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Abstract 

The rapid exhaustion of the finite reserves of fossil-fuels adds to the woes on all walks of the society, and 

especially on the policy-makers, scientists and engineers to devise means to mitigate the consequences. 

Reducing energy demand and grid-dependency by decentralized energy production can help improve 

energy security of a nation. A holistic approach to achieve these goals in the building sector could be 

through a shift towards fostering near zero-energy communities. 

This project is an initiative taken by the residents in Van Maanenblok, an urban residential block 

constructed in early 1930’s and situated at the heart of North-Rotterdam, to try to achieve self-

sustainability in terms of energy consumption of the block through renovation. The objective of this study 

is to analyze the energy consumption of the block over the past three years and using the ‘Trias 

Energetica’ approach, investigate the extent to which self-sustainability is possible. This study also includes 

an overview on financial feasibility of this initiative together with identification of innovation 

opportunities. 

Passive energy reduction measures such as insulation, LED lighting-retrofits have been explored. Active 

renewable energy systems (RES) like solar photovoltaic (PV) systems, micro-windmills were designed and 

sized. Also, energy potential from Organic Fraction of Municipal Solid Waste (OFMSW) from within the 

block, and use ground-source heat pump to meet thermal energy has been investigated. The 

aforementioned technologies have been compared over certain financial parameters like net present value 

(NPV), payback period (PBP), and levelised cost of energy (LCOE) based on installation costs obtained 

from actual figures quoted by the installers and also general indicative market figures.  

Results of the study indicate that nearly 54% of present gas demand and 9% of electricity demand can be 

reduced by passive energy reduction measures alone. It would be possible to meet 42% and 54% of 

reduced electricity and gas demand respectively from RES. User-behaviour plays an important role in 

energy consumption and social factor largely determines the metamorphosis of projects with such 

complex setup. Renovation projects towards near zero energy buildings opens up several innovative 

opportunities and extended benefits to various actors, however stimulus from government is needed on 

financial and technical front in order to realize such ambitious initiatives.  
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1 INTRODUCTION 

In this chapter the background of the project, its boundary conditions, and method of approach adopted 

to fulfil the goal of this study will be introduced. 

1.1 Project background 

Genesis of this initiative can be traced back to a small group of passionate inhabitants belonging to Van 

Maanenblok, an urban neighbourhood in North-Rotterdam, who had come up with an abstract idea of 

making their neighbourhood self-sufficient in meeting their building energy demand. This spark on an 

idea evolved into an initiative known as “Energy neutral Van Maanenblok”, headed by an association 

known as BLIJstroom along with Stichting KIEN.  

BLIJstroom is an association, situtated in Rotterdam, consisting of a potpourri of professionals from 

different backgrounds such as architectural, engineering, civil etc. who are presently working on furthering 

this initiative into a concrete plan of action. Stichting KIEN is an organisation formed by group of 

installers, whose key motive is to find innovative opportunities in the field of sustainability and health care 

in order to stimulate work for installers in The Netherlands. 

1.2 Objective of the project 

The objective of this study is to assess the extent to which self-sufficiency in meeting the energy demand 

of the Van Maanenblok can be met while fulfilling the techno-economic criteria without compromising on 

the social aspect. Goals of the projected can be categorised into: 

 Short-term goal:  

i. Adopting bottom-up-approach to investigate the feasibility of making Van Maanenblok 

reach near Zero Energy Building (nZEB) status in order to achieve the project goal of 

becoming energy self-sufficient.  

ii. Looking beyond just the inhabitants and BLIJstroom, other side-goals of the project (but 

not part of this study) include stimulating participation of other extended actors such as 

the Rotterdam municipality and various installers in Netherlands, and encourage 

knowledge sharing for mutual benefits. 

 Long-term goal: To demonstrate Van Maanenblok initiative as a pilot project to encourage other 

neighbourhoods in and around Rotterdam to undertake similar initiatives for a more energy-

efficient and a sustainable society. 

1.3 Project boundary conditions 

Following the bottom-up approach demanded by the local inhabitants who take enormous pride in being 

part of a neighbourhood, a strong set of boundary-conditions define the outline and scope of this study. 

The boundary conditions defining the scope of study and also challenges involved are as follows: 

 Renewable energy production to meet the demand of the block in future must be produced solely 

from within the physical boundaries of the block. 

 Current focus of the study is only on the residential spaces within Van Maanenblok, partly due to 

lack of participation and data availability of other user-segments i.e. commercial spaces and Van 

Maanenbad – swimming pool. 

 Practical and realistic approach to be used in investigating solutions and the nature of the 

solutions should be such that the implementation should be likely in near-future 

 Although social aspect plays a major role, exact nature of user-behaviour could not be ascertained 

in the short time span of the study 
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1.4 Method of approach 

Trias Energetica method has been adopted as the main approach to investigate on the process of making 

Van Maanenblok achieve low energy building status. The overview of concept is explained in Figure 1-1. 

 

Figure 1-1: Trias Energetica concept (Source: Eurima, 2011)   

Trias Energetica is a three-step approach, intended to act as a guideline for pursuing energy sustainability 

initiatives. The three steps are as follows (Energetica, Hylica, Hydrica, & Toponoma, 2005): 

1. Take measures to reduce the energy demand through passive measures such as improving 

building insulation levels, window glazing etc. 

2. Meet energy demand using renewable sources of energy such as solar photovoltaics, wind energy 

etc.  

3. In case of any unmet demand, use fossil fuel with highest efficiency possible 

1.5 Reading guide 

For the technical part of the study, Chapter 2 discusses the project site and its constituents in detail. The 

nature of energy consumption in the form of electricity and gas demand is studied for the project site in 

Chapter 3 and passive energy reduction measures were investigated in Chapter 4. To conclude the 

technical study, in Chapter 5 renewable energy sources were sized to meet the reduced demand and the 

final energy supply mix possible has been investigated. 

Financial performance of the sized active renewable energy sources were briefly investigated in Chapter 6. 

The social aspects governing the decision-making of the study were studied along with application of 

innovation management tools in the context of Van Maanenblok, which are discussed in a detailed 

manner in Chapter 7. 

Necessary steps to be undertaken in future along with a brief summary of findings of this study are 

presented in Chapter 8 and Chapter 9 respectively.  
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2 SITE DESCRIPTION AND SPATIAL CHARACTERISTICS 

Van Maanenblok is located in the Bergpolder neighbourhood in the northern part of Rotterdam city. The 

GPS co-ordinates for the project site are 51°55’ N 4°27’ E. In this chapter, the climatic conditions of the 

location are discussed, followed by a brief description of the project site and its constituents.  

2.1 Climatic conditions 

According to the Koppen climate classification, Rotterdam city enjoys an oceanic climate and thus a 

moderate weather as compared to the interior locations in The Netherlands. The climate atlas of Royal 

Netherlands Meteorological Institute (KNMI) records are indicated in Table 2-1: 

Table 2-1: Climate data summary for Rotterdam((KNMI), 2010) 

Long-Term Averaged Climate Data for Rotterdam 

Parameter Value Unit 

Average maximum temperature 14 °C 

Average minimum temperature 6.4 °C 

Average temperature 10.4 °C 

Relative Humidity 83 % 

Sunshine hours 1623.8 Hours 

 

 

Figure 2-1: Temperature data summary of Rotterdam from 1981-2010((KNMI), 2010) 

Rainfall can be expected around all times of the year, having an average 11 days of rainfall every month 

throughout the year. Snow is experienced usually in December, January and February with an average of 

31 days of frost days annually. 

Design values from long-term weather data 

Climatic conditions widely affect the design and performance of renewable energy systems and also the 

outcome of building’s thermal performance simulation. EnergyPlus Weather (EPW) files are a popular 

format of weather files which contain necessary information in an hourly format for all 8760 hours of a 

year for a particular location. However, for Netherlands, only available location with EPW weather file is 

Amsterdam, and they have been used in: 

 Simulation of the energy performance of the building using CASAnova  

 Design of solar photovoltaic (PV) systems, micro-wind, ground source heat pump (GSHP) using 

System Advisor Model (SAM) 

With only a slight deviation in the weather characteristics between the two cities, this trade off had to be 

made for simulation purposes. Simulation using RETscreen and for other general calculations etc. a 

monthly averaged data of 22 years from July 1983 through June 2005 obtained from the NASA’s Surface 

meteorology and Solar Energy (SSE) project has been used(Paul W. Stackhouse Jr. (Surface meteorology 
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and Solar Energy), n.d.). A short summary of most important parameters used in the study is presented in 

Table 2-2, and for further information, refer to Appendix A. 

Table 2-2 - Design values of weather parameters 

Design Values for Various Weather Parameters 

Parameter Value Unit 

Air temperature 10.7 °C 

Daily solar radiation - Horizontal 2.81 kWh/m2/d 

Wind speed 5 m/s 

Earth temperature 10.9 °C 

Heating degree days 2757 days 

Cooling degree days 1088 days 

 

2.2 Spatial classification of site 

Van Maanenblok consists of five main streets:  

 Stadhoudersweg 

 Schieweg 

 Bergselaan 

 Van Maanenstraat 

 Stadhoudersplein 
 

 

Following zip codes, as shown in Table 2-3, corresponds to abovementioned streets: 

Table 2-3: List of Zip-Codes in Van Maanenblok 

 

 

 

 

 

 

Van Maanenblok can be classified into 3 segments of inhabitants, both based on their physical attributes 

and also their end-use of energy and functionality. Those three segments are; residential, commercial and 

swimming pool.  

It is a large complex consisting of modules of porticos, with the exception of Stadhoudersplein, which 

houses large number of shops including a supermarket on the ground level and multi-family residential 

Street Name Zip Codes 

Schieweg 3038BA 3038BB 3038BC 3038BD 3038BE 

Bergselaan 3038CP 3038CR 3038CS 3038CT 3038CV 

Van Maanenstraat 3038CW 3038CX 3038CZ    

Stadhoudersplein 3038EA      

Stadhoudersweg 3038EB 3038EC 3038ED 3038EE 3038EG 

 

Figure 2-2: Physical boundaries of Van Maanenblok 
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flats on higher levels. For all other streets, each portico consists of 4 levels; ground floor spaces are usually 

commercial spaces rented out to retail shops etc. and the upper 3 levels consists of 2 apartments on each 

level.  

Apart from commercial spaces and residential apartments, it also houses two of the largest swimming 

pools in North-Rotterdam; an indoor and outdoor swimming pool which are undergoing renovation at 

present.  

The distribution of physical area occupied by the three segments is shown in Figure 2-3:  

 

Figure 2-3: Physical area distribution in Van Maanenblok 

The residential area occupies the largest share of area with a total 32,739 m2, followed by commercial 

spaces which occupy 8545 m2 and finally the swimming pool which occupies 3416 m2 of the block.  

2.3 Description of end-user categories 

2.3.1 Residential spaces 

Van Maanenblok consists of 424 apartments. Most of the houses in the block were constructed in the 

early 1930’s until 1944, and had survived the World War II bombings. Architecture and the masonry are 

typical of that period, and are considered by the Municipality to be of monumental value. Due to this 

reason, any change that might lead to the defiling of the aesthetics of the exterior wall, especially of the 

walls facing the street-side, is prohibited by the government.  

The apartments on the ground floor 

(zeroth level) generally consist of a 

cellar space beneath it. Middle row 

apartments are of the least area as 

they are usually single storeyed 

apartments. The top floor 

apartments are also two-storeyed like 

the ground floor ones, only that in 

this case they occupy the 4th level 

and a space on the roof top with 

slightly lesser area. The average area 

of house in the block is 

approximately 77 m2. 

An example of such a portico is 

shown in Figure 2-4. Figure 2-4 – Residential apartment’s portico at Stadhoudersweg 
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Most of the apartments have undergone minor to extensive renovation since 2000. These renovations 

usually involve replacement of windows, refurbishment of floor, kitchen, bathroom and interior finish. 

However, in some cases, energy-efficiency improvement or building envelope quality improvements like 

installing new boilers, double-glazed windows etc. do happen. For most apartments, windows on at least 

one of the walls are double-glazed and as for the insulation, quality ranges from absolutely no insulation to 

very poor levels of insulation. A typical portico from Stadhoudersweg was chosen as a representative 

block due to the similarity in construction styles, period of construction etc. and also due to availability of 

information such as floor plan, envelope quality etc. A more detailed discussion will follow in Chapter 4 

under ‘Insulation Savings’.  

The energy consumption data of past 3 years, both electricity and gas for all the apartments were easily 

obtained through STEDIN – the grid owner of the block. However, the demand profile of electricity, 

domestic hot water (DHW), list of appliances or the lighting fixtures present in the apartments could not 

be obtained. For the design purposes, typical behaviour of Dutch apartments was presumed wherever 

there was lack of data.   

2.3.2 Commercial spaces 

Van Maanenblok consists of 39 commercial spaces used for variety of purposes; cafes, shops, supermarket 

etc. An example of a shop in Van Maanenblok in Stadhoudersplein is shown if Figure 2-5. 

List of commercial spaces in Van Maanenblok: 

 Offices 

 Retail shops 

 Pubs 

 Restaurants 

 Kindergarten 

 Pharmacy 

 Supermarket 

Atypical to the residential complexes in northern part of The Netherlands, the ground level spaces are 

generally rented out as commercial spaces. Some of these spaces are just residential spaces modified to be 

used as commercial spaces. 

 

Figure 2-5 – Commercial shops along the ground level of Stadhoudersplein 

Most of the shops have high electricity demand and relatively lower gas demand and generally have poor 

levels of insulation. The supermarket present in the complex could be of large potential in future due to its 

energy and waste balance. 
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2.3.3 Swimming pools 

Van Maanenbad is one of the largest swimming pools in North-Rotterdam. This swimming pool is owned 

by the Rotterdam Municipality and a company called “Sportfondsen” is responsible for the operation and 

maintenance of both swimming pools. 

Constructed in 1937, it is one of the oldest swimming pools and probably the most popular one in whole 

of Rotterdam. During a normal operation period, about 12,500 users visit the swimming pool every 

month. However, at the moment both the swimming pools are undergoing major renovation including 

replacement of all heating equipment, pumps, water treatment units etc. and have been currently closed 

down for the same.  

 

Figure 2-6 – Indoor swimming pool (Left) and Outdoor swimming pool (Right) 

2.4 Summary of site description 

 Van Maanenblok consists of five streets within the project boundary; Stadhoudersplein, 

Bergselaan, Schieweg, Stadhoudersweg, and Van Maanenstraat 

 There are three main end-users segments classified by the type of space; residential-space, 

commercial-space, and swimming pool (both indoor and outdoor) 

 Focus of the study is on residential space; Occupies 73% of the total block area amounting to 

32,739 m2 in total 

 Constructed in the early 1930s until 1944 and has survived the World War II bombings 

 Aesthetics have been intact preserved, declared as protected monument by the Municipality of 

Rotterdam 

 Portico style construction of apartments 
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3 ENERGY CONSUMPTION TRENDS AT VAN 

MAANENBLOK 

In this chapter, the energy consumption trends of Van Maanenblok for a three year period from 2011 

through 2013, with a September to August cycle, for both electricity and gas for all three end-use 

segments at Van Maanenblok are discussed.  

3.1 Data gathering and overall consumption trends 

Residential spaces and also commercial spaces in Van Maanenblok have different energy providers like; 

ENECO, Nuon, Greenchoice, Essent etc. The infrastructure needed for supplying electricity from grid to 

the consumer, and also for supplying the gas, is owned by STEDIN. Net metering is also taken care by 

STEDIN and thus it became fairly easy to obtain the energy consumption data for residential and 

commercial spaces from them. The only catch here is that the data logged by STEDIN is for a particular 

zip code, and not for an individual apartment. A zip code encompasses several apartments in it, and to 

obtain final energy consumption values, the data obtained from STEDIN was then cross-referenced with 

list of addresses in Van Maanenblok obtained from Municipality.  

For the residential sector and commercial spaces, the energy data presented below are on block-scale, with 

one zip code as the resolution level. For the Van Maanenbad swimming pool, the data is logged by the 

maintenance company Sportsfondsen. Upon requesting the company, the data was obtained for the same 

period as that of the other two end-users. In the tables below, the overall consumption of the entire block 

i.e. the annual grand total energy consumption in MWh of all three end users is tabulated as follows: 

Table 3-1 – Overall energy consumption of Van Maanenblok 

Energy Consumption of Van Maanenblok (MWh) 

Year Electricity Gas Total Energy 
2011 1589 5810 7399 
2012 1580 6953 8533 
2013* 1818 9018 10836 
Average* 1662 7260 8923 

Electricity consumed by all three end-users for the three year period is: 

Table 3-2: Electricity consumption of Van Maanenblok 

Electricity consumption (MWh) 

  Residential Commercial Swimming Pool Total 
2011 807 369 413 1589 
2012 801 362 418 1580 
2013* 820 349 649 1818 
Average 809 360 415* 1584* 

* Swimming pool and total energy consumption are averaged over 2011 and 2012 

Gas consumed by all three end-users for the three year period is: 

Table 3-3: Gas consumption of Van Maanenblok 

Gas consumption (m3) 

 Residential Commercial Swimming Pool Total 
2011 269,345  88,747  194,717  552,809  
2012 260,106  102,574  298,852  661,532  

2013* 255,626  92,538  509,809  857,973  
Average 261,692  94,620  246,785  607,171  
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NB: *The average for the entire block is taken as the mean of values of the years 2011 and 2012 because 

of aberration in the swimming pool consumption for the year 2013, which if included would obscure the 

average. The increased figures for swimming pool in 2013 are due to temporary conversion of outdoor 

pool into indoor pool, which led to increased electricity and gas consumption. This temporary conversion 

was done as a result of ongoing renovation of another swimming pool in Rotterdam, in lieu of which the 

indoor pool was used. 

3.2 Residential-space consumption trends 

The three year average of electricity consumption (kWh) and gas consumption (m3) of various apartments 

within the zip-codes mentioned in Section 2.2 were studied and also compared with the Dutch National 

average to assess the performance. A detailed data-set is presented in Appendix B1. 

As explained earlier in Table 3-2, on the block level, all the residential spaces put together consumes an 

average of 809 MWh of electricity and 262,000 m3 of gas annually. 

Energy intensity comparison of residential-space 

Energy intensity i.e. amount of energy consumed per unit area is a performance indicator to compare the 

energy-use, and assess the performance and efficiency of the user. The national energy use for a typical 

apartment of 125 m2 area in Netherlands was found to be 2585 kWh of electricity and 1329 m3 of gas 

annually(Brounen, Kok, & Quigley, 2012). From this data energy-use intensities could be derived, which 

are: 

 Annual electricity-use intensity: 2585 kWh ÷ 125 m2  = 20.7 kWh/m2 

 Annual gas-use intensity: 1329 m3 ÷ 125 m2  = 10.6 m3/m2 

 Annual total energy-use intensity: 16557 kWh ÷ 125 m2 = 132.5 kWh/m2 

Variation on electrical energy intensity against the Dutch national average is presented in Figure 3-1:  

Figure 3-1: Electricity-use intensity comparison with Dutch National average 
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Figure 3-2: Graphical representation of electricity-use intensity variation in residential-spaces of Van Maanenblok 

It is observed that all of the zip codes in Van Maanenblok exceed the Dutch national average, indicating 

that they consume more electricity than similar apartments across Netherlands. This particular behaviour 

could be attributed to user-behaviour and/or the presence of low electrical efficiency lighting and other 

appliances. 

For the gas consumption, the variation of intensity against the Dutch average is presented in Figure 3-3:

 

Figure 3-3: Gas-use intensity comparison with Dutch national average 
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Figure 3-4: Graphical representation of gas-use variation in residential spaces in Van Maanenblok 

In the case of gas-use too, it can be observed that all the zip-codes present in the block consume more gas 

for space heating and domestic hot water purposes than their counterparts. This increased use could 

probably be a result to the poor building envelope quality due to lack of insulation and the fact that these 

apartments were built in the early 1930s. User-behaviour might also be a factor, which has been looked 

into in Section 7.3. 

On the whole, the overall variation for the residential spaces is shown in Table 3-4 and Table 3-5: 

Table 3-4: Residential-space electricity-use and gas-use intensity comparison 

Residential space electricity intensity (kWh/m2) Residential space gas-use intensity (m3/m2) 

Energy Intensity  NL Avg 
Electricity 
Intensity 

Variation Gas-use 
Intensity 

NL Average 
Gas-Use 
Intensity  

Variation 

31.9 20.7 11.2 14.2 10.6 3.5 

Table 3-5: Residential-space total energy-use intensity comparison 

Residential space total energy intensity (kWh/m2) 

Total Energy Intensity NL Avg Energy-
use Intensity 

Variation 

180.6 132.5 48.2 

It can thus be established that all the apartments collectively in Van Maanenblok consume more energy, 

both in the form of electricity and gas, as compared to similar apartments in The Netherlands. 
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3.3 Non-residential space consumption trends 

As explained in section 2.3, Van Maanenblok has an assortment of commercial spaces and also two large 

swimming pools. Overall trend of commercial spaces within Van Maanenblok are concurrent with 

behaviour of other similar retail stores across Netherlands. However, it becomes exceedingly difficult to 

pin-point exact performance of a particular category of a shop against the data due to the collective nature 

of data-set obtained for a pin code. It could also be possible that large energy consumers like the 

supermarket present in the shopping mall obscure the average intensity of other smaller commercial 

spaces. Likewise, the trends observed for the swimming pool showed a better performance compared to 

Dutch National average. Since the main focus of the project is on residential spaces, the trends of 

commercial spaces and swimming pools were not studied much in detail. However, with future 

possibilities in mind, the trends were analysed nevertheless. 

3.3.1 Commercial-space energy consumption trends 

The three year averaged electricity consumption and gas consumption for the commercial spaces in Van 

Maanenblok are 360 MWh and 94,620 m3 respectively. A detailed data-set for all the commercial-spaces in 

various zip-codes of the block are presented in Appendix B2 and Appendix B3. 

Energy intensity comparison of commercial-space 

Since majority of the commercial spaces in Van Maanenblok are retail stores and restaurants, and only few 

spaces are for office purposes, only the national average intensity of retail shops was taken into 

consideration. The national average for shops were found to be 1100 MJ/m2, which equals 306 

kWh/m2(Stuart & Peek, 2013). 

Summary of the intensity comparison is shown if Table 3-6 and Table 3-7: 

Table 3-6: Commercial-space electricity-use and gas-use intensity comparison 

Commercial space electricity intensity Commercial space gas-use intensity 

Electricity 
Consumption (kWh) 

Area 
(m2) 

Energy Intensity 
(kWh/ m2) 

Gas Consumption 
(m3) 

Area 
(m2) 

Gas-use 
Intensity (m3/ 

m2) 
359,927 8545 42 94620 8545 11 

Table 3-7: Commercial-space total energy-use intensity comparison 

Commercial space total energy intensity 

Total Energy Consumption 
(kWh) 

Area 
(m2) 

Energy Intensity 
(kWh/ m2) 

NL Intensity for retail 
shops 

Variation 

1,354,428 8545 159 306 -147 

It is evident that shops in Van Maanenblok consume less energy as compared to national average; 

however this cannot be said with certainty due to the aforementioned reason. 

3.3.2 Swimming pool energy consumption trends 

Swimming pool consumes large amount energy, especially during winter, in order to maintain suitable 

temperature of water and also the ambience within. In the case of Van Maanenbad, the three year average 

consumption of electricity and gas are 415 MWh and 246,785 m3 respectively. A record of past three year 

data set is shown in Appendix B4 and Appendix B5. 
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Energy intensity comparison of Van Maanenbad 

The national average for swimming pool energy intensity was found to be 4500 MJ/m2 which is equal to 

1250 kWh/m2(Stuart & Peek, 2013). Summary of energy intensity comparison of Van Maanenbad is 

shown in Table 3-8 and Table 3-9: 

Table 3-8: Swimming pool electricity-use and gas-use intensity comparison 

Swimming pool electricity intensity Swimming pool gas-use intensity 

Electricity 
Consumption (kWh) 

Area 
(m2) 

Energy Intensity 
(kWh/m2) 

Gas Consumption 
(m3) 

Area 
(m2) 

Gas-use 
Intensity 
(m3/m2) 

415,223 3416 122 246,785 3416 72 

Table 3-9: Swimming pool total energy-use intensity comparison 

Swimming pool total energy intensity 

Total Energy 
Consumption (kWh) 

Area (m2) Energy Intensity 
(kWh/m2) 

NL Intensity for 
swimming pools 

Variation 

3,009,043 3416 881 1250 -369 

 

It can be observed that Van Maanenbad performs better than other similar swimming pools in 

Netherlands. This variation could become larger as more energy efficient equipment are planned to be 

commissioned post-renovation. 

3.4 Summary of energy consumption trend at Van 

Maanenblok 

 Residential-space 3- year averaged annual electricity consumption is 809 MWh and gas is 261,692 

m3  

 All the residential spaces in Van Maanenblok, based on the zip-code cluster data, exceed the 

Dutch national average energy intensity for both electricity and gas 

 The deviation of Van Maanenblok electrical intensity from national average is 11.2 kWh/m2/year 

 The deviation of Van Maanenblok gas intensity from national average is 3.5 m3/m2/year 

 Commercial-spaces and swimming-pool both perform better than Dutch national average for 

their counterparts 
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4 PASSIVE ENERGY REDUCTION MEASURES 

Following the first step of the Trias Energetica approach, the potential of passive energy reduction 

measures for reducing thermal energy and electrical energy demand were investigated. In general passive 

energy reduction measures range from simple modification of user behaviour and existing systems to 

more complex means that include but are not limited to installation of heat recovery units, building 

insulation improvement etc. 

In the case of Van Maanenblok, majority of the apartments were constructed in 1930’s and have a very 

poor thermal insulation. Studies suggest a strong link between resource consumption and vintage of the 

building(Brounen et al., 2012). Gas consumption of buildings constructed between 1930-44 have the 

highest gas consumption within the apartment class. In the case of electricity consumption, surprisingly 

they fare better than apartments constructed in the later part of the century, which could be attributed to 

lack of as many modern appliances.  

 

Figure 4-1: Construction age – Dwelling type interaction for (A) Annual gas consumption (m3) per capita and (B) Annual electricity 

consumption (kWh) (Brounen et al., 2012) 

Given the nature of masonry and status of the building envelope, it becomes all the more important to 

find means to reduce energy consumption of individual apartments present in Van Maanenblok. Passive 

reduction measures are divided into two categories, namely; thermal and electrical. In the following 

sections, the possibilities within Van Maanenblok are explained. 

4.1 Thermal energy demand reduction 

Nearly 67% of the primary energy consumption of a residential space goes into space heating and 

domestic hot water production needs (ODYSSEE, 2012). Thus, reducing the demand for the same would 

have significant impact on nearing the goal of approaching near zero energy building status.  

 

Figure 4-2: Residential gas use distribution in Netherlands (Stuart & Peek, 2013) 
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According to the Central Bureau of Statistics (CBS) in Netherlands, nearly 79% and 19% of the gas 

consumed by a residential space goes into space heating and domestic hot water production respectively as 

shown in Figure 4-2. 

For Van Maanenblok, the potential for thermal energy reduction i.e. the annual gas consumption (m3) 

reduction is divided into; a) reduction of space-heating demand by building envelope quality 

improvement, and b) reduction of gas demand for domestic-hot water production by the use of shower 

heat recovery units.  

4.1.1 Building envelope improvement 

Van Maanenblok consists of the portico system of apartments typically prevalent in Rotterdam, consisting 

of 4 storeys; a split level ground floor apartment with a basement, separate apartments on the two middle 

levels, and finally top-most level also consisting of a split-level apartment all stacked one above the other. 

To assess the current thermal model of the block, a representative portico was taken and an apartment 

from each storey was modelled on CASAnova to assess the current thermal performance and also to 

decide the future performance for various insulation scenarios. 

CASAnova is a building energy simulation tool capable of predicting the space-heat demand for a given 

building if other inputs such as; climate data, insulation level, building geometry, internal heat gain etc. are 

provided. It was chosen for this study for its simplified user-interface for the simulation, despite the 

limitations of the tool in its limited set of input parameters and single-zone modelling as compared to 

other tools such as EnergyPlus or eQuest.  

4.1.1.1 Performance assessment of base case scenarios 

For each of the representative apartment, the base-case was simulated and output of the simulation was 

then compared with actual consumption obtained from the residents of respective apartments to cross-

verify the validity of simulation. It was observed that the output of the simulation was close to the actual 

performance, with the simulation predicting 15% in excess for the amount of natural gas required for 

space-heating performance. 

Base case summary for middle row apartment in Stadhoudersweg apartment is presented in Table 4-1: 

Table 4-1: Base case thermal performance summary 

Parameter Value Unit 

 
 

U-Values 

Roof 1 W/m2K 

Wall 1.5 W/m2K 

Floor 1 W/m2K 

 
 

Energy Demand  

Heat Demand 218.3 kWh/m2a 

Cooling Demand 0.5 kWh/m2a 

Mean U-value 1.12 W/m2K 

 
Gas Demand 

Natural Gas Demand 1451 m3 

Euros Spent 943 Euros 

 

The magnitude of heat lost from different sections of the building envelope was ascertained in order to 

find out the optimum levels of insulation and also to identify sections that require to be insulated, result of 

which is presented in Figure 4-3. 
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Figure 4-3: Heat loss from representative middle row apartment in Van Maanenblok 

It was observed that for most of the apartments, heat loss was mainly through the roof and floor. Most of 

the apartments already were equipped with double-glazed windows on the road facing wall. The external 

wall insulation case was entirely ruled out as it would violate the mandate from Rotterdam Municipality. 

Further, the insulation of external wall is costlier compared to roof or floor surfaces.  

4.1.1.2 Performance assessment of various insulation scenarios 

CASAnova was also used to simulate the extent of energy savings possible under different insulation 

scenarios ranging from insulating one typical surface of the envelope to a combination of insulating all the 

surfaces of the envelope. Result of the savings potential is presented in Figure 4-4. 

 

Figure 4-4: Insulation scenario comparison 

It was observed during the simulation process that the effect of window glazing on the North-Facing, 

which is the wall opposite the road-facing window that is already double glazed, is negligible in order to be 
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cost-effective and hence the window glazing for other windows were excluded from consideration. As 

shown in Table 4-2, the combination of insulating all the three surfaces i.e. roof, floor & wall albeit having 

the highest energy reduction potential, it cannot be applied to Van Maanenblok due to poor economic 

returns. Therefore, the second-best option of insulating the roof & floor surfaces was chosen as the ideal 

solution to be adopted in the block.  

Table 4-2: Cost performance of various insulation scenarios 

Parameter Wall Alone Floor Alone Roof Alone Roof & 
Walls 

Roof & 
Floor 

Roof, Floor 
& Walls 

Estimated 
Cost of 
Insulation 

 
€ 2,318.00 

 
€ 3,839.00 

 
€ 4,955.80 

 
€ 7,273.80 

 
€ 8,794.80 

 
€ 11,112.80 

Simple 
Payback 
(Years) 

 
13.4 

 
18.2 

 
15.2 

 
14.8 

 
16.6 

 
17.7 

Percentage 
Reduction 
in Gas 

 
18% 

 
22% 

 
35% 

 
52% 

 
56% 

 
67% 

 

The cost of insulation per house would significantly drop if the insulation is done on the portico-scale, as 

the section between floor of an upper level apartment and the roof of the lower level apartment are the 

same.  

4.1.2 Shower heat recovery systems 

In order to reduce the demand for gas meeting domestic hot water (DHW) requirements, the possibilities 

were investigated using the third step of Trias Energetica; making efficient use of conventional energy was 

adopted. Shower heat recovery systems reduce the gas demand by preheating the feed water supplied to 

the boiler by using a heat exchanger to extract low-grade thermal energy from used shower or drain water.  

Two types of shower heat recovery units (SHRU) were investigated; Vertical SHRU and Horizontal 

SHRU.  

Vertical shower heat recovery units 

In the case of vertical SHRU, if the drain pipe sufficiently long, a 

heat exchanger can be installed along it to extract the waste heat of 

drain water. Such systems are less expensive in terms of both 

equipment and installation costs. They also have energy reduction 

potential as compared to the horizontal SHRUs.  

The potential drawback of these vertical SHRUs is that they are 

ideally suited only for separate houses which have sufficiently long 

pipelines to carry the drain water out to the sewer. In Van 

Maanenblok, as apartments are stacked one over the other, the 

pipelines are not long enough to be installed except the case of 

ground floor apartments which have sufficient space. Without the 

installers view, it would thus become difficult to choose one typical 

system to be installed in the whole of the block and hence 

Horizontal SHRUs were considered in the study too.  

Figure 4-5: Vertical shower heat recovery 

system 
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Figure 4-6: Horizontal shower heat 

recovery system 

Horizontal shower heat recovery units 

In cases where there is shortage of pipeline length, a special cavity is 

installed beneath the shower drain area in order to attach the heat 

exchanger between the feed line and the drain line.  

Both the installation costs and investment cost on the equipment thus 

tend to be much higher compared to the Vertical SHRUs. Horizontal 

SHRUs also tend to perform slightly poorer than the vertical systems. 

In Van Maanenblok, this could possibly be the most-likely solution 

despite the higher investment costs and lower performance.  

A comparison between the estimated annual savings and installation 

costs of both systems are shown in Table 4-3 (Milieu Centraal, 2014). 

 

 

 

 

Table 4-3: Comparison of vertical and horizontal shower heat recovery units 

System Type Cost of SHRU Cost of Shower Base Installation Costs Annual Gas Savings 

 
Vertical SHRU 

 
€ 400-700 

 
- 

 
€ 200 

 
105 m3 

 
Horizontal SHRU 

 
€ 800-1000 

 
€ 300 

 
€ 1,000 

 
85 m3 

 

4.1.3 Summary of Van Maanenblok gas-use reduction potential 

The aforementioned scenarios of reducing gas demand for space heating and DHW purposes through 

insulation improvement and installation of shower heat recovery were devised at an apartment level. 

These scenarios had to be then extrapolated to the block scale, assuming all the residential apartments will 

undergo similar retrofitting measures to reduce gas demand. The energy savings were projected as follows: 

 The total gas consumption of Van Maanenblok is 262,000 m3 annually 

 Gas used for space heating purpose can be reduced by 56% from 206,737 m3 to 90,964 m3 

annually  

 Insulation savings result in 44% reduction on total gas consumption in Van Maanenblok 

 Gas used for DHW purpose can be reduced by 49% from 49,722 m3 to 25,362 m3 annually 

 A combination of insulation and SHRU system can result in a total  54% reduction on block level 

Figure 4-7: Gas-use reduction possibility in Van Maanenblok 
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4.2 Electrical energy demand reduction 

As seen earlier in Section 2.1, all the zip-codes in Van Maanenblok have an electrical intensity higher than 

similar Dutch residential apartments in The Netherlands. One of the most common and proven electricity 

consumption reduction measures is lighting retrofit. Light Emitting Diodes (LED) is one of the fastest 

growing technologies which is transcending from research phase to commercial phase, with still plenty of 

scope for advancements. Commercially, LED retrofits have started capturing the market, and are expected 

to grow at a rate of 39% through 2015 (El-zein, 2014a). 

In order to assess the electricity demand reduction potential using lighting retrofit, it was essential to 

gather the nearest assumption since exact demand profile is unknown. In Netherlands, nearly 16% of the 

electricity consumed in an apartment is used for lighting purposes, as shown in Figure 4-8.

 

Figure 4-8: Residential electricity use distribution in Netherlands (Stuart & Peek, 2013) 

4.2.1 Lighting fixtures in Dutch apartments 

As mentioned earlier, the exact nature of appliances and lighting fixtures present in the households in Van 

Maanenblok could not be determined and therefore a general assessment on the lighting fixtures present 

in a typical Dutch household was used to determine the electricity savings from LED Retrofit.  

Average Dutch household has 57 light bulbs, of which 75% are in use i.e. 43 light bulbs and the 

distribution of lighting fixture types (Hendriksen, 2009) is shown in Figure 4-9. 

 

Figure 4-9: Lighting Fixture Distribution in a Dutch Household 
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71% of the 43 light bulbs in an apartment results in about 30 incandescent and halogen lighting fixtures 

together which have a power rating of 40 W and 50 W respectively. The remaining light bulbs are 

relatively low energy fixtures offering only very little scope for energy conservation and thus were not 

included in the electricity savings calculation. 

4.2.2 Light emitting diodes (LED) retrofit 

Lighting fixtures have evolved rapidly over the last century, from the early oil-lamps to the tungsten 

filament incandescent lamps, and fluorescent tube-lights. Towards the end the 20th Century, several 

developments took place which improved the efficiency of the lighting fixture, of which one of the 

significant developments was Compact Fluorescent Lamps (CFL). With the revolution of semiconductor 

industry, LEDs that started off on the lab scale has now grown rapidly to the extent of being used as 

lighting fixture in residential and also commercial applications and is now competing with the commercial 

maturity of CFLs. 

According to Haitz’s law, the light output of LEDs in lumens, will double every 18-24 months(El-zein, 

2014b). With such high scope of future developments, the cost of LEDs will rapidly reduce, and the 

diffusion into market will increase commensurately, to the extent to which, traditional light-bulbs will 

soon be entirely phased-out and be replaced with LEDs and CFLs. 

Advantages of using LEDs in residential apartments include: 

 Offers a wide range of colours due to higher Correlated Colour Temperature (CCT) range: 2700 

K to slightly more than 4000 K 

 Several features including spot-lighting, dimming ability etc. 

 Lifetime greater than 30,000 hours to up to 50,000 hours 

LEDs belong to the Solid State Lighting (SSL) class of 

semi-conductors which emit light at a particular 

wavelength depending upon the composition of the 

elements present in the p-n junction layers. Stacks on 

p-n junctions form a LED light, which then are 

arranged in an array to form a lighting fixture. Thermal 

management is very important in ensuring increased 

lifetimes and consistent performance of the LEDs. 

Therefore, LEDs used in residential fixtures are 

equipped with heat sinks to extract the heat away from 

the p-n junction later, as shown in Figure 4-10 

(PHILIPS, n.d.).   

4.2.3 Summary of Van Maanenblok electricity-use reduction potential 

Other electricity conservation measures such as replacement of old inefficient appliances with modern 

appliances having higher energy efficiency were not considered as a part of this study due to lack of 

knowledge on existing appliances in Van Maanenblok. Lighting electricity reduction through only 

replacement of the incandescent and halogen lighting fixtures with suitable LED fixtures with 8-10 W 

rating will result in energy savings potential of more than 80%(El-zein, 2014b).  

Despite, the several advantages of LED over CFL (Gan, Sapar, Mun, & Chong, 2013) such as extended 

lifetime, lower power rating etc., at present high reluctance from residents to replace CFLs with LEDs is 

suspected. Therefore, only the replacement of those 30 traditional and halogen bulbs per apartment have 

been considered and the impact on block-scale is extrapolated from apartment data, which is presented in 

Table 4-4. 

Figure 4-10: Cross-section of LED with thermal 

management  
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Table 4-4: Summary of lighting demand reduction in Van Maanenblok 

Current Lighting Demand 

Halogen + Incandescent Demand (71%)                           91,945  kWh 

Other Light source (29%)                           37,555  kWh 

Original Total Lighting Demand                        129,500  kWh 

LED Retrofit Scenario 

New LED Fixture demand                           18,389  kWh 

Other Light source                           37,555  kWh 

Original Total Lighting Demand                           55,944  kWh 

 

Projected energy savings on block scale is as follows: 

 Lighting energy can be reduced by 57% by replacing traditional bulbs with LED lighting fixtures 

 LED Retrofit thus has a potential to reduce the total electricity consumption by 9% as shown in 

Fig 4-11 

 

Figure 4-11: Electricity-use reduction possibility in Van Maanenblok  
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5 ENERGY SUPPLY MIX 

After having assessed the energy consumption data, and applying the first step of Trias Energetica to 

investigate means to reduce energy demand of the block passively, we now proceed to the second step; 

meeting the reduced energy demand through renewable energy resources. 

To meet the heating demand, several technologies were chosen and a multi-criteria analysis (MCA) was 

performed to short-list to technologies to be investigated. Finally, ground-source heat pump (GSHP) and 

biogas CHP system were chosen to meet the heat demand. In order to meet the electricity demand from 

within the physical boundaries of the block, along with the biogas CHP, only two options were available; 

solar photovoltaic (PV) systems and micro-windmills.  

After the assessment of potential of each of the renewable energy resources, followed by basic sizing and 

simulation in the case of solar PV using System Advisor Model (SAM), the final energy supply mix was 

obtained for Van Maanenblok. 

5.1 Multi-criteria analysis (MCA) for technology selection 

Multi-criteria analysis can be defined as a decision-making tool or an aid that allows comparison between 

given set of choices over a certain deciding criteria or parameters, which then helps the decision-maker to 

arrive at a prudent choice (Chakhar & Mousseau, 1975). 

There are several heating technologies available in the market as of date, but given the scope of project to 

find sources that are renewable in nature, it becomes difficult to decide on one particular choice of 

technology due to conflicting possibilities. However, performing a MCA can help decide between the 

initial set of choices and later on be sized to see if it meets the expectations of the project. 

The initial set of technologies chosen for heating was: 

 Higher efficiency gas boilers (HR Ketels) 

 Micro-CHP units 

 Biogas CHP units 

 Ground-source heat pumps 

 Air-source heat pumps 

 Solar collectors 

The deciding parameters used to evaluate and decide from the initial choices were of both qualitative and 

quantitative nature. They were categorised into technical, financial and social aspects, and each parameter 

was then assigned with a certain weighting value. Upon performing MCA, choices were ranked from most 

preferred to least preferred set of solutions and later sensitivity analysis was carried out to see if variance 

in weighting value largely affects the MCA result. Choice of parameters used is shown in Figure 5-1: 

 

Figure 5-1: Deciding criteria for multi-criteria analysis for heating technology selection 

• Versatility (Capacity 
factor, Resource 
availability ) 

Technical 

• Investment Cost (€/kW) 

• LCOH (€/GJ) 
Financial 

• Building compatibility 

• Residents’ acceptance 
Social 
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Under the technical aspects, a qualitative parameter, versatility was chosen. Versatility in this context was a 

qualitative judgement made from investigating the energy resource potential for the given location, 

efficiency of the system, and also the capacity factor.  

Both the parameters in financial aspects were quantitative in nature; Investment cost (€/kW) and levelised 

cost of heating (€/GJ). These parameters were obtained from IPCC fifth assessment report (Bruckner & 

Chum, 2011).  

The social aspects of parameters were included to qualitatively assess the acceptance of the residents in the 

block and also the ease of installation i.e. the compatibility of the technology in the block. 

Table 5-1 shows the initial matrix containing the evaluation parameters and the corresponding scores of 

the initial set of technologies. 

Table 5-1: Evaluation matrix for the MCA 

 Financial Technical Social 

Weightage 35 20 15 15 15 

Options 

LCOH 
($/GJ) 

Investment 
Cost ($/kW) 

Versatility Ease of 
Installation 

Resident's 
Acceptance 

Biogas CHP 42  $                   
755.00  

+++ ++++ ++++ 

Solar Thermal 
(Combi) 

71.4  $               
1,165.00  

++ +++ ++++ 

Ground Source HP 33.6  $               
2,350.00  

++++ ++ ++ 

Air Source HP 28.8  $               
1,897.00  

++ +++ +++ 

Micro CHP Units 26.6  $               
2,200.00  

++++ ++++ +++ 

HR Boilers 25.92  $                     
70.00  

+++++ +++++ +++++ 

 

Following the entry of evaluation matrix, both the quantitative data and qualitative data are then 

normalized to a value between 0 and 1 to bring uniformity in the data for easier comparison. The detailed 

calculation of overall dominance of one technology over the other using standardised data of both 

quantitative and qualitative data is presented in Appendix D. The result obtained from MCA in the form 

of overall dominance of a technology against the rest and corresponding ranking is shown in Table 5-2: 

Table 5-2: MCA Result and ranking of technology 

Overall Dominance and Ranking 

Technology Total Score Original Rank 

HR Boilers 28 1 

Biomass (DPH) 4 2 

Micro CHP Units 3 3 

Air Source HP -5 4 

Ground Source HP -10 5 

Solar Thermal (Combi) -20 6 

 

This result from Table 5-2 is the segregated into individual and collection options as shown in Figure 5-2. 
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Figure 5-2: Sorting of MCA result into collective and individual options 

As there in an uncertainty on the number of possible participants, solution had to be categorised into two 

different scenarios. Collective option is the scenario wherein majority of the inhabitants agree to take part 

in the initiative. In case of lack of a majority and if still the agreeing inhabitants would like to go ahead 

with the initiative, individual solution is presented, wherein high efficiency boiler seems to be the best 

solution even though it does not use renewable resource. Micro-CHP becomes void if insulation retrofit is 

carried out, as the thermal load becomes too low for Micro-CHP to operate in a viable manner. 

Finally, collective option was chosen and solar collectors were ruled out due to lack of roof space since 

solar PV would be installed for generating electricity. This results in two technologies being chosen for 

heating technology for which sizing is discussed in Section 5.3. 

5.2 Electricity production possibilities 

Electricity demand reduction using LED retrofit was discussed earlier in Section 4.2. Following that, the 

reduced demand should be met using renewable energy sources. In Van Maanenblok, only solar PV 

systems and micro-windmill systems have been considered because of compatibility within the building, 

which is a clause set in the project boundary condition.  

For both the systems, installers in Netherlands were readily identified and upon request quotations were 

provided by them. Solar PV systems were investigated by Herman B.V. for two of the blocks, Van 

Maanenstraat and a portion of Stadhoudersweg. System sizing has been performed using System Advisor 

Model (SAM) to estimate the annual output and performance.  

Micro-windmills are of spiral axis turbine, which are one-of-the-kind systems developed by Archimedes 

B.V. A quotation was offered by them for the installation of micro-windmills on the roof top of the tallest 

building in Stadhoudersplein.  

5.2.1 Solar photovoltaic (PV) systems 

Solar PV systems are one of the most mature electricity producing renewable energy source which has 

shown tremendous growth in the market over the past few decades. It offers several advantages like 

compatibility with the building, plenty of installers with commendable know-how, information and 

communications technology (ICT) integration for monitoring and performance analysis etc. 
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A schematic of typical installation is shown if Figure 5-3. 

 

Figure 5-3: Typical installation of grid-connected Solar PV systems (Source: ClimaCare) 

In Van Maanenblok, the roof space had to be assessed carefully in order to estimate the number of solar 

panels that can be installed. Roof dimensions were obtained and then the number of solar panels that can 

be installed was calculated on the basis of solar panel dimensions and also on the minimum spacing 

required between two arrays to avoid shading losses. 

Choice of solar panel: Yingli – YL260P – 29b 

 

Dimensions for the panel shown in Figure 5-4 are shown in Table 5-3. 

Table 5-3: Panel dimensions and configurations 

Panel Configuration 

Panel Angle 23 ° 

Length 1.65 m 

Breadth 0.99 m 

Panel area 1.63 m2 

Panel efficiency 15.30 % 

 

Minimum inter-spacing between two arrays were compared for both 

landscape and portrait orientation of the solar panels to find out which 

configuration yields maximum number of solar panels on rooftop. The 

calculation is based upon Figure 5-5 (Meck, 2012).  

 

Figure 5-5: Solar array interspacing description 

Figure 5-4: Yingli YL 260P Solar 

Panel 
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Length of shadow casted by the array on the winter solstice i.e. Dec 21st of a particular year must be 

calculated based on the Azimuth (ψ) and Elevation (α). The azimuth and elevation for Rotterdam were 

obtained from calculator on the National Oceanic and Atmospheric Administration (NOAA) 

website(NOAA, n.d.).  

Equations for calculating the shadow length and interspacing distance is shown below (Meck, 2012)and 

the results are shown in Table 5-4. 

   
 

    
  

        (      ) 

        ( ) 
Where: 

α = Solar altitude angle 

φ = Solar azimuth angle 

h = Obstruction height 

D = Minimum array row spacing 

D’ = Maximum shadow length 

x = Tilted module length 

θ = Solar panel tilt angle 

Table 5-4: Comparison of landscape and portrait configuration for array interspacing distance 

Landscape Configuration Portrait Configuration 

Parameter Value Unit Parameter Value Unit 

Obstruction height 0.3868238 m Obstruction height 0.644706362 m 

tan (a) 0.2103685 ° tan (a) 0.210368512 ° 

D' 1.8387914 m D' 3.064652384 m 

cos (180 - y) 0.9167118 ° cos (180 - y) 0.916711751 ° 

D' 1.6856417 m D' 2.809402853 m 

Array Interspacing Distance 1.69 m Array Interspacing Distance 2.81 m 

Panel base length 0.91 m Panel base length 1.51 m 

Roof-Edge Spacing 0.5 m Roof-Edge Spacing 0.5 m 

 

Knowing the panel dimensions, minimum clearance from roof edges, and also the array interspacing 

distance, it became easier to estimate the total number of panels that can be installed on the rooftop. It 

was found that portrait configuration of solar panels provided the most number of panels on the rooftop. 

The estimation will not be entirely accurate since there are several obstacles in the rooftop such as 

chimney outlets, sunroof windows etc. which can obstruct the space available for installation of panels. 

The theoretical estimation is corrected by cross-verifying with the number of panels quoted by installer 

Herman B.V.  
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The results are shown in Figure 5-6 and detailed calculation can be seen in Appendix E3. 

 

Figure 5-6: Estimated number of panels on the rooftop of Van Maanenblok 

In total 996 panels can be installed, each with a rating of 260 Watt peak, thus resulting in a total system 

size of nearly 269 kWDC. Estimated output was simulated using SAM (NREL, 2014) and was found to be 

223 MWh annually and a breakdown of monthly electricity generation is shown in Figure 5-7. Refer to 

Appendix E3 for SAM report. 

 

Figure 5-7: Monthly electricity generation from solar PV at Van Maanenblok (Source: SAM simulation) 
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5.2.2 Micro-windmill systems 

Building integrated wind energy conversion systems (BIWECS) are fast gaining popularity in the market 

due to several advantages inherent to the system. Commonly, Horizontal Axis Wind (HAW) turbines are 

used in large-scale wind energy production and for BIWECS Vertical Axis Wind (VAW) turbines are 

found in the market. Recent developments in the wind energy turbines have produced smaller and silent 

turbines, and in Van Maanenblok in order to meet the electricity demand, an innovative solution was 

proposed in the form of LIAM F1 (the Archimedes BV, 2014) turbine, a type of Spiral Axis Wind (SAW) 

turbines developed by De Archimedes B.V.   

Some of the advantages of LIAM F1 turbines are: 

 Insensitive to turbulence  

 Low noise levels < 45 Db (Ji, Korea, & Kim, 2014) 

 High overall efficiencies of up to 45% 

 High safety levels 

 Self-yawing mechanism to face blades in optimum wind 

direction (Ji et al., 2014) 

 

 

Figure 5-9 shows the latest LIAM F1 wind turbine 

 

Potential wind resource available in the form of cumulative wind speed frequencies obtained from KNMI 

HYDRA project (Verkaik & Wieringa, 2011) for Van Maanenblok is shown in Figure 5-9: 

 

 

Figure 5-9: Frequency table of potential wind speed – Distributive relative 
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Figure 5-8: LIAM F1 Micro-wind turbine 
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Using the power curve of LIAM F1 wind turbine, as shown in Figure 5-10, the annual energy production 

curve can be estimated. 

 

Figure 5-10: Power curve of LIAM F1 Wind turbine 

Using the wind speed availability in Rotterdam, and also the power curve of the windmill, the annual 

energy production for each windmill was found using the formula shown in Equation 5-1: 

                  

Power obtained from Equation 5-1, multiplied with the number of hours of occurrence of a particular 

wind speed, yields the results shown in Figure 5-11. For detailed calculation, refer to Appendix E4. 

 

Figure 5-11: Annual energy production in Van Maanenblok for different wind speeds using LIAM F1 wind turbine 

Using the above formula, on a very theoretical approach it was found that each windmill is capable of 

generating 1749 kWh annually. However, the Research and Development (R&D) team of De Archimedes 
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stated that each windmill is capable of producing nearly 2300 kWh per annum due to high Cp of more 

than 0.52 above wind speed of 10 m/s (the Archimedes BV, 2014). 

As quoted by the installer on inspection of the rooftops, a total of 24 windmills can be installed on the 

tallest building on Van Maanenblok i.e. in Stadhoudersplein. On the basis of theoretical calculation, all 24 

windmills in total can generate nearly 42 MWh of electricity. On the basis of installer’s estimate, a total of 

58.86 MWh can be generated annually.  

As it was difficult to accurately estimate the exact output, a simulation was performed in SAM (NREL, 

2014) to find out for a varying capacity factors, the range of energy production possibilities and their 

corresponding payback period. Summary of the result of this simulation is presented in Table 5-5.  

Table 5-5: Wind annual energy production for varying capacity factors (CF) and corresponding payback period 

Capacity 
Factor 

Annual Energy Production 
(kWh) 

LCOE Real (€ 
cent/kWh) 

Net Savings 
(€) 

Payback 
(Years) 

CF - 18% 37,843 27.5 8,854 18.6 

CF - 19% 39,946 26.0 9,346 17.7 

CF - 20% 42,048 24.7 9,839 17.0 

CF - 21% 44,150 23.6 10,331 16.2 

CF - 22% 46,253 22.5 10,823 15.6 

CF - 23% 48,355 21.5 11,315 15.0 

CF - 24% 50,458 20.6 11,807 14.4 

CF - 25% 52,560 19.8 12,299 13.9 

CF - 26% 54,662 19.0 12,791 13.4 

CF - 27% 56,765 18.3 13,282 12.9 

CF - 28% 58,867 17.7 13,774 12.5 

 

It can be concluded that the 24 windmills on the rooftop of Stadhoudersplein can generate a minimum of 

42 MWh and up to a maximum of 59 MWh of electricity annually. 

5.3 Investigation of thermal energy production possibilities 

Following the investigation of electricity generation possibilities within Van Maanenblok, the heat 

generation possibilities are explored. MCA results from Section 5.1 indicate that Biogas CHP and ground 

source heat pumps (GSHP) are ideal solutions best suited for meeting the objective of this study. 

Investigating the concept of “Closing the loop” i.e. to maximise energy utilisation and also the extraction 

or recovery of energy from the waste streams generated within the block was part of the request from 

BLIJstroom. Hence, Biogas CHP system operating on anaerobic digester (AD) gas produced by digesting 

kitchen & organic waste, and bulky garden waste from Van Maaneblok has been explored.  

Ground-source heat pumps are well matured technology and they are fast gaining strong market share in 

the residential sector especially in retrofit and renovation projects due to their hassle free operation. 

Ground-source heat pumps are very difficult to size and also the solution needs to be very specific to the 

project location. Due to lack of data and shortage of time, only a superficial exploration on the magnitude 

of heat energy that can possibly be produced from the block has been investigated. 
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5.3.1 Biogas CHP 

With 424 houses and a possibility of including waste streams of cafes, restaurants, and also the 

supermarket, the energy potential can prove to be of great potential to meet the heat and electricity 

demand in Van Maanenblok.  

With regard to this, firstly the amount of waste generated for each type of waste is estimated from generic 

data available on the waste generation in Netherlands. If per capita waste generation within Netherlands is 

known, then the distribution pattern of waste generation obtained from generic data can be extended to 

the per capita basis and then extrapolated to the block scale in Van Maanenblok.  

Results of waste generation for the past 10 years obtained from Eurostat (Eurostat, 2014) is shown in 

Table 5-6. 

Table 5-6: Municipal waste generation (MSW) in Van Maanenblok 

Municipal solid waste generation 2001-2010 Average (in 1000 tonnes) Contribution (%) 

Paper & cardboard 1052.4 28.77% 

Glass 342.8 9.37% 

Cartons for beverages 2 0.05% 

Metal packaging 2.2 0.06% 

Plastic packaging 14.7 0.40% 

Other plastics 2.2 0.06% 

WEEE 70 1.91% 

Metals household waste 78.4 2.14% 

Furniture 33.2 0.91% 

Bulky garden waste 411 11.24% 

Wood 311.1 8.51% 

Organic, kitchen and Garden Waste 1337.7 36.57% 

Total 3657.7 - 

Per capita waste generation, also obtained from Eurostat (Eurostat, 2014) for the same time period 

indicate that 586.6 kg of waste is generated per person per year. Using the Table 5-6, it was ascertained 

that nearly 66 kg of garden waste and 215 kg of kitchen wastes are generated per capita annually in 

Netherlands. 

To extrapolate this to the block scale, it was assumed that 95% of the houses were occupied in Van 

Maanenblok, and with 424 houses having 2.28 persons per household (OECD, 2009) following results 

were obtained, as shown in Table 5-7: 

Table 5-7: Annual waste generation (kg) and corresponding biogas yield (m3) 

Parameter Grass & Garden waste Organic Waste 

Annual waste (kg) 61,065 198,751 

Dry Matter Content (%) 12.50% 12% 

Specific gas yields (m3/kg DM) 0.43 0.57 

Biogas Yield 3282.25 13594.60 

Total Yield (m3) 16877 
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Production of biogas from waste: 

Anaerobic digesters (AD) are commonly used for Organic Fraction Municipal Solid Wastes (OFMSW). 

An example of general process involved in generating energy from waste using a biogas CHP and AD is 

shown in Figure 5-12. 

 

Figure 5-12: General process for an Anaerobic Digester (AD) codigestion plant 

When the amount of waste fed to the digester is known along with the dry matter (DM) content of that 

particular waste, specific biogas yield (m3/kg) would give us the amount of biogas that can be produced. It 

was found that source separated kitchen waste and garden waste yield 0.43 m3/kg DM and 0.57 m3/kg 

DM (Jørgensen, 2009). The amount of biogas that can be produced from within Van Maanenblok using 

only the residential wastes is nearly 17,000 m3, as shown in Table 5-7. 

Energy content of biogas depends on the methane content, and this mixture of this biogas contains 65% 

of biogas yield from garden waste and 55% from kitchen waste (Jørgensen, 2009). It was found that total 

energy content of the biogas is 102 MWh. For detailed calculations, refer to Appendix E2. 

Utilisation of biogas: 

Up to this point, the method of production and utilisation of biogas was investigated. However, there are 

several methods with which the produced biogas can be utilised to generate energy. Biogas can be fed in 

to combined heat and power (CHP) units to produce both electricity and heat, upgraded to be used as 

vehicle fuel or as domestic kitchen fuel, for electricity-only configuration, and also for heat-only 

configuration by combusting in gas boilers to heat water. 

Due to the project boundary conditions and high-consumption nature of the block, both heat and 

electricity options were explore simultaneously by the use of CHP units. Anaerobic biogas CHP units are 

versatile solutions that are approaching mass market and can be considered as technology that is fairly 

approaching maturity, as shown in Figure 5-13 (International Energy Agency, 2007). 
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Figure 5-13: Technology maturity of anaerobic digestion biogas CHP systems 

The key advantage offered by CHP units over electricity-only configuration, as shown in Figure 5-15 

(CIBSE, 2004), is that the heat is also utilised and this is very useful in applications where there is a 

constant heat demand.  

 

Therefore, for the study, biogas CHP using 

reciprocating engine to provide heat and 

electricity has been chosen.  

However since the available energy is only 102 

MWh per year, this system can be considered 

as a very small-scale unit for a biogas CHP 

unit. The efficiency of a typical biogas CHP 

unit coupled with engines was found to be 

30% to 40% for electricity and 35-55% for 

thermal(Lantz, 2012).  

 

Figure 5-16: CI engine and SI engine electrical efficiency 

 

Figure 5-14: Efficiency comparison of CHP units and Conventional 

electricity-only units 

Figure 5-15: Electrical and thermal efficiency of spark plug ignition 

engines 
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For such small power rating of biogas CHP unit, it was found that only spark ignition (SI) engine CHP 

units are available, as shown in Figure 5-16 (Lantz, 2012). It was found that the electrical efficiency is 29% 

and the thermal efficiency is 45% (Lantz, 2012).  

The results of calculation in Appendix E2 are presented in Table 5-8. 

Table 5-8: Summary of biogas CHP energy potential in Van Maanenblok 

Biogas CHP Sizing 

Required Plant Size 9.46 kW 

Capacity factor 91 % 

Input 102,245 kWh 

Losses 26,584 kWh 

 

Parameter Electricity Thermal Total CHP Plant 

Efficiency 29% 45% 74% 

Output (kWh) 29,651 46,010 75,661 

  

5.3.2 Ground-source heat pumps  

Unlike the deep-geothermal energy, shallow-geothermal energy is available in almost all the geographical 

locations across the world. Shallow geothermal energy used for building heating purposes is referred to as 

geothermal heat pumps or ground-source heat pumps (GSHP). GSHP consists of three main systems 

(Self, Reddy, & Rosen, 2013): 

 Geothermal heat pump – Extracts heat from ground and delivers it to the building 

 Earth heat exchanger – Facilitates heat exchange from ground via heat exchanger loop to supply 

heat to the heat pump 

 Heat distribution system – Delivers the extracted heat for space heating and domestic hot water 

heating purposes 

GSHP come in two configurations (Lund et.al., 2004), as shown in Figure 5-17: 

 Closed loop heat pump systems 

i. Vertical borehole heat exchanger 

ii. Horizontal slinky heat exchanger 

 Open loop heat pump systems 

i. Two-well aquifer heat exchange 

ii. Open-lake heat exchange 

 

Figure 5-17: GSHP Configurations a) Closed loop system b) Open loop system 
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Due to limited availability of land space in Van Maanenblok and also due to uncertainty on the nature of 

water table beneath soil surface for open-well systems, only vertical borehole closed loop heat exchanger 

configuration for GSHP was chosen (CIAT Habitat, 2008) . Figure 5-18 depicts a typical vertical 

borehole heat exchanger system setup: 

 

Figure 5-18: Typical vertical borehole heat exchanger system 

Boreholes perform best when they are spaced properly to avoid heat interactions that result in 

temperature penalty. For this reason, a minimum distance of 6.1 m is required between two boreholes, 

and a minimum of 5 m from nearest tree or buildings.  

Following these conditions in Van Maanenblok, the total number of boreholes that 

can be dug within the inside perimeter of the block was calculated from the 

floor plan and was found to be 62, as shown in Figure 5-19. 

Amount of heat that can be extracted from the ground is usually found out by 

carrying out soil thermal testing. However, in this case only the specific heat 

extraction rate (W/m) has been used to estimate the amount of heat that can 

be extracted from ground. 

It was found that a maximum of 40 Watts can be extracted from a depth of 

every 1 m (Bodemenergie NL, n.d.). Assuming a borehole depth of 120 m, 

following results are produced, as shown in Table 5-9.  

Table 5-9: Calculation of heat extraction from ground surface 

Parameter Value Unit 

No. of boreholes 62   

Depth 120 m 

Total borehole length 7440 m 

Specific extraction rate 40 W/m 

Heat extracted from 
ground 

298 kW 

 

Figure 5-19: Van Maanenblok vertical BHE sizing 
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ecoFOREST  “EcoGeo B1 5-22 kW” heat pump has been chosen (Refer to Appendix E1 for product 

specifications sheet), and about 27 heat pumps can be installed totally in whole of Van Maanenblok for 

the given heat input from ground. 

Space demand was found to be 2.6 kW per house from CASAnova simulation, and the design heating 

hours required in Van Maanenblok was found to be 1835 hours (Appendix A).  

The total output, as calculated based on the COP of the unit and the electricity input needed, is presented 

in Table 5-10. 

Table 5-10: Summary of GSHP output potential for Vertical BHE in Van Maanenblok 

COP 4.60 

Electrical Power Input 83 kW 

Total heat output 380 kW 

Annual Design operation 
hours 

1,835 Hours 

Annual electricity input 
required 

151,693 kWh 

Heat extracted from ground 546,096 kWh 

Total Heat Output delivered 697,789 kWh 

 

Cost-assessment from literature study gives an installation cost of € 1282.5/kWth (IEA_ETSAP & 

IRENA, 2013). For the given configuration presented in this study, GSHP have a payback period of 16 

years as explained in Section 6.2.3, and this can be improved by using Hybrid ground source heat pumps 

(HyGSHP). HyGSHP is a combination of GSHP to meet around 60% of the base load and conventional 

boiler systems to meet a portion of base-load and peak-load. 

Some points to be noted in ground-source heat pump potential assessment: 

 Sizing of GSHP are usually done following rules of thumb, and then calculations are made to test 

for economic viability (Alavy, Nguyen, Leong, & Dworkin, 2013) 

 Use of Hybrid GSHP systems dramatically reduces the first-costs associated and thus improves 

the payback period considerably (Hackel & Pertzborn, 2011) 

 Accurate sizing is necessary for GSHP systems to be economical 

 

5.4 Summary of final energy supply mix  

Sizing of solar PV systems and micro-windmills for Van Maanenblok, along with an estimation of energy 

production from GSHP system and biogas CHP indicates that almost only one-half of the total energy 

demand post-energy conservation measures can be met.  

Passive energy reduction measures suggested for reducing the electricity demand focussed only on lighting 

energy savings, which had a total impact of reducing electricity demand by 9%. Due to high electricity-use 

intensity of the residential spaces in Van Maanenblok, other energy saving retrofit measures like upgrading 

to high-efficiency modern appliances, improving user-behaviour etc. must be implemented to reduce the 

total demand.  

Thermal energy demand is a function of climatic conditions of the location, building envelope quality and 

user-behaviour. Insulation savings can reduce the demand significantly, as we saw in Section 4.1.3, but 

may still not prove to be enough and hence focus should also be on user-behaviour again 
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Electricity supply mix obtained for Van Maanenblok from the sizing of solar PV, estimation of wind 

energy production, and also electricity output from biogas CHP is shown inFigure 5-20: 

 

Figure 5-20: Electricity supply mix for Van Maanenblok 

Heat supply mix for Van Maanenblok, based on the potential of ground-source heat pump in Van 

Maanenblok along with recapturing energy from OFMSW waste streams using anaerobic digester couple 

biogas CHP unit is shown inFigure 5-21. 

 

Figure 5-21: Heat supply mix for Van Maanenblok 
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6 FINANCIAL ANALYSIS 

Financial viability is crucial to determine the viability of a project and also provide means to find new 

solutions and also optimize solutions derived from technical feasibility study. In the scope of this project, 

the number of solutions and its flexibility were limited and yet financial analysis did prove to be a useful 

decision-making tool nevertheless. For carrying out the financial feasibility, parameters such as total 

investment cost, payback period (PBP), net present value (NPV) and levelised cost of energy production 

(LCOE) were used to compare and assess the performance of the proposed energy production systems.  

In Netherlands, there are two main sources of subsidy; Energy Investment Allowance (EIA) and the 

Stimulering Duurzame Energieproductie (SDE+) programmes. There are other smaller subsidy 

programmes offered by the local Municipality to improve the energy label of an apartment, wherein a sum 

of up to € 4200 is offered to the resident. Initiatives have been undertaken by the Netherlands 

government to stimulate diffusion of renewable energy resources within the market by providing 

exemption on Value Added Tax (VAT) on selective installations like solar PV panels etc. The uncertainty 

in the policy matters formulated by the Netherlands government, and also lack of clear picture on how 

this project will be implemented in future effectuated calculation of subsidy to be not considered in detail 

to assess the financial performance.  

System Advisor Model (SAM) was used to model the financial feasibility on the basis of each energy 

source’s annual energy production level (kWh), selling price of electricity (€ cents/kWh), discount factor 

(%), and associated investment and operation costs to realize the installation and operation of the energy 

plant respectively.  

6.1 Definition of parameters and assumptions 

Definition of key parameters used in the financial study of this project is as follows:  

 Total Investment Cost:  

It is the amount the required to realize the installation of an energy source which includes but is 

not limited to the purchase of equipment, installation costs, and taxes to the government. 

 Operations and Maintenance Costs (O&M): 

O&M Costs include the costs of annual maintenance and service of the installed equipment, and 

if applicable, the fuel costs to run the plant to produce desired energy output. 

 Annual energy production: 

This is the amount of energy produced annually (MWh) either in the form of electricity or heat or 

both in the case of combined heat and power (CHP) plants, that can be used on-site directly or 

exported to the grid. 

 Levelised cost of energy production (LCOE): 

LCOE is defined as the price at which energy must be generated or sold from a specific source to 

break even(Worthy, 2011). Assessment is done on the basis of initial investment costs, O&M 

costs including fuel costs over the lifetime of the plant, and debt-financing costs. 

 Net present value (NPV): 

It is the present value of the annual net cash flow i.e. the difference between revenue and expense 

cash flow, which then is adjusted to zeroth year value based on the discount rate used 

(Investopedia, 2014c). 

 Inflation Rate (p): 

It is defined as rate at which prices for goods and services are rising and correspondingly reducing 

the purchasing power (Investopedia, 2014b). It is macroeconomic phenomenon which generally 

occurs when the money in circulation is higher than the money available in the treasury.  

 Nominal Discount Rate (r):  
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Discount rate is defined as the interest rate used in the discounted cash flow (DCF) analysis to 

determine the net present value of the future cash flows (Investopedia, 2014a). The risk factor on 

the investment is also included in the assessment along with the time-value of the cash flows. 

 Payback period (PBP): 

PBP is the number years taken by the annual revenue (savings) generated from the energy 

produced by the source to equal the sum invested in the installation of the energy source. 

There were few assumptions needed for the evaluation of these aforementioned parameters such as the 

debt fraction and green loan rates in Netherlands as the final investment model is not defined as of yet. 

There are several banks in Netherlands offering a wide-range of green loans, including schemes such as 

merging the loan as part of the mortgage value of the house. In this study, green loan rate was assumed to 

be 4.6%. The debt fraction was assumed to be 100%, wherein the entire investment cost is taken as a loan 

with zero upfront payment. 

Analysis period also plays an important role in determining the NPV of the system in consideration. For 

all the energy sources an analysis period of 25 years was chosen, except in the case of biogas CHP which 

had an analysis period of only 15 years due to lesser plant lifetime as compared to other technologies 

chosen in this study.  

6.2 Financial performance 

The assessment is carried out along with the technical feasibility study in System Advisor Model (SAM). 

SAM uses inherent algorithms to calculate the financial parameters specific to the project site and 

specifications. The input and output parameters used in the  evaluation of financial performance of the 

four chosen technologies; solar PV, micro-windmills, biogas CHP, and ground-source heat pumps are 

shown in Figure 6-1. 

 

Figure 6-1: Input and output parameters for financial performance assessment 

The result is categorised along the three comparative parameters used in the study for the proposed 

technologies in Van Maanenblok: 

6.2.1 Total investment costs 

Capital availability is the biggest barrier to the diffusion of renewable energy sources. Irrespective of the 

scale and size of the installation, to procure the capital needed becomes a crucial factor in such 

collaborative projects which involve multiple participants.  

In this study, the investment costs were obtained are of two types:  

Inputs 

•Location and weather file 

•Plant size and specifications 

• Investment costs 

•O&M costs 

•Financing: Debt fraction, loan 
interest rate, loan term 

•Analysis period 

•Real Discount rate 

• Inflation rate 

•Utility rate: Buying and selling 
(€ cents/kWh) 

Outputs 

•Annual energy production 

•LCOE: Nominal and Real (€ 
cents/kWh) 

•Annual cost savings 

•Net present value of the 
system 

•Payback period 

•Detailed cash flow statement 
for project lifetime 
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 From quotations provided by the installers for solar PV systems (Herman B.V.) and micro-

windmill systems (De Archimedes B.V.) and therefore they are very specific to the project 

 From reports provided by organizations like IRENA and IEA for ground-source heat pump and 

biogas CHP due to lack of quotations from installers and therefore the nature of data is generic 

The investment costs (€) of the four technologies rounded-off to the nearest thousand are shown 

inFigure 6-2. 

 

Figure 6-2: Investment costs for the proposed technologies in Van Maanenblok 

Solar PV systems are the costliest investment, whereas biogas CHP is the least owing to the small scale of 

operation. 

6.2.2 Levelised cost of energy 

LCOE calculated by SAM for the four technologies are shown in Figure 6-3. 

 

Figure 6-3: LCOE (€ cents/kWh) for the proposed technologies in Van Maanenblok 
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Due to small-scale operation, the investment costs are very high for biogas plant, and also the labour costs 

involved in the O&M costs of biogas CHP plants results in a very high levelised cost in this case. Lowest 

LCOE is observed for GSHP due to very low O&M costs. For both solar PV and windmills, LCOE is 

moderately high due to large initial investments. 

6.2.3 Payback period 

The PBP calculated by SAM for the four technologies are shown in Figure 6-4. 

 

Figure 6-4: Payback period (PBP) for the proposed technologies in Van Maanenblok 

Despite having the highest annual energy production, payback period for GSHP is the highest due to low 

economic value of heat and also because of reduced annual savings due to significant electricity input. 

Solar PV and Micro-wind have moderate payback period, which can be reduced only if subsidy is 

available. 

6.3 Summary of financial analysis of proposed systems in 

Van Maanenblok 

The overall summary obtained from the cash flow statements generated by SAM for the proposed 

technologies is shown in Table 6-1 and Table 6-2 

Table 6-1: Financial summary of Solar PV and Micro-windmill based on installers quotations 

Technology 
Investment 

(€) 
Annual 

Savings (€) 
NPV (€) 

Energy 
Output 
(MWh) 

LCOE (€ 
Cents/kWh) 

Payback 
period 
(Years) 

Micro-
Windmill 

188,000 13,744 52,241 59 17.7 12.5 

Solar PV 612,000 52,106 424,896 223 19.4 11 
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Table 6-2: Financial summary of Biogas CHP and Ground-source heat pumps based on IRENA and IEA reports 

Technology Investment 
(€) 

Annual 
Savings (€) 

NPV (€) Energy 
Output 
(MWh) 

LCOE (€ 
Cents/kWh) 

Payback 
period 
(Years) 

Biogas CHP 43,000 9,920 5,610 76 21.4 10 

GSHP 382,000 18,399 23,170 698 8.2 15.2 

 

 The NPV for all the systems are positive indicating that the returns from the investment makes it 

worthwhile 

 However, the NPV is highly sensitive to the analysis period. In case of biogas CHP and ground-

source heat pump, the NPV will be negative should the analysis period be lowered by 1 and 3 

years respectively 

 The payback period for all the technologies are typical to most of renewable energy installations 

 Improving capacity factor can reduce the payback period for all the technologies 

 To improve the financial performance and the accuracy of this assessment, exact subsidy 

provided by the Netherlands Enterprise Agency (RVO) must be included in the study 

 An example of subsidy calculation for solar and wind energy is presented in Appendix F 
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7 SOCIAL ASPECTS AND INNOVATION MANAGEMENT 

The initiative undertaken by the residents in Van Maanenblok to make it self-sufficient in meeting their 

own energy demand is very distinct and unique, not in the idea, but because of the complex setup and the 

presence of diverse inhabitants which also includes supermarket and swimming pool. There are various 

actors, decision-makers, direct and indirect benefactors involved in this initiative. Social aspect of the 

project enjoys equal or perhaps more importance than the technical and financial aspect because the 

ultimate decision rests upon the direction in which the vast majority of the participants i.e. the residents 

incline towards. 

Identifying and analysing the domain of innovation in which the project scope lies within, throws light on 

the future direction the project must undertake in order to achieve the main objective. It also helps 

identify the barriers and pitfalls within the project which must be overcome in future for successful 

implementation. With over 400 apartments housing more than 1000 inhabitants in Van Maanenblok, their 

awareness about Energy Conservation Measures (ECM), user-behaviour, and importance of sharing the 

same goal plays a greater role in determining the outcome of this initiative. 

7.1 Application of innovation management tools 

Innovation management is a branch of industrial dynamics, which provides key insights on studying the 

nature of innovation and its dynamisms. Some of the tools have been applied in the context of this project 

to understand the domain of innovation and also to identify the niche within which the project must 

operate. 

7.1.1 Innovation search space 

Innovation can be broadly classified into two categories; radical and incremental (Tidd & Bessant, 2011). 

Radical innovation includes path-breaking discoveries that redefine the regime of its origin and also have 

extended impact of the entire landscape which include other technologies, and also on the society as a 

whole. On the contrary, incremental innovations operate in the domain that has nearly saturated and 

cannot have any large gradient in the changes due to limitations of the present technologies. To identify 

the space of innovation in which this initiative fits, Figure 7-1 (Tidd & Bessant, 2011) is used. 

  

Figure 7-1: Innovation search space 

Van Maanenblok falls under the established frame of infrastructure since it is a very old building, and the 

crux of the initiative is around the retrofit and renovation measures to be undertaken in future. Owing to 

the limitations of growth of renewable technology, at present and also in near-future this will still operate 

in the incremental innovation space. It results in making use of limited and latent opportunities that can 

be exploited within the existing infrastructure. 
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7.1.2 Lock-in effect 

Infrastructure has a significant effect on the nature and direction of innovation. In case of buildings, a new 

building proposed be constructed, is very flexible to changes in the conceptual phase itself which makes it 

easier to modify the designs to meet the objective of approaching low energy status. In the current case, 

building was constructed in the early 1930’s, which has undergone minor renovations to stay abreast of 

the modern aesthetics and trends. However, the nature of dominant design of several systems leads to a 

severe lock-in effect. 

Lock-in effect can be defined as the dominance of a certain technology in the society not owing to its 

inherent superiority but more so because of the scale of presence or existence in the society. The inertia 

caused by this lock-in effect is known as path dependency. 

For example, in Van Maanenblok, gas-boilers with traditional oversized wall radiators are the dominant 

heating systems. Ground-source heat pumps operate with higher COP when the output temperature is 

lower, which is best suited for underfloor heating systems. The introduction of GSHP systems can be 

impeded because of the replacement costs associated with changing the wall radiators to underfloor heat 

distribution system.  

Such analogous situations present in Van Maanenblok increase the rigidity and path-dependency which 

can limit the possibilities of bringing about radical changes. 

7.1.3 Transformation pressure 

Although there are several impediments and constraints to the initiative, there are several factors in the 

society that will create a push towards the successful realization of this initiative. In innovation 

management terms, externalities affecting the growth of a niche are known as transformation pressure.  

Transformation pressure is of two types; positive and negative. In Van Maanenblok, external factors such 

as Netherland government’s commitment to reduce building energy emissions by 2020, more generic 

issues such as increasing electricity prices, energy insecurity etc. provide for a positive transformation 

pressure. Such a large web of complex factors, and mounting pressure on the EU member states have 

resulted in formulation of national policies to tackle the emission problems.  

Incentives are provided in the form of subsidies, grants, tax exemptions etc. and also through enforcing 

stringent regulations forcing the society to move towards a more energy-efficient system. New policy 

matters and also stable financial schemes can be expected before 2020, which can aid in the realisation of 

this initiative.  

7.2 Barriers and potential pitfalls 

As seen earlier is section 7.1.2, the limitations in achieving the set objective to full extent doesn’t just arise 

out of path-dependencies set by the dominant design existing in Van Maanenblok, but also due to large 

number of barriers experienced by the renewable energy sources in general. Figure 7-2 explains the slow 

market diffusion of these technologies due to commonly experienced barriers such as: 

 High investment costs – Slow technological developments and low demand have a vicious effect 

on the initial investment costs, effect of which is exacerbated by lack of capital availability 

 Long PBP –  As seen earlier in 6.2.3, PBP ranges from 10-16 years, which doesn’t encourage 

residents to invest 

 Split incentives – Van Maanenblok consists of diverse ownership. Owner having to invest, and 

tenant getting to reap the benefits poses a serious threat of reduced participation of landlords to 

invest in these initiatives 

 Lack of technical know-hows – Limited number of installers and lack of  enthusiastic 

participation of installers in this renewable energy industry in Netherlands has affected the 

bargaining power of the customer and also limits the choice too 
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An example in Van Maanenblok is that the micro-windmill installation is done only by one 

installer in the whole in Netherlands, which largely limits the ability to negotiate for the 

customers, forcing them to pay higher premium. 

 Lack of early adopters – Enthusiastic participation from inhabitants in Van Maanenblok can help 

the initiative to move from conceptual phase to implementation phase sooner. However, at 

present there is a meagre number of participants who are willing to share information needed for 

analysis purposes 

 

Figure 7-2: Top barriers in diffusion of renewable energy technology in the market 

Roger’s curve of technology diffusion, as shown in Figure 7-3, explains the technology adoption lifecycle, 

which can be adapted to the Van Maanenblok study. “The chasm” that separates the transition of a 

technology/initiative from introduction to growth phase and later to saturation phase.  

For the initiative to kick-off and successful realization to happen in few years, increased awareness of the 

project, its goals and possible benefits and outcomes must be shared on a transparent basis with the 

inhabitants. In a reciprocating manner, inhabitants should be willing to share energy consumption data, 

status of appliances installed etc.  

This healthy habit can mutually benefit the participants and the decision-makers and also ensure faster 

progress. Increased number of participants is the key here, and for that to happen, more number of early 

adopters are need to bridge the chasm and reach the early majority state.  

 

Figure 7-3: Roger’s technology diffusion curve 
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7.3 User-behaviour impact study 

Efficiency of the system affects and the weather conditions largely determine the energy consumed by a 

resident. Ceteris paribus, impact of user-behaviour cannot be simply neglected. Awareness leads to 

modification in user-behaviour which alone can contribute to 4.2% of energy savings (Guerra Santin, 

Itard, & Visscher, 2009). In order to emphasise on the importance of awareness amongst the inhabitants 

about the impact of their behaviour on the energy consumption was studied.  

7.3.1 Rebound effect 

Some of the savings from energy-efficiency improvements will be taken in the form of increased energy 

consumption, and this increase is known as rebound effect or takeback effect(Herring, 2006). It is debated 

that the increase is usually around 10 – 20% and in rare-cases when the rebound effect exceeds 100%, it is 

known as Jevon’s paradox.  

Rebound effect is classified into three types; direct, indirect and general equilibrium effects or tertiary 

rebound effect. In the case of Van Maanenblok, direct rebound effect is more likely. Rebound effects are 

most commonly noticeable in the case of lighting retrofits and also transportation. Inhabitants must 

therefore be aware of such behavioural trend which is likely to nullify the benefits of undertaking ECMs. 

7.3.2 Analysis of user-behaviour effect on gas consumption in Van 

Maanenblok 

Gas-consumption data of all zip-codes within Van Maanenblok are available for the past three years. On 

casual observation, it might appear that there has been a constant reduction in the amount of gas 

consumed annually. The reason behind this reduction could be because of milder weather, or because of 

controlled and moderated usage from the residents. 

In order to validate the gas-use reduction observed, weather normalisation must be performed to remove 

effect of weather and compare the three year dataset to an unbiased frame of reference. Weather 

normalisation is performed by comparing the heating degree days to measure the severity of weather in 

cold countries and similarly cooling degree days for hot countries. 

Heating degree days (HDD): They are summation of temperature difference between a reference 

temperature and the outdoor air temperature(Day, 2006) of a particular location for a fixed duration of 

time, usually one year. The reference temperature is known as the base temperature (18 °C in this case) 

which, for the buildings, is a balance point temperature i.e. the temperature at which heating systems need 

not run to maintain comfort conditions.  

Definition of HDD and general formula for calculating HDD are shown in Figure 7-4. 

 

Figure 7-4: Heating degree day definition and calculation 
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In order to estimate the HDD for the years 2011, 2012, and 2013 weather data was obtained from Royal 

Netherlands Meteorological Institute (KNMI) for Rotterdam airport ((KNMI), n.d.-a). To compare 

against a reference year, average HDD of the past 18 years obtained from SSE, as explained in Chapter 2, 

is used. 

Two methods were identified to calculate the HDD; average method and Hitchin’s method. Results of 

both methods along with sample calculation for a week in the year 2010 are presented in Table 7-1 and 

Table 7-2 respectively. For detailed calculation, refer to Appendix G. 

Table 7-1: Comparison of Heating Degree Days (HDD) calculation using Average and Hitchin’s method 

Heating Degree Days 

Year Average Method Hitchin Method 

2010 3061 3124 

2011 2971 3038 

2012 2739 2800 

2013 3166 3215 

 

Table 7-2: Example calculation of HDD in Van Maanenblok 

Date Min Temp Max Temp Average Temp Degree Days Hitchin Method 

01-09-09 15.7 21.8 18.75 0 0.00 

02-09-09 15.3 21.2 18.25 0 0.00 

03-09-09 13.8 18.2 16 2 2.64 

04-09-09 12.9 17.7 15.3 2.7 3.17 

05-09-09 13.3 18.1 15.7 2.3 2.86 

06-09-09 12 18.8 15.4 2.6 3.09 

07-09-09 12.4 24.1 18.25 0 0.00 

Total 9.60 11.75 

 

For the weather normalisation, values derived from Hitchin’s method were used (Table 7-1), as they are 

more reliable compared to the average method. The reference year 18-average HDD is 2757.  

Weather correction factor is defined as ratio HDD in reference (base) period to the HDD in the study 

period i.e. the consumption period for which weather normalisation is to be performed. Multiplying 

weather correction factor to the consumption will normalise it and remove the effect of weather on the 

consumption. Summary of the weather correction factors are presented in Table 7-3. 

Table 7-3: Summary of weather correction factor 

Year HDD Weather Correction Factor 

Reference Year 2757 - 

2011 3038 0.91 

2012 2800 0.98 

2013 3215 0.86 

 

The obtained weather correction factor was then multiplied with the gas-consumptions for 2011, 2012 

and 2013 and then the actual and apparent savings were studied which are presented in Figure 7-5 and 

Figure 7-6. 
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Top Left – Figure 7-5: Comparison between actual and weather normalised gas consumption (m3)   

Top Right – Figure 7-6: Difference in observed and actual savings (m3) 

It is observed from Figure 7-6 that there was an increased consumption rather than actual savings in 2011-

12 since 2012 had a milder weather compared to 2011. In 2012-13, despite 2013 being a colder year than 

2012, inhabitants have managed to reduce their consumption indicating true savings.  

7.4 Summary of social aspects and innovation management 

 Van Maanenblok renovation and retrofit initiative falls under incremental innovation space and in 

the existing framework only exploitation of limited and latent opportunities is possible 

 To introduce radical changes in the system i.e. from bounded exploration, opening up the project 

to knowledge sharing with different expertise is a must 

 Dominant designs present in the block, creating a lock-in effect and setting a path dependency for 

the future of the project 

 Barriers can be overcome with carefully stipulated policies and through collaborative efforts from 

installers, enthusiastic participation from inhabitants 

 User-behaviour can affect as much as up to 4.6% of the energy demand and also rebound effect is 

likely after energy conservation measures are undertaken 

 Increasing awareness on importance of energy savings amongst inhabitants through workshops is 

a must  
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8 IMPLEMENTATION STEPS AND FUTURE WORK 

Given the short duration of this study on making Van Maanenblok self-sufficient in meeting their energy 

demand, not all of the possibilities could be evaluated. However, generic to any building intended to 

achieve near zero energy status, steps to be followed tread on a certain common guidelines. To arrive at a 

customized solution specific to the block, this study needs to be furthered, starting with combining the 

outcome of this study and general guidelines. Owing to the diverse nature of inhabitants in the block, 

social aspects also play a key role in determining the future of this project and hence steps on ensuring 

local participation should be done parallel to the technical study. 

Figure 8-1 explains the suggested steps derived from this study, which should ideally be implemented 

sequentially in the future in accordance to a carefully drawn project plan and timeline. 

 

Figure 8-1: Suggested implementation steps  

Outcome of this study could be sensitive to the nature of data obtained and its fidelity, and also to the 

several assumptions taken in this project obtained from literature study. In order to ensure exactness and 

aptness of the outcome specific to this project, following steps must be undertaken in near future: 

• Comprehensive energy audit: A comprehensive energy audit must be conducted for all the end-use 

segments in Van Maanenblok to obtain energy demand profile, which is needed to size the 

systems accurately and avoid the need for storage and buffers. 

• Energy balance: Although the 3-year electricity consumption and gas consumption for all the users 

in Van Maanenblok was obtained, due to the collective nature of data it becomes difficult to 

identify the defaulters who end up consuming higher energy than the rest.  

• Material balance: Understanding the nature of waste generated and also on how it is handled can 

significantly affect the biogas CHP sizing for the system. Awareness on source separation of 

Municipal Solid Wastes (MSW) will facilitate easier and accurate sizing of CHP unit and also 

ensure longevity of the biogas plant. 

• Geological survey of soil: GSHP systems sizing is highly sensitive to the nature of soil, its thermal 

conductivity, and also the nature of load. Therefore, for GSHP operation to be financially viable, 

accurate sizing is mandatory, for which installers usually study the load for a short period of time 

and carry out soil testing to decide on the type of system needed to meet the load. 

• Energy interactions: Detailed study to link energy interactions between swimming pool and 

residential spaces can be very useful, especially in the form of heat storage medium. As we know, 

electricity can be readily exported to the grid whereas storing heat requires expensive storage 

media. Swimming pool is a good storage medium for low grade heat and hence a study should be 

carried out on linking the heating systems proposed to the swimming pool. 
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9 CONCLUSIONS 

In conclusion, this feasibility study on this time-bound project with several strict project boundary 

conditions can only be considered as a preliminary investigation. This preliminary investigation served the 

purpose of identifying the opportunities, barriers and limitations, and scope for innovation for this 

initiative. It also has thrown light on the necessary remedial measures to be extensively studied in the 

comprehensive study that must follow, should the project be realised in future.  

In this short period of time, only certain aspects of the study could be covered and one must also 

understand that such complex projects have numerous indirect factors that can not only significantly 

affect the project and its direct participants but also extended actors. Participation of local industries, 

installers, Municipality and also other governmental bodies can facilitate knowledge-sharing and help 

realise the project efficiently.  

Summary of the conclusions of this study is categorised into technical, financial and social aspects: 

Technical 

• Trias Energetica is a holistic approach, and in retrofit projects reducing energy demand is the first 

and foremost step which can significantly reduce the energy demand of the block. 

• It was found that nearly 54% of the heat demand and 9% of the electricity demand can be 

reduced by passive energy reduction measures alone. 

• Renewable energy sources proposed in this study can meet almost 42% of reduced electricity 

demand and 58% of the reduced heat demand of Van Maanenblok. 

• Installation of Biogas CHP is very complicated due to scale of operation being too low, therefore 

further study must be undertaken by installers to validate the feasibility and find alternative 

solutions, if need be. 

• Ground-source heat pumps have tremendous potential to meet the heat demand, but accurate 

sizing must be performed by the installer for it to be financially viable. 

• To meet entire energy demand from within the block is too unrealistic, and therefore the project 

boundary conditions must be revisited and reevaluated. 

Financial 

• There are several financial incentives provided by the Netherlands government to facilitate such 

initiatives. However, further investigation on subsidy and grant utilization must be carried out in 

order to improve the financial performance of the proposed systems. 

• Stable policies are needed from the government for the investors to take the risk. 

• Renewable Energy Service Companies (RESCo) financial models are best suited to realize the 

project in order to counter the split-incentive problem arising out of mixed ownership in Van 

Maanenblok. However, a comprehensive risk assessment on capital must be performed by the 

involved RESCo. 

Social 

• Application of innovation management tools in the context of this study indicated that radical 

changes are not possible due to large lock-in effect and path dependencies created by the 

presence of dominant design in this old block.  
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• More number of early-adopters and enthusiastic participants are needed from Van Maanenblok to 

push forward the project. 

• Transparent data & information sharing between inhabitants, the project decision-makers, and 

also different actors involves in this project is needed in future, as it plays a crucial role in the 

outcome of investigations undertaken.  

• It was also observed that user-behaviour pattern tends to have a telling impact on the energy 

consumption of the block and therefore awareness and education about energy conservation 

measures amongst the inhabitants of the block is essentially needed. 
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APPENDIX A: CLIMATE DATA FOR VAN MAANENBLOK 

Climate data of Rotterdam from NASA Surface Meteorology and Solar Energy (SSE) 

 

 



APPENDIX B: ENERGY CONSUMPTION DATA IN VAN-MAANENBLOK 

B1. Residential-space 3-year energy consumption data 

3-year averaged energy data per apartment in a zip-code 

 
Zip Code 

Electricity Gas 

No. of 
Connections 

Electricity consumption 
(kWh) 

No. of 
Connections 

Gas consumption 
(m3) 

3038BA 13 2128 14 969 
3038BB 11 3075 12 1267 
3038BC 8 4371 8 1509 
3038BD 9 4383 9 1152 
3038BE 8 3147 8 1039 
3038CP 12 2442 12 964 
3038CR 14 1984 14 1067 
3038CS 21 1745 20 1094 
3038CT 14 3044 13 1611 
3038CV 11 2364 11 1221 
3038CW 13 2434 13 1359 
3038CX 13 1696 13 1212 
3038CZ 11 1880 11 933 
3038EA 68 2185 69 44 
3038EB 15 2702 16 1350 
3038EC 20 2682 20 939 
3038ED 11 2725 11 1072 
3038EE 20 2415 20 953 
3038EG 8 1843 8 883 

 

B2. Commercial-space 3-year electricity consumption data 

3-year averaged electricity data per store in a zip-code 

Zip Code No. of 
Connections 

Electricity consumption 
(kWh) 

Area (m2) Electricity intensity 
(kWh/m2) 

3038BA 5 3260 96 34.0 

3038BB 6 7675 153 50.2 

3038BD 6 6678 133 50.2 

3038CP 3 11585 511 22.7 

3038CT 2 2664 137 19.4 

3038EA 4 37953 640 59.3 

3038EB 6 11434 205 55.8 
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B3. Commercial-space 3-year gas consumption data 

3-year averaged gas data per store in a zip-code 

Zip Code No. of Connections Gas consumption (m3) Area (m2) Gas-use intensity (kWh/m2) 

3038BB 6 2193 153 14.3 

3038BD 6 2526 133 19.0 

3038CP 3 3049 511 6.0 

3038EA 4 12374 640 19.3 

3038EB 6 923 205 4.5 

 

B4. Van Maanenbad – Swimming Pool energy consumption data  

Swimming Pool Electricity Consumption 

Year Total Area (m2) Electricity Consumption (kWh) Gas Consumption (m3) 

2011 3416 412645 194717 

2012 3416 417800 298852 

Average 3416 415223 246785 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



B5. Van Maanenbad energy consumption record for 2011 and 2012 



APPENDIX C: INSULATION SAVINGS FROM CASAnova 

Optimised Case 

U-Values 
(W/m2K) 

Roof 
Alone 

Floor 
Alone 

Wall 
Alone R & F R & W R,F & W 

RFW with Heat 
Bridge 

Outsid
e Inside           

Roof 0.20 1.00 1.00 0.20 0.20 0.20 0.20 

Wall 1.5 1.5 0.25 1.5 0.25 0.25 0.25 

Floor 1 0.2 1 0.2 1 0.2 0.2 

Energy Demand (kWh/m2a)   

Heat Demand 140.9 168.2 175.7 92.7 100.5 54.6 68.3 

Cooling Demand 0 5.4 0 4.2 0 4.5 1.6 

Mean U-value 0.79 0.79 0.96 0.47 0.64 0.32 0.41 

        Gas Demand (m3) 

Natural Gas 
Demand 844 1002 1046 563 608 341 421 

Euros Spent 548.6 651.3 679.9 365.95 395.2 221.65 273.65 

Savings/Year 
(Euros) 

 €      
291.20  188.5 159.9 473.85 444.6 618.15 566.15 

        
Estimated Cost of 
Ins 

 €   
4,955.8
0  

 €   
3,839.0
0  

 €   
2,318.0
0  

 €   
8,794.8
0  

 €   
7,273.8
0  

 €               
11,112.80  

 €                       
11,112.80  

Simple Payback 
(Years) 17.0 20.4 14.5 18.6 16.4 18.0 19.6 
Percentage 
Reduction in Gas 35% 22% 19% 56% 53% 74% 67% 
 

Scenario Gas Demand 
Percentage 
Reduction 

Money 
Saved/Year 

Current 1292 0 
 €                                
-    

Roof Only 844 35% 
 €                       

291.20  

Floor Only 1002 22% 
 €                       

188.50  

Wall Only 1046 19% 
 €                       

159.90  

Roof & Floor 563 56% 
 €                       

473.85  

Roof & Wall 608 53% 
 €                       

444.60  

Roof, Floor & 
Wall 421 67% 

 €                       
566.15  
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CASAnova Report for Stadhoudersweg 

35B, 3038EG Rotterdam 
________________________________________________________________________________________________________________________________________________ 

________________________________________________________________________________________________________________________________________________ 

 

Data sheet 
 

Geometry:  
 

     Length of north and south facade:  6.6 m 

     Length of west and east facade:  11.7 m 

     Height (without roof):  2.8 m 

     Number of floors:  1 

     Deviation from south direction (west positive):  -7.0 ° 

 

     Ground area:  77.2 m² 

     Useful area:  61.8 m² 

     Volume total:  216.2 m³ 

     Air volume:  173.0 m³ 

     Facade north resp. south:  18.5 m² 

     Facade east resp. west:  32.8 m² 

     Surface-to-volume value:  0.9 1/m 

 

Insulation:  
 

     U values of the walls: 

          north:  0.25 W/(m² K) 

          south:  0.25 W/(m² K) 

          east:  1.50 W/(m² K) 

          west:  1.50 W/(m² K) 

     Absorption coefficient of the walls:  0.50 

     Upper floor: 

          Towards:  totally insulated roof 

          U value:  0.20 W/(m² K) 

     Lower floor: 

          Towards:  non-heated cellar (with insulation) 

          U value:  0.20 W/(m² K) 

     Door (north facade): 

          Area:  0.0 m² 

          U value:  1.50 W/(m² K) 

     Wärmebrücken:  increase U-values of surrounding planes by 0.10  

      W/(m² K) (normal construction) 

 

Building:  
 

     Interior temperature:  20.5 °C 

     Limit of overheating:  26.0 °C 

     Ventilation: 

          Natural ventilation (infiltration):  0.60 1/h 

          Mechanical ventilation:  0.00 1/h 

          Heat recovery (only mech. ventilation):  0 % 

     efficiency factor of air conditioning:  0.5 kWhcool / kWhelectr 

     Internal gains:  29.0 kWh/(m² a) 

     Kind of indoor walls:  heavy construction 

     Kind of outdoor walls:  light construction 

     Walls towards another heated area:  east, west 
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Climate:  
 

     Climate station:  Amsterdam (Nederland) 

 

Windows:  
 

     North: 

          Windows area:  6.7 m² 

          Fraction of windows area at the facade:  36.0 % 

          Kind of windows:  others 

          U value glazing:  1.80 W/(m² K) 

          U value frame:  1.60 W/(m² K) 

          g value glazing:  0.58 

          Fraction of frame:  10.0 % 

          Shading:  0.0 % 

     South: 

          Window area:  6.7 m² 

          Fraction of windows area at the facade:  36.0 % 

          Kind of windows:  others 

          U value glazing:  1.80 W/(m² K) 

          U value frame:  1.60 W/(m² K) 

          g value glazing:  0.58 

          Fraction of frame:  10.0 % 

          Shading:  0.0 % 

     East: 

          Window area:  0.0 m² 

          Fraction of windows area at the facade:  0.0 % 

          Kind of windows:  others 

          U value glazing:  1.80 W/(m² K) 

          U value frame:  1.60 W/(m² K) 

          g value glazing:  0.58 

          Fraction of frame:  10.0 % 

          Shading:  0.0 % 

     West: 

          Window area:  0.0 m² 

          Fraction of windows area at the facade:  0.0 % 

          Kind of windows:  others 

          U value glazing:  1.80 W/(m² K) 

          U value frame:  1.60 W/(m² K) 

          g value glazing:  0.58 

          Fraction of frame:  10.0 % 

          Shading:  0.0 % 

 

Building data:  
 

     Mean U value:  0.41 W/(m² K) 

     Specific transmission losses:  78.3 W/K 

     Specific ventilation losses:  37.2 W/K 

     Sum specific losses:  115.5 W/K 

     Thermal inertia:  25.4 hours 

     Maximum heating load:  2.8 kW 

     Maximum specific heating load:  45.2 W/m² 

     Maximum cooling load:  1.7 kW 

     Maximum specific cooling load:  28.2 W/m² 

     Limit temperature for heating:  18.4°C 

     Effective heating days:  327 Tage 
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CASAnova  
________________________________________________________________________________________________________________________________________________ 

________________________________________________________________________________________________________________________________________________ 

 

Output: Heat balance 

 

Specific (per m² useful area):  
 

  

  Transm.  Ventil.  Internal  Solar  Usability  Heat energy 

  losses  losses  Gains  Gains  factor  demand 

  in kWh/m²  in kWh/m²  in kWh/m²  in kWh/m²   in kWh/m² 

     ______________________________________________________________________________ 

  

     January 10.9 7.2 2.4 2.7 0.97 13.0 

     February 10.4 6.8 2.1 4.7 0.94 10.5 

     March 10.4 6.9 2.2 5.7 0.91 9.3 

     April 8.9 5.9 2.0 6.8 0.83 6.0 

     May 6.3 4.2 1.7 6.3 0.68 2.5 

     June 4.3 2.9 1.3 4.9 0.54 1.0 

     July 2.8 1.9 0.9 3.5 0.37 0.3 

     August 2.6 1.7 0.9 3.2 0.37 0.2 

     September 3.8 2.5 1.3 4.0 0.56 0.9 

     October 6.0 4.0 2.0 4.2 0.81 3.8 

     November 8.4 5.6 2.2 3.0 0.94 8.8 

     December 10.0 6.6 2.4 2.2 0.97 11.9 

     ______________________________________________________________________________ 

  

     Yearly sum  84.9 56.1 21.4 51.3   68.3 

  

  

Absolute (total building):  
 

  Transm.  Ventil.  Internal  Solar  Usability  Heat energy 

  losses  losses  Gains  Gains  factor  demand 

  in kWh  in kWh  in kWh  in kWh   in kWh 

     ______________________________________________________________________________ 

  

     January 676 447 148 169 0.97 806 

     February 640 423 129 288 0.94 646 

     March 641 424 138 353 0.91 574 

     April 551 364 122 423 0.83 371 

     May 390 258 104 388 0.68 156 

     June 268 177 80 302 0.54 62 

     July 173 114 56 216 0.37 16 

     August 162 107 56 198 0.37 15 

     September 234 154 82 248 0.56 57 

     October 373 246 123 262 0.81 234 

     November 521 344 139 185 0.94 542 

     December 615 407 148 136 0.97 738 

     ______________________________________________________________________________ 

  

     Yearly sum  5245 3465 1324 3167   4218 

 



APPENDIX D: MULTI-CRITERIA ANALYSIS CALCULATIONS 

D1. Data standardisation for quantitative and qualitative data 

Standardised Table Quantitative Data Qualitative Data 

Technology LCOH ($/GJ) Investment Cost Versatality Ease of Installation Resident's Acceptance 

Biomass (DPH) 0.646437995 0.705259716 3 4 4 

Solar Thermal (Combi) 0 0.528845823 2 3 4 

Ground Source HP 0.831134565 0.018966645 4 2 2 

Air Source HP 0.936675462 0.213882483 2 3 3 

Micro CHP Units 0.985048373 0.083508313 4 4 3 

HR Boilers 1 1 5 5 5 

WEIGHTING Factor 35 20 15 15 15 

D2. Dominance table for quantitative data 

QUANTITATIVE 

  Biomass (DPH) Solar Thermal (Combi) Ground Source HP Air Source HP Micro CHP Units HR Boilers 

Biomass (DPH) 0 26.15360767 7.261481469 -0.330766683 0.583664818 -18.26947587 

Solar Thermal (Combi) -26.15360767 0 -18.8921262 -26.48437435 -25.56994285 -44.42308354 

Ground Source HP -7.261481469 18.8921262 0 -7.592248152 -6.677816651 -25.53095734 

Air Source HP 0.330766683 26.48437435 7.592248152 0 0.9144315 -17.93870919 

Micro CHP Units -0.583664818 25.56994285 6.677816651 -0.9144315 0 -18.85314069 
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HR Boilers 18.26947587 44.42308354 25.53095734 17.93870919 18.85314069 0 

D3. Dominance table for qualitative data 

QUALITATIVE 

  Biomass (DPH) Solar Thermal (Combi) Ground Source HP Air Source HP Micro CHP Units HR Boilers 

Biomass (DPH) 0 30 45 45 0 -60 

Solar Thermal (Combi) -30 0 15 15 -30 -90 

Ground Source HP -45 -15 0 0 -45 -105 

Air Source HP -45 -15 0 0 -45 -105 

Micro CHP Units 0 30 45 45 0 -60 

HR Boilers 60 90 105 105 60 0 

D4. Overall dominance table and final ranking 

OVERALL 

  Biomass (DPH) Solar Thermal (Combi) Ground Source HP Air Source HP Micro CHP Units HR Boilers Total Original Rank 

Biomass (DPH) 0 3.90817955 2.280875641 1.430336398 0.065386408 -4.003202232 3.681575765 2 

Solar Thermal (Combi) -3.90817955 0 -1.627303908 -2.477843152 -3.842793142 -7.911381781 -19.76750153 6 

Ground Source HP -2.280875641 1.627303908 0 -0.850539243 -2.215489234 -6.284077873 -10.00367808 5 

Air Source HP -1.430336398 2.477843152 0.850539243 0 -1.36494999 -5.43353863 -4.900442623 4 

Micro CHP Units -0.065386408 3.842793142 2.215489234 1.36494999 0 -4.068588639 3.289257319 3 

HR Boilers 4.003202232 7.911381781 6.284077873 5.43353863 4.068588639 0 27.70078915 1 

  



APPENDIX E: RENEWABLE ENERGY SOURCE SIZING 

E1. Ground-source heat pump sizing calculations 
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E2. Biogas CHP sizing calculations 

 

Methane energy content 38.3 MJ/m3 

Parameter Grass & Garden waste Organic Waste 

Methane content 65% 55% 

Energy content (MJ/m3) 24.895 21.065 

Energy Content 368081.6274 MJ 

 102244.8965 kWh 

 102 MWh 

Biogas plant total output 75661.2234 kWh 

Electrical Output 29651.01998 kWh 

Thermal Output 46010.20342 kWh 

Losses 26583.67309 kWh 

  

Recycling of MSW 20
01 

20
02 

20
03 

20
04 

20
05 

20
06 

20
07 

20
08 

20
09 

20
10 

10-Year 
Average 

Paper & cardboard 10
13 

10
06 

98
2 

10
27 

10
45 

10
81 

11
06 

11
24 

10
77 

10
63 

1052.4 

Glass 33
5 

34
2 

34
1 

34
2 

33
8 

34
1 

34
4 

34
9 

34
5 

35
1 

342.8 

Cartons for beverages 1 1 2 2 2 2 2 2 3 3 2 

Metal packaging 2 2 3 3 2 2 2 2 2 2 2.2 

Plastic packaging 2 3 4 5 5 6 6 8 26 82 14.7 

Other plastics 0 0 0 0 0 0 4 5 6 7 2.2 

WEEE 53 57 61 67 71 70 74 81 82 84 70 

Metals household waste 75 76 77 77 77 81 83 82 83 73 78.4 

Furniture 14 24 28 38 35 40 39 38 38 38 33.2 

Bulky garden waste 35
3 

39
6 

37
7 

39
7 

40
6 

40
7 

45
2 

42
6 

44
4 

45
2 

411 

Wood 24
6 

27
3 

28
3 

31
0 

31
8 

34
1 

34
9 

34
2 

32
6 

32
3 

311.1 

Organic, kitchen and 
Garden Waste 

14
04 

14
06 

13
40 

14
07 

13
62 

12
96 

13
15 

12
89 

13
02 

12
56 

1337.7 

Total 34
98 

35
86 

34
98 

36
75 

36
61 

36
67 

37
76 

37
48 

37
34 

37
34 

3657.7 
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E3. Solar PV sizing calculations 

Stadhoudersweg rooftop solar PV calculation 

Roof Dimensions 

Zone Length (m) Breadth (m) Area (m2) 

I 20.68 6.68 138.14 

II 8 100.43 803.44 

III 4.5 5.89 26.51 

IV 7.9 2.9 22.91 
 

     

 

Portrait Configuration Landscape Configuration 

Spacing Distance 2.81 1.69 

Panel base length 1.51 0.91 

Zone Row Max Column Max Max. Panels Row Max Column Max Max. Panels 

I 5 5 25 3 8 24 

II 99 2 198 59 3 177 

III 4 1 4 2 2 4 

IV 1 2 2 1 3 3 

 

Total 229 Total 208 
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Roof Dimensions 

Zone Length (m) Breadth (m) Area (m2) 

I 11.993 13.056 156.58 

II 15.338 6.304 96.69 

III 11.993 6.332 75.94 

 
Portrait Configuration Landscape Configuration 

Spacing Distance 2.8 1.65 
Panel base 
length 1.51 0.91 

Zone 
Row 
Max 

Column 
Max 

Max. 
Panels 

Row 
Max 

Column 
Max 

Max. 
Panels 

I 12 3 108 7 5 105 

II 4 4 16 2 6 12 

III 5 3 15 3 5 15 

 
Total 124 Total 117 

 

Van Maanenstraat rooftop solar PV calculation 

Roof Dimensions 

Zone Length (m) Breadth (m) Area (m2) 

I 47.73 9.796 467.56 

II 6.838 6.998 47.85 

III 3.098 7.42 22.99 
 

 
 
 Portrait Configuration Landscape Configuration 

Spacing Distance 2.81 1.69 
Panel base 
length 1.51 0.91 

Zone 
Row 
Max 

Column 
Max 

Max. 
Panels 

Row 
Max 

Column 
Max 

Max. 
Panels 

I 7 11 77 4 18 72 

II 5 2 10 3 3 9 

III 5 1 5 3 1 3 

 
Total 92 Total 84 
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System Advisor Model (SAM) Simulation report for Van Maanenblok 
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E4. Micro-windmill sizing calculations 

Wind speed comparison for Stadhoudersplein building and other buildings in Van Maanenblok: 

 At 10 m Height At 35 m Height 

Month Wind speed (m/s) Wind speed (m/s) 

January 5.8 8.4 

February 5.6 8.1 

March 5.6 8.1 

April 5 7.2 

May 4.6 6.6 

June 4.4 6.4 

July 4.4 6.4 

August 4.2 6.1 

September 4.5 6.5 

October 4.9 7.1 

November 5.6 8.1 

December 5.7 8.2 

Annual 5.025 7.26 

 

Building height 35 m 

Reference height 10 m 

Roughness length 0.6 m 

 

Wind speed frequency distribution for Rotterdam: 

Wind speed (m/s) Cumulative Distribution (%) Hours in a Year 

0.0 - 0.9 0.37 32.412 

1.0 - 1.9 3.71 324.996 

2.0 - 2.9 8.72 763.872 

3.0 - 3.9 12.6 1103.76 

4.0 - 4.9 14.77 1293.852 

5.0 - 5.9 13.44 1177.344 

6.0 - 6.9 12.39 1085.364 

7.0 - 7.9 10.63 931.188 

8.0 - 8.9 8.07 706.932 

9.0 - 9.9 5.24 459.024 

10.0 - 10.9 3.75 328.5 

11.0 - 11.9 2.63 230.388 

12.0 - 12.9 1.6 140.16 

13.0 - 13.9 0.86 75.336 

14.0 - 14.9 0.5 43.8 

15.0 - 15.9 0.32 28.032 

16.0 - 16.9 0.18 15.768 

17.0 - 17.9 0.11 9.636 



-82- 
 

18.0 - 18.9 0.05 4.38 

19.0 - 19.9 0.03 2.628 

20.0 - 20.9 0.01 0.876 

21.0 - 21.9 0.01 0.876 

22.0 - 22.9 0 0 

23.0 - 23.9 0 0 

24.0 - 24.9 0 0 

25.0 - 25.9 0 0 

26.0 - 26.9 0 0 

27.0 - 27.9 0 0 

28.0 and higher 0 0 

Cumulative 100 8760 

 

Annual energy production calculation: 

Average Wind Speed Estimated Power (W) Hours of Occurrence Estimated Energy (kWh) 

0.5 0 32.412 0 

1.5 0 324.996 0 

2.5 4.228034547 763.872 3.229677205 

3.5 13.92207216 1103.76 15.36662636 

4.5 34.52105647 1293.852 44.66513795 

5.5 72.03217896 1177.344 84.80665371 

6.5 130.7890059 1085.364 141.9536786 

7.5 205.482479 931.188 191.3428186 

8.5 319.0630461 706.932 225.5558773 

9.5 464.0014233 459.024 212.9877893 

10.5 651.5529769 328.5 214.0351529 

11.5 856.0031389 230.388 197.2128512 

12.5 1099.288982 140.16 154.0763437 

13.5 1384.787522 75.336 104.3243528 

14.5 1500 43.8 65.7 

15.5 1500 28.032 42.048 

16.5 1500 15.768 23.652 

17.5 1500 9.636 14.454 

18.5 1500 4.38 6.57 

19.5 1500 2.628 3.942 

20.5 1500 0.876 1.314 

21.5 1500 0.876 1.314 

22.5 1500 0 0 

23.5 1500 0 0 

24.5 1500 0 0 

25.5 1500 0 0 

26.5 1500 0 0 

27.5 1500 0 0 

28.5 1500 0 0 

Annual Total Energy Production (kWh) 1749 
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APPENDIX F: FINANCIAL ASSESSMENT 

Wind energy SDE + 2014 subsidy calculation example: 

Wind energy subsidy calculation 

Phase of 
application 

Electricity Price 
(€/kWh) 

Full Load 
Hours 

SDE+ Contri 
(€/kWh) 

Subsidy Possible 
(Euros) 

Phase 1 0.0875 2800 0.0295 
€                                    

1,770 

Phase 2 0.1000 2280 0.042 
€                                    

2,268 

Phase 3 0.1125 1960 0.0545 
€                                    

3,739 

Phase 4 0.1125 1960 0.0545 
€                                    

3,739 

Phase 5 0.1125 1960 0.0545 
€                                    

3,739 

Phase 6 0.1125 1960 0.0545 
€                                    

3,739 

 

Base Price 0.0450 €/kWh 

Prelim. Corr. Amt. 0.0580 €/kWh 

Max Subsidy Period 15 Years 

Latest Oper Term 4 
 

Installation Size 35 kW 

Phase 1 Energy Prod 87500 kWh/Year 

Phase 2 Energy Prod 78750 kWh/Year 

Phase 3 Energy Prod 68600 kWh/Year 

 

Solar PV SDE+ 2014 subsidy calculation example: 

PV Electricity Subsidy Calculation 

Phase of Application Electricity Price (€/kWh) SDE+ Contibution (€/kWh) Total Subsidy (Euros) 

Phase 1 0.07 0.016 €                              4,143 

Phase 2 0.08 0.026 €                              6,733 

Phase 3 0.09 0.036 €                              9,323 

Phase 4 0.11 0.056 €                           14,502 

Phase 5 0.13 0.076 €                           19,681 

Phase 6 0.147 0.093 €                           24,083 

 

Base Price 0.044 €/kWh 

Prelim. Corr. Amt. 0.054 €/kWh 

Max Full Load Hrs 1000 Hours 

Max Subsidy Period 15 Years 

Installation Size 258.96 kW 

Max. eligible prod 258960 kWh/Year 
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APPENDIX G: WEATHER NORMALISATION CALCULATION 

Gas Consumption and weather correction: 

2011 2012 2013 

Gas 
Comsumption 

(m
3
) 

Weather 
Corrected GC 

Gas 
Comsumption 

(m
3
) 

Weather 
Corrected GC 

Gas 
Comsumption 

(m
3
) 

Weather 
Corrected GC 

15456 14026.39631 11676 11496.69 12610 10813.61431 

14916 13536.34365 15276 15041.4043 14146 12130.8 

12288 11151.42067 12048 11862.9771 11872 10180.74774 

10701 9711.210336 10125 9969.50893 10269 8806.106687 

8519 7731.034562 8312 8184.35143 6896 5913.61493 

11121 10092.36241 11352 11177.6657 11220 9621.62986 

15246 13835.82028 14756 14529.39 14826 12713.92908 

22933 20811.81073 20235 19924.2482 21189 18170.47372 

20553 18651.94898 22009 21671.0046 21826 18716.72846 

12991 11789.39664 13662 13452.1907 13640 11696.88336 

17797 16150.86537 17771 17498.0882 17420 14938.39502 

15574 14133.4819 15360 15124.1143 15054 12909.44883 

12408 11260.32126 9470 9324.56786 7975 6838.903577 

3360 3049.21659 2967 2921.43536 2720 2332.51633 

21536 19544.02633 21872 21536.1086 20040 17185.15708 

18100 16425.83937 18680 18393.1286 19580 16790.6874 

12210 11080.63529 11638 11459.2736 11539 9895.186003 

19260 17478.5451 19080 18786.9857 18860 16173.25661 

7736 7020.458196 6784 6679.81714 6664 5714.665008 

272,705 247,481 263,073 259,033 258,346 221,543 

 

   Year HDD 
Weather 
Correctio
n Factor 

   

   
2011 3038 0.91 

Rotterdam 18 Year 
Avg   

 
2012 2800 0.98 

HDD 2757 
 

2013 3215 0.86 
 

 


