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Abstract 

The European Union has passed a number of important energy-related resolutions in the past few years; 
the most important ones being the ‘Energy Performance of Buildings’ Directive (2010) and the 
‘Renewable Energy Roadmap for 2020’ (2007). These saw the member states, including the Netherlands, 
implementing stringent regulations in order to achieve these ambitious goals.  
 
In the light of these developments, the onus is on municipalities to initiate and promote projects that 
address these challenges. Thus, this project is an initiative by the municipality of Waalwijk, along with 
Casade (a corporation responsible for social housing). The basic goal of this project is to study the energy 
consumption of Waalwijk, and try to make it a net- zero energy community, while ensuring that the 
suggestions are practical, socially acceptable and of course, financially viable. 
 
In order to do so, the principle of ‘Trias Energetica’ is adopted – that is, reduce the energy consumption 
as far as possible, supply the reduced energy demand using renewable energy and thirdly, if there is any 
demand still to be met, supply it by using fossil fuels as efficiently as possible.   
 
Firstly, a zone was selected at the centre of the city, to include as many different types of dwellings as 
possible (based on age and ownership – rented/private/public). Accordingly, a theatre, an office, an 
apartment building, individual houses built in the 1980s (22 in number) and in the 1940s (130 in number) 
were taken into consideration. Next, the energy consumption of this zone was determined. This involved 
approaching the residents with a questionnaire, and collecting data regarding their energy consumption, 
heating systems, lighting profiles, and so on. Based on the data collected, (and taking averages) the annual 
energy consumption of the zone was calculated to be 952.8 MWh of electricity and 331,231 m3 of gas.   
 
Next, following the Trias Energetica, ways to reduce energy consumption were studied - without making 
major changes to the structure of the houses. The measures included lighting retrofits, insulation of 
houses and window retrofits. Based on these suggestions, the annual reduction in electricity for the zone is 
calculated as 55 MWh and for gas as 105,586 m3. This brings down the annual consumption to 902 MWh 
of electricity and 225,645 m3 of gas respectively. 
 
Ways to supply this energy demand were evaluated, and narrowed down to solar PV and heat pumps. 
Solar PV for individual houses, the apartment building and the theatre were calculated, and the total 
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generation due to solar PV in the zone comes to about 237,472 MWh of electricity. This is 26% of the 
annual electricity consumption of the zone.    
Heat pumps were also investigated for the dwellings. Air source heat pumps were evaluated for the houses 
and the apartment building, while a ground-source heat pump was studied for the theatre. It is found that 
the heat pumps can supply most of the gas demand of the zone, at the expense of additional electricity 
usage. 
 
This was followed by a financial analysis of the proposed solutions, using basic tools like simple payback, 
net present value (NPV) and internal rate of return (IRR). Based on the results, it is found that the 
insulation and window retrofits are highly profitable, contribute considerably to energy savings and pay 
themselves out within 8 years. The solar PV is also quite cost-effective, and has a maximum payback of 13 
years. Heat pumps for the old houses are not as cost-effective (after insulation); since the savings accrued 
due to reduction in gas consumption is off-set by the additional electricity consumption. That being said, 
heat pumps require detailed and customized calculations, since their performance is highly specific to the 
dwelling. A more detailed study of the sizing and installation of heat pumps can lead to improved 
performance and increase the cost-effectiveness of this technology. 
 
Lastly, a brief overview of financial models popularly used for renewable energy projects is presented, with 
examples. In order to address general problems encountered in such projects, as well as those specific to 
Waalwijk - such as spilt incentive (due to social housing), public buildings, high upfront cost, lack of 
awareness and technical know-how – a financial model is suggested for Waalwijk. This is based on the 
concept of an ESCo (Energy Services Company), to which the project will be sub-contracted from start to 
finish, for a certain fixed price. The ESCo might even be able to arrange for financing, or the municipality 
could be the guarantor for the project. 
 
In conclusion, based on the above study in a pilot zone, we see that insulation, window and lighting 
retrofits alone can contribute measurably to energy-efficiency in Waalwijk. Further, Waalwijk could 
become an almost net-zero energy community as far as gas consumption is concerned. However, 
electricity generation from renewable sources falls rather short of supplying the entire demand (only 28% 
can be supplied). This requires other, more centralized options such as wind energy, waste-to-energy, or 
de-centralized technologies like micro-CHPs and fuel cells, which are yet to become economically viable 
for small, residential applications. Moreover, energy savings can be increased by catalyzing a change in the 
behavioural aspect of citizens (who are mostly observed to be above the age of 60, and for whom energy 
efficiency is not a priority). This requires spreading more awareness by conducting regular meetings with 
the locals and educating them about the importance of energy savings. This is extremely essential in order 
to transform a community into a net-zero energy one. 
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1 Introduction 

 

1.1 What is a net-zero energy community? 

A zero-energy community consists of buildings that are net- zero energy; that is, buildings that produce as 

much energy as they consume over the course of a year. It may also be that the community as a whole, is 

net-zero energy, and not each individual building. A variety of definitions and classifcations are available 

for such buildings, as elaborated in [1]. However, in this case, the basic concept of a net-zero energy 

dwelling is considered. 

 

1.2 Waalwijk: an overview 

 

Waalwijk is a city in southern Netherlands (Figure 1), and 

has a population of about 28,000. It is a densely populated 

city, mostly consisting of houses and office buildings. The 

nearest railway stations are Den Bosch and Tilburg. The 

‘Centrum’ or the city centre houses an old, quaint church, 

the old town hall and a modern shopping district (Figure 2). 

A portion of the centre of the city is called the 

‘Vrijheidsbuurt’ or the ‘freedom area’. This was the area 

through which the Allied army forces marched after their 

victory in World War II. Most of the houses here are from 

that period – that is, they were built before or just after the 

war. It is a historical area, which the city of Waalwijk wishes 

to preserve. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Location of Waalwijk (source: 
Google Maps) 

Figure 2. ‘Waalwijk centrum met stadhuis’ (Source: Panaromia) 
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Climate: 

Most of the Netherlands, including Waalwijk, enjoys a temperate climate. This is mostly due to the 

proximity of the North Sea and the Atlantic Ocean, which lead to the maritime climatic conditions. Snow 

is experienced on very cold days – mostly in January and February. Rain can be expected around the year. 

Summers are relatively mild and humid, with temperatures generally below the 30 ° C mark.  

 

 

1.3 Project description and goals 

 

Background: 

Like an increasing number of cities and towns in the Netherlands, Waalwijk has the ambition of becoming 

a net zero-energy town. The municipality wishes this idea to be transformed into concrete action, and thus 

came about this project to investigate the various ways in which this goal can be achieved. The 

   Figure 4. Average days with precipitation - Waalwijk, Netherlands (Source: Norwegian 
Meteorological Institute) 

 

Figure 3. Temperature data for Waalwijk, Netherlands (Source:  Norwegian Meteorological 
Institute) 
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municipality of Waalwijk is working alongside Casade (a housing corporation that provides houses on rent 

and for sale), on this project.  

The impetus for this project can be traced to recent developments in the EU, regarding energy policy. In 

2007, as per the EU communication ‘Renewable Energy Road Map – Renewable Energies in the 21st 

century: building a more sustainable future’, the European Union passed a resolution that 20% of all 

energy produced in the EU should be from renewable resources [2]. This would also positively impact 

CO2 emission reductions; it is predicted that it would lead to a reduction of 600-900 Mt of CO2 by 2020 

[2]. However, the target for individual countries is different.  

The above directive, when applied in the context of the Netherlands, requires that 14% of the energy mix 

must come from renewable sources [3]. Moreover, in November 2007, the ‘Climate agreement 

municipalities and Dutch government 2007-2011: working together on a climate-proof and sustainable 

Netherlands’ was accepted by the Dutch government and various municipalities [4]. As per this 

agreement: 

i. Target renewable energy to be 20% of the energy mix by 2020 

ii. All new houses developed should be energy-neutral by 2020 

iii. Energy consumption in existing buildings to be halved  

In addition, on 19th May 2010, the ‘Energy Performance of Buildings Directive’ 2010/31/EU (EPBD) was 

adopted by the EU (This was a re-cast of the Directive 2002/91/EC of the European Parliament and of 

the Council of 16 December 2002, on the energy performance of buildings). Since buildings consume 

40% of the total energy in the European Union, this directive defined the steps to be taken by Member 

States regarding energy efficiency in buildings [5]. As per Article 3 of this directive, all Member States 

must set up a methodology to calculate the energy performance of a building [5]. Article 4 talks about 

ensuring minimum energy performance parameters for buildings. In addition, by 31st December 2020, all 

new buildings should be nearly-zero energy [5].  

In the light of the above developments (and preceding events), on January 1st 2008, the Netherlands put in 

place the ‘Energy Performance Certificate’ for existing buildings. As per this system, an ‘Energy class’ 

ranging from A-G is assigned to a building, based on certain parameters – A being the most efficient, and 

G being the least [6]. The EPC also provides suggestions on what steps can be taken by the building to 

become more efficient. This system is required to be implemented for all buildings - public, private as well 

as those that come under social housing. Moreover, all property transactions must include a declaration of 

the EPC class [6]. 

 

Waalwijk: Towards net-zero energy: 

With the above background, the local municipality has a target of Waalwijk becoming a net-zero energy 

city, and wishes to ensure that buildings in Waalwijk are as energy-efficient as possible. In order to achieve 

this ambitious goal, this project was launched in collaboration with Casade, the housing agency. Casade is 

currently in the process of certifying its buildings by the EPC method and also wishes to study how to 

make its buildings more energy-efficient. Moreover, rising energy costs are a concern for their tenants, 

since energy bills are not part of the rent, and are to be paid by the tenants themselves. This may lead to a 

loss of clients in future. 

Thus, one of the main objectives of this project was to study as many kinds of buildings as possible – 

rented, private, public, commercial, etc. This would ensure that the outcomes of this project can be 

applied to as many other buildings as possible.  
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Aims and outcomes: 

 

i. A study of the energy consumption of the buildings in the selected zone of Waalwijk 

ii. A practical, real-time net-zero energy design, along with maximum reduction in energy 

consumption, for the selected zone 

iii. Potential sources of renewable energy evaluated in the context of Waalwijk, by making wise use of 

available resources 

iv. Financial analysis of the proposed options, along with ease of implementation and social 

acceptability 

v. A final zero-energy model/framework that can be implemented in all houses and buildings of 

Waalwijk 

vi. Recommendations for future work, if any 

 

The municipality of Waalwijk requires that the recommendations given are realistic and can be 

implemented by the municipality and residents. Thus, as far as possible, attempts have been made to 

approach professionals/companies that provide services in the field of energy-efficiency and renewable 

energy. Data/quotes have been obtained from them, along with costs, which are specific to each case. In 

addition to giving a realistic estimate of costs, this would also make it easier for the municipality to enlist 

their services at a later date. 

It has been noted that the economic aspect of such projects is a major barrier to their realization [7]. Such 

projects involve a number of parties (authorities, planners, corporations, citizens, service providers), each 

with a different agenda and set of limitations. The main question of who will provide the money and how 

much, is often a major hurdle. Thus, one of the important requirements of this project was to study the 

various financial models and mechanisms that can be applied to such endeavors. Based on the analysis, a 

potential financing model is to be suggested for this project. 
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2 Methodology 

 

In this chapter, the methodology followed to execute the assigned task shall be discussed.  

 

2.1 Trias Energetica 

This is a concept most popularly use in the building industry to design low-energy buildings.  

The concept of ‘Trias Energetica’ was introduced by Lysen (1996) [8]. It was a strategy for sustainable 

energy supply, and had the following three main points: 

i. A continuing improvement of energy efficiency; 

ii. A bigger use of sustainable energy sources; 

iii. A cleaner use of the remaining fossil fuels. 

 

This was further structured and refined by Duijvestein (1997) especially for buildings, as follows [8]: 

i. Use less energy by taking energy saving technologies; 

ii. Use sustainable energy sources as much as possible; 

iii. When there is still an energy demand left, then use fossil fuels as efficiently as possible. 

 

 

 

2.2 Project execution plan 

 

Thus, based on the above principle and certain practical aspects, the project execution plan is as follows: 

i. Selection of a zone. This is based on various criteria, such as types of buildings (rented, private, 

public, age of building), residential/non-residential, ease of applicability of  energy-efficiency 

measures, etc; 

ii. Data collection (energy consumption, behavioural aspects, residents’ views) by visits; 

iii. In case of lack of data, suitable assumptions to be made (wherever possible); 

iv. Based on (iii) and (iv), calculate the actual energy consumption of the zone; 

v. Reduction of energy consumption as far as possible; 

vi. Supply of reduced energy demand by available renewable sources; 

vii. Financial analysis of the proposed measures 

viii. Analysis of existing financial models and a proposal for Waalwijk  

Figure 5. Trias Energetica 
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3 Selection of zone and data gathering 

 

3.1 Types of buildings covered 

As explained earlier, one of the aims of the project is to study as many kinds of buildings as possible. This 

means the selected zone should include a good mix of private as well as rented houses; individual houses 

and apartments; residential and non-residential buildings and buildings constructed at different times.  

Based on the requirements, and ease of execution, a zone was selected at the centre of the city. The 

location and perimeter of the zone is indicated in Figure 6 and Figure 7. 

 

 
Figure 7. The selected zone (Source: Google Maps) 

Figure 6. The extent of Waalwijk (Source: Google Maps) 
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The streets taken into consideration are as follows: 

 Vredesplein   

 Victoriestraat 

 Engelsestraat 

 Poolsestraat 

 Schotsestraat 

 Canadesestraat 

 Putstraat 

 Touwerij 

 

The buildings considered initially were (source: Google Maps): 

i. The bus station: This was chosen since it has a 
good roof area that can be utilized for the 
production of electricity. 
 

 

 

 

 

 

 

 

ii. The houses on Victoriestraat, Engelsestraat, 

Poolsestraat, Schotsestraat, Canadesestraat 

and Putstraat. These houses were built just 

after the war in the 40s, and have historical 

significance. They would like to be maintained 

in the current condition, but being old, their 

energy profile needs to be improved. The 

analysis of at least two-three houses here 

(rented and private) can be applied to the rest 

of the similar houses. 

 

 

 

iii. Towerij: This street has houses that were built in 

the 80s and 90s. This adds to the mix of 

buildings considered. 

 

 

 

 

Figure 8. The bus station Vredesplein 

Figure 9. Engelsestraat 

Figure 10. Towerij 
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iv. Modern apartments at 51, Vredesplein: These 

apartments (called Vredesstaete) are quite 

new, and can represent the newest residential 

area. One apartment in this block shall be 

considered.  

 

 

 

 

 

 

 

 

 

v. Commercial building on Vredesplein: This 

building (28, 34 Vredesplein), on one side of 

the bus station, has offices and the building is 

fairly new. 

 

 

 

 

 

 

 

 

 

 

vi. The theatre on Vredesplein: The theatre, 

called Leest, represents the public/commercial 

part of the city. 

 

 

 

 

 

Figure 11. Apartment building - Vredesstaete 

Figure 12. Commercial building on Vredesplein 

Figure 13. De Leest 
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3.2 Visiting houses 

 

The next step was getting in touch with residents and visiting them. This turned out to be a long 

procedure, since it involved approaching the local citizens’ committee and requesting them to discuss the 

aims of this project with the residents. Thus, a brief description of the project (in Dutch) was presented to 

the local committee. Based on this, five residents agreed to share information. In addition, the theatre De 

Leest and the Casade office were also studied. The list was as follows: 

- One apartment from the new building on Vredesplein (Vredesstaete) 

- One private house on Touwerij (built in the 80s) 

- One rented house on Poolsestraat (1940s) 

- One private house on Engelsestraat (1940s) 

- One rented house on Victoriestraat (1940s) 

- De Leest 

- The Casade office (part of the apartment building Vredesstaete) 

 

A list of questions was presented to the resident at these meetings. It requested basic information like gas 

and energy consumption, details of the heating systems, etc. The complete list is part of Appendix A. 

Several attempts were made to collect information from the offices in the commercial building, 

Vredesplein. However, they were not very successful. The building consists of offices of 5-6 different 

companies, for which there was no focal point of contact. Thus, this building was not considered in the 

actual analysis.  

Also, though the bus station was initially considered, the municipality was doubtful whether it would be 

possible to make modifications in the roof. This is because the bus station is public property, and making 

any changes in it would require approval and permissions from a number of parties. Hence, this structure 

was also not included in the actual analysis. 

 

 

3.3 Brief description of houses visited 

 

 1) Modern apartment - Vredesplein: 

As mentioned earlier, this is an apartment in the fairly new building on Vredesplein, which also houses the 

Casade office. The building was built in 2004, and has 21 apartments. The flat is occupied by an elderly 

couple.  Since the building is new, it is well insulated with polyurethane sheets, and has double-glazed 

windows. The heating system consists of regular radiators on the walls, supplied by a combi-kettle HR gas 

heater (brand – AGPO). The lighting in the house consists mainly of CFLs and halogens (in the kitchen). 

The energy consumption and other details are listed in Table 1 (Page 19) for all the houses. 

 

2) Individual house on Touwerij: 

This corner house was built in the 1980s, and is newer than most houses in the ‘Vrijheidsbuurt’. The house 

is privately owned, and is occupied by a couple. Having been built after the 1970s, the house is well 

insulated, with rockwool in the walls and polyurethane sheets for roof insulation. The windows are plain 

double-glazed. The heater is a regular Vaillant boiler, and the rooms are heated by radiators. The lighting 

in the house consisted mainly of incandescent lamps, and a few halogen lamps in the kitchen.  



-17- 
 

3) Individual house on Poolsestraat: 

This is house owned by Casade, and was built just after World War II, in the late 1940s. Being old, there is 

no insulation whatsoever in this house, which explains the relatively high gas bills. However, in this 

particular house, the residents have isolated the roof at their own cost.  The windows are all simple 

double-glazed, and the heating system consists of a regular Valliant HR boiler and radiators. The lighting 

consists of a mix of halogens and incandescent bulbs; there were no energy-saving lamps in use. The 

couple lives alone in the house, since their two children had just moved out the previous year. 

 

4) Individual house on Engelsestraat: 

This is a two-storey house privately owned and built just after the war. Again, there is no insulation in this 

house, and hence the gas bill is rather high for a house of that size. The house is occupied by just one 

gentleman, whose wife had just passed away the previous year.  She had been ill for some time, and 

needed an oxygen pump that worked on electricity. This led to a large energy bill. The windows are plain 

double-glazed, and the heater is a regular HR boiler, with radiators for distribution. There is also a pool 

with a pump, which draws quite a bit of electricity. The lights in the house are all mostly halogen lamps 

and a few incandescent ones.  

 

5) Individual house on Victoriestraat: 

This ‘two-under-one roof’ house is rented out by Casade, and houses six bedrooms. There is only an old 

lady living alone (her parents and siblings used to live here with her before), and she is mostly confined 

only to the ground floor of the house. As expected, the house has no insulation whatsoever, and is 

extremely cold and draughty in the winter. The energy bills are quite high, even though there is only 

person in the house. The windows on the ground floor are double-glazed, but the ones on the upper 

floors are single-glazed.  The house is not centrally heated, but has a ‘gas kachel’ or a gas stove in each 

room. This accounts for the high energy bill.  The lights are a mixture of CFLs and halogen lamps.   

 

 

6) The theatre – ‘De Leest’: 

‘De Leest’ is a public theatre, and the land is rented out by the municipality of Waalwijk. It sits in the 

middle of Vredesplein, and has a huge open square in front, and the bus station behind. The theatre has a 

large foyer, with a glass façade and a revolving door at the entrance. The foyer has a cafeteria, and a 

number of tables where customers can eat and relax over drinks. There are toilets and a shower for men 

and women. To the left of the foyer is the theatre with the stage and seats for the audience. The theatre 

uses a number of high-wattage, powerful stage lights. The theatre room is mechanically ventilated, with 

vents below the seats to control the incoming air, and a common vent to remove the outgoing air. The 

controls are outside the room, and the challenge is to maintain a perfect balance between the temperature 

in the room and the oxygen level. There are a few meeting and office rooms on the first floor, and the 

central heating and cooling machinery on the floor above that. The lighting in the rest of the theatre 

consists primarily of TLs, halogens, spot lamps and CFLs. There is a vast flat roof, of approximately 800 

m2. 
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7) Commercial offices: 

Initially, we considered two offices, one being the Casade office, which is in the same building as the 

apartments, and the other one, being Vredesplein 28. As mentioned, there was no data available about 

Vredesplein 28. The Casade office is a standard commercial space, well-insulated, with energy-efficient 

lighting. The energy consumption has been tabulated in Table 1 . 

 

3.4 Observations 

A few key observations were made on these visits: 

- Most of the residents are above the age of 40, without children (or with children, who have moved 

out) 

- The windows in most houses are plain double-glazed. 

- Every house is quite different in terms of area, lighting, and electricity consumption. 

- The heating system is mostly standard – HR boilers and wall radiators. However, one old house still 

utilizes the old gas stove for heating. This is highly localized heating, and since the house is very old, 

with no insulation, a lot of heat is lost. 

- Most of the old houses (rented or owned) are not isolated. 

- In houses that do have CFLs, the residents complain that these lamps take too long to light up, and 

are not very convenient. 
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4 Energy consumption of the zone 

 

Based on the visits, a summary of the gas and electricity consumption, along with other data, is tabulated 

below: 

 

Table 1. Summary of collected data 

House type Street 
Year of 
constru

ction 

Area 
(m2) 

Number 
of houses 

of this 
type 

Electricity 
(kWh) 

Gas 
(m3) 

Efficient 
lighting 

Insulatio
n 

Windows 

Apartment Vredesplein 2004 90 21 3000 700 Yes Yes 
Double-
glazed 
(HR+) 

Individual 
house 

Touwerij 
 

Post 
1970s 

60 22 4000 1130 No Yes 
Double-
glazed 

Individual 
house 

Poolsestraat Pre-1950 44 

130 

5036 2000 No No 
Double-
glazed 

Individual 
house 

Engelsestraat Pre-1950 40 10,000 2400 No No 
Double-
glazed 

Individual 
house 

Victoriestraat Pre-1950 45 7956 3206 Yes No Mixed 

Casade 
office 

Vredesplein 2004 NA 1 151,800 7500 Yes Yes 
Double-
glazed 
(HR+) 

De Leest, 
(theatre) 

Vredesplein 1996 NA 1 224,594 24,171 Partly 
Yes 

 

Double-
glazed 
(HR+) 

 

As seen from the table above, there is a wide variation in the electricity and gas consumptions of the old, 

individual houses. Thus, in order to calculate the energy consumption of the entire zone, average 

electricity and gas consumptions are assumed for each of these old houses. The values are: 

- 5000 kWh of electricity 

- 2000 m3 of gas 

It is to be noted here that these values are not representative of the entire city of Waalwijk. They have 

been assumed as an average for this particular zone of Waalwijk. 

Also, had the sample size been larger – that is, had more houses been visited, it would have probably 

resulted in a slightly different value for the average energy consumption. 

For the apartments, the theatre, the Casade office and the houses on Touwerij, the energy consumption 

considered is as per the data provided.  

With this assumption, the total consumption of the zone comes to 952.8 MWh of electricity and 331,231 

m3 of gas. 
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5 Reduction of energy consumption 

 

Based on the Trias Energetica, the first step is to study methods to reduce energy consumption. This 

generally involves using the passive design strategy - minimizing energy use and maximising solar 

potential. There are a number of ways in which this can be done – lighting retrofits, window retrofits, 

better insulation, improved heating systems, improving the façade, orientation, shading and so on [9]. For 

example, if the windows are oriented to the south (for dwellings in the northern hemisphere), this 

maximizes the solar gain, thus reducing the energy to be supplied to heat the room. Consequently, 

however, this might lead to overheating in summer [10].   

However, for existing buildings, it is rather difficult to make changes in the orientation and façade of the 

building. Moreover, since most of the houses in this project are old and have some historic significance, it 

would not be easy to make sweeping changes in the façade and structure of the house.   

Considering these factors, the following three measures have been identified as the most feasible energy 

saving options: 

i. Lighting retrofits 

ii. Window retrofits 

iii. Insulation 

 

We shall now see what the savings with each of these measures shall be: 

5.1 Lighting retrofits 

Lighting retrofits refer to the replacement of old, inefficient lighting with newer and more efficient ones 

[11]. Switching to energy-efficient lighting is one of the first and most effective ways of cutting down on 

energy consumption. Generally, most houses use incandescent or halogen lamps that are extremely 

inefficient, since they guzzle a lot of energy to fulfill our basic lighting requirements. These energy-

efficient lamps provide the same lighting output while consuming less watts and thus lowering the power 

consumption [12].  

It has been shown in [13], LEDs are currently the best energy-saving lamps available, followed by CFLs. 

Though the initial costs for these are higher than others, they do result in savings over their lifetime due to 

reduced energy consumption [14].  

Given below is an illustrative comparison of the performance of various kinds of lamps. It gives an 

indication of the power consumed by various lamps giving the same output in lumens [15] [16]. 

 
Figure 14. A comparison of power consumed by various kinds of lamps 
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Figure 14 shows that for the same lumen output (level of illumination), the LED and CFL consumed 

much less energy compared to a traditional halogen or incandescent.  

Between CFLs and LEDs, CFLs are preferred due to lower cost and a warmer light output. However, 

there are other factors that need to be assessed as well. The following table shows how LEDs and CFLs 

fare on major points [14] [17]: 

Table 2. CFL vs. LED 

Parameter CFL LED 

Higher initial investment  4-5 * CFL 

Longer Lifetime 10,000 hrs 50,000 hrs 

Mercury content √ None 

Disposal issues √ None 

Start-up/warm-up time required √ None 

Higher savings  √ 

 

Based on the above comparison, it is recommended that we replace the old lamps with LEDs. Though the 

investment cost is higher than that of CFLs, their prices have been falling rapidly as newer technology is 

coming up [18]. 

 

In the case of Waalwijk, based on the data collected, we take average values for the number of lamps used 

by the residents. We also assume that the lamps in the bedrooms and stairs are used not more than 2 

hours/day, and hence for the sake of simplicity, can be omitted from the calculations. The lamps in the 

living room and kitchen are used the most, for an average of 5 hours/day. The table below gives an 

overview of the lamp usage characteristics of the individual houses and apartment block: 

 

Table 3. Lamp usage data for residences/day 

Lighting  Apartment Houses 

Incandescent Wattage - 40 

 Number of lamps 6 

Halogen Wattage 50 20 10 

 Number of lamps 2 3 4 

CFL Wattage 8     

 Number of lamps 9     

             

 

Now, we replace the old lamps in the apartments and houses with LEDs. This is done by checking which 

LED wattage will give the same output in lumens as the incandescent and halogen lamps. Thus, the old 

lamps are replaced as shown in Table 4 and the savings are calculated in Table 5: 
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Table 4. Retrofitting with LEDs 

Type of dwelling 
Halogen wattage 

(W) 

Replacement LED 

wattage (W) 

Incandescent 

wattage (W) 

Replacement LED 

wattage (W) 

Apartment 
50 7 - - 

20 4 - - 

Individual house 10 4 40 9 

 

Using our assumption of 5 hours of usage/day per lamp, we get the following figures: 

 

Table 5. Power savings/dwelling due to lighting retrofits  

Dwelling 
Current power 

consumption (kWh) 

New power 

consumption (kWh) 

Savings (kWh) 

Apartment 292 47.45 244.55 

Individual house 511 127.75 383.25 

 

For the 130 houses and 21 apartments, this results in a savings of 55 MWh for the zone. Detailed 

calculations are available in Appendix B. 

 

In the case of the theatre, The TL (florescent) lamps used are the energy-efficient T8 ones, and do not need 

to be replaced with anything else. The spot lamps and other halide lamps are specific to the application, 

and cannot be replaced easily. Table 6 lists the lamp details for the theatre. 

Table 6. List of lamps used in the De Leest 

Type of lamp Wattage Number 

TL (Tube light) 58 138 

TL (Tube light) 36 53 

TL (Tube light) 18 14 

CFL (Spaar lamp) 13 83 

CFL (Spaar lamp) 18 27 

CFL (Spaar lamp) 9 58 

Spot lamp 50 15 

Spot lamp 100 53 

Spot lamp 40 7 

Spot lamp 50 10 

Spot lamp 100 21 

Hqi 400w 400 20 

Hpi 75w 75 24 
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5.2 Window retrofits 

Retrofitting windows means upgrading the existing windows to those that have better insulating 

properties. Windows are the one of the major sources of heat leakage from a building [19], since they are 

of a different material than the rest of the building envelope and act as thermal bridges. A thermal bridge 

is defined as ‘a building element where a significant change in the thermal resistance occurs compared to that of the envelope, 

due to the presence of materials with a higher thermal conductivity, as well as to the change in the geometry of the fabric, as in 

the case of the junction between roofs, floors, ceilings and walls’ [20].  This means that there is a sudden increase in 

the heat loss due to an increase in thermal conductivity of the window, compared to the rest of the 

building envelope. Consequently, larger the window area, higher is the heat loss.  

The main factor determining the effectiveness of a window in terms of heat loss prevention is the U-value 

or the thermal conductivity. This is a measure of the heat transmission through the window - higher the 

U-value, more the heat loss [21]. Consequently, we must aim to keep the U-value of the windows as low 

as possible. 

Window specifications generally involve two U-values: one for the glass and one for the frame [22]. This is 

applicable when the entire frame, along with the glass is replaced. This is because the frame is of a 

different material – and also contributes to the loss of heat. However, in this case, we shall consider only 

replacing the window panes (glass). 

As seen from Table 1 (Page 19), the window panes in Waalwijk are mostly plain double-glazed (U-value = 

2.8 W/m2K). In fact, some houses have double-glazed windows only in the living room and single-glazed 

windows in the bedrooms.  This results in quite a significant heat loss from the house.  

Thus, we investigate the benefits of replacing these double-glazed windows with more efficient ones. We 

study the potential savings in gas when different kinds of windows are used. 

In the Netherlands, double-glazing windows are classified as HR, HR+, HR++ and so on. The difference 

between these windows is the gas in the space between the layers of glass, and the low emissivity coating, 

which increases the insulation and thermal properties of the glass [23].   

 

We now calculate the energy savings with each type of available glass. The assumptions made in this 

calculation are as follows: 

- Average dimensions of a window: 1.75*0.75 

- Number of windows/house: 8 

- Total window area: 10.5 m2 

- Total annual hours of heating required: 1638 hours 

- The indoor temperature is set at 21 °C, while the ambient temperature would vary as per the 

season 

 

The basic formula used to calculate transmission loss is as follows [9]: 

                            (Equation 1) 

 

Using average temperature data for Waalwijk as per Figure 3, we calculate the transmission loss with each 

kind of window. Detailed calculations are in Appendix C. The results are tabulated below in Table 7: 
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Table 7. Savings due to window retrofits 

Type of glass 
U-value 

(W/m2K) 

Transmission 

loss 

(MWh/year) 

Transmission 

loss (m3/year) 

Gas savings 

(m3/year) 

Gas savings 

per year in 

m3/(m2 

window area) 

Current double-

glazed glass 
2.8 0.64 60 

  

HR 2 0.46 42.86 17 1.6 

HR+ 1.6 0.37 34.28 26 2.4 

HR++ 1.2 0.27 25.71 34 3.3 

HR+++ 1 0.23 21.43 39 3.7 

HR3 (triple 

glazed) 
0.7 0.16 15 45 4.3 

 

 

Thus, from the above table, we see that as the U-value decreases, the heat loss due to transmission also 

reduces.  Graphically, this can be represented as: 

 

Figure 15. Gas savings for various types of window glazing 

Thus, we see that by upgrading to an HR+ window with U=1.6 (W/m2K), one can save up to 2.4m3 

gas/m2 of window area. For one house, this translates to a savings of 26 m3 of gas annually. For the entire 

zone, this leads to a savings of 3343 m3/year. 

 

5.3 Insulation 

 

Waalwijk has a good mix of old and new houses, and the major difference between them, are that the old 

houses are not at all well isolated. Most houses built in the late 1940s and early 1950s have no isolation 

whatsoever, while one resident we met had carried out roof isolation. The houses built in the 1980s, the 

apartment block and the commercial buildings have been isolated. 

 

Figure 16 shows the various ways in which heat is lost from the building envelope. 
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  Figure 16. Different ways in which heat is lost from a house, and where isolation is carried out 

As in the case of window retrofits, the effectiveness of insulation is measured by the U-value of the 

insulation material. A wide variety of insulation materials are available commercially, each different in U-

values, thermal and physical properties and costs. Figure 17 provides a detailed list of such materials [24]. 

 
Figure 17. List of commercially available insulation materials (Source: Irish Energy Centre) 
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Since the savings by insulation depends largely on the installation, a professional in this field was 

approached. Pluimers B.V., an experienced insulation installer was asked to quote for this project. The 

company was asked to quote what would be the savings in gas would be after isolation. This value is for a 

standard house, and can vary depending on the number of persons living in the house, their behaviour, 

and so on. Given below are the values provided by the supplier: 

Table 8. Gas savings for insulation of different surfaces 

Type of insulation Annual gas saving (per m2) 

Floor insulation (without floor heating) 6m3 

Floor insulation (with floor heating) 8m3 

Insulation of Cavity walls 9m3 

Roof insulation 5m3 

 

The above data was used to calculate the savings for an average old house in Waalwijk. For the 

dimensions of an average house, drawings of 107 rented houses in this area have been provided by 

Casade. Based on average values from these drawings, savings have been calculated as indicated in Table 9 

below:  

Table 9. Gas savings due to insulation 

 

Thickness 

(m) 

Area (m2) Gas savings 

 (m3 /m2) 

Savings 

 (m3 gas 

/house) 

Total 

number 

of houses 

Total 

savings 

(m3 gas) 

Floor isolation - 42.7 6 256.2 130 33,306 

Cavity wall isolation  0.05 58.65 9 527.85 130 68,620 

Roof isolation 

 

41 5 205.2 130 26,676 

Total 128,602 

 

Thus, the total gas savings is 128,602 m3 per year for the entire zone. Detailed calculations can be found in 

Appendix C. 

5.4 Total reduction in energy consumption for the zone 

Based on the electricity savings due to lighting retrofits, and gas savings due to upgradation of window 

panes and insulation, the total reduction in consumption is tabulated as below: 

Table 10. Reduced energy consumption 

 Electricity 

(MWh/year) Gas (m3/year) 

Old 957 331,231 

New 902 225,645 

Savings 55 105,586 

 

From the data presented above, we see that good insulation by itself, will lead to a considerable reduction 

in the gas consumption of the zone. Efficient lighting can also contribute measurably to electricity savings. 
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6 Energy supply possibilities 

 

Having reduced the energy consumption as far as possible, we shall now explore ways in which the rest of 

the demand can be supplied renewably. Since Waalwijk is a densely-populated city, dominated by 

residential and commercial buildings, options to supply this energy are few. The major sources of 

electricity generation were evaluated and ruled out: 

- Wind energy: Wind turbines need adequate open space for installation. It is a long term project, which 

cannot be implemented on a building level. Moreover, 5 wind turbines (1.5 MW each) have been 

installed at the entrance of Waalwijk along the A59 highway, by the energy company Eneco. There are 

plans to install 12 more wind turbines in Waalwijk [25]. 

- Biogas: To produce biogas, there needs to be a constant, cheap supply of agricultural/animal waste 

products as feed. This is difficult in the case of Waalwijk, since it is a city. Also, like wind energy, this is 

a large-scale project, which is difficult to implement on a local, building level. Moreover, the hygiene 

requirements for such projects (disposal of the digested waste) are an important factor to be taken into 

account [26], and complicate the implementation of such projects on a small scale.  

- Fuel cells: Fuel cell systems are now making an entry in the commercial market – particularly, the 

BlueGen fuel cell –driven co-generation machine. The BlueGen runs on natural gas, is extremely silent, 

and can produce 60% electricity. However, the price/unit is €39,995 [27] - too steep for residential use.   

Thus, based on the above analysis, it was decided that the following technologies would be more suited to 

the buildings in Waalwijk: 

i. Solar PV 

ii. Heat pumps 

 

6.1 Solar PV  

Solar panels are one of the most popular methods of generating electricity locally. They do not require 

much maintenance, and can be installed on practically any rooftop. The following picture depicts how the 

solar panels can be used on an individual house in Waalwijk, if not connected to the grid: 

  
Figure 18. Setup of a stand-alone rooftop PV system 
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6.1.1 Brief working of a solar panel: 

Solar panels work on the principle of the photovoltaic effect. Certain materials (called semi-conductors), 

produce electricity when exposed to sunlight. Usually, two layers of different kinds of semi-conductors (p-

type and n-type) are sandwiched together to form a PN junction, which is the basic component of a solar 

panel. When light hits the solar panel, some photons from the sunlight are absorbed. The energy from 

these absorbed photons is transferred to the electrons in the semi-conducting material. These electrons get 

excited, and start to flow through the panel, and into the external circuit. This flow of electrons 

constitutes the photo-voltaic current, as depicted in Figure 19.  

 

6.1.2 Types of solar PV configurations 

Solar PV systems can be of the following main types [28]: 

1) Stand-alone: These PV systems are not connected to the grid. They have a battery back-up to store the 
excess electricity generated during the day, to be used at night.  
 
2) Grid-tie: These kinds of systems are gaining popularity in Europe and North America, thanks to 
attractive financial schemes such as the ‘feed-in tariff’1 program. In this case, the PV output is connected 
to the grid, and the excess electricity generated is given back to the grid. Generally, the electricity 
generated during the day is used by the house, and electricity is drawn from grid at night. There is no 
battery back-up in this case. 
 
3) Grid-tie with power backup: In this configuration, the PV panels are connected to the grid, and have a 
battery backup. The PV panels charge the battery bank, and the house runs on the electricity from the 
battery. When the battery runs out, electricity is taken from the grid automatically, while the PV recharges 
the battery. However, in this case, the feed-in tariff will not be applicable. 
 
4) Grid failover: This system is designed such that the PV panels will supply energy in case the grid fails. 

Thus, the electricity from the solar PV will be used only when there is grid failure. The drawback with this 

system is that the PV panels are not used to their full potential. 

Factors affecting solar PV output: 

                                                      
1 Feed-in tariff: This is a financial incentive used by governments to encourage investment in renewable energy 
systems. By this scheme, the installer is paid a premium price for the electricity he/she sells back to the grid 
(produced by renewable energy). [51]  

Figure 19. Working of a solar cell (Source: Mariadriana Creatore, Eindhoven University of Technology) 
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1) Orientation: The correct orientation for maximum solar gain is the south (for the northern 
hemisphere). The angle of the PV panel from the true south is called the azimuth angle. Mono-crystalline 
PV panels have an efficiency of 96% when oriented south,, compared to about 82% when they are 
oriented east or west. 
 
2) Irradiance (kWh/m2/day): Irradiance is the solar energy available at a certain location, per day. It varies 
seasonally, and increases as we go towards the equator. 
 
3) Inclination (degrees): The inclination of the solar panels from the horizontal also affects their output. 

The angle changes every season, but generally inclinations of 45 to 60° are considered optimal. 
 

6.1.3 Designing the solar PV systems for buildings in Waalwijk 

The solar PV system design was split, based on the type of building, as follows: 

i. Individual houses 

ii. Apartment building 

iii. Theatre 

 

i. Individual houses 

The solar PV design for the houses is a grid-tie system. There are no specific regulations that need to be 

followed; any roof that has potential to produce solar electricity, can install panels. The following steps 

were taken to evaluate the solar potential: 

- A study of the houses in the area on which PV panels could be installed was carried out. As it happens, 

these were not many, since the orientation of most houses in this zone is not suitable for installation of 

PV. The total number of houses facing the correct direction is 47. 

- Next, an estimate was made as to how many panels can be placed on each house. This was the limiting 

factor for the output from each house, and depends on the roof area, possibility of shading and 

orientation. The number of panels ranges from 6 to a maximum of 12 on each house. 

- This was followed by selection of a PV panel. The panels selected were the Yingli Solar YL230-250P-

29b. This panel has a Wp of 250 W at STC. Its dimensions are 1.65 m x 0.99 m = 1.6 m2, and an 

output of 181 W at NOTC. 

- Next, the solar irradiance for Waalwijk was calculated from [29]. The nearest location for which 

radiation data was available was Tilburg. For PV panels mounted at an angle of 60° and 45°, the value 

of solar irradiance is calculated for a day for each month of the year. This is summed up for the year. 

Then, the loss in efficiency due to high temperature (Vtemp)2 and reflection losses (Vref)3 is calculated, by 

multiplying by their respective factors. The, the inverter and generation losses (electrical losses) are 

found, and multiplied. Lastly, the peak power of the module (Ppeak – in kW) is multiplied, and the total 

annual for one solar panel is calculated [30]. The detailed calculation can be found in Appendix D. The 

formula is:  

                                  (Equation 2) 

                                                      
2 Vtemp is the temperature correction factor. This accounts for the loss in the output of the solar panel, due to a rise 
in temperature. It is calculated for each month, and the irradiation/month is corrected [52]. 
3 Vref is the correction factor due to reflection of sunlight at the module surface. This is a constant taken as 0.95. 
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- Thus, the total output for a zone comes to 100.703 MWh. The figures are presented in Table 11: 

Table 11. Summary of solar PV output for the houses 

Street No. of 

houses 

No. of 

panels/

house 

Inclination Total 

panel 

area 

(m2) 

Total power 

of the 

system/hou

se (Wp) 

Output from 

one house 

(kWh/year) 

Total 

number of 

panels in 

the zone 

Total output 

(KWh/year) 

Touwerij 14 8 60 179.2 2 1706 112 23,889 

Victoriestraat 22 12 45 422 3 2483 264 54,632 

Schotsestraat 8 10 60 128 2.5 2133 80 17,064 

Poolsestraat 2 6 60 19.2 1.5 1280 12 2560 

1 12 60 19.2 3.6 2560 12 2560 

Total 100.704 MWh 

 

Thus, the total output from the individual houses is 100.704 MWh. 

 

- The next step is to select the inverter. Firstly, an inverter is chosen, based on the maximum output of 
the solar panels. Then, depending on the temperature conditions in Waalwijk, the maximum and 
minimum voltages of the system are calculated. This is to verify whether the chosen inverter is 
appropriate. The Sunny Boy range of inverters is one of the most popular series of inverters for 
residential use. The Sunny Design Web sizing software was used to calculate the optimum inverter and 
wire size, for each condition. The inverter chosen for each situation is detailed in Appendix C.  
 

- Then, the arrangement of the array is calculated in conjunction with the type of inverter. Since the 
number of panels is few, the panels are all sized in a single string, that is, they are connected in series. 
This is to optimize the output of the inverter. 

 

- The wire sizing is also calculated using the software. Since all the sizes are not very different, the max 
cable cross-section comes to 2.5 mm2, and a length of 30 m. An example output is shown in the 
snapshots below.  

Figure 20. Wire sizing - an example 
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Figure 21. Total inverter sizing output - an example 

 

ii. Apartment building: 

A solar PV system on a roof of an apartment building would generally yield a large output. It would 

involve the installation of a collective meter for all the panels, which would send the output back to the 

grid. The building as a whole, would thus produce (and consume) greater than 5000 kWh, making it a 

large consumer. Hence, as per Dutch regulation, the generated electricity has to be sold back to the grid at 

a fixed price (€ 0.102 per kWh) that is lower than rate for which it is bought from the energy company (€ 

0.23 per kWh) [31]. This makes it an unfavourable option (economically) for apartment buildings. If the 

same rate is to be paid for the solar power generated (€ 0.23 per kWh), then each apartment has to be 

connected to its own set of panels, which would make the process of installing and connecting panels to 

each apartment cumbersome. In this scenario, LENS B.V., a professional solar PV design company, offers 

an elegant solution, especially for apartment buildings.  

This company designs and installs collective solar panels for an apartment building, on the common roof, 

and splits the output for each apartment, according to the requirements of each apartment.  For this 

purpose, they use a patented software program called Herman, which splits the output after the inverter 

converts the DC power to AC power. Thus, each apartment gets its designated power supply, without any 

interruption. If any resident chooses not to be part of this scheme, then that apartment will not get any of 

the solar power generated. Moreover, if any resident is on vacation, or will not need the energy for a while, 
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they can transfer it to other residents. This solves the problem of not gaining full advantage of a solar 

installation, as well as that of some residents not wanting to be part of the agreement. More information 

can be obtained from [31]. 

The following schematic (Figure 22) details the installation of the system: 

 

In addition to the output sent to the apartments, there can also be a collective meter, which would supply 

all the common electricity requirements of the building, like the elevators, the lobby lights, pumps, etc. 

This set of panels can be installed separately, and connected to the collective meter. Since there is no 

splitting involved, the Herman is not required to be connected in this case. Figure 23 shows the details: 

   

 

The option for the collective meter depends on the availability of space and whether the residents wish to 

have a collective meter.  

Figure 23. Scheme for the collective meter – sans Herman 

Figure 22. Scheme for the apartments, with Herman 
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The proposal by LENS offers three options, based on the space available. The following picture shows 

the layout of the roof the apartment building.  Roofs 2 and 3 belong to the apartments, while roof 1 

belongs to the Casade office.  

 

 

 

 

 

 

 

 

Table 12 gives a summary of the quote provided by LENS. B.V.: 

Table 12. Proposed PV design for the apartments 

Solar PV system 

Option 1: Solar network on roof 

(with ‘Herman’) 

Option 2: Solar network on roof 2 

& 3, with special construction on 

roof 3 (with Herman) 

Number of connected 

houses 

16 21 20 21 

Number of solar panels 208 208 260 260 

Total maximal output in 

Wp 52,000 52,000 65,000 65,000 

Total power yield in kWh 45,812 45,812 57,265 57,265 

Revenue per kWh € 0.232 € 0.232 € 0.232 € 0.232 

For each connected 

household 
    

All-in investment € 6025 € 4505 € 6513 € 6186 

Power in the first year kWh 2863 2182 2863 2727 

Revenue for the first year € 624 € 468 € 624 € 593 

 

Option 1 proposes solar panels on roofs 2 and 3 with either 16 or 21 houses connected; this design can 

accommodate 208 panels, which give an annual output of 45,812 kWh. 

Option 2 suggests installing solar panels on roofs 2 and 3, with a special construction on the roofs, to 

optimize the available space. This would be able to accommodate 260 panels, with an annual output of 

57,265 kWh.  

Figure 24. Layout of the roof of the apartment 
building 
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There is also an option 3 is for the collective meter – with separate panels to be installed on roof 2. This 

would accommodate 51 panels, with an annual output of 11,207 kWh. This can only be combined with 

option 1, due to space constraints. Other details of the quote can be referred to in Appendix E. 

It must be noted that the above design does not consider supplying the Casade office. This is because, 

firstly, there is not enough roof space available to install enough solar panels to supply the energy demand 

of the Casade office as well as the apartments. Secondly, the Casade office being a large consumer has a 

fuse rating of 3 x 160 Amps, which makes it ineligible to feed electricity back to the grid. However, they 

could install PV panels only for their consumption (off-grid system). Thirdly, and most importantly, being 

a large consumer of electricity, the office pays only about 9 cents/kWh of electricity. It is cheaper for 

them to buy electricity in bulk from the energy company than to produce their own energy. Thus, overall, 

manufacturing electricity for large consumers does not always make economic sense. This is also the case 

for the theatre.   

Thus, the total annual output from the solar PV system (excluding the optional collective meter) on the 

apartment building is 57,265 kWh. 

 

iii. Theatre – De Leest: 

The solar PV design for the theatre was also quoted by LENS B.V. The conditions for the theatre are very 

similar to that of the Casade office. The theatre is a large consumer with an industrial connection of 3x 

210 Amps. This limits the profitability of the PV design. There are two ways of approaching this: 

a) The theatre consumes all the energy produced for its own activities, and does not send anything back to 

the grid. This would mean that it would save only as much as it pays currently for electricity. this is the 

proposal suggested by LENS B.V. 

b) Alternatively, the energy company can be contacted for a better compensation to send electricity back 

to the grid. This requires close collaboration with the company (Enexis, in this case), as it can provide a 

good deal on the electricity sent back to the grid. This would require a measurement company to assess 

the output and enable the network operator to use the data.  

The proposal put forward by LENS B.V. is as below: 

 

Table 13. PV system design for the theatre 

Solar PV system Collective meter 

Connection 1 

Number of solar panels 276 

Total maximal output in Wp 69,000 

Total power yield in kWh 61,272 

Revenue per kWh € 0.106 
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A schematic of the suggested system is as follows. Note that since there is no splitting required, there is no 

Herman used in this case. 

 

 

The electricity generated by solar PV on the theatre is 61,272 kWh/year. Please refer to Appendix E for 

details. 

Thus, the total electricity generation potential by solar PV in the zone is: 

 

Building Electricity production by solar 

(kWh ) 

Individual houses 100,704 

Apartment building 57,265 

Theatre 61,272 

Total 219,241 

 

We see that the total production by solar PV is 219,241 kWh, compared to the demand of 902,000 kWh. 

This represents 25% of the total electricity demand.  

 

6.2 Heat pumps 

 

Heat pumps are one of the most popular renewable energy technologies in use today. They supply heating 

and cooling to a building, thus eliminating the need to use natural gas. Practically, it might not always be 

possible to completely eliminate traditional gas boilers, but they can serve as back-up on extremely cold 

days. Of course, heat pumps need energy to run, which is supplied by electricity. Also, the house must be 

insulated well enough, so that the heat pump works as efficiently as possible.  

Figure 25. Schematic of PV system for the theatre 
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6.2.1 Working and efficiency of a heat pump 

A heat pump is a device that draws heat from a particular location and transfers it to another [32]. It runs 

on electricity, and transfers the heat with the help of a refrigerant. The working of a heat pump (to heat) is 

similar to that of a refrigerator or an air-conditioner, which cool.  Figure 26 describes the working 

principle of a heat pump.  

 

Heating cycle: The refrigerant (a fluid with a low boiling point) absorbs heat from the outside/ground 

(depending on the type of heat pump). The fluid evaporates, and the vapour passes through the 

compressor, where it gets compressed to a higher pressure. The compressed vapour then goes on to the 

condenser. Here, the vapour gives out the heat absorbed from the source, to a medium (water or air), and 

in the process, changes to a liquid. This high-pressure liquid then passes through an expansion valve, 

which reduces the pressure on the liquid. Thus, the refrigerant returns to its original liquid state and the 

process continues. 

Cooling cycle: In this cycle, the process is reversed – that is, the refrigerant absorbs heat from the inside of 

the room/house, and dumps it outside. The components of the system remain the same, only the 

direction of the fluid changes. Thus, the same heat pump can be used for heating as well as cooling. 

The efficiency of a heat pump is usually determined by a factor, called the Coefficient of Performance 

(COP). It is defined as: 

 

    
             

               
 

(Equation 3) 

 

The higher the COP, the more efficient is the heat pump in converting the input energy into useful 

output. If the COP of a pump is 4, it means that the heat pump gives out 4 times more energy than it 

uses. For example, if the heat pump uses 1000 kWh of electricity with a COP of 4, it means it delivers 

4000 kWh of heat. This can be converted to m3 to find how much of gas is saved.  

Figure 26. Working principle of a heat pump (Source: Save Your Energy) 
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There are also other terms to express heat pump performance like the Heating seasonal performance 

factor (HSPF), which determines the heating efficiency and the Seasonal energy efficiency ratio (SEER), 

which measures the cooling efficiency of a heat pump. 

The ‘thermal balance point’ is the temperature at which the heat that is lost by a house is fully supplied by 

the heat pump. Thus, the heat pump is running at an optimum point, and there is no need for back up 

heating [32].  

There is also the ‘economic balance point’ – the temperature at which the expenditure to run the heat 

pump, is the same as that required to run the alternate/auxiliary heating system [32]. Below this point, it is 

not economically viable to operate the heat pump. Both these points are extremely essential in 

determining the most optimal design of a heat pump.  

 

6.2.2 Types of heat pumps 

There are two major groups of heat pumps, based on the source of heat: Air-source heat pumps and 

ground-source heat pumps. We shall discuss these further: 

(a) Air source heat pumps (ASHP): 

As the name suggests, the source of the heat for the pump is the outside atmosphere. Even on the coldest 

winter days, the air does contain some heat that can be utilized. Since the refrigerant has a low boiling 

point, it absorbs the little heat present in the air, and evaporates. This evaporated refrigerant then cools in 

the condenser, and transfers its heat to a medium. The medium could be air or water depending on the 

terminal system. Generally, air-to-water heat pumps are used when there is already a water terminal system 

in place – such as radiators, floor heating, wall heating, etc. Air-to-air heat pumps are used when the area 

to be heated is small, or when there is a central air heating system in place. 

The efficiency of the ASHP depends to a large extent on the outside temperature. As the temperature 

outside falls, the rate of heat loss from the house increases. This means the ASHP has to do more work to 

maintain the same internal temperature, while the source temperature is falling. More work means a lower 

COP, and hence this reduces the efficiency of the ASHP.  

(b) Ground-source heat pumps: 

These heat pumps draw their heat from the ground. Usually, as we go below the ground level, the warmth 

increases (in winter, and vice-versa in summer). This property is utilized by the ground source heat pump. 

The process involves sending water through pipes installed to a certain depth in the ground. The water 

draws heat from the soil, and transfers it to refrigerant. The refrigerant then continues the process in the 

same way as the air source heat pump. 

Sometimes, the water that is pumped underground is not the same as the one that transfers heat to the 

refrigerant. This is called a closed-loop system – when the water that is drawn from the ground is different 

from the circuit that delivers the heat to the refrigerant. The water that is sent underground transfers heat 

to the other circuit (which sometime contains an anti-freeze solution) via a small heat exchanger, after 

which heat is given to the fluid.  

Ground-source heat pumps are generally more efficient, since the temperature below ground is quite 

stable, compared to that of the air. However, the initial investment for these kinds of pumps is also higher, 

since it involves drilling and laying of underground pipes. 
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6.2.3 Heat pumps in Waalwijk 

Having obtained an overview of the working of heat pumps, we now see how they can be applied to 

Waalwijk. 

Heat pumps were proposed for the individual houses, the apartment building as well as the theater. Since 

the design is complicated, it was decided to approach an expert in this field. Thus the manufacturer NIBE 

(a member of the Dutch Heat Pump Association) was contacted in this regard. NIBE is a Swedish 

company, which has been forefront in the manufacture and installation of heat pumps for a number of 

years. They have considerable experience in designing heat pumps for the coldest of environments, and 

have also executed a number of community projects. 

i. Individual houses: 

In order to give an approximate quote for the heat pump, NIBE requested certain basic information such 

as the gas consumption, area of the house, and the year in which it was built. As mentioned earlier, it was 

assumed that each house has a gas consumption of 2000 m3/year and 45 m2 of ground area. With an 80% 

efficiency of insulation and window retrofits, the heat demand/house comes down to 1188 m3/year.  

For the house described above, NIBE used their internal software sizing program called VPDIM, to size 

the heat pump. Based on the profile, two models were proposed – an air source heat pump (ASHP) and a 

ground source heat pump (GSHP).  

(a) GSHP: 

The 5 kW GSHP could be either the NIBE F1145 or the NIBE F1245. Both have the same capacity, but 

the main difference is that the F1245 comes with an integrated immersion heater. Both can fulfill the 

entire heat demand of the house.  

Specifications: The technical specifications of the F1245 are as follows [33]. Details can be obtained in 

from the brochure online as indicated in [33]: 

Table 14. Specifications of the NIBE F1245 

Size 5 kW 

Net weight 305 kg 

Refrigerant R407C 

COP at 35°C 4.44 

COP at 50 °C 3.13 

How water tank capacity 180 liters 

Immersion heater (max) 9 kW 

 

Source of heat: 

The NIBE GSHPs can use four different sources as heat [33] – they are: 

1) Using a ground probe (rock): This involves drilling a hole (vertically) in the lower sub-soil, to a 

depth of 90-200 m, through which water or anti-freeze circulates. This system is suitable for all 

kinds of buildings and houses, since it requires little space.   
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2) Using a surface collector (surface soil): This utilizes the heat of the sun stored in the upper layer of 

the soil. A hose of length 205-400 m is installed horizontally, at a depth of about 100 cm. anti-

freeze is circulated in the hose, which absorbs the heat from the soil. 

3) Using available ground water: Any building that has access to ground water can use it as a hat 

source. The installation includes two wells, one to draw water from, and the other to return it. 

4) Using lake water: Water form lakes can also be used as a source of heat. Pipes can be installed at the 

bottom of the lake to draw the water out. 

In the case of Waalwijk, options 1 and 2 are most suitable. Option 2 would incur lesser costs, since the 

depth to be drilled is not much. However, the performance in case of option 1 would be better, since the 

temperature at a depth of 90 m would be higher than that at 100 cm. 

Figure 27 shows a simplified installation diagram for the F1245 (adapted from [33]): 

 

 

 

 

The above installations scheme will hold true for almost any other heat pump. The major differences will 

be the source of the heat and storage of hot water. 

Immersion 

heater 

Heating medium 

(water) return 

Shut off valves 

Hot water 

Probe/surface 

collector 

Reversing valve 

Charge coils for 

DHW 

Heating cylinder and storage 

Compressor 

Evaporator Condenser 
Expansion 

valve 

Brine supply 

Brine return 

Cold water 

Refrigerant 

circuit 

Heating medium 

supply – to radiators 

Figure 27.  Schematic working and installation of a GSHP 
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The energy savings are calculated as below: 

- Based on the sizing provided by NIBE, the electricity required to run the heat pump (with a COP of 4) 

to supply this heat demand, is 2400 kWh/year (heating only) 

- Thus, the electricity cost for the heat pump is €552 

- The gas saved is 1188 m3, which translates to €772 

- Thus, the savings is €220/year 

 

(b) ASHP: 

The ASHP suggested is the NIBE Split with the indoor unit ACVM 270 and the outdoor unit AMS 10-8. 

The NIBE Split ASHP would be the best option, if drilling is not possible or not preferred by the 

resident.  

ASHPs have an outdoor unit and an indoor unit, which have to be within 12 meters of each other, for 

optimal performance [34]. In the heating mode, the outdoor unit acts as the evaporator, while the indoor 

unit contains the condenser and the compressor. Some ASHPs have the entire system installed as a block, 

indoors. In this case, as mentioned, there is an outdoor as well as an indoor unit. 

The installation of ASHPs is generally quite simple – the two units need to be connected up, and some 

values need to be set. These heat pumps can also be easily connected to the existing heating system (gas 

boilers) for back-up. Moreover, if required, they can also be hooked up to solar panels to provide the 

electricity needed to run them. 

The technical specifications of the NIBE split (8-10 kW) are as tabulated below. Refer to [34] for details: 

Table 15. Specifications of the NIBE Split (8 kW) 

Size 8 kW 

Net weight 305 kg 

Refrigerant R407C 

COP at 35°C 4.44 

COP at 50 °C 3.13 

How water tank capacity 180 liters 

Immersion heater (max) 9 kW 

 

The working and installation of an ASHP is more or less similar to that of a GSHP, as shown in Figure 

27, except that there are two units involved. The flows of the various fluid circuits remain the same.  

The energy savings with the NIBE Split are as follows: 

- Electricity required to run the heat pump (with a COP of 3.5) to supply the total heat demand, is 2616 

kWh/year (heating only) 

- Thus, the electricity cost for the heat pump is €601 

- The gas saved is 1188 m3, which translates to €772 

- Thus, the savings is €170/year 
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As can be seen in both cases, the savings is not considerable to make it a profitable proposition, though 

the initial investment for an ASHP is less than that for a GSHP. This was discussed with NIBE, and the 

following factors were identified as potential reasons: 

- Heat pump designs are highly specific to a house, and must be sized for a particular building load. A 

heat pump is sized for based on heat loss data which depends on numerous factors like area, 

occupancy, set design temperature, insulation etc.  

- An over-sized heat pump will be inefficient and lead to higher running costs. Moreover, it would 

reduce the compressor life cycle [35]. Similarly, an under-sized heat pump would be ineffective and not 

heat the house properly, since the heat demand would be too much to deliver. It would also lead to 

frequent de-frosting4 in ASHPs. 

- Thus, in order to calculate the exact savings that can be achieved by using a heat pump, a detailed 

technical and site analysis is required to be done. This can only be done at a later stage, not in the initial 

phase of a project.  

- The figures are quite conservative, and only indicative of whether a heat pump is suitable and which 

kind of heat pump can be used. 

 

ii. Apartments 

The apartment building is a different case, since the layout of a building is very different from that of an 

individual house. Based on the data collected, we see that the average annual gas consumption of an 

apartment is 700 m3, which makes the total annual gas demand of the building 14,700 m3. For this 

building, NIBE again suggests two options: a central GSHP and a central ASHP.  

 

(a) Central GSHP: 

This option has two central GSHPs. Each HP has a capacity of 80 kW. 98% of the heat demand would be 

supplied by the heat pumps (two 40 kW each), while 2% would be supplied by the gas boilers. The savings 

are calculated as: 

- Model number: F1345 

- Annul electricity consumption of heat pump  to deliver this heat– 30,600 kWh 

- Electricity costs: €6732 

- Gas boilers deliver 2500 kWh of heat : 294 m3 of gas = €175/year 

- Total energy costs: €6907 

- Gas saved: 686 m3/year = €490/house 

- For 21 houses, this gives a savings of €10,290 

- Total savings: €3383/year 

Details are available at [36]. 

 

                                                      
4 ASHPs go through a de-frosting cycle from time to time in the heating mode. When the ambient temperature goes 
near or below the freezing temperature, moisture in the air condenses and freezes on the heat pump. This reduces 
the efficiency of the heat pump, and in order to remove this, the heat pump switches to cooling mode which heats 
the coils, and gets rid of the frost/ice. Frequent de-frost cycles affect the performance of a heat pump adversely [32]. 
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(b) Central ASHP: 

This option has four central ASHPs. Each HP has a capacity of 20 kW. Again, 98% of the heat demand 

would be supplied by the heat pumps, while 2% would be supplied by the gas boilers. In this case 

however, the energy saved is 20% less than that GSHP. Details of this model are available at [37]. The 

savings are calculated as: 

- Model number: F2300 

- Annul electricity consumption of heat pump  to deliver this heat– 36,720 kWh 

- Electricity costs: €8078 

- Gas boilers deliver 2500 kWh of heat : 294 m3 of gas = €175/year 

- Total energy costs: €8253 

- Gas saved: 686 m3/year = €490/house 

- For 21 houses, this gives a savings of €10,290 

- Total savings: €2036/year 

 

iii. Theatre 

The theatre has an annual gas consumption of 24,171 m3. This is a large amount that can only be supplied 

by a ground source heat pump. NIBE proposes two 60 kW F1345 ground source heat pumps, with the 

boiler as backup for peak load. Details of the model can be obtained at [36].  

Calculations: 

- Model: F1325 

- Gas  savings: 16,187 m3/year =  €10,522 

- Electricity required for GSHP : 22,400 kWh = €4,928 

- Gas required for regular boilers at peak:  7984 m3/year = €5189 

- Total annual savings: €5905 

 

Points to be noted about heat pumps in Waalwijk: 

- The ground source heat pump for the theatre and apartment has a variable investment, which depends 

largely on the drilling costs. This varies widely form case to case, and depends on the ground 

conditions, the depth to be drilled, the kind of soil, and so on. 

- Gas boilers are still required as back up in the apartment and the theatre. This should be avoided as far 

as possible for the houses, since there is still a connection charge to be paid/year for the gas. 

- As mentioned earlier, the performance of the heat pumps can be optimized for best performance if it 

is sized correctly as per the heat loss from each house. 
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7 Financial analysis 

 

In this chapter, the investment needed for the above mentioned measures shall be calculated, along with 

an estimate of their feasibility. This is also called a cost benefit analysis (CBA). 

7.1 Methods used to calculate profitability 

In order to evaluate how each measure fares, the following tools are used: 

i. Simple payback time: Payback time is the time required to recover the investment, taking into account 

various factors like the revenues and the recurring costs. However, this does not account for inflation 

or the market interest rate. The payback depends a great deal on the regulations which determine how 

much profit can be made.   

 

ii. Net present value (NPV): The NPV is also known as the ‘time value’ of money. In modern economics, 

it is assumed that the value of money reduces over time. This means that 100 Euros invested today will 

not have the same value after 10 years – it would have reduced in value. This value depends on the rate 

of inflation. Thus, investments are evaluated taking into account interest rates and inflation – this is 

also called the discounted cash flow [36].  

     In this method, the total cash flow from non-financial operations (subsidies, other earnings) is 

calculated over the lifetime of the project. If the total cash flow is greater than zero over the lifetime, 

then it is considered a profitable venture.  

 

iii. Internal rate of return (IRR): the IRR is the rate of profitability of the project. It is the interest rate at 

which the sum of the NPV over the life of the project is zero. The IRR should be greater than the 

market rate of interest.  

Each technology is evaluated separately, for each kind of building. This is done for the following reasons: 

- Easier to make a comparison of viability of a certain technology, for different buildings 

- Calculating an overall investment for a particular building will not give a clear reflection of which 

measure contributes to a better return on investment 

- Separate paybacks will indicate which measures can be improved or eliminated altogether. 

7.2 Subsidies 

A note must be made here regarding subsidies. Investment subsidies for solar PV were made available by 

the Ministry of Economic Affairs, under the ‘Subsidieregeling Zonnepanelen’ scheme for the years 2012-

2013. By this scheme, residential PV systems with a minimum capacity of 0.601 kWp and a maximum of 

3.5 kWp are eligible for a subsidy of 15% of the purchase costs or a maximum of €650, whichever is less 

[37].  The budget for this scheme was €50,882,000 for the period of two years. As of today, however, the 

number of applications has exceeded the available grant [37]. Additionally, a new scheme for renewable 

energy techologies was introduced by the Ministry of Economic Affairs in 2013, called the ‘Stimulering 

Duurzame Energieproductie’ or SDE+ (2013). This scheme sets a feed-in tariff for energy generated by 

various renewable energy technologies [38]. However, only solar PV systems which have a capacity greater 

than 15 kWp are eligible for this scheme.  

Though heat pumps and insulation count as renewable energy and energy efficiency measures, there is no 

investment subsidy available for them. They can receive loans at lower rates or tax deductions (this will be 

discussed further in Chapter 8). Hence, no subsidies have been taken into account in the calculations. 
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7.3 Analysis of the proposed measures 

The cases considered are: 

i.  A house 

- Window retrofits and insulation 

- Air source heat pump  

- Solar panels (6 panels) 

- Solar panels (12 panels) 
 

Two separate cases of the solar panels have been considered since the number of panels is not the same 

for each house. Using the minimum and maximum values will give an idea of the range of the payback 

period for the solar panels. 

 

ii.  Apartment building 

- Solar PV 

- Ground source heat pump (more profitable) 
 

iii. Theatre 

- Solar PV 

- Ground source heat pump 
 

The data considered/assumed in the calculations are as follows: 

- Market rate of interest (i) = 4% [39] 

- Inflation (p) = 2.9% [40] 

- Real rate of interest (r) = 1.07%  5 

- Lifetime: 30 years 

The values of the payback times, NPV and IRR for each proposed option are tabulated henceforth. 

Detailed calculations and quotes can be referred to in Appendix F. 

i. A house 

Table 16. Financial analysis of proposed options for a house 

For 1 house 
Window 

replacement and 

isolation 

Heat pumps Solar PV (6 

panels) 

Solar PV (12 

panels) 
ASHP GSHP 

Investment (€) 4513 8060  2500 4800 

Savings/year (€) 612 170 220 294 568 

Payback (years) 8 >30 >30 13 11 

NPV ( In € after 30 

years) 

11,123 - - 6,512 48,390 

IRR 13.23% - - 6.63% 9% 

Viable √ x x √ √ 

Applicable houses 33 97 97 2 23 

                                                      
5 The real rate of interest   

     

     
  - 1 
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ii. Apartment building 6: 

Table 17. Financial analysis of proposed measures for the apartment building 

 

Heat pump 

Solar PV ASHP GSHP 

Investment (€) 45,000 60,000 129,904 

Savings/year (€) 

(€) 

2037 3385 12,455 

Payback (years) 25 19 9 

NPV( In € after 30 years) 1934 23,930 - 

IRR 1.36% 3.31% - 

Viable x √ √ 

 

iii. Theatre 

Table 18. Financial analysis of proposed measures for the theatre 

 
GSHP Solar PV 

Investment (€) 75,000 118,527 

Savings/year(€) 5,905 6,521 

Payback (years) 14 14.6 

NPV 39,275 - 

IRR 5.92% - 

Viable √ √ 

 

From the above tables, the following conclusions can be drawn: 

- Insulation and window retrofits prove to be the most effective energy-efficiency measures. 

Ensuring that a house is well-insulated and has high quality windows can result in 

considerable savings. 

- Solar panels (orientation and location permitting), can be quite profitable as well. With 

subsidies, the profitability can go even higher, resulting in shorter payback times. Moreover, 

solar panels for public buildings can be higher, based on negotiations with the energy 

company. 

- Prima facie, heat pumps do not seem to be a viable investment. This is due to the fact that 

the savings in gas are off-set by the electricity costs of running the heat pump. thus, as 

mentioned earlier, perhaps sizing the heat pump correctly will bring down the electricity 

consumption, and thus boost savings.   

                                                      
6 Since the quotes for the solar PV for the apartment building and theatre sent by LENS B.V were of a preliminary 
nature, a basic financial analysis was done by the company. NPV and IRR calculations were not part of the quote. 
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8 Financial models 

 

The previous chapter talks about the investment needed for large projects like this one. Here, the various 

financial models that exist for renewable energy technology (RET) are analysed and discussed. Further, 

based on previous examples of such projects, a financial model has been suggested for Waalwijk. 

 

8.1  Barriers to implementation of RETs 

Barriers to the implementation of RETs are multiple and have been documented and researched 

extensively; they can broadly be classified (with examples) as [7]: 

i. Market failures – Highly controlled market sector, restricted access to technology 

ii. Market distortions – Taxes on RETs, favoring conventional energy 

iii. Economic and financial barriers – High discount rates & paybacks, high investment costs, lack of 

access to capital 

iv. Institutional – Lack of institutions to disseminate information, lack of a regulatory framework, lack of 

involvement of stakeholders in making decisions 

v. Technical  - Lack of codes and standards, system constraints, lack of entrepreneurs 

vi. Social, cultural and behavioural – Lack of consumer and social acceptance for some RETs 

 

Out of the numerous barriers listed above, those that have been identified as being most relevant to 

Waalwijk are as follows: 

i. High upfront cost and lack of capital 

ii. Split incentive 

iii. Low priority and lack of awareness 

iv. Risks 

 

Amongst the above, the problem of split incentive is the biggest hurdle for Waalwijk, as far as social 

housing is concerned. The ‘split incentive’ refers to the situation where the investment is made by one 

party, while the benefits are reaped by another. A classic example is that of rented houses. Since these 

houses are owned by landlords or the housing corporation, only they are legally allowed to make major 

modifications such as upgrading the building envelope or investing in a particular RET. However, if such 

measures are taken, the benefits of these measures will be enjoyed by the tenant, since he/she will pay a 

lower energy bill (energy bills are paid by the tenants themselves). Also, as per Dutch law, there is a ceiling 

on the maximum rent that can be charged by social housing corporations. This makes the 

landlord/housing corporation difficult for them to gain any sort of profit from such measures, which is 

why it is rare to find old, rented houses that are as energy-efficient as the newer houses. 

 

In addition, the barrier of high upfront cost is very much relevant to Waalwijk, as it is with most cases. 

RETs generally require large investment costs, and have long payback times (greater than 10 years) [36] . 

This is compounded by the fact that most RETs are still considered novel, and are perceived to be risky. 

Though this is usually more applicable to large-scale energy projects, at a private level as well, people are 

not very forthcoming to invest in RETs. 
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Low priority given to energy efficiency and savings is another major cause of RETs not taking off. The 

chosen zone of Waalwijk mostly consists of middle-ages and elderly couples, whose children do not reside 

with them. They spend most of their time indoors, with a lot of electricity consumption thanks to the 

television, lights and other appliances. Also, being old, they want their houses to be as warm as possible. 

This was noticed during visits to the houses in the zone – the living room temperatures were quite high, 

and the houses were barely ventilated. The residents tried to keep their houses as warm as possible, since 

the houses are not insulated and lose a lot of energy. Thus, for them comfort takes precedence over 

energy savings.  

However, it must also be noted that energy efficiency measures can have a ‘rebound effect’ – that is, 

increased consumption due to the fact that energy efficiency measures have reduced the overall 

expenditure of energy. This shall be discussed in detail in Chapter 10.  

 

8.2 Types of financial models 

Financial models for RETs are a method or a procedure of trying to address the barriers mentioned 

above. They are generally policy instruments that can help communities overcome the most commonly 

encountered barriers, and invest in RETs. Some are fairly common, such as loans, tax exemptions, while 

there are also lesser-known ones such as leasing and ESCOs. 

The following models have been identified as either being most common in the Netherlands, or as having 

potential to be a sound financial model for RETs: 

i. ESCOs 

ii. Loans and mortgages 

iii. Leasing 

iv. On-bill financing 

 

 

8.2.1 Integrated Energy Contracting Company (ESCo - IEC): 

 

‘An Energy Service Company (ESCO) implements a customized service package (consisting of e.g. design, installation, (co-

)financing, operation & maintenance, optimization, fuel purchase, user motivation). It guarantees for the outcome and all-

inclusive costs of the services and takes over commercial as well as technical and operational risks over the project term of 10-

15 years’. [41] 

An IEC ESCo is a company that acts as a general contractor for all renewable energy services. It takes 

over the entire project of purchasing, installing and maintaining the energy-efficiency measures and RETs, 

from start to end, and delivers the required output (heat and electricity) for a fixed price. Thus, the 

building owner or client can outsource all activities related to the RET to the ESCo. This financial model 

is now increasing in popularity, especially in Germany and Austria. [42] 

The cost of procurement of energy (like gas, electricity, wood) is also included in the ESCo’s scope, and is 

included in the fixed price to be paid by the client to the ESCo. Of course, the primary assumption is that, 

in the long run, the savings due to the installation of the RETs and energy-efficiency measures will be 

more than the fixed amount to be paid to the ESCo.  
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Additionally, it is also possible for the ESCo to arrange for capital. Of course, not all ESCos can do so, 

but as they gain experience and execute more and more projects, banks will be more willing to finance 

such projects, with the ESCo acting as the guarantor.  

If it is not possible for the ESCo to gain finance, then the client would have to arrange for the capital (and 

also repay it), and hand it over to the ESCo. The ESCo would be responsible for purchasing and installing 

the equipment, and ensure savings for the client.  

  

An overview of types of ESCos:  

ESCos, used in the context of this report, are of the Integrated Energy Contracting (IEC) type. However, 

traditionally, ESCOs are of two types: 

- Energy Performance Contracting (EPC) 

- Energy Savings Contracting (ESC) 

It is only in the recent past that the newer model of an IEC has been piloted in Austria and Germany [42]. 

Let us now see what the major differences between these three models are [42]: 

 

Table 19. EPC, ESC and IEC - a comparison 

 EPC ESC IEC 

Business model 

Procurement and 

installation of only 

energy efficiency 

measures 

Procurement, 

installation and 

maintenance of 

renewable energy 

technology 

Procurement and 

installation of energy 

efficiency, as well as 

renewable energy 

measures 

Measures  

Insulation, window and 

lighting retrofits, 

upgradation of air-

conditioning services, 

energy management 

systems 

Bio-gas/pellets/wood 

chips CHPs, micro-

CHPs, solar PV, solar 

thermal, geothermal 

and heat pumps 

Measures covered by 

both EPC and ESC 

Payment 
A certain percentage of 

savings achieved 

Price based on new 

consumption (variable), 

service cost (flat 

rate)and capital cost (if 

applicable) 

Price based on new 

consumption 

(variable), service cost 

(flat rate)and capital 

cost (if applicable) 

Energy 

purchasing 

responsibility 

Client ESCo 
 

ESCo 

Savings 

measured in 

Nega-watt hours (NWh) 

 

Mega-watt hours 

(MWh) 

 

NWh + MWh 
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The following figure gives a graphical representation of the models: 

 

 

Figure 28. Comparison of different ESCos (Source: Wurtenberger, Blely et al., 2012) 
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Integrated energy Contracting (IEC) ESCos: 

In this report, we shall be focusing on the applicability of an IEC ESCo. Figure 29 and Figure 30 show 

how IEC arrangements can work [42]:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Most IEC projects are variations of the above model, as proposed by the  

 

Practical example of an IEC project in the Austria: [43] 

- Client: Landesimmobiliengesellschaft Steiermark (LIG) – State Real Estate company, Styria 

- Location: The Retzhof (building complex with a mixture of different kinds of dwellings) 

- Measures were a mix of energy efficiency (insulation and installation of a high-efficiency 

boiler) and renewable energy measures (CHP) 

- Project implemented in 2008 and was successful 

- Figure 31 shows the agreement and flow of funds: 

 

Loan All-inclusive fee 

Principal + 
interest 

Energy services 

Client (building owner) 

RET 

ESCO 
Bank 

Figure 29. IEC - financing by client (Adapted from: Wurtenberger, Blely et al., 2012) 

Energy  
services 

Repayment of loan 

Service fees 

Loan or lease 

Client (building owner) 

RET 

Bank 

ESCo 

Figure 30. IEC - financing by ESCo (Adapted from: Wurtenberger, Blely et al., 2012) 
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Advantages of an IEC ESCo: 

- IEC ESCo – ideal solution for social housing as well as private housing 
- Owners/ tenants pay for the output and results, not the input 
- Technical as well as financial risks outsourced 
- Capital can be arranged/facilitated by ESCo 
- Project tailored to the building owner’s needs 
- Onus on the ESCo to reduce input costs and increase output 
 

Disadvantages of an IEC ESCo: 

- Finance not always possible to be arranged by ESCo 
- Needs more initiative and incentives 
- Government impetus needed 
- Large projects preferred 
 

8.2.2 Loans and mortgages: 

Loans are an arrangement, whereby a financial institution, such a bank, lends money to an individual or an 

organisation. The money is to be paid back within a certain time period, during which interest must also 

be paid on the principal amount. This interest is calculated based on the rate offered by the bank, which 

will slightly differ from bank to bank. Thus, the total money to be paid back to the bank includes the 

principal and the interest. 

‘A mortgage is a pledge of property to secure a payment of debt’ as defined in [44]. The debt is the loan that is given 

to the owner of the property.  

Examples of loan and mortgage schemes: 

(a) Green Loans scheme [45]: 

Green Loans is part of ALFAM Consumer Credit, a financial company in the Netherlands. It disburses 

loans to private individuals for various energy-saving as well as renewable energy-generating measures, at 

low rates. These loans are of two types: 

Figure 31. Practical example of IEC contracting - Austria (Source: Bleyl, 2008) 
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- Green Loans EcoLening : This loan is for energy- efficiency measures like insulation, window retrofits, 

waste heat recovery 

- GreenLoans Lening – This type of loan covers solar PV, solar water heating and heat pumps 

 

Other important points are: 

- Loan amounts range from €5000 to €50,000; 

- Borrowing rates ranging from 5.5 – 6.2%; 

- Tax benefits are applicable; 

- Conditions applicable are: Private home owner with a steady income, not self-employed and between 

the ages of 20 to 70 

 

(b) Green Funds scheme [46]: 

The Green Scheme was launched in 1995, by the Dutch government, to stimulate private investment in 

renewable energy. Following are the main features: 

- By investing in this scheme, investors do not have to incur the 1.2% capital gains tax that is usually 

charged on all investments. This is applicable for investments up to €55,000; 

- The tax on the earnings from investing in the Green Funds is lower than usual – at a rate of 0.7%; 

- The banks then lend money to individuals wishing to undertake renewable energy projects at a rate that 

is 1% lower than the market rate. 

 

8.2.3 Leasing: 

‘Leasing is a temporary financing contract between a party (the ‘lessor’, such as a bank) - that provides an asset (such as a 

renewable energy technology) to another party, the ‘lessee’, (such as a building owner) which wants to use the asset for a certain 

period’ [42]. 

Leasing is similar to renting, in the sense that periodic payments are to be made, called the lease amount, 

and the object leased is not owned 100% by the lessee. There are major differences – the most important 

one being the question of ownership. In the case of leases, there are two kinds of ownership - the legal 

ownership and the economic ownership.  Legal ownership indicated whom the asset finally belongs to, 

and all decisions regarding the asset are taken by the legal owner. Economic ownership involves taking 

advantage of economic benefits such as tax deductions; but it also includes incurring associated financial 

risks. Thus, the economic owner can show the asset in his/her balance sheet [41]. 

Types of leases: 

There are two main types of leases which can be applied to RETs, depending on the ownership: 

(a) Operational lease: In this type of lease, the lessor (the bank) has the economic ownership, while the 

legal ownership is usually the lessee. Sometimes, at the end of the lease period, the economic 

ownership can be transferred to the lessee [42].  

(b) Financial lease: Here, the economic owner is the lessee.  

 



-53- 
 

Advantages of leasing [42] [41]: 

- No high upfront investment required 

- Only lease payment to be made from time to time 

- Can take advantage of subsidies and tax deductions 

- Leasing can be more flexible than a loan (shorter depreciation schemes and shorter terms) 

- All kinds of building can be covered 

Disadvantages of leasing [42] [41]: 

- Leasing is not very common in case of RETs, compared to renting and selling;  

- A major reason for this is that most leases are based on the condition that the equipment should not 

be integrated with the building. It should be possible to un-assemble the equipment and re-assemble 

them elsewhere, if required; 

- Most RETs and energy efficiency measures are difficult to remove and re-install elsewhere. The only 

notable exceptions are solar panels and ASHPs; 

- It is observed that financial institutions are not generally in favour of leases, as it increases the 

complexity of the arrangement, as compared to simple loans or renting  

 

Leases and ESCOs: 

- Leases can also be taken by ESCos, as part of the contract with the client; 

- Since the equipment will be supplied by the bank/institute, the ESCo does not have to arrange for the 

capital; 

- ESCos usually prefer to have an operational lease, since the administrative obligations such as 

accounting and other financial hassles can be avoided. 

 

Examples of lease arrangements [42]: 

 

(a) Simple lease between a building owner and a bank: 

 

 

 

 

Periodic lease payments 

Equipment/or capital 

for lease 

Client (building owner) 

RET 

Installer 

Financial institution 

(bank) 

Figure 32. Simple lease arrangement (Adapted from: Wurtenberger, Blely et al., 2012) 
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(b) Leasing with an ESCo involved: 

 

 

 

 

 

 

 

 

 

Practical example of a leasing ESCo model [47]: 

- Client:  City Hall of Sittard (the Netherlands) 

- Essent as ESCo 
- Financing through ESCo, financial lease by ING Bank 
- Government subsidy 
- ESCo as general contractor, 15 year period 
- Problems: inefficient, outdated lighting, faulty cooling system, high energy expenditure 
- Savings : Heat = 293 MWh/a, electricity = 150  MWh/a 
- Extra savings – 50%/50% to ESCo and client 

 

 

Service fee 
Periodic lease 

 payments 

Equipment/or capital 

for lease 

Client (building owner) 

RET 

ESCO 

Financial institution 

(bank) 

Figure 33. Leasing with the involvement of an ESCo (Adapted from: Wurtenberger, Blely et al., 2012) 

Figure 34. Practical example of a leasing ESCo model - Sittard, the Netherlands (Source: Bleyl, 2010) 
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8.2.4 On-bill financing 

 

On-bill financing is a relatively new concept of financing renewable energy projects. It is mostly prevalent 

in the United States of America and Canada. 

 

Concept of on-bill financing: [42] 

- Utility companies invest in the renewable energy and energy efficiency measures for their customers; 

- The cost for the measures must be repaid by the customer, as a part of the energy bill; 

- The savings accrued must of course, be considerable compared to extra cost; 

- The loan (as the payment is referred to) is on the electricity meter, and can be transferred to the next 

resident/tenant 

 

 

Advantages of on-bill financing: 

- High investment cost is avoided, since the utility pays for the technology 
- Interest cost is usually lower than normal rates 
- Since the loan is based on the electricity meter, it gets transferred to the next person renting/buying 

the house 
- Applicable to all kinds of buildings, which is a big advantage for a municipality 
- Utility guarantees performance, since it is responsible for energy savings 
- It is an opportunity for the utility to maintain/expand its customer count 
- Utility can ensure energy saving obligations (if applicable) 

 

Disadvantages of on-bill financing: 

- It has not yet implemented been in the Netherlands so far 
- Generally, this kind of financing is provided for projects with paybacks <10 years 
- Utilities might be reluctant to start a venture like this, since it involves high capital cost 
- The legal implications of issues like defaulting on loan payments, and wishing to change utilities are 

still to be sorted out. 

  

Periodic loan payments (on the 

meter) 

Client (building 

owner/tenant) 

Installer 

Utility company 

Figure 35. Principle of on-bill financing (Adapted from: Wurtenberger, Blely et al., 2012) 

Service fee 

Installation 

Equipment/or capital 

for equipment 
RET 
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8.2.5 The proposed financial model for Waalwijk 

 

Based on the analysis in the earlier, a proposal for financing such a large scale renovation project in 

Waalwijk has been detailed below. This model involves an ESCo, for obvious reasons such as ease of 

implementation, outsourcing all technical aspects and a guaranteed savings. The contractual relationships 

have been adapted on the two ESCo examples cited earlier. 

Figure 36 shows the outline of this model: 

 

 

 

The model would work as follows: 

- The ESCo would arrange for 60 % of the capital from a bank at a low rate, with the municipality 

acting as the guarantor; 

- Casade, being the owner of the rented houses, would act as the co-financer, and put up the remaining 

40% of the capital; 

- The ESCo would be responsible for the complete project, including analysis, purchase of equipment, 

installation and maintenance, over the lifetime of the project; 

- The ESCo would charge the service fee (as explained in Table 19), based on agreed values from the 

tenant – this would exclude the gas used for cooking (which would be paid directly to the utility);  

- This payment is to be paid by whoever occupies the house; hence, Casade would also have to be part 

of the understanding; 

- The ESCo would be responsible for repayment of the loan over the lifetime. 

 

Advantages of the proposal: 

- The problem of split incentive can be addressed here, since Casade would make part of the 

investment, and the tenant would be responsible for paying the ESCo; 

- The ratio of investment is variable, and is to be agreed on by the concerned parties; 

- The ESCo is the sole point of contact for the tenants for all issues related to the RETs and energy 

efficiency measures; 

- The ESCo also has to guarantee savings 

 

 

Figure 36. Proposed financial model for rented houses in Waalwijk 
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Challenges: 

- Finding an ESCo that is ready to undertake a large-scale project as this one; 

- Convincing the tenants of the benefits of the project, against the additional cost to be incurred; 

- Brokering an agreement between the ESCo, the tenants and Casade; 

- Ensuring the ESCo meets its obligations. 

 

The above model would also be applicable for the private houses and the theatre. In these cases, however, 

there would be no co-financing – the ESCo would include the loan repayment in the agreed service fee. 
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9 Challenges and future work 

 

The preceding chapters detail the energy scenario in the selected zone of Waalwijk, and discuss the 

possible measures that can be implemented. However, since this was a time-bound project, with some 

data not readily available, not all possibilities could be evaluated. This section mentions the challenges and 

constraints faced, which can be remedied while furthering this project in the future. 

 

Challenges: 

- Data gathering from residents: Convincing residents to co-operate and provide access to data was 

challenging. The process to get in touch with them took a long time; 

- Lack of availability of data from commercial building: Several attempts were made to contact the 

commercial building personnel; however, there was no initiative to direct us to the correct people.   

- Inability to use public property as potential locations to generate power: There were a few public areas 

like the bus station and an open parking lot in the zone, which could have been evaluated as well. 

However, getting the approval of such changes would require a number of permissions, which would 

take time, since it would mean getting all the parties to give their opinion; 

- Contacting suppliers and manufacturers: Since the project demanded a real-time evaluation (as far as 

was possible) of the measures to be taken, companies had to be contacted for quotes. This took time, 

as most companies were either unwilling to quote or had other priorities. This time must be estimated 

correctly; 

- Availability of seasonal load profiles: Micro-CHPs were to be evaluated for the theatre – however, 

load profiles were not available in order to estimate the potential. This option could also be analysed 

for houses, provided average load profiles are made available for these houses. 

 

The purpose of this report is to analyse how Waalwijk should proceed towards becoming a net-zero 

energy city. The following steps can be used as a template to achieve this: 

- Step 1: Ensure that insulation, window retrofits and lighting retrofits are installed in a pilot house and 

study the change in energy consumption; 

- Step 2: Renewable energy integration: Study the change in consumption. If the result is positive, 

evaluate other technologies, like micro-CHPs, and other centralized sources of power generation such 

as wind, a collective solar installation on open land, and biomass gasifier. Install the most suitable one.  

- Step 3: Heat pumps to be evaluated in detail for the pilot houses; 

- Step 4: Explore open public areas and commercial buildings as potential energy generation zones.   
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10  Conclusion  

 

In conclusion, the findings of this exercise indicate that with respect to the measures suggested, the 

chosen zone of Waalwijk does have potential to become a net-zero energy city; not wholly, but partially.  

Energy efficiency measures show great promise. Making sure the houses are well insulated, and with good 

quality windows, can reduce gas consumption by almost 40-50%. Lighting retrofits also have great 

potential for electricity savings. The greater the number of lamps in a house, greater the savings. 

Electricity generation from the de-centralized source of roof-top solar PV is limited – about 25% of the 

total consumption of the zone. Heat can be supplied renewably almost completely (greater than 95%), 

with some reservations regarding the economic viability of heat pumps.  

However, factors other than those related to technology, also need to be considered. One major aspect 

that decides the fate of such projects is the behaviour of the residents. How the residents respond to the 

concept of energy savings and energy efficiency depends on a wide variety of reasons, as explained in [48]. 

Figure 37 shows the various factors, as documented in a research project bases in China: 

 

For example, it has been noted in [49] and also practically on visits to the houses in Waalwijk, that the 

behaviour of old people regarding thermal comfort and energy is different from that of younger people, 

since they are more sensitive to temperature changes. This affects their energy consumption. In contrast, 

energy usage (not behaviour) varies with the income level as well. More purchasing power means use of 

electrical appliances that are efficient, which can reduce the consumption [50].  

Numerous contradictions also abound when it comes to energy conservation and social behaviour. Most 

commonly reported is the ‘rebound effect’. The rebound effect refers to a situation (for example), where 

installation of energy efficiency measures (to check excess consumption) instead leads to higher 

consumption. This is because the resident feels satisfied that he/she has taken energy conservation steps, 

Figure 37. Framework for energy-saving behaviour in urban households in China (Source: Yue, Long, et al.) 
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and takes the liberty of using the saved utility even more that he/she did earlier. The savings in income 

due to the implementation of such measures is used to pay for increased usage. This negates the point of 

installing energy efficiency measures. This point is also noted in [49] – that energy efficiency measures 

such as better insulation and heating systems in houses occupied by old people, lead to higher energy costs 

than before. This is due to the fact that the upgrading the energy performance results in them using it 

more liberally than before, to ensure more comfort. 

Thus, the behaviour of the residents in the zone will also have to undergo a change, while implementing 

such projects. Steps are already being taken in this direction by Casade – Casade offers free energy-related 

advice to its tenants. Energy consultants advise interested tenants of the potential savings that can be 

achieved by making small changes in their lifestyle and energy consumption behaviour. Changes include 

turning the thermostat down by a couple of degrees in winter, using less water while showering, running 

the washing machine & tumble dryer fewer times per week and avoiding putting the television & 

computer on standby mode. Tenants are encouraged to make these changes and provide feedback on 

energy expenditure after a certain period. 

In summary, projects of this magnitude need efforts from all directions and aspects (technical, financial, 

social and political) to make them successful. The municipality needs to work in close collaboration with 

all the stakeholders in such a project – the residents, tenants, the employees of buildings, other authorities 

and technology providers, to ensure that it meets its net-zero energy goal.  
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Appendix A: List of questions presented for data gathering 

 
 
1) Energy consumption (electricity and gas) per month. If not, could you provide an approximate value of 

the amount of electricity and gas consumed in the last year? 

 

2) Lighting 

- Approximate number and kind of lamps 

- Rating/wattage of lamps  

 

3) Is the house insulated? What is the type of insulation used in the house? 

 

4) Kind of windows in the house – regular windows, double-glazed or triple-glazed windows? 

 

5) What is heating system in the house? Specifications and capacity of boiler in use? Is there a special 

cooling system? 

 

6) How many people live in the house? 

 

7) What is the area of the house? (In m2) Also the volume, if available (in m3) 

 

8) What is the fuse rating of the incoming electrical power? 
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Appendix B: Savings due to lighting retrofits 

 

 

Total savings for the zone: 

 

 Apartment House 

Halogen LED replacement Incandescent Halogen 

LED 

replacement 

Wattage (W) 50 20 7 4 40 10 9 4 

Number of lamps 2 3 2 3 6 4 6 4 

Hours of usage (hrs) 1825 1825 1825 1825 1825 1825 1825 1825 

Current consumption 

/lamp(kWh) 
91.25 36.5 12.775 7.3 73 18.25 16.425 7.3 

Total consumption 182.5 109.5 25.55 21.9 438 73 98.55 29.2 

Cost(€/year) 40.15 24.09 5.621 4.818 96.36 16.06 21.681 6.424 

Total cost 64.24 10.439 112.42 28.105 

Savings/house/year 

(€/year) 
53.80 84.32 

Savings for the 

zone/year (€/year) 
6994.13 10960.95 

Electricity 

savings/dwelling/year 

(kWh) 244.55 383.25 

Electricity savings for 

all apartments and 

houses in the 

zone/year (kWh) 

5135.55 49822.50 

Total electricity 

savings for the 

zone/year  54,958 (kWh) ~ 55 MWh 
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Calculation of payback period and cumulative profits over the lifetime of the lamp: 

 

Apartment 

Year 
Initial 

investment 
Recurring 

costs Revenues 
Total cash 

flow 
Cumulative 
cash flow 

0 -100       -100 

1   0 53.801 53.801 -46.199 

2   0 53.801 53.801 7.602 

3   0 53.801 53.801 61.403 

4   0 53.801 53.801 115.204 

5   0 53.801 53.801 169.005 

6   0 53.801 53.801 222.806 

7   0 53.801 53.801 276.607 

8   0 53.801 53.801 330.408 

9   0 53.801 53.801 384.209 

10   0 53.801 53.801 438.01 

11   0 53.801 53.801 491.811 

12   0 53.801 53.801 545.612 

13   0 53.801 53.801 599.413 

14   0 53.801 53.801 653.214 

15   0 53.801 53.801 707.015 

16   0 53.801 53.801 760.816 

17   0 53.801 53.801 814.617 

18   0 53.801 53.801 868.418 

19   0 53.801 53.801 922.219 

20   0 53.801 53.801 976.02 

 

Payback = 2 years 
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House 

Year 
Initial 

investment 
Recurring 

costs Revenues 

Total 
cash 
flow 

Cumulative 
cash flow 

0 -230       -230 

1   0 84 84 -146 

2   0 84 84 -61 

3   0 84 84 23 

4   0 84 84 107 

5   0 84 84 192 

6   0 84 84 276 

7   0 84 84 360 

8   0 84 84 445 

9   0 84 84 529 

10   0 84 84 613 

11   0 84 84 697 

12   0 84 84 782 

13   0 84 84 866 

14   0 84 84 950 

15   0 84 84 1035 

16   0 84 84 1119 

17   0 84 84 1203 

18   0 84 84 1288 

19   0 84 84 1372 

20   0 84 84 1456 

 

Payback = 3 years 

 

 

 

 

 

 

 

 



-68- 
 

Appendix C: Savings due to window retrofits and insulation 

 

U-values of various window coatings:                                        Data: 

 

Kind of window 

coating 

 

U-value (W/m2K) 
 Average dimensions 

of windows: 1.75m *0.75 m 

 Current double-glazed 

windows 2.8 
 Number of 

windows 8 

HR 2  Total window area 10.5 m2 

HR+ 1.6 
 Number of days 

heating is required 273 

HR++ 1.2  Hours/day 6 

HR+++ 1  Total annual hours 

of heating 
1638 hrs 

HR3 (triple glazed) 0.7  

 

 

 Formula:   Transmission loss = U*A*(Ti-Ta)  (W) 

 

 
Average heat loss for each kind of window glazing in a year: 
 

Month Jan Feb Mar Apr May Sep Oct Nov Dec Average heat 

loss (kWh) 

Temperature 

outside - Ta (°C) 

2.9 3.1 5.9 8.4 12.8 14.3 10.3 6.2 4 

Internal temp - 

Ti (°C) 

21 21 21 21 21 21 21 21 21 

Double glazed 532 526 444 370 241 197 315 435 500 648 

HR 380 376 317 265 172 141 225 311 357 463 

HR+ 304 301 254 212 138 113 180 249 286 370 

HR++ 228 226 190 159 103 84 135 186 214 278 

HR+++ 190 188 159 132 86 70 112 155 179 231 

HR3 (triple 

glazed) 

133 132 111 93 60 49 79 109 125 162 
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Gas savings/year due to window retrofits: 
 

Type of 

window 

U-

value 

Transmission 

loss 

(MWh/year) 

Transmission 

loss (m3/year) 

Gas 

savings 

(m3/year) 

Gas 

savings per 

year in 

(m3/m2) 

Cost savings 

(€/year) 

Current 

double-

glazed 

windows 

2.8 0.64 60.00 

   
HR 2 0.46 42.86 17 1.6 11 

HR+ 1.6 0.37 34.28 26 2.4 17 

HR++ 1.2 0.27 25.71 34 3.3 22 

HR+++ 1 0.23 21.43 39 3.7 25 

HR3 (triple 

glazed) 
0.7 0.16 15.00 45 4.3 29 

 

 

 

 

Gas savings/year due to insulation: 
 

Surface to be 
insulated 

Thickness 
(m) Area (m2) 

Wall 
dimensions 

Gas 
savings 
 m3 /m2  

Savings 
 m3 gas 
/house 

Total 
number of 

houses 

Total 
savings 
(m3 gas) 

Floor  - 42.7   6 256.2 130 33306 

Cavity wall 0.05 58.65 

 
9 527.85 130 68620.5 

Roof    41.04   5 205.2 130 26676 

Total 989.25   128,602.50 
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Appendix D: Solar PV output and inverters selected for houses 

 
Annual output from one solar PV panel oriented due south (0° azimuth and at 60º inclination) 
 

Month 

Vinc (Angle -
60° 

(KWh/m2/d
ay) Vtemp Vref 

Generation 
losses factor 

Inverter 
efficiency 

Peak 
power 
(kWp) 

No of 
days in 

the 
month 

Output 
from one 

panel 
(kW) 

                  

Jan 1.29 1.02 0.95 0.90 0.97 0.25 31 8.46 

Feb 2.11 1.02 0.95 0.90 0.97 0.25 27 12.05 

Mar 3.04 0.95 0.95 0.90 0.97 0.25 31 18.56 

Apr 4.01 0.88 0.95 0.90 0.97 0.25 30 21.95 

May 4.88 0.87 0.95 0.90 0.97 0.25 31 27.29 

Jun 4.74 0.87 0.95 0.90 0.97 0.25 30 25.65 

Jul 4.71 0.86 0.95 0.90 0.97 0.25 31 26.04 

Aug 4.49 0.86 0.95 0.90 0.97 0.25 31 24.82 

Sep 3.35 0.89 0.95 0.90 0.97 0.25 30 18.55 

Oct 2.31 0.98 0.95 0.90 0.97 0.25 31 14.55 

Nov 1.42 1 0.95 0.90 0.97 0.25 30 8.83 

Dec 1 1.02 0.95 0.90 0.97 0.25 31 6.56 

Annual output 213.30 

 

Annual output from one solar PV panel oriented due south (0° azimuth and at 45º inclination) 
 

Month 

Vinc (Angle -
45° 

(KWh/m2/da
y) Vtemp Vref 

Generation 
losses factor 

Inverter 
efficiency 

Peak 
power 
(kWp) 

No of 
days in 

the 
month 

Output 
from 
one 

panel 
(kW) 

                  

Jan 1.4 1.02 0.95 0.9 0.97 0.25 31 9.18 

Feb 2.21 1.02 0.95 0.9 0.97 0.25 27 12.62 

Mar 3.04 0.95 0.95 0.9 0.97 0.25 31 18.56 

Apr 3.84 0.88 0.95 0.9 0.97 0.25 30 21.02 

May 4.5 0.87 0.95 0.9 0.97 0.25 31 25.16 

Jun 4.3 0.87 0.95 0.9 0.97 0.25 30 23.27 

Jul 4.3 0.86 0.95 0.9 0.97 0.25 31 23.77 

Aug 4.24 0.86 0.95 0.9 0.97 0.25 31 23.44 

Sep 3.3 0.89 0.95 0.9 0.97 0.25 30 18.27 

Oct 2.4 0.98 0.95 0.9 0.97 0.25 31 15.12 

Nov 1.52 1 0.95 0.9 0.97 0.25 30 9.45 

Dec 1.08 1.02 0.95 0.9 0.97 0.25 31 7.08 

Annual output (kWh) 206.94 
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Inverters required: 
 

Street No. of houses 
No of 

panels/house 
Peak power 

(kWp) 
SMA Inverter 

model 

Touwerij 14 8 2 
1 x SB 1600TL-

10 

Victoriestraat 22 12 3 
1 x SB 3000TL-

21 

Schotsestraat 8 10 2.5 1 x SB 2100TL 

Poolsestraat 1 6 1.5 1 x SB 1200 

Poolsestraat 
1 12 3.6 

1 x SB 3000TL-
21 

Poolsestraat 1 6 1.5 1 x SB 1200 
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Appendix E: Quote from LENS B.V. for solar PV system on apartment and 

theatre 

 

Offer for the Herman system for apartment building: 

 

Price list for the Herman system: 
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Price list for collective meter on apartment: 
 

 

 

 

 

 

 

 

 

 

Installation requirements: 
 

 

 

 

 

 

 

Guarantees and other costs for apartment: 
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LENS offer for theatre: 
 

 

 

 

 

 

 

 

 

 

 

 

 

Price list for theatre: 
 

 



Appendix F: Financial analysis 

 

(1) For insulation and window retrofits: 
 

Year 
Investment 

costs (€) 

Recurring 

costs 
Revenues 

Total cash 

flows 

Cumulative 

cash flows 
(1+i)^n 

Discount 

rate 

(1/(1+i)^n) 

Discounted 

CF 
(1+i)^n 

Discount 

rate 

(1/(1+i)^n) 

Discounted 

CF 

      
NPV IRR 

0 -4514 
   

-4514 
  

-4514 
  

-4514 

1 
 

0 612.00 612.00 -3901.55 1.01 0.99 605.53 1.13 0.88 540.49 

2 
 

0 612.00 612.00 -3289.55 1.02 0.98 599.12 1.28 0.78 477.34 

3 
 

0 612.00 612.00 -2677.55 1.03 0.97 592.79 1.45 0.69 421.57 

4 
 

0 612.00 612.00 -2065.55 1.04 0.96 586.52 1.64 0.61 372.31 

5 
 

0 612.00 612.00 -1453.55 1.05 0.95 580.31 1.86 0.54 328.81 

6 
 

0 612.00 612.00 -841.55 1.07 0.94 574.17 2.11 0.47 290.39 

7 
 

0 612.00 612.00 -229.55 1.08 0.93 568.10 2.39 0.42 256.46 

8 
 

0 612.00 612.00 382.45 1.09 0.92 562.09 2.70 0.37 226.50 

9 
 

0 612.00 612.00 994.45 1.10 0.91 556.15 3.06 0.33 200.03 

10 
 

0 612.00 612.00 1606.45 1.11 0.90 550.26 3.46 0.29 176.66 

11 
 

0 612.00 612.00 2218.45 1.12 0.89 544.44 3.92 0.25 156.02 

12 
 

0 612.00 612.00 2830.45 1.14 0.88 538.69 4.44 0.23 137.79 

13 
 

0 612.00 612.00 3442.45 1.15 0.87 532.99 5.03 0.20 121.69 

14 
 

0 612.00 612.00 4054.45 1.16 0.86 527.35 5.69 0.18 107.47 

15 
 

0 612.00 612.00 4666.45 1.17 0.85 521.77 6.45 0.16 94.91 
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16 
 

0 612.00 612.00 5278.45 1.19 0.84 516.25 7.30 0.14 83.82 

17 
 

0 612.00 612.00 5890.45 1.20 0.83 510.79 8.27 0.12 74.03 

18 
 

0 612.00 612.00 6502.45 1.21 0.83 505.39 9.36 0.11 65.38 

19 
 

0 612.00 612.00 7114.45 1.22 0.82 500.05 10.60 0.09 57.74 

20 
 

0 612.00 612.00 7726.45 1.24 0.81 494.76 12.00 0.08 50.99 

21 
 

0 612.00 612.00 8338.45 1.25 0.80 489.52 13.59 0.07 45.04 

22 
 

0 612.00 612.00 8950.45 1.26 0.79 484.35 15.39 0.06 39.77 

23 
 

0 612.00 612.00 9562.45 1.28 0.78 479.22 17.42 0.06 35.13 

24 
 

0 612.00 612.00 10174.45 1.29 0.77 474.15 19.73 0.05 31.02 

25 
 

0 612.00 612.00 10786.45 1.30 0.77 469.14 22.34 0.04 27.40 

26 
 

0 612.00 612.00 11398.45 1.32 0.76 464.18 25.29 0.04 24.20 

27 
 

0 612.00 612.00 12010.45 1.33 0.75 459.27 28.64 0.03 21.37 

28 
 

0 612.00 612.00 12622.45 1.35 0.74 454.41 32.43 0.03 18.87 

29 
 

0 612.00 612.00 13234.45 1.36 0.73 449.60 36.72 0.03 16.67 

30 
 

0 612.00 612.00 13846.45 1.38 0.73 444.85 41.58 0.02 14.72 

       
NPV 11,123 

  
1 

          
IRR 0.1323 

 

 

Payback = 8 years 
NPV after 30 years = € 11,123 
IRR = 13.23% 
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2) ASHP for houses: 

Year 
Investment 

costs 

Recurring 

costs 
Revenues 

Total cash 

flows 

Cumulative 

cash flows 
(1+i)^n 

Discount 

rate 

(1/(1+i)^n) 

Discounted 

CF 

      
NPV 

0 -8060 
   

-8060 
 

1 -8060 

1 
 

-100 170.00 70.00 -7990.00 1.01 0.99 -7905 

2 
 

-100 170.00 70.00 -7920.00 1.02 0.98 -7753 

3 
 

-100 170.00 70.00 -7850.00 1.03 0.97 -7604 

4 
 

-100 170.00 70.00 -7780.00 1.04 0.96 -7456 

5 
 

-100 170.00 70.00 -7710.00 1.05 0.95 -7311 

6 
 

-100 170.00 70.00 -7640.00 1.07 0.94 -7168 

7 
 

-100 170.00 70.00 -7570.00 1.08 0.93 -7027 

8 
 

-100 170.00 70.00 -7500.00 1.09 0.92 -6888 

9 
 

-100 170.00 70.00 -7430.00 1.10 0.91 -6752 

10 
 

-100 170.00 70.00 -7360.00 1.11 0.90 -6618 

11 
 

-100 170.00 70.00 -7290.00 1.12 0.89 -6485 

12 
 

-100 170.00 70.00 -7220.00 1.14 0.88 -6355 

13 
 

-100 170.00 70.00 -7150.00 1.15 0.87 -6227 

14 
 

-100 170.00 70.00 -7080.00 1.16 0.86 -6101 

15 
 

-100 170.00 70.00 -7010.00 1.17 0.85 -5977 

16 
 

-100 170.00 70.00 -6940.00 1.19 0.84 -5854 

17 
 

-100 170.00 70.00 -6870.00 1.20 0.83 -5734 

18 
 

-100 170.00 70.00 -6800.00 1.21 0.83 -5615 

19 
 

-100 170.00 70.00 -6730.00 1.22 0.82 -5499 

20 
 

-100 170.00 70.00 -6660.00 1.24 0.81 -5384 

21 
 

-100 170.00 70.00 -6590.00 1.25 0.80 -5271 

22 
 

-100 170.00 70.00 -6520.00 1.26 0.79 -5160 

23 
 

-100 170.00 70.00 -6450.00 1.28 0.78 -5051 

24 
 

-100 170.00 70.00 -6380.00 1.29 0.77 -4943 

25 
 

-100 170.00 70.00 -6310.00 1.30 0.77 -4837 
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26 
 

-100 170.00 70.00 -6240.00 1.32 0.76 -4733 

27 
 

-100 170.00 70.00 -6170.00 1.33 0.75 -4630 

28 
 

-100 170.00 70.00 -6100.00 1.35 0.74 -4529 

29 
 

-100 170.00 70.00 -6030.00 1.36 0.73 -4430 

30 
 

-100 170.00 70.00 -5960.00 1.38 0.73 -4332 

       
NPV -187,689 

 

Payback = > 30 years 

(3) Solar PV for house (6 panels): 

 

Year 
Investment 

costs 

Recurring 

costs 
Revenues 

Total 

cash 

flows 

Cumulative 

cash flows 
(1+i)^n 

Discount 

rate 

(1/(1+i)^n) 

Discounted 

cash flow 
(1+i)^n 

Discount 

rate 

(1/(1+i)^n) 
 

      
NPV IRR 

0 -2500 
   

-2500 
 

1 -2500 
 

1 -2500 

1 
 

-100 294.00 194.00 -2306.00 1.01 0.99 -2282 1 1 182 

2 
 

-100 294.00 194.00 -2112.00 1.02 0.98 -2068 1 1 171 

3 
 

-100 294.00 194.00 -1918.00 1.03 0.97 -1858 1 1 160 

4 
 

-100 294.00 194.00 -1724.00 1.04 0.96 -1652 1 1 150 

5 
 

-100 294.00 194.00 -1530.00 1.05 0.95 -1451 1 1 141 

6 
 

-100 294.00 194.00 -1336.00 1.07 0.94 -1253 1 1 132 

7 
 

-100 294.00 194.00 -1142.00 1.08 0.93 -1060 2 1 124 

8 
 

-100 294.00 194.00 -948.00 1.09 0.92 -871 2 1 116 

9 
 

-100 294.00 194.00 -754.00 1.10 0.91 -685 2 1 109 

10 
 

-100 294.00 194.00 -560.00 1.11 0.90 -504 2 1 102 

11 
 

-100 294.00 194.00 -366.00 1.12 0.89 -326 2 0 96 

12 
 

-100 294.00 194.00 -172.00 1.14 0.88 -151 2 0 90 

13 
 

-100 294.00 194.00 22.00 1.15 0.87 19 2 0 84 
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14 
 

-100 294.00 194.00 216.00 1.16 0.86 186 2 0 79 

15 
 

-100 294.00 194.00 410.00 1.17 0.85 350 3 0 74 

16 
 

-100 294.00 194.00 604.00 1.19 0.84 510 3 0 69 

17 
 

-100 294.00 194.00 798.00 1.20 0.83 666 3 0 65 

18 
 

-100 294.00 194.00 992.00 1.21 0.83 819 3 0 61 

19 
 

-100 294.00 194.00 1186.00 1.22 0.82 969 3 0 57 

20 
 

-100 294.00 194.00 1380.00 1.24 0.81 1116 4 0 54 

21 
 

-100 294.00 194.00 1574.00 1.25 0.80 1259 4 0 50 

22 
 

-100 294.00 194.00 1768.00 1.26 0.79 1399 4 0 47 

23 
 

-100 294.00 194.00 1962.00 1.28 0.78 1536 4 0 44 

24 
 

-100 294.00 194.00 2156.00 1.29 0.77 1670 5 0 42 

25 
 

-100 294.00 194.00 2350.00 1.30 0.77 1801 5 0 39 

26 
 

-100 294.00 194.00 2544.00 1.32 0.76 1930 5 0 37 

27 
 

-100 294.00 194.00 2738.00 1.33 0.75 2055 6 0 34 

28 
 

-100 294.00 194.00 2932.00 1.35 0.74 2177 6 0 32 

29 
 

-100 294.00 194.00 3126.00 1.36 0.73 2297 6 0 30 

30 
 

-100 294.00 194.00 3320.00 1.38 0.73 2413 7 0 28 

       
NPV 6511.777 

  
-0.394 

          
IRR 0.0663 

 

 

Payback = 13 years 

NPV after 30 years = €6512 

IRR = 6.63% 
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(4) Solar PV for house (12 panels): 

 

Year 
Investment 

costs 

Recurring 

costs 
Revenues 

Total 

cash 

flows 

Cumulative 

cash flows 
(1+i)^n 

Discount 

rate 

(1/(1+i)^n) 

Discounted 

cash flow 
(1+i)^n 

Discount 

rate 

(1/(1+i)^n) 

Discounted 

cash flow 

             
0 -4800 

   
-4800 

 
1 -4800 

 
1 -4800 

1 
 

-100 568.00 468.00 -4332.00 1.01 0.99 -4286.18 1.09 0.92 429.28 

2 
 

-100 568.00 468.00 -3864.00 1.02 0.98 -3782.69 1.19 0.84 393.76 

3 
 

-100 568.00 468.00 -3396.00 1.03 0.97 -3289.38 1.30 0.77 361.18 

4 
 

-100 568.00 468.00 -2928.00 1.04 0.96 -2806.07 1.41 0.71 331.30 

5 
 

-100 568.00 468.00 -2460.00 1.05 0.95 -2332.63 1.54 0.65 303.89 

6 
 

-100 568.00 468.00 -1992.00 1.07 0.94 -1868.88 1.68 0.60 278.75 

7 
 

-100 568.00 468.00 -1524.00 1.08 0.93 -1414.68 1.83 0.55 255.68 

8 
 

-100 568.00 468.00 -1056.00 1.09 0.92 -969.88 2.00 0.50 234.53 

9 
 

-100 568.00 468.00 -588.00 1.10 0.91 -534.34 2.18 0.46 215.12 

10 
 

-100 568.00 468.00 -120.00 1.11 0.90 -107.90 2.37 0.42 197.33 

11 
 

-100 568.00 468.00 348.00 1.12 0.89 309.59 2.59 0.39 181.00 

12 
 

-100 568.00 468.00 816.00 1.14 0.88 718.25 2.82 0.35 166.02 

13 
 

-100 568.00 468.00 1284.00 1.15 0.87 1118.23 3.07 0.33 152.29 

14 
 

-100 568.00 468.00 1752.00 1.16 0.86 1509.67 3.35 0.30 139.69 

15 
 

-100 568.00 468.00 2220.00 1.17 0.85 1892.71 3.65 0.27 128.13 

16 
 

-100 568.00 468.00 2688.00 1.19 0.84 2267.47 3.98 0.25 117.53 

17 
 

-100 568.00 468.00 3156.00 1.20 0.83 2634.10 4.34 0.23 107.81 

18 
 

-100 568.00 468.00 3624.00 1.21 0.83 2992.71 4.73 0.21 98.89 

19 
 

-100 568.00 468.00 4092.00 1.22 0.82 3343.45 5.16 0.19 90.70 

20 
 

-100 568.00 468.00 4560.00 1.24 0.81 3686.43 5.63 0.18 83.20 

21 
 

-100 568.00 468.00 5028.00 1.25 0.80 4021.78 6.13 0.16 76.32 
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22 
 

-100 568.00 468.00 5496.00 1.26 0.79 4349.62 6.69 0.15 70.00 

23 
 

-100 568.00 468.00 5964.00 1.28 0.78 4670.08 7.29 0.14 64.21 

24 
 

-100 568.00 468.00 6432.00 1.29 0.77 4983.28 7.95 0.13 58.90 

25 
 

-100 568.00 468.00 6900.00 1.30 0.77 5289.32 8.66 0.12 54.02 

26 
 

-100 568.00 468.00 7368.00 1.32 0.76 5588.34 9.44 0.11 49.55 

27 
 

-100 568.00 468.00 7836.00 1.33 0.75 5880.43 10.30 0.10 45.45 

28 
 

-100 568.00 468.00 8304.00 1.35 0.74 6165.73 11.22 0.09 41.69 

29 
 

-100 568.00 468.00 8772.00 1.36 0.73 6444.33 12.24 0.08 38.24 

30 
 

-100 568.00 468.00 9240.00 1.38 0.73 6716.35 13.34 0.07 35.08 

       
NPV 48,389.21 

  
-0.44 

          
IRR 0.0902 

 

    Payback = 11 years 
    NPV after 30 years = €48,390 
    IRR = 9.02% 
 

(5) GSHP for apartment building: 

Year 
Investment 

costs 

Recurring 

costs 
Revenues 

Total 

cash 

flows 

Cumulative 

cash flows 
(1+i)^n 

Discount 

rate 

(1/(1+i)^n) 

Discounted 

CF 
(1+i)^n 

Discount 

rate 

(1/(1+i)^n) 

Discounted 

CF 

      
NPV IRR 

0 -60000 
   

-60000 
  

-60000 
  

-60000 

1 
 

-200 3385.00 3185.00 -56815.00 1.01 0.99 3151.31 1.03 0.97 3082.95 

2 
 

-200 3385.00 3185.00 -53630.00 1.02 0.98 3117.98 1.07 0.94 2984.18 

3 
 

-200 3385.00 3185.00 -50445.00 1.03 0.97 3085.00 1.10 0.91 2888.57 

4 
 

-200 3385.00 3185.00 -47260.00 1.04 0.96 3052.37 1.14 0.88 2796.02 

5 
 

-200 3385.00 3185.00 -44075.00 1.05 0.95 3020.09 1.18 0.85 2706.44 

6 
 

-200 3385.00 3185.00 -40890.00 1.07 0.94 2988.14 1.22 0.82 2619.72 

7 
 

-200 3385.00 3185.00 -37705.00 1.08 0.93 2956.54 1.26 0.80 2535.79 

8 
 

-200 3385.00 3185.00 -34520.00 1.09 0.92 2925.27 1.30 0.77 2454.54 
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9 
 

-200 3385.00 3185.00 -31335.00 1.10 0.91 2894.33 1.34 0.75 2375.90 

10 
 

-200 3385.00 3185.00 -28150.00 1.11 0.90 2863.71 1.38 0.72 2299.78 

11 
 

-200 3385.00 3185.00 -24965.00 1.12 0.89 2833.43 1.43 0.70 2226.09 

12 
 

-200 3385.00 3185.00 -21780.00 1.14 0.88 2803.46 1.48 0.68 2154.77 

13 
 

-200 3385.00 3185.00 -18595.00 1.15 0.87 2773.80 1.53 0.65 2085.73 

14 
 

-200 3385.00 3185.00 -15410.00 1.16 0.86 2744.47 1.58 0.63 2018.91 

15 
 

-200 3385.00 3185.00 -12225.00 1.17 0.85 2715.44 1.63 0.61 1954.22 

16 
 

-200 3385.00 3185.00 -9040.00 1.19 0.84 2686.72 1.68 0.59 1891.61 

17 
 

-200 3385.00 3185.00 -5855.00 1.20 0.83 2658.30 1.74 0.57 1831.00 

18 
 

-200 3385.00 3185.00 -2670.00 1.21 0.83 2630.18 1.80 0.56 1772.34 

19 
 

-200 3385.00 3185.00 515.00 1.22 0.82 2602.36 1.86 0.54 1715.55 

20 
 

-200 3385.00 3185.00 3700.00 1.24 0.81 2574.84 1.92 0.52 1660.59 

21 
 

-200 3385.00 3185.00 6885.00 1.25 0.80 2547.61 1.98 0.50 1607.38 

22 
 

-200 3385.00 3185.00 10070.00 1.26 0.79 2520.66 2.05 0.49 1555.88 

23 
 

-200 3385.00 3185.00 13255.00 1.28 0.78 2494.00 2.11 0.47 1506.04 

24 
 

-200 3385.00 3185.00 16440.00 1.29 0.77 2467.62 2.18 0.46 1457.78 

25 
 

-200 3385.00 3185.00 19625.00 1.30 0.77 2441.52 2.26 0.44 1411.08 

26 
 

-200 3385.00 3185.00 22810.00 1.32 0.76 2415.70 2.33 0.43 1365.87 

27 
 

-200 3385.00 3185.00 25995.00 1.33 0.75 2390.15 2.41 0.42 1322.10 

28 
 

-200 3385.00 3185.00 29180.00 1.35 0.74 2364.87 2.49 0.40 1279.74 

29 
 

-200 3385.00 3185.00 32365.00 1.36 0.73 2339.85 2.57 0.39 1238.74 

30 
 

-200 3385.00 3185.00 35550.00 1.38 0.73 2315.10 2.66 0.38 1199.05 

 
NPV 21,375 

  
-2 

 
IRR 0.0331 

 
 
Payback = 19 years 
NPV after 30 years = €21,375 
IRR = 3.31%



 

(6) ASHP for apartment building: 

 

Year 
Investment 

costs 

Recurring 

costs 
Revenues 

Total cash 

flows 

Cumulative 

cash flows 
(1+i)^n 

Discount 

rate 

(1/(1+i)^n) 

Discounted 

CF 
(1+i)^n 

Discount 

rate 

(1/(1+i)^n) 

Discounted 

CF 

      
NPV IRR 

0 -45000 
   

-45000 
  

-45000.0 
  

-45000 

1 
 

-200 2037.00 1837.00 -43163.00 1.01069 0.99 1817.6 1.01361 0.99 1812.3341 

2 
 

-200 2037.00 1837.00 -41326.00 1.021494 0.98 1798.3 1.02741 0.97 1787.9995 

3 
 

-200 2037.00 1837.00 -39489.00 1.032414 0.97 1779.3 1.04139 0.96 1763.9915 

4 
 

-200 2037.00 1837.00 -37652.00 1.043451 0.96 1760.5 1.05556 0.95 1740.306 

5 
 

-200 2037.00 1837.00 -35815.00 1.054605 0.95 1741.9 1.06993 0.93 1716.9384 

6 
 

-200 2037.00 1837.00 -33978.00 1.065879 0.94 1723.5 1.08449 0.92 1693.8847 

7 
 

-200 2037.00 1837.00 -32141.00 1.077273 0.93 1705.2 1.09925 0.91 1671.1404 

8 
 

-200 2037.00 1837.00 -30304.00 1.088789 0.92 1687.2 1.11421 0.90 1648.7016 

9 
 

-200 2037.00 1837.00 -28467.00 1.100428 0.91 1669.4 1.12937 0.89 1626.5641 

10 
 

-200 2037.00 1837.00 -26630.00 1.112192 0.90 1651.7 1.14475 0.87 1604.7238 

11 
 

-200 2037.00 1837.00 -24793.00 1.124081 0.89 1634.2 1.16033 0.86 1583.1768 

12 
 

-200 2037.00 1837.00 -22956.00 1.136097 0.88 1616.9 1.17612 0.85 1561.919 

13 
 

-200 2037.00 1837.00 -21119.00 1.148242 0.87 1599.8 1.19212 0.84 1540.9468 

14 
 

-200 2037.00 1837.00 -19282.00 1.160517 0.86 1582.9 1.20835 0.83 1520.2561 

15 
 

-200 2037.00 1837.00 -17445.00 1.172923 0.85 1566.2 1.22479 0.82 1499.8432 

16 
 

-200 2037.00 1837.00 -15608.00 1.185461 0.84 1549.6 1.24146 0.81 1479.7044 

17 
 

-200 2037.00 1837.00 -13771.00 1.198134 0.83 1533.2 1.25836 0.79 1459.8361 

18 
 

-200 2037.00 1837.00 -11934.00 1.210942 0.83 1517.0 1.27549 0.78 1440.2345 

19 
 

-200 2037.00 1837.00 -10097.00 1.223887 0.82 1501.0 1.29285 0.77 1420.8961 

20 
 

-200 2037.00 1837.00 -8260.00 1.23697 0.81 1485.1 1.31044 0.76 1401.8173 

21 
 

-200 2037.00 1837.00 -6423.00 1.250194 0.80 1469.4 1.32828 0.75 1382.9948 
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22 
 

-200 2037.00 1837.00 -4586.00 1.263558 0.79 1453.8 1.34635 0.74 1364.425 

23 
 

-200 2037.00 1837.00 -2749.00 1.277066 0.78 1438.5 1.36468 0.73 1346.1045 

24 
 

-200 2037.00 1837.00 -912.00 1.290717 0.77 1423.2 1.38325 0.72 1328.03 

25 
 

-200 2037.00 1837.00 925.00 1.304515 0.77 1408.2 1.40208 0.71 1310.1982 

26 
 

-200 2037.00 1837.00 2762.00 1.31846 0.76 1393.3 1.42116 0.70 1292.6058 

27 
 

-200 2037.00 1837.00 4599.00 1.332555 0.75 1378.6 1.4405 0.69 1275.2497 

28 
 

-200 2037.00 1837.00 6436.00 1.3468 0.74 1364.0 1.46011 0.68 1258.1266 

29 
 

-200 2037.00 1837.00 8273.00 1.361197 0.73 1349.5 1.47998 0.68 1241.2334 

30 
 

-200 2037.00 1837.00 10110.00 1.375748 0.73 1335.3 1.50012 0.67 1224.567 

 
NPV 1934 

  
-1 

 
IRR 0.01361 

 

Payback = 25 years 
NPV after 30 years = € 1934 
IRR = 1.36% 
 
 
(7) GSHP for theatre: 
 

Year 
Investmen

t costs 
Recurrin
g costs 

Revenues 
Total 
cash 
flows 

Cumulative 
cash flows 

(1+i)^n 

Discount 
rate 

(1/(1+i)^n
) 

Discounte
d cash flow 

(1+i)^n 

Discount 
rate 

(1/(1+i)^n
) 

Discounted 
cash flow 

0 -75000 
   

-75000 
 

1 -75000 
 

1 -75000 

1 
 

-500 5904.56 5404.56 -69595.44 1.01 0.99 -68859.33 1.06 0.94 5,102.30 

2 
 

-500 5904.56 5404.56 -64190.88 1.02 0.98 -62840.17 1.12 0.89 4,816.95 

3 
 

-500 5904.56 5404.56 -58786.31 1.03 0.97 -56940.64 1.19 0.84 4,547.55 

4 
 

-500 5904.56 5404.56 -53381.75 1.04 0.96 -51158.87 1.26 0.79 4,293.22 

5 
 

-500 5904.56 5404.56 -47977.19 1.05 0.95 -45493.04 1.33 0.75 4,053.11 

6 
 

-500 5904.56 5404.56 -42572.63 1.07 0.94 -39941.35 1.41 0.71 3,826.43 

7 
 

-500 5904.56 5404.56 -37168.07 1.08 0.93 -34502.00 1.50 0.67 3,612.43 

8 
 

-500 5904.56 5404.56 -31763.51 1.09 0.92 -29173.24 1.58 0.63 3,410.40 

9 
 

-500 5904.56 5404.56 -26358.94 1.10 0.91 -23953.35 1.68 0.60 3,219.67 
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10 
 

-500 5904.56 5404.56 -20954.38 1.11 0.90 -18840.62 1.78 0.56 3,039.60 

11 
 

-500 5904.56 5404.56 -15549.82 1.12 0.89 -13833.36 1.88 0.53 2,869.61 

12 
 

-500 5904.56 5404.56 -10145.26 1.14 0.88 -8929.92 1.99 0.50 2,709.12 

13 
 

-500 5904.56 5404.56 -4740.70 1.15 0.87 -4128.66 2.11 0.47 2,557.61 

14 
 

-500 5904.56 5404.56 663.86 1.16 0.86 572.04 2.24 0.45 2,414.57 

15 
 

-500 5904.56 5404.56 6068.43 1.17 0.85 5173.76 2.37 0.42 2,279.53 

16 
 

-500 5904.56 5404.56 11472.99 1.19 0.84 9678.08 2.51 0.40 2,152.04 

17 
 

-500 5904.56 5404.56 16877.55 1.20 0.83 14086.53 2.66 0.38 2,031.68 

18 
 

-500 5904.56 5404.56 22282.11 1.21 0.83 18400.64 2.82 0.35 1,918.06 

19 
 

-500 5904.56 5404.56 27686.67 1.22 0.82 22621.92 2.98 0.34 1,810.79 

20 
 

-500 5904.56 5404.56 33091.24 1.24 0.81 26751.84 3.16 0.32 1,709.52 

21 
 

-500 5904.56 5404.56 38495.80 1.25 0.80 30791.87 3.35 0.30 1,613.91 

22 
 

-500 5904.56 5404.56 43900.36 1.26 0.79 34743.44 3.55 0.28 1,523.65 

23 
 

-500 5904.56 5404.56 49304.92 1.28 0.78 38607.98 3.76 0.27 1,438.43 

24 
 

-500 5904.56 5404.56 54709.48 1.29 0.77 42386.88 3.98 0.25 1,357.99 

25 
 

-500 5904.56 5404.56 60114.04 1.30 0.77 46081.52 4.22 0.24 1,282.04 

26 
 

-500 5904.56 5404.56 65518.61 1.32 0.76 49693.27 4.47 0.22 1,210.34 

27 
 

-500 5904.56 5404.56 70923.17 1.33 0.75 53223.46 4.73 0.21 1,142.65 

28 
 

-500 5904.56 5404.56 76327.73 1.35 0.74 56673.41 5.01 0.20 1,078.74 

29 
 

-500 5904.56 5404.56 81732.29 1.36 0.73 60044.43 5.31 0.19 1,018.41 

30 
 

-500 5904.56 5404.56 87136.85 1.38 0.73 63337.79 5.62 0.18 961.46 

 
NPV 39274.31 

  
1.79 

 
IRR 0.05924 

 
 
Payback = 14 years 
NPV after 30 years = € 39,274 
IRR = 5.92% 


