with gas biomass 
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• Commercial_2 

 

From Easy results report, the overall electricity production is 38,968 KWh. 

The temperature of the gas in the winter is 10ºC. 

The table B.20 represents the cost and other important values for the cogeneration with gas 

biomass in the decentralized system. 

 

Table B.20 Costs for the cogeneration with gas biomass 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.00079189 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.00079189 

     Mechanical cons. (GWh/season)                  :      -0.11316 

     Primary energy (GWh/season)                    :       0.30713 

     Total energy (GWh/season)                      :       0.10138 

     CO2 of fuels (kt/season)                       :       0.095673 

     total CO2 including electricity (kT/season)    :       0.025195 

 

 

The figure B.19 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 

Figure B.19 Integrated composite curve of cogeneration with gas biomass 
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• Commercial_4 

 

From Easy results report, the overall electricity production is 18,903 KWh. 

The temperature of the gas in the winter is 10ºC. 

The table B.21 represents the cost and other important values for the cogeneration with gas 

biomass in the decentralized system. 

 

Table B.21 Costs for the cogeneration with gas biomass 

----------------------------------------------------------------------

---------- 

 Name                                                       Value 

----------------------------------------------------------------------

---------- 

     Operating cost (MEuro/season)                  :       0.00038413 

     Investment cost (MEuro)                        :        0.0000 

     Net Present Value (MEuro/season)               :      -0.00038413 

     Mechanical cons. (GWh/season)                  :      -0.054893 

     Primary energy (GWh/season)                    :       0.14898 

     Total energy (GWh/season)                      :       0.049179 

     CO2 of fuels (kt/season)                       :       0.046409 

     total CO2 including electricity (kT/season)    :       0.012222 

 

 

The figure B.20 represents the integrated composite curve of the utility. In this figure is possible 

to analyse the heat and the temperature of the utility in study. 

 

 

Figure B.20 Integrated composite curve of cogeneration with gas biomass 

 


