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ABSTRACT. During the last years several educational buildings were built with a focus on reducing the energy 

demand by applying the principles of passive house buildings.  Net-Zero Energy schools are even a step further 

on the road to improvement. However, the next step is schools which generate more energy hat they need 

themselves: Plus Energy schools. In 2011 a first school of this type was built in the Netherlands. The paper 

present a few of the latest Dutch built and planned sustainable schools: Passive house schools, Nearly Zero 

Energy schools and Plus Energy schools. The characteristics of the different schools will be compared and some 

evaluation results given about IAQ and comfort of some of the schools in which measurements were undertaken. 

It proves that the next design steps to more sustainable schools can be made but that however it is still difficult to 

apply and implement the technology to make the step from Passive House schools or Net Zero Energy schools 

towards Plus Energy schools.  

 
 

INTRODUCTION 

Energy use of school buildings is becoming a critical 

factor in the design as the sustainability demands are 

getting stricter. However although energy is very 

important we should not forget the vulnerability of 

children.  School plays an enormous important role in 

the life of children. Therefore it is very important that 

the Indoor Air Quality within schools is adequate. Most 

literature on indoor air quality indicates the air change 

rates as well as the maximally permitted CO2 

concentrations in buildings. The air change rates are 

mostly fixed values which do not take into account   

effect of the external air pollution [1]. The European 

indoor climate standard EN15251: 2007  provides 

different allowed CO2 levels depending on the external 

air CO2 concentration. Table 1 presents the CO2 values 

according to the EN15251. 

 
Table 1. CO2  levels according to the EN15251 

 
In this paper we look into the general guidelines on IAQ 

as this is a key factor to healthy and effective learning 

environment. The latest Dutch design guide (ISSO: 

publication no. 89 Indoor Climate Schools [2] should 

lead the path to better IAQ in schools, see Table 2, as 

there are now defined classes of IAQ.  
 
Table 2. Dutch guidelines ISSO 89 IAQ schools 

 

In earlier research we took this guide line to compare 

the results of build passive schools in Germany and 

Austria [3] and to compare them with the results of the 

first Dutch ZEB school [4, 5]. 

 
 
METHODOLOGY 
Three very recent built sustainable designed schools 

were analyzed and the results compared with other 

more traditional schools as well as a series of modern 

schools. To investigate the results of the sustainable 

schools measurements were done concerning thermal 

comfort and indoor air quality. During a week different 

measurements in schools were undertaken to be able to 

define the quality of indoor air quality and thermal 

comfort. However first we will start by looking at the 

design process of Net Zero Energy Buildings and which 

we will describe the three examined schools. 

At the moment the technology is there [6], 

unfortunately however to design zero impact buildings 

very few designers have the necessary skills or 

experience needed.  This task requires a profound 

knowledge about energy and technology. This leads to 

the necessity of an integral design approach not only by 

the architect but from the structural consultant, building 

services consultant and building physics consultant. A 

method needs to be developed to allow other, largely 

engineering, building disciplines to be integrated into 

the design process of NZEB from the outset in a 

meaningful way. This is not something done by merely 

putting the different designers together around one 

table, but needs more support. This leads to the 

necessity of an integral design approach not only by the 

architect but from the structural consultant, building 

services consultant and building physics consultant. In 

this context, traditional approaches to organize and plan 
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these complex processes is no longer suffice [7]. First 

and foremost, a method needs to be developed to allow 

other, largely engineering, building disciplines to be 

integrated into the design process of NZEB from the 

outset in a meaningful way. In the last years design 

tools were tested in different design workshops for 

NZEB design, in which more than 100 experienced 

professionals, architects consulting engineers 

participated [8]. One of the participating architects, 

Carl-Peter Goossen, became so enthusiastic about the 

design approach that he made it its leading principe in 

the design management of the projects of his company 

BouwQuest [9]. A nice example of his work is the 

Veldhuizerschool in Ede. It is the first new passive 

house primary school in the Netherlands. 

 
The  Veldhuizerschool  

 
Figure 1. The Veldhuizerschool in Ede 

The construction of the school was finished in July 

2011. The building is extreme air tight, highly insulated 

with a Rc = 10 m²K/W and has triple glazing.  

 
Figure 2. Class room of the Veldhuizer school 

 

The conditioning is done by individual room ventilation 

systems with heat exchangers. The air distribution is by 

textile ducts. Only during start-up of the lessons energy 

is needed the rest of the day the students generate 

enough heat to warm the classroom, The school has a 

green sedum roof and was a pilot project for an integral 

BIM approach [10], see Fig. 3. 

 

 
Figure 3. The Veldhuizerschool in Ede as BIM project[Goosen 2010b] 

 

Christiaan Huygens College: an energy plus school 

Christiaan Huygens College is the first CO2-neutral and 

energy plus school in the Netherlands. The new 

building of the Christiaan Huygens College uses a 

compact construction in order to limit the surface area 

of the façade, thus reducing excess heat in summer and 

heat loss in winter as much as possible. At the same 

time, well-insulated windows allow natural daylight to 

flood the building without causing overheating. Thanks 

in part to the Energy Roof used in its construction, the 
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school building designed by RAU generates more 

energy than the school needs for its own use.  
 

 
Figure 4. Christian Huygens College Eindhoven: the first CO2 

neutral and energy plus school 

 

 
Figure 5. Large central atrium within the school 

 

 
Figure 6. Class room of the Christiaan Huygens school 

 

OdyZee school: a NZEB passive house school 

In 2009 the Dutch government started the so called 

UKP NESK program to stimulate innovation for energy 

neutral buildings. UKP means unique chances projects 

and NESK means 'Towards energy neutral schools and 

offices’ (Naar Energieneutrale Scholen en Kantoren). 

This program of the Dutch government gave in 2010 

funding to projects which show exceptional innovation 

in the area of energy conservation, sustainability or 

organization within the building industry.  These are the 

most interesting projects in the field of NZEB in the 

Netherlands.  

The only school within the UKP NESK program that is 

finished, is the OdyZee school, see Fig. 15. The energy 

neutral concepts, is based on applying the Passive 

house-concept, with an average Rc-value of 10 m
2
W/K 

and triple glazing. The school has a heat pump, low 

temperature heating system, balanced mechanical 

ventilation with 85%heat recovery, a solar boiler and 

Photo Voltaic panels. IAQ is control on a maximum 

CO2-level of 800 ppm. The Energy Performance 

Coefficient value is 0,54,  which is reduced to 0 after 

installing 500 m
2
 PV panels. 

 
Figure 7.  OdyZee school built conform the Passive house 

concept 

 

 
Figure 8. Class room of the OdyZee school 

 

 

MEASUREMENTS 

One classroom in each school building was selected for 

the measurements in the heating season during 1 week 

which include measurements of air temperature, radiant 

temperature, relative humidity and air velocity. 

Equipment specifications used for those measurements 

are shown in table 3. For the measurements a tripod was 

used in the middle of the room on which were placed 

the different sensors. The results are presented in Fig. 9 

-11. An overall comparison is made in Fig. 12. The 

sustainable schools are coded A, B and C 

 
Table 3. Measurement equipment  
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Figure 9. CO2 concentration measurement results school A 

 
Figure 10. CO2 concentration measurement results school B 

 
Figure 11. CO2 concentration measurement results school C 
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Figure 12. Overall comparison of the measured Indoor Air Quality level 

 
 

DISCUSSION  

In the Netherlands some new schools were designed as 

innovative sustainable design. In a recent report by the 

Dutch society of architects, BNA, ten recently 

completed more traditionally designed and built schools 

were examined on IAQ and thermal comfort [11]. This 

gave us the opportunity to compare the results of the 

three highly sustainable designed schools with the 

results of the traditionally designed schools A,B and C.  

The results are presented in Fig. 13. As can be seen the 

school A and B perform a little below the overall 

average of the schools from the BNA report. However 

school C has the worst Indoor Air Quality of all 13 

compared schools.  

 
 
Figure  13. Comparison results BNA research and new 

extreme low energy schools 

This is a disappointing result, as it was expected that all 

three sustainable schools would have outperformed the 

more traditional designed schools.  

When we compared the current results with those of 

earlier Dutch studies on school ventilation [12], see 

table 4, it showed that there was made some progress: 

overall the new schools had a lower average CO2-levels 

compared to the old ones. 

 
Table 4. Dutch studies: CO2 levels in schools [12] 

 
 

As found in our earlier research on sustainable schools 

[4,5,13], the results of the measurements within the 

three new highly sustainable schools indicate that  the 

achieved  IAQ of the schools is not much better than in 

the other more traditional schools, So there are still 

some important lessons to be learned. 

If we look at other international research on ventilation 

in schools we that the situation is not much different. 

Mercier [14] found in their research on hybrid 

ventilation in Nordic schools that the measured carbon 

dioxide levels in classrooms ranged from 1150 – 1550 

ppm, which is over the recommended limit. In Germany 

also the situation is not much better [15]. 
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CONCLUSION 

IAQ in schools is primarily evaluated by CO2-

concentrations.  ASHRAE Standard 62-1999 

recommends an indoor CO2-concentration of less than 

700 ppm above the outdoor concentration (~1200 ppm) 

to satisfy comfort criteria with respect to human bio 

effluents. Dutch schools have to meet the Dutch 

Building Code, which recommends a level of 1000 ppm 

CO2-concentration with a maximum of 1200 ppm. It 

proved that many schools in the Netherlands have 

during a large period of the classes CO2 levels which 

are clearly above the recommended levels.  

Final conclusion; the IAQ of the three sustainable 

schools is not much better than schools based on more 

traditional design approaches in relation to the Indoor 

Air Quality. There are still important lessons to be 

learned. Maybe the new REHVA guidebook on Indoor 

Environment and Energy Efficiency in Schools [16] can 

provide some help. It gives an overview on the main 

aspects and criticises of school buildings envelope and 

system design aiming to obtain comfortable and energy 

sustainable indoor environments for schools [17]. 
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