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Based on an energy masterplan, the municipality of Rijswijk decided in 2010 to develop a new, all-electric district with 

3,500 Zero Energy Dwellings. Since 2013, approx. 500 dwellings have been built and are now occupied; the district 

continues to develop quickly. The dwellings are well insulated: there is a heat recovery system for both shower and 

ventilation, a ground source heat pump and 3 kWp of solar panels. RijswijkBuiten, as this well-known project is called, 

is the first district in the Netherlands where sustainable energy ambitions on this scale have been realized. 

The monitoring and research results, both in terms of energy consumption and customer satisfaction, are  excellent. 

For the next phase of construction, plans are currently in the works to further enhance energy efficiency. In addition, 

energy demand management, battery-powered energy storage and ready access to electrical vehicles will all be 

incorporated into future developments.  

A special characteristic of the RijswijkBuiten project is that heat pumps and the solar panels are rented by the house 

owner from an EsCo for € 100 per month. The EsCo provides a 25-year guarantee that the installation will work properly 

and that the energy required for space heating, domestic hot water and cooling is completely covered by the production 

from the solar panels. 

 
Figure 1: Air photo of the first dwellings of the new district in Rijswijk 

 

1. The decisions behind this ambitious project 

Recently the Dutch government decided to rule out natural gas as the main source of energy in the Netherlands for 
heating dwellings. The main reasons for this decision were: evidence that capturing natural gas in the province of 
Groningen had caused earthquakes and the fact that natural gas is a contributor to global warming. This is a huge change 
from past behavior. Since the 1970s, the Netherlands has developed and financed a dense natural gas infrastructure to 
heat all Dutch buildings. In doing so, the government had access to a major source of income as an owner of the energy 
source. It was thus quite groundbreaking when the municipality of Rijswijk suggested in 2010 not to implement a gas 
infrastructure in the new district, but only an electrical grid. Many calculations were made and partners had to be 
convinced. Ultimately, the municipality made the final decision. They required that all participating real estate 
developers construct buildings according to very high energy efficiency standards.  
 

2. Investment and energy savings for homeowners 

The average selling price of a typical terraced house with a gas-fired boiler, built in accordance with the minimum 
requirements of the Dutch Building Decree, is about € 350.000. An net-zero energy building with better insulation, a 
heat recovery system for both shower and ventilation, a ground source heat pump and solar panels will cost approx. € 
365.000. This additional investment will result in a significantly lower energy bill (€ 0 instead of € 110 per month). 
However, people who are looking for a new home primarily focus on the location and upfront costs rather than the 
energy savings. For this reason, the contractor DuraVermeer together with the EsCo KlimaatGarant searched for a 
solution to separate this investment from sale price of the home. Plans were made as EsCo to lease the heat pump and 
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solar panels to the consumers. The municipality was satisfied with EsCo’s proposal as long as it would meet the following 
requirements: 

• The way the monthly rent was calculated should be transparent; the yearly costs for the consumer should not 

exceed the yearly costs of a regular new home with a gas-fired boiler. 

• The consumer is not obliged to rent the system during the whole period but can buy the system at any time, 

for which the selling price is clear from the beginning. 

• Complete guarantee of proper performance and energy efficiency of the heat pump, ventilation unit and solar 

panels. 

• Yearly cleaning and replacement of the filters of the ventilation unit to secure a healthy indoor air quality. 

Finally, the EsCo met these requirements by offering a rental price of € 100 a month. At this price, EsCo guarantees the 
home will be a net-zero energy building for 25 years.  Energy production from the solar panels fully covers the energy 
use of the heat pump and ventilation unit, and provides an additional 2.500 kWhe for the daily energy use by the 
residents. See Figure 2 for an explanation in graphic form. 
 

 
Figure 2 Diagram of net-zero energy for the typical house meter at RijswijkBuiten 

 
3. Results of monitoring and energy consumption 

After the first 26 homes were built in 2012, these were monitored for more than a year. Below are the measurements 
for heat pump usage.  These are Itho heat pumps of approx. 4 -5 kWth with a 150 liter domestic hot water boiler. Each 
heat pump has an approx. 100 meter deep closed loop ground heat exchanger filled with pure water. The spaces are 
heated (and cooled in summer) by a floor heating system that operates at an average temperature of 30 °C. 
 

 
Figure 3 Coefficient of Performance (COP) of the heat pumps for space heating (COP_CV) and for domestic hot water (COP_Boiler)3) 

 
The figure shows relative high COP’s for both space heating and domestic hot water. 
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Table 4 Energy consumption of net-zero energy and energy-plus in meter readings of typical dwellings3). 

 
Table 4 shows the energy consumption of the 5 measured net-zero energy buildings. They almost all produced more 
energy (electricity) than they used. An important reason for this is that the winter was quite warm that year. But even 
when adjusted for temperature variations, the houses still produced more energy than expected. These results are in 
part a consequence of very conservative estimates with regard to energy consumption built in during the design phase 
of the project. A second reason is that the “other domestic energy use” appears to be lower than expected according 
to traditional calculation models. The figures show a wide range. The energy-plus measurements of the third home 
reflect the residents’ lifestyle: they had, on average, long workdays and extensive travel abroad. The fifth home is an 
outlier due to the residents maintaining an average indoor temperature of 23.0 °C instead of 20.5 °C. 
 

4. Results of the customer satisfaction survey 

The monitoring offered us a lot of information about the performance of the system, but no information about the 
satisfaction of costumers. Therefore, a study was completed in 2015 In this study, 130 occupants received a web-based 
multiple-choice survey of which 42 were completed. 10 occupants were selected for an in-depth interview. 
 
From this research, it was concluded that the occupants were very satisfied, especially about the comfort in the summer 
and about their energy bill. One issue was the noise of the heat pump. The heat pumps themselves are actually not that 
noisy, however many people do not close the door of their bedrooms, and thus they hear the heat pump that is located 
in the attic. The main recommendation is to place the heat pump in its own self-contained cabinet. Another 
recommendation is to build homes, and specifically bedrooms, with a higher ventilation rate than is required by the 
Dutch Building Decree. 
 

5. Plans for the future. 

At this moment, almost all of the current homes are net-zero energy buildings. The solar panels produce surplus energy 
in the sunny summer months to compensate for the extra energy use in winter when the solar panels are unable to 
produce enough to cover energy consumption. Hence, the electricity grid is actually used as a battery. Currently there 
is no additional cost for this type of energy storage, but in the near future it is likely consumers will be charged. We thus 
performed a study 4) of whether we could use as much energy as possible by adjusting of the control of the heat pump 
(when we fill the boiler) and other energy users. In the same study, we investigated the possible role and business case 
of the house battery. The study concluded that a significant improvement can be made by means of more direct control 
of energy consumption but the imbalance between summer and winter will not be completely solved by batteries. So 
other solutions should be implemented as well.  
 
At this moment, more net-zero energy and energy-plus dwellings are being built in RijswijkBuiten. The next step is to 
implement the usage of electrical vehicles and their batteries for balancing the grid. Another development will be the 
implementation and synching of the Internet of things to individual homes in order to better equalize the energy 
production of the solar panels with the energy demand of the buildings. The RijswijkBuiten district has developed at an 
amazing speed. People love to live RijswijkBuiten; more and more, residents stress that the district’s unparalleled 
commitment to sustainability is one of its main selling points. 
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Experiences 
The measured and corrected tap water consumption with 442 kWh is significantly below the assumed use in the EPC 
of 675 kWh. We attribute this to three elements, which in practice turn out differently than assumed: 

• The consumption of hot water in the kitchen is much lower than according to the tap water pattern from the 

Dutch Standard NEN 7120. As a result, the pipe loss, which is significant in the EPC, is no longer normative for 

reality. 

• Due to a relatively high consumption of shower water, the efficiency benefits as the efficiency of heat 

recovery is significantly higher than the EPC assumes. It makes a difference whether the efficiency of 55% is 

achieved over 50% or 70% of the overall hot water consumption. 

• The COP is higher than according to theory. 

 
 
After five years, the vast majority of residents is satisfied or very satisfied with the hot water supply. The percentage is 
83% (2% is dissatisfied). The only dissatisfied resident stated that the storage tank is empty very quickly with a rain 
shower. He has the impression that he was not optimally advised with regard to the size of the boiler. A resident who is 
not dissatisfied / not satisfied indicates that the storage tank with a capacity of 150 liters is ‘just’ sufficient for 2 adu lts 
and a child and that it takes a very long time for the water to warm up. The pressure of the water is also not too high. A 
resident who is very satisfied, states that with the 150-liter storage tank there is more than enough hot water available 
for a family with 2 children. 
 

 
 
It is clear that the residents of Rijswijk Buiten are very satisfied with the hot water supply. A 2010 study shows 
comparable results with regard to satisfaction with the hot water supply. This study involved 1,391 homes from 
renovation projects and 1,001 new-build homes (BouwhulpGroep Advies en Architectuur, 2010). The high degree to 
which the residents of RijswijkBuiten are satisfied with the hot water supply is therefore not unique. However, that 
good result does not mean that this subject does not have to be part of the subjects that need improvement. 
 
The measured net-zero energy buildings, almost all, when adjusted for temperature variations, produced more energy 
than expected. These results are in part a consequence of very conservative estimates with regard to energy 
consumption built in during the design phase of the project. A second reason is that the “other domestic energy use” 
appears to be lower than expected according to traditional calculation models. The figures show a wide range. 
 The energy-plus measurements of the third home reflect the residents’ lifestyle: they had, on average, long workdays 
and extensive travel abroad. The fifth home is an outlier due to the residents maintaining an average indoor 
temperature of 23.0 °C instead of 20.5 °C. 
 


