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1.
INTRODUCTION

Global warming will, in the coming decades, 
heavily influence the way we view our everyday 
environment; the depletion of fossil fuels, the 
urban heat island effect, the decline of thermal 
comfort,  increase the need to mitigate and adapt 
to these climatic changes. The energy transition
to more sustainable energy systems that is so 
severely needed, forces people to critically look 
at the existing energy fluxes and the natural 
resources that the environment provides, such 
as wind and sun. There are three principles, of 
the Trias Energetica, which describe this energy 
transition and focus on steps towards energy 
sustainability. First of all, the demand for energy 
should be decreased. Secondly, sustainable 
energy sources should be used, rather than using 
limited fossil fuels and lastly, the energy obtained 
from fossil fuels should be used and manufactured 
as efficiently as possible (De Waal & Stremke, 
2014). In the context of the energy transition and 
creating a climate-responsive landscape, Master 
students at the University of Wageningen created 
this report for the course Climate-Responsive 
Planning and Design, which focuses on creating 
planning and design interventions for both 
mitigation and adaptation, concerning energy 
and climate in a certain area (Lenzholzer, 2016).

The study site for the design assignment of 
the course is the Spijkerkwartier in the city of 
Arnhem in the Netherlands. The Spijkerkwartier 
is a neighbourhood in which a diverse group of 
inhabitants live, consisting of both Dutch and 
non-Dutch students, families and elderly. The 
residents are quite active in the area and many 
citizen initiatives exist. The Spijkerkwartier area 
has various functions, as it provides living spaces, 
a working environment, recreational places, 
shops, restaurants and bars and it has a special 
cultural historic character (Werkgroep Openbare 
Ruimte Spijkerkwartier, 2016).

A thorough site analysis was conducted on the 
Spijkerkwartier to gain a deeper understanding 
of the existing energy demands, potentials (fig.2) 
and the problem areas (fig.1) in the neighbourhood 
(e.g. relating to the urban microclimate).

SITE ANALYSIS

WIND DIRECTION MAP

URBAN MICROCIMATE MAP

CONTEXT
SPIJKERKWARTIER

Figure 2. Main wind directions on normal and hot days.

Figure 1. Problem areas concerning the urban climate in the 
Spijkerkwartier.
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In order to create a design that adapts to the 
changing urban microclimate and the energy 
transition, a temporal approach is needed. 
Global warming will not only change future urban 
micro climate conditions, it will also vary heavily 
throughout the day and year. These varying 
conditions mean that people have different 
demands of the urban environment and causes 
problems (that feature heavily). In some parts of 
the year these assets can be exploited at other 
times. When we have knowledge about these 
cycles, it means that they can be taken advantage 
of, for an adaptive design. Aside from the obvious 

RENEWABLE
ENERGY TIMELINE

Figure 3. Yearly cycle.

yearly temperature variations, global warming 
will cause an overall increase in temperature 
(differing in degree, according to the different 
projections) (KNMI, 2014) with milder winters 
and warmer summers, intensifying the urban 
heat island effect (fig.3). Intensity of precipitation 
becomes higher, especially in summer causing 
great peaks of downpour. Wind speeds during the 
year stay the same, however the direction of wind 
changes. Overall, wind comes from the South-
East, but because of the changes in air pressure 
systems, on hot summer days warm breeze 
comes from the South-West. On a daily basis, the 
urban heat island effect is most experienceable 
in the late evening, as longwave radiation is 
trapped in narrow paved streets, radiation is 

less efficiently released 
into the atmosphere. 
The diurnal cycle also 
has great effect on the 
energy budget (fig.4), 
as energy cannot be 
stored without creating 
entropy, it is vital to 
consider the temporal 
differences between 
energy  generation 
and consumption. 
Consumption is greatest 
between  noon and late 
evening, but energy 
generation currently 
is produced evenly 
throughout the day, 
this creates a disparity. 
With the transition 
to renewable energy 
sources, this imbalance 
will become even more 
important, as it is more 
dependant on natural 
fluxes. When the sun 
is highest in the sky 
most electricity will be 
generated, thus needs 
to be stored daily for 
consumption in the 
evening. In winter when 
more energy is needed 
for heating, less energy 
can be generated, as 
less shortwave radiation 
reaches the earth. 

Figure 4. Diurnal Cycle.



6

Figure 6. Design concept diagram.

Figure 5. Future energy use Spijkerkwartier in 2050.

DESIGN OBJECTIVE DESIGN APPROACH

Various objectives were specified in the design 
assignment  for Spijkerkwartier. First, it is of vital 
importance to take sustainable energy-conscious 
systems into account, with the ultimate objective 
to be completely self-sufficient, by generating 
enough renewable energy on site to meet (at least) 
the total energy demand of both households and 
businesses that are located in the neighbourhood.
Secondly, a main goal is to enhance the 
urban microclimate that people experience in 
the neighbourhood, creating more thermally 
comfortable places (Lenzholzer, 2016). The 
microclimate experience depends on various 
factors, including external physical factors, which 
are wind speed, air temperature, relative humidity 
and longwave heat radiation and shortwave 
(solar) radiation (Lenzholzer, 2015). These factors 
were analysed to see what should and could be 
changed to enhance the urban microclimate of the 
Spijkerkwartier.
Another objective was to design a climate-
responsive neighbourhood, which takes into 
account the increasing number of extreme weather 
events, such as increasing precipitation and heat 
waves. The design needed to provide a comfortable 
environment both in hot summers and cold winters 
and during the day and at night (Lenzholzer, 2016). 
All of these objectives should be met while always 
taking into consideration the quality of the living 
environment for the residents of the Spijkerkwartier.
In order to investigate and later on prove that we 
reach the design objective, it is essential to quantify 
the energy needs for the neighbourhood (fig.5). 
As the eventual implementation of the design 
will stretch into the future, the current numbers 
of energy consumption where extrapolated on 
the basis of the Energie Agenda (Ministerie van 
Economische zaken, 2016). These numbers are 
standardised for the entire course, this means that 
the results can be related and compared to other 
researches.

In order to reach the objectives stated in the last 
section, early on in the design process, we made 
decisions on focussing our investigation. Building 
on our initial analysis on the daily and yearly 
cycles, we wanted to take a strong multifaceted 
approach, in which we tackle more problems within 
a single creative design solution. We will approach 
the reaching of the objective by concentrating on 
the transition to renewable energy sources and 
the coupling these to other positive effects, as a 
pleasant micro-climate and improvements  to the 
quality of the living environment. Because this brief 
asks for a creative research-by-design process, we 
looked at the form of renewable energy sources that 
has room to offer creative design solutions: wind 
energy. Figure 6 describes this upcoming design 
process, in which our integral design solution ‘the 
creation of a new canopy layer’ comes to the fore. 
The following chapter will investigate the theoretical 
possibilities of energy generation with wind, 
forming the theoretical framework for the design. 
In accordance with these findings, we develop  
the design concept. The next section is about the 
design, consisting of the plan on neighbourhood 
level,  a detailed design and sections of the 
block, the materialisation, the implementation 
strategy, the possible impacts of the design and 
the calculations. Finally this report concludes with 
the outcomes of our design during the design, in 
which we discuss the results critically and we offer 
recommendations to the various stakeholders that 
are involved in the Spijkerkwartier. 
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ENERGY

RENEWABLE ENERGY RESOURCES

According to the second Law of Thermodynamics,
energy consists of both exergy and entropy. 
Exergy comprises the useful part of energy, 
which produces work. While energy is used, the 
exergy is transformed into entropy, whereby the 
most useful part of energy gets lost. Eventually, 
all exergy is being transformed into entropy 
(Stremke et al., 2011).

Different renewable energy resources and 
technologies were analysed to see their potential 
for energy generation and to meet the energy 
demand of the Spijkerkwartier. Solar energy 
initially seemed like the obvious choice for energy 
generation in the neighbourhood. 
However, solar energy is not equally abundantly 
available over the course of a year. As such, if only 
depending on solar energy, the Spijkerkwartier 
would never become energy neutral. Besides 
this, solar panels have a large spatial footprint, 
which means that a very large area will need to 
be converted into panels in order to suffice in the 
energy needs of the neighbourhood.

As figure 3 shows, solar energy is mainly 
abundantly available during the summer months. 
In the winter months, on the other hand, there is 
very little sun in comparison. So to supplement 
solar energy, other natural forces need to 
be utilised to provide enough energy for the 
Spijkerkwartier during the whole year.

As can be seen in figure 3, in winter months, wind 
is the prevailing energy source. As such, it is wise 
to investigate the opportunities of utilising wind to 
generate energy. Moreover, wind as a renewable 
energy source is especially interesting, as it has a 
high return on investment (EROI), meaning that 
for every unit of energy that is invested a relatively 
large number of energy units is gained. Also, the 

spatial impact of wind generation technologies is 
relatively low and it is a clean and affordable way 
to generate energy (Stremke, 2016).
However, the analysis showed that wind speeds 
in the Spijkerkwartier are quite low (3,92 m/s 
at 20m height) (RVO, 2016). In general, these 
speeds do not suffice for the generation of wind 
energy, as most small urban wind turbines only 
start generating at wind speeds higher than 5 
m/s (Agentschap NL, 2010). However, faster wind 
speeds are needed to suffice in supplementing 
solar energy generation in creating an energy 
self-sufficient neighbourhood. So, in order to 
supplement the energy generation with wind 
energy, wind speeds need to be increased. 

As figure 7 shows, the Spijkerkwartier has a 
relatively flat, though rough, roofscape. Winds 
flows over the neighbourhood, but are not able 
to pick up speed. As such, in order to increase 
wind velocity, the roofscape of the neighbourhood 
needs to be modified. To do so, and to be able to 
use wind for energy generation, one must first 
understand wind behaviour. 

Generally speaking, wind behaves like water; 
it always takes the path of least resistance. 
In the Netherlands, on normal days, there are 
South-westerly winds, whereas on hot summer 
days, the wind blows from the Southeast. 
Different wind patterns can be observed in the 
urban environment. The following section briefly 
describes the wind effects that play a role in the 
design for the Spijkerkwartier:

SKIMMING fLOW
In narrow streets with a height/width (H/W) ratio 
of more than 0,7, skimming flows occur, meaning 
that the majority of the wind skims over the 
rooftops, above the pedestrian level (fig.8).

Theories concerning energy, energy fluxes, 
renewable energy resources, radiation and 
the urban microclimate are fundamental for 
the design interventions and will inform design 
desicions. The following section consists of a brief 
theoretical explanation, which is followed by the 
design concept. 

2.
THEORETICAL
FRAMEWORK

Figure 7. Currently wind 
flows over the relatively 
flat and rough roofscape.

Figure 8. Skimming flow, 
wind flows over the roofs.
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URBAN MICRO-CLIMATE

corners (Lenzholzer, 2015) (fig.10). This corner 
stream phenomenon can be used to generate 
wind energy at the sides of each block within the 
Spijkerkwartier.

The micro-climate experience depends on various 
factors, including external physical factors, 
among which are wind, air temperature, relative 
humidity and longwave heat radiation and 
shortwave (solar) radiation (Lenzholzer, 2015).

An objective of the brief is to enhance the 
urban micro-climate of the Spijkerkwartier. The 
experience of the urban micro-climate is too 
warm, due to the urban heat island effect. This 
results in unwanted effects.

Low wind breezes can be used as ventilation to cool 
down streets on warm summer days. However, in 
winter, wind can be a nuisance, creating a cold 
micro-climate. 

Both shortwave and longwave radiation are not 
visible, however, they largely influence the urban 
microclimate, as they determine many thermal 
processes. Solar shortwave radiation hits objects 
on earth, which can be absorbed or reflected. 
This radiation warms up the surface and part of it 
can be emitted in the form of longwave thermal 
radiation.

The use of certain materials influences this 
absorption and reflection of radiation and the 
design focuses on using the short- and longwave 
radiation in a useful way (Lenzholzer, 2015).

WAKE INTERfERENCE fLOW
In streets that are a bit wider with a H/W ratio 
between 0.3 and 0.7, wake interference flows 
can occur, meaning, “the sheltered areas behind 
the buildings overlap the small sheltered areas in 
front” (Lenzholzer, 2015, p. 50).

ISOLATED ROUGHNESS fLOW
In wide streets with a H/W ratio of less than 0.3, 
isolated roughness flows occur, which often cause 
wind nuisance. Due to the large distance between 
buildings, the wind moves down towards the 
pedestrian level, picking up speed.

CUMULATIVE EffECT
Wind patterns are different for individual buildings 
and groups of buildings; the Spijkerkwartier 
comprises of various groups of buildings, the 
blocks. When wind flows over objects that 
increase in height by roughly one third, the 
speed increases, due to the compression of 
airflows (Bennett, 2007). This cumulative effect 
is displayed in figure 9.

When eliminating the roughness (factor) of a 
terraced  group of buildings, a smooth slope 
remains over which wind streams will be 
accelerated. This acceleration can be employed 
for the generation of wind energy, depending 
on the shape of the slope. To optimally profit 
from accelerating winds for energy generation, 
slopes should have an angle between 6° and 16°. 
Angles below 3° and above 27° are not favorable 
(Mathew, 2006).

CORNER STREAMS
As wind takes the path of least resistance, at 
the corners of buildings, wind is forced around 
the object, causing increased wind speeds at the 

Figure 9. Wind speeds 
pick up when building, 
(heights) are terraced. 

Figure 10. Wind flows 
around block and creates 
turbulence around the sides.
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Since the Spijkerkwartier is densely built up, 
very lively and provides many functions on street 
level, there is little room for design interventions 
on street level to solve the climate problems and 
fulfil the energy needs of the neighbourhood. 
Therefore, we turned to the roof level and 
decided to investigate the possibilities of creating 
a multifaceted solution for both the energy needs 
and the urban climate problems by adding a new 
layer to the urban fabric.

As the greatest challenge lies in meeting the 
energy demands, we primarily focussed our design 
process on the mitigation of this demand. The 
analysis showed that solar and wind energy had 
the highest potentials. However, applying these 
energy generation techniques required more 
space than the current roofscape could provide 
us with. Therefore, we decided to create an extra 
layer over the Spijkerkwartier: a multifaceted 
canopy layer that will fulfil the neighbourhood’s 
energy demand and solve the urban climate 
problems.

In the theoretical framework, we investigated 
the potential for accelerating wind speeds, in 
order to generate higher levels of energy. As 
theory showed that wind speeds will build up 
over a sloped up built environment, we decided 

DESIGN 
CONCEPT

to employ this in the creation of our canopy layer 
(fig.11). Currently the roofs of the neighbourhood 
have relatively the same height, with the church 
on the Steenstraat as an exception. Currently 
wind flows over this flat roof-scape or ‘pancake’. 
Due to the variation of roofs, roughness is created 
and wind speeds are low. In order to pick up wind 
speeds most efficiently with the least amount 
of roughness, we decided to create a smooth 
sloping surface over the current roofscape. 
The slope of the new canopy will start on the 
southwest of the neighbourhood, as this is the 
predominant direction of the wind. The canopy 
layer gently slopes up, which pushes the wind up 
and thus increases wind velocity. We investigated 
different possibilities to increase wind speeds 
along two different degrees of slopes, 6° and 16°, 
corresponding to the findings of our literature 
research. This resulted into the design with the 
roof sloping up 1% from the southwest corner 
towards the northeast corner of the canopy. 
Each ‘block’ of the Spijkerkwartier will have a 
‘separate’ sloping canopy. At the end of each 
canopy, a slope with an angle of 16° is created, 
which will provide us with a wind velocity 
acceleration of 58%.
Eventually this increases the current wind speed 
from 3,83 m/s up to 6,05 m/s. At the end of 
each slope, where wind speeds are highest, 
spherical wind turbines will harvest the wind, 
enabling energy generation. The turbines that we 
implement will be discussed in more detail in the 
coming chapter. 

3.
DESIGN CONCEPT

Figure 11. Concept drawing, 3D 
overview of Spijkerkwartier and 
the added canopy layer.

N
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Because covering the entire neighbourhood with 
a roof is not favourable to the overall subtle 
character of the Spijkerkwartier, three different 
types of canopy will enable wind acceleration 
(fig.12). In the first typology we utilise existing 
H/W ratio’s (appendix). The streets with a H/W 
ratio that is larger than 0.7 has skimming flow, 
which means that the wind already flows over the 
streets without entering street level. The second 
type of canopy is a tree cover, consisting of both 
existing and new trees. Trees are placed in larger 
open spaces, for which the H/W ratio would be 
lower than 0.7. New trees, which will be placed 
according to a grid structure, will supplement the 
existing tree structure. Trees will provide shade, 
fresh air and evapotranspiration. The canopy 
is kept open above places where the H/W ratio 
criterion is already satisfied without interventions. 
The open canopy enables ventilation between 
the street level and the atmosphere and thereby 
provides fresh air. 
The third canopy typology forms a glass layer, 
mainly placed over existing buildings and open 
spaces. This canopy contains a plurality of functions 
and serves both the microclimate and the energy 
needs for the area, described in more detail in the 
next section. Together these typologies create 
a new layer to the neighbourhood. In the next 
chapter the specific placement of the different 
canopies are explained, as fits the specifics of the 
streetscape.

The last canopy typology described in the 
previous section consists out of a glass structure 
that covers parts of the neighbourhood. This 
canopy fulfils a variety of functions other than 
acceleration of wind speeds (fig. 13). Solar panels 
will be integrated into the glass for additional 
energy generation, the specifics of these BIPV 

CANOPY TYPOLOGIES

MULTI-FACETED 
GLASS CANOPY

cells will be eleborated on in the next chapter. 
The roof consists of a modular structure that 
can organically move with the direction of the 
sun, making energy  generation as optimal as 
possible. The canopy can be opened up on hot 
days, for increased ventilation, creating a more 
comfortable urban micro-climate. In addition, 
the roofscape enables thermal radiation to leave 
and be emitted towards the sky on warm nights, 
cooling the earth’s surface. Futhermore, the 
roofscape provides shade on sunny days. This 
is very important for the thermal comfort on the 
pedestrian level.

The canopy will contribute to extra insulation for 
the buildings in the Spijkerkwartier; the energy 
label is enhanced, decreasing the energy demand 
for heating. This is also the first step towards a 
more sustainable energy system, according to the 
Trias Energetica principles. Another function that 
the canopy layer provides is that it has the ability 
to catch and collect rainwater. As the frequency 
of extreme precipitation events will increase due 
to climate change and as the Spijkerkwartier 
coped with several heavy rainfall events already 
throughout the past years, the design could partly 
help to reduce these water-related problems, by 
seeing the rainwater as an opportunity to re-use 
free water for public and private utilities.

Lastly, the roofscape provides an aesthetic, 
comfortable environment underneath, an inner 
paradise if you will. These areas could be used 
communally, for example as roof gardens for 
recreational use, or as greenhouses where 
vegetables are grown.

To conclude, while the canopy has a main 
energy generating function, it also contributes 
to establishing a more pleasant micro-climate 
underneath, as it provides shade, shelter and 
opens up in summer to guide in cooling breezes. 
In the design chapter, we will elaborate further 
on this.

Figure 12. Canopy typology diagrams .
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CLIMATE ADAPTIVE
CANOPY

On a hot night, the UHI is more prominent. In 
order to prevent heat stress during night, the 
canopy opens up in order to enable shortwave 
radiation to be emitted into the atmosphere and, 
similarly to a hot summer day, enable a cooling 
breeze to enter the block.

Figure 14 and 15 display the functioning of the 
canopy on a normal and a hot summer day for 
one section, the remainder of the sections and 
conditions can be found in the appendix.

SUMMER DAY 

NORMAL DAY 

In order to show how the canopy functions under 
different (climatic) circumstances, three sections 
were investigated in the block, taking five 
different conditions into account. The conditions 
that are displayed are: a normal/average day, a 
hot summer day, a rainy day, a normal night and a 
hot summer night. To be noted: these sections do 
not reflect the final design, they merely illustrate 
the functionality of the canopy.

On a normal day, wind flows over the canopy and 
accelerates along it. 

On a hot summer day, shortwave solar radiation 
enters and heats up the block. To ensure a 
comfortable micro-climate and prevent heat 
stress, the canopy opens up in the southeast 
direction, from which summer winds come, in 
order to guide a cooling breeze to circulate inside 
the block.

On a rainy day, to a large extent, the canopy 
provides shelter. It also has a function to collect 
rainwater that falls on top into gutters that 
guide the water to a basin. Rainwater that is not 
intercepted by the canopy will be directed to rain 
gardens on ground level via green ‘gutters’.

On a normal night, the canopy remains in its 
closed state, which enables shortwave radiation 
to circulate underneath it. In this way, it provides 
a comfortable climate during the night. Of course, 
as of the openings, shortwave radiation is able to 
be emitted into the atmosphere.

Figure 14. Functioning of the canopy on a normal day.

Figure 15. Functioning of the canopy on a hot summer day. 

Figure 13. Multi-faceted glass canopy.
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Various technologies are included in the concept, 
which are used to generate energy. The three 
technologies are Spheric Electronic Generation 
Units (spheric wind turbines), Building-Integrated 
PhotoVoltaic (BIPV) solar cell modules and Vibro-
wind.

The spheric electronic generation unit, as seen 
in figure 16, is a wind turbine that can generate 
energy with winds as low as 2 m/s - 6 m/s. Its 
spherical shape allows to take advantage of winds 
from 360°. The size of the unit is around 0.60 m 
x 0.60 m x 0.60 m, which only causes a small 
impact in the urban environment (100*100*100 
Wind Tower, 2014). This technology was part 
of the project 100*100*100 Wind Tower from 
the Land Art Generator Initiative, which asks to 
“capture of energy from nature, cleanly convert 
it into electricity, and transform and transmit 
the electrical power to a grid connection point 
to be supplied by the city” (Land Art Generator 
Initiative, 2016), as well as a design that can be 
constructible. 

Secondly, the BIPV system generates energy 
through building materials, as seen in figure 17, 
providing savings in electricity cost and reducing 
pollution. The energy is generated by the use 
of PV cells on facades, rooftops and glazing. 
For this project, the focus is on roof glazing or 
semi-transparent systems, which consist of 
ultra-thin solar cells that creates shadows while 
simultaneously generating energy. Usually, one 
can find this system in greenhouses or skylights 
(Building-Integrated Photovoltaics, n.d.).

Lastly, the Vibro-wind technology, as seen in 
figure 18, “denotes the harvesting of energy from 
the wind as it flows around vibrating structures 
as an alternative to conventional rotary wind 
turbines” (Moon, 2011, p. 385). The aim is to 
convert kinetic energy into electrical energy. 
According to francis C. Moon (2011), it can be 
compared to commercial solar panels since the 
energy output is similar. Even though Vibro-wind 
is not as efficient as wind turbines, it has some 
positive side effects, for example being safer 
for birds and a rather silent technology. What is 
especially unique about this technology is that it 
can generate energy from wind speeds starting at 
2 m/s (Kluger, n.d.).  

If we would implement each technology to 
generate 100% of the energy demand, we would 
need 0,008 times Spijkerkwartier for Spherical 
wind generation, 1,06 times for BIPV cell modules 
and 1,33 times Spijkerkwartier for the Vibro-wind 
technology.

TECHNOLOGIES

Figure 17. BIPV Cells
on glass canopy. 

Figure 18. Vibro-wind
Technology.

Figure 16. Spherical 
Electronic Generation Unit.
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4.
DESIGN

TOTAL CANOPY MAP

TRAFFIC MAP

STREET LEVEL

As there is not much room for interventions on 
street level in the current situation, we investigated 
the possibilities of re-arranging the traffic system 
of the neighbourhood in order to create more 
space for interventions. As such, we re-arranged 
the traffic circulation on the basis of the current 
traffic system of one-way and two-way streets and 
the accessibility of the parking gardens (fig.21). 
Streets that were not needed for the circulation, 
have been made car-free.

With this design, we have created a new canopy for 
the Spijkerkwartier (fig.19). This canopy contains 
a plurality of functions and serves both the micro-
climate and the energy needs of the neighbourhood. 
As the canopy layer has been explained extensively 
in the design concept chapter already, we will not go 
further into it at this point. How the neighbourhood 
has been transformed underneath the canopy layer 
will be explained below.
Later on, an elaboration will  be provided about the 
pilot design as the interventions for our block will 
be repeated throughout the neighbourhood.

While the canopy ensures energy generation for 
the neighbourhood and provides a pleasant micro-
climate, underneath the canopy, water problems 
are solved and public space is created (fig.20). for 
now, a general explanation of these interventions 
will be given, a more specific elaboration will be 
provided on block level later on.
Underneath the canopy, the Spijkerkwartier will 
get a green makeover to ensure a pleasant micro-
climate. On the neighbourhood level, a new tree 
structure is added to provide shade and thermal 
comfort on street with heat stress. As such, on 
the south side of each street with an eastwest 
orientation, a single lane of trees is placed.
Storm water will be intercepted at the entries of the 
neighbourhood and will either be guided along the 
railway dike towards a retention area or towards the 
Musispark on the west side of the neighbourhood. 
In case this system is overloaded, the rain gardens, 
which normally function to collect rain water that is 
not intercepted by the canopy, will function as an 
extra buffer and water will be guided to them by 
green ‘gutters’ that are created in every street.
Lastly, even though the Spijkerkwartier has a strong 
social cohesion, there is not a lot of public space 
in which people can come together. Creating more 
public space strengthens the social cohesion even 
further. However there are not a lot of possibilities 
to create public space on street level. Therefore, 
public space should be created on a higher level: 
flat roofs. 

Figure 20. Under the canopy.

Figure 21. Traffic map.

Figure 19. Canopy layer projected on Spijkerkwartier.

N

N
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Figure 23. Pilot design on block level. 

In order to implement the principles into a design, 
we will first test them on the scale of one block, 
before extrapolating them to the entire area. For 
this, we divided the Spijkerkwartier into seven 
blocks, that all share similar properties such as 
parking, flat roofs, green areas, playgrounds etc. 
The displayed numbers in each block represent 
their percentage of the total energy usage. Our 
design pilot focusses on the highlighted block 
on the map, covering 14,3% of the total energy 
consumption (fig.22). 

BLOCK APPROACH

In figure 23, the final design for our pilot block is 
illustrated, based on the current usages, spaces, 
H/W ratios, the pre-selected canopy principles 
and pre-selected implementations for each block. 

On the ground level, each block is provided with a 
playground, a rain garden and a parking garden. 
Each playground will have either an energy or 
climate theme to raise awareness. They will be 
designed together with the children of the block.

On roof level, each block will be provided with one 
or multiple public roof gardens, a water basin and 
a greenhouse. The greenhouse can be employed 
to cultivate vegetables on a block level.
Other roofs that might be less suitable for the 
creation of roof gardens should be turned into 
intensive green roofs.

On canopy level, you can see the division of 
the three canopy principles mentioned earlier, 
together with the spherical wind generators at 
the end of the 16 degrees slope.

For further explanations of our implementations, 
the principle diagrams (fig.24) are more 
extensively described and provide better insight 
into our design. 

PILOT BLOCK DESIGN 

Figure 22. Block division of neighbourhood. 

N

N
Division of the different blocks

14,3 %

14,3 %

14,3 %

14,3 %
14,3 %

16 %

12 %
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Figure 24. Design diagrams
of block design. 

1. Within this block design, two flat roofs will 
be linked in order to provide around 300m2 of 
new community space. The roof is situated on 
6m height, which will be connected to the car-
free street by a wooden staircase. The residents 
themselves will give their own interpretation to 
the usage and design of these flat roofs as a block-
community. A similar approach will be taken in the 
other blocks of the Spijkerkwartier, depending on 
its context and the residents’ preferences.

2. At the end of each canopy, spherical 
wind turbines will be placed in order to generate 
energy on block-level. The wind turbines, with 
a size of 60x60x60cm, will be placed in three 
consecutive rows, each stacked one unit higher 
than the one before, corresponding the 16° angle 
of the canopy that accelerates wind speeds. 
The turbines have a lightweight frame, both in 
a visual and constructive way. Depending on 
the preferences of the inhabitants, the turbines 
can either be made visual at the far end of the 
canopy (to create awareness) or be placed back 
to lowlight their presence.

3. Concerning the current precipitation 
amount of approximately 800mm per m2 on a 
yearly base (KNMI, n.d.), our glass canopy of 
around 21.000m2 provides great possibilities 
for rainwater collection in our climate-proof 
neighbourhood. Roughly, a household uses 
around 119 litres of drinking water a day, from 
which around 50% can be replaced by reusing 

rainwater for flushing the toilet, using the washing 
machine or dishwasher. If we would project this 
on our block (concerning approximately 100 
households) a water basin with a capacity of 
300m³ (20x10x1.5m) could provide the block 
with 300.000 litres of clean rainwater. Including 
periods without rainfall, a completely filled water 
basin provides our block with enough rainwater 
for 50 days usage. The basin will be placed above 
one of the flat roofs in each block, supported by an 
independent structure. It is made of see-through 
material, which contributes to environmental 
awareness.
 
4.  Concerning the decrease of cars within the 
Spijkerkwartier in the future, parking places will 
be (partly) replaced by green ‘gutters’. Instead 
of the current elevated borders that do not allow 
the water to come in, these future gutters will 
be easily accessible for water to infiltrate. The 
remaining parking places will be made green, with 
half open and thus more permeable pavement. 
Small-scale interventions like these are easy to 
implement within the current context and will 
improve the environmental quality and thermal 
comfort within the Spijkerkwartier.
 
5. Within each block, we will create one 
centralised parking garden. Through this, we 
want to encourage the idea of future parking, 
containing a green/park atmosphere with 
semi-open pavement and many loading points 
for electric cars in order to stimulate this 
development. The parking gardens will have 
an (open) canopy of trees in order to prevent 
polluted air to accumulate within the block. The 
parking garden will be made as space efficient 
as possible, thereby enabling to replace street 
parking.

6. Since the Spijkerkwartier will be self-
sufficient in energy with our future interventions, 

DESIGN DIAGRAMS

1.

4.

7.

2.

5.

8.

3.

6.
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it needs an entrance that will emphasise and 
symbolise its focus on renewable energy 
generators. For this, the main entrances will have 
the Vibro-wind technology as a ‘gate’ above the 
streets, creating awareness of this energy and 
climate-proof neighbourhood.
 
7. According to our analysis, traffic space 
can be minimised, meaning that streets will be 
made car-free if possible and their width will be 
re-evaluated and where possible diminished. The 
appointed streets will still be accessible by car 
(if needed) to load or unload objects from the 
houses. This intervention will be implemented in 
each block, depending on its context and road 
network. The interventions will provide more 
space for the residents to recreate in and its 
materialisation will be more favourable relating 
to cooling evapotranspiration of green and the 
infiltration of water.

8. The construction of the glass canopy 
provides us with possibilities to add more vertical 
green. By using light cables from street level up 
to the canopy layer, we can easily add vertical 
green of more than 15m, without the need of a big 
spatial footprint. By repeating this every 2m, the 
environmental (green) image can be improved, 
together with the cooling effect of the vegetation 
providing both shade and evapotranspiration. 

SECTION

In order to illustrate the impact of the canopy on 
the neighbourhood, a section has been made over 
the length of the pilot block (fig.25). The canopy 
starts at the height of the houses and slopes up 
by 1%, resulting in a height increase of 3m over 
the length of the block. Towards the end of the 
block, the canopy slopes up by 16° resulting in 
another 5m rise above roof level. This is about 
8m above building height. On top of this, three 
stacked rows of Spherical Electronic Generation 
Units are placed, increasing the total height of 
the structure by another 1.8m.
Next to illustrating the impact of the canopy 
layer, the section shows the construction of the 
glass canopy. The canopy is supported by an 
independent structure. This supporting structure 
is made out of wooden support pillars and beams, 
from which the first are spread out in a grid with 
10m between each pillar and are covered in 
climbing greenery. The supporting beams are 1m 
thick, the pillars 0.55m. 
Finally, the section displays the abundantly green 
atmosphere that will be created in the block, by 
adding Acer campestre trees, with pruned tops, 
as part of the canopy, community gardens and 
depaved public space.

A

A

B

B

C

C

Figure 25. Longitudinal section of pilot block design.
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MATERIALISATION

figure 26. View from Velperbuitensingel into Parkstraat, 
emphasising the entrance of a climate- and energy proof 
Spijkerkwartier by Vibro-wind technology.

figure 28. Visual impact of the wooden canopy construction 
from Kastanjelaan on street level + small-scale climate-proof 
interventions at parking lane.

For the construction of the design, various materials 
were chosen based on different characteristics, some 
of which influence the microclimate, including the 
albedo, the thermal conductivity, the emissivity, the 
sustainability and the embodied energy. Albedo is 
the ratio between the amount of incoming radiation 
and the amount of radiation that is reflected by a 
material. The thermal conductivity relates to how 
much heat is taken up and released by a material. 
The emissivity is a material’s ability to release 
longwave radiation. The sustainability concerns the 
material cycles and whether the material causes 
a decrease in energy demand (relates to the first 
principle of Trias Energetica). The embodied energy 
is the amount of energy that was used to produce 
a material. In conclusion, when choosing materials, 
the aim is to have sustainable materials with a 
high albedo, a low thermal conductivity and a high 
emissivity. A high emissivity is aimed for, as by 
reflecting large amounts of radiation, the urban heat 
island effect is reduced. In figure 27, the precise 
numbers are displayed.

WOOD - Wood is used as a construction to support 
the glass canopy layer. More specifically, pinewood 
is used, as by cooking for 6 hours in water of about 
200 degrees, its characteristics change so that the 
wood does not need any maintenance for years, 
making it more sustainable (Alliander, 2016). 
As for the other aspects, due to the low thermal 
conductivity of wood, the relatively high albedo, a 
more thermally comfortable microclimate is created. 
Also, wood looks natural and aesthetically pleasing.

VEGETATION - Different vegetation has been 
implemented in the design, including both trees 
and street vegetation, like grass and green facades 
and pillars. The trees, which are part of the canopy 
layer, steer the wind and increase the wind speed. 
The tree species that has been selected for the 
neighbourhood is the Acer campestre, as it has a 
dense crown, it is easy to prune, it is a suitable 
street and city tree and it is moderately fast growing. 

Helix hedera, Wisteria sinensis and Parthenocissus 
quinquefolia are applied as climbing greenery, each 
as of their specific characteristics. Hedera has been 
selected as it is an evergeen climber, Wisteria as 
of its blossom and Parthenicissus as of its striking, 
bright red, fall colour.
Vegetation has a low thermal conductivity and 
a high emissivity and depending on the amount 
of vegetation that is placed, temperature can be 
decreased up to 6°C (Lenzholzer, 2015; Alexandri 
and Jones, 2008). Thus by increasing the amount 
of vegetation in the blocks, the microclimate is 
enhanced.

GLASS - Glass is used in the design for the 
construction of the greenhouses that are located on 
the flat roofs. Glass is a suitable material, due to the 
fact that it is a major contributor to energy efficient 
buildings and as it generates minimal environmental 
impact” (Glass for Europe, n.d.). Glass with an 
invisible coating that lowers the emissivity provides 
good insulation, while allowing a lot of light to 
enter the neighbourhood blocks. Also, glass can be 
recycled when its initial lifespan is over. 

BIPV SYSTEM - Parts of the canopy consist of solar 
energy generating cell modules. This system consist 
of different materials, including glass. There were no 
definite numbers to be found on the cells’ thermal 
conductivity and emissivity coefficient, we therefore 
assume they are somewhat similar to those of glass. 
Nevertheless, the cells have a dark colour, therefore 
they may absorb more heat.

Figure 27. Characteristics of chosen materials.
Based on Lenzholzer, 2015; MacKay, 2008; Surfaco/albedo, 
n.d.; The Engineering Toolbox 1, n.d.; The Engineering 
Toolbox 2, n.d.; Van Empel et al., 2015; Woodproducts, n.d.

Pine wood
Glass 
BIPV cells 
Trees
Vegetation

0.4
0.1-0.5
0.3
0.2
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Albedo Thermal 
conductivity
(W/(mK))

Emissivity
coefficient

Embodied
energy
(kWh/kg)

0.14
0.96 (High)
-
Low
Low

0.90-0.95
0.90-0.94
-
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0.90-0.95

0.94
3.5
-
-
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Figure 30. Car park atmosphere within block-design from 
Blekerstraat, providing a small wadi, low vegetation borders, 
permeable surfaces, a glasshouse and waterbasin.

MATERIAL CYCLES - The design contains various 
materials. Recycled materials, such as glass and pine 
wood could be utilized to build the greenhouses or 
canopy structure, creating a circular process whereby 
material cycles are closed. The Dutch government 
also supports the transition towards a circular 
economy and as one of the reference studies shows, 
a roof structure can be manufactured from recycled 
materials (see the appendix) (National Institute for 
Public Health and the Environment, n.d.). Also, water 
is caught and reused with the canopy layer, creating 
a more sustainable use of natural sources in the 
neighbourhood. 

HEALTH Of INHABITANTS - Human health may 
increase due to the design, as less cars enter the 
neighbourhood, thus less car exhausts gases are 
inhaled by the inhabitants. Also, the design won’t 
capture the CO2 emission of the cars, due to the 
openings of the canopy above the streets.
Moreover, there may be health benefits due to the 
increase of vegetation in the area, as it is possible 
that people experience higher wellbeing and  lower 
mental distress due to a green urban environment 
(White et al., 2013).

IMPACT Of
THE DESIGN

LOCAL ECONOMY - There could be various 
economical impacts as a result of the design. First of 
all, people living in the neighbourhood, for instance 
the unemployed inhabitants, could maintain the 
communal gardens and get a compensation for this. 
They then experience a positive financial effect as 
a result of the design. However, one or more of 
the involved stakeholders has to first invest in the 
design, which could be a large economic impact for 
these actors.
Nevertheless, as a result of the energy efficient 
measures that are included in the design, over time 
the investors will be compensated. When energy 
is generated locally and more energy is saved, the 
energy demand is reduced and households and 
businesses pay less for their energy consumption.

SOCIAL INCLUSION - While the Spijkerkwartier has a 
strong social cohesion, there is not a lot of public space 
in which people can come together. Creating more 
public space could strengthen the social cohesion 
even further. Thus for the social impacts of the 
design, the communal character of the gardens and 
inner spaces could enhance the interaction between 
the inhabitants of the neighbourhood. As the inner 
spaces of the design provide a nice recreational area, 
also on cold or rainy days, the elderly could become 
more triggered to go out and meet people.
Also, as the energy generation happens communal 
within each block, there could be a competitive side 
to the energy generation when the inhabitants of the 
different blocks can see how much is produced and 
saved in their block. This could enhance the awareness 
of energy consumption and production and possibly 
the energy balance of the neighbourhood. Also, 
people from the same block might get in contact this 
way, adding a social value.

NUISANCE - From the analysis and feedback from the 
residents, we understood that the Spijkerkwartier 
is quite sensitive to noise and that the inhabitants 
were especially curious about the nuisance as a 
result of the Spherical Electronic Generators that 
were implemented in the design. Since this is a new 
technology, there are no exact numbers to be found 
on how much dB the Spherical Electronic Generator 
produces. However, we aim to use this low-frequency 
technology in such a way that the nuisance does not 
cross the limited border of 47 dB during the day and 
41 decibel during night within the Spijkerkwartier 
(Rijksoverheid, n.d.). Moreover, the turbines will be 
placed above the canopy level and thus not create 
distracting shade-movements on facades or street 
level.

BIODIVERSITY - By keeping parts of the canopy 
open, animal life and thereby biodiversity in the 
neighbourhood is sustained. Moreover, by adding 
vegetation, the biodiversity of plants and trees is 
enhanced in the area. Nevertheless, the Spherical 
Electronic Generators do not necessarily negatively 
influence the bird populations that fly over the area, 
since the Spheres move at 100 rpm (LAGI, 2014). 
As no sources exist as of yet to confirm or debunk 
this for this relatively new technology, it cannot be 
said what the impact of the technology will truly be 
in practice. 

Figure 29. The 2e Spijkerdwarsstraat will be transformed into 
a (predominantly) car-free, greener and more permeable 
street that will be employed by the residents themselves. 
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For the implementation of this design for the 
Spijkerkwartier, we have to consider long term 
trends that stretch into coming decades (fig.31). As 
stated in the introduction, the transition to renewable 
energy is a process that will take time and is in need 
of a radical rethinking of our urban environment. 
The effects of climate change will increase over the 
coming decade, and will need to be mitigated within 
the Spijkerkwartier. As temperature will increase, the 
experience of the urban heat island effect will also 
increase. Furthermore, the occurrence of storms as 
the one in July 2014 will only grow, meaning that 
the critical barrier moves up (KNMI, 2014).

Our design will be part of the overall Spijkerkwartier 
energy transition, that will be completed in the 
year 2040, when the use of renewable energy 
sources takes over the use of non-renewables. 
We consider the energy transition consist of three 
phases. We view the foundation of the working 
group Spijkerenergie as the onset of the energy 
transition of the Spijkerkwartier. From then on the 
take-off started, part of this phase are their efforts 
to provide PV-panels and the commissioning of this 
design. The design forms the commencement of 
the second phase; the transition phase. The first 
part of the design that will be constructed is the 

landmark entrance consisting of the Vibro-wind 
modules. The entrance will festively signal the onset 
of the transition by making it visible for everyone to 
see. Thereafter, the gradual implementation of the 
the design will start in pilots. The blocks in which 
communities that are highly involved in the design 
will begin with the implementation. As described 
earlier we approached our design on the scale of 
the individual blocks, adapting the concept to the 
particularities of each block. This approach benefits 
the implementation, the entire design does not 
need to be implemented at once. Furthermore, it 
offers legal and organisational clarity, as every 
block communally owns their roof and communally 
distributes the energy that is generated. Before the 
canopy is constructed, the residents that are willing, 
enter a participatory process in which they together 
(with professionals) make a design for their own 
communal garden, that facilitates their needs. This 
will be made possible by the declined use of cars  
and sharing of electric cars. As a result, less parking 
places are needed, providing more space for the 
communal gardens. The car sharing initiative is part 
of a larger body of initiatives set up with help of 
Spijkerenergy. They will further encourage people 
to reduce their energy consumption, for instance 
by better insulating their houses. Another example 
is the later mentioned mobile application that will 
cause healthy competition between the blocks to 
generate more renewable energy and lower their 
consumption.

IMPLEMENTATION
STRATEGIES

Figure 31. Implementation Strategy.
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CALCULATIONS

For the project it was necessary to quantify the 
exact increase in wind speed. Therefore it was 
needed to calculate the wind speed at the height 
where the slopes are starting.  This is analysed 
with the following formula (Rivkin & Silk, 2012):
 
V=(H/Ho)α Vo
V= 3,83 m/s
 
V= wind speed at new height
H= new height (18,5m)
Ho= original height (20m)
Vo= wind speed original height (3,92 m/s) (RVO, 2016)

α = surface roughness (0,3) 

 
With this number as a base, the increase of wind 
speed is calculated with the following formula 
(BRE Digest, 1989):
 
Vcrest/V=1+2Ψ
Vcrest/v= 1,58
 
Vcrest= accelerate mean wind speed near the ground at the summit 
or crest
V= mean wind speed
Vcrest/v= ratio incident wind speed
Ψ= Upwind slope (Z/L) (0,29)
Z= Vertical height between the foot and the crest ‘summit’
L= Horizontal length of the upwind slope measured from foot to crest/

summit in the wind direction

 
Which means that the acceleration of wind with 
a 16° at the end of the slope is 58%, increasing 
wind speed to 6,05 m/s.
For a 6° at the end of the slope we generate 22% 
additional wind, increasing wind to 4,67 m/s.
Because of these calculations, the projects uses 
a roof with a 16° angle in order to generate more 
energy at the end of each block.
 
Now that the accelerated wind speed of the 
canopy is known, there can be a study on which 
technologies to use for better harvesting of 
energy. Figure 32 illustrates how the total energy 
demand of Spijkerkwartier is covered by each 
technology.  

According to the project 100*100*100 Wind 
tower (2014), a small spherical electronic 
generation unit can generate 1 kW at 6 m/s wind 
speed. There are 8.760 hours in a year, which 
means that annually it can generate 8.760 kWh 
per year. Because of possible malfunction and 
maintenance, it is assumed that these units are 
60% efficient, which means they generate 5.256 
kWh per year. A small unit has an area of 0,3 m2, 
which means:

 5.256 kWh per year/0.3 m2= 17.520 kWh/m2 per 
year

In the pilot, the Spherical Electronic Generation 
Units are located at the end of the block. To 
understand how much energy it generates, the 
units are arranged by rows, with three in the 
surface of the roof, then two more on top of the 
first ones and a last row on top of the last ones, 
occupying a total area of 309.60 m2.
 
17.520 kWh/m2 per year x 309.60 m2= 5.424.192 
kWh per year
 
This would mean that 74.47% of the energy 
consumption of the pilot is generated by this 
technology.

According to Milieu Centraal (2016), a solar panel 
can harvest 225 kWh per year for a 260 peak 
power panel. By comparing a PV panel with a 
BIPV module with the same characteristics we 
would get 213 kWh per year. Considering 90% 
efficiency according to the angle it would generate 
191,7 kWh per year. A BIPV module has an area 
of 1,7 m2.
 
191,7 kWh per year/1,7m2= 112,76 kWh/m2 per 
year.
 
In the pilot block, an area of 20.920,40 m2 is 
considered for the BIPV modules, which would 
mean that the energy generated is:
 
112,76 kWh/m2 per year x 20.920,40 m2= 2.359 
082,75 kwh per year
 
This represents 32,39% of the total energy 
consumption of the block and an increase of 
13,5% of the use of available house roofs for 
solar panels (PICO 6.0, n.d.).

According to francis Moon (2011), with 10 m/s 
wind speed, Vibro-wind can generate 54 Watts/
m2, which is comparable to commercial solar 
panels. To calculate the energy generation of 
Vibro-wind at wind speeds of 2 m/s, 4 m/s and 
6 m/s respectively, the following formula (Moon, 
2011) is applied:

P= ρV3A/2

P= W/m2

ρ= air density
V= wind speed
A= area

ENERGY GENERATION

Spherical electronic 
generation unitS

BipV glaZing SYSteM

ViBro-WinD generation
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for 2 m/s  P= 4,8 W/m2

for 4 m/s  P=38,4 W/m2

for 6m/s  P= 129,6 W/m2

 
One cannot expect to convert all this energy 
into structural vibration energy without loss and 
therefore only 30% is considered (Moon, 2011).
 
for 2 m/s  P= 1,44 W/m2

for 4 m/s  P= 11,52 W/m2

for 6m/s  P= 38,88 W/m2

 
Now, to convert this energy into electrical energy, 
one can consider again only 30% (Moon, 2011).
 
for 2 m/s  P= 0,432 W/m2

for 4 m/s  P= 3,456 W/m2

for 6 m/s  P= 11,66 W/m2

 
This means that annually a Vibro-wind structure 
of 1 m2 is generating:
 
for 2 m/s  P= 3,78 kWh/m2 per year
for 4 m/s  P= 30,27 kWh/m2 per year
for 6 m/s  P= 102,18 kWh/m2 per year
for 10 m/s  P= 473,04 kWh/m2 per year
 
for the moment, in our design, the Vibro-wind 
is placed at entrances to the Spijkerkwartier as 
a landmark and at street level. This is 1,59% of 
the energy consumption of the block, which is an 
area of 5.000 m2.

ENERGY STORAGE

Figure 33 shows how the previously mentioned 
technologies are  distributed over the 
Spijkerkwartier. As has been described in the 
analysis, energy generation is not synchronised 
with energy demand (fig.4). During the day, 
when there is a generation peak, there are 
energy surpluses, while in the morning and in 
the evening, when there is peak usage, there is 
an energy deficit. Similarly, there are seasonal 
differences in the availability of renewable energy 
sources. As such, it is needed to store energy 
when there is a surplus and release it when it 
is needed. There are several possibilities to 
store energy, such as thermal storage, flywheel 
storage, storage in batteries and molten salts, 
and so on (IEA, 2014).
Instead of storing energy on block or 
neighbourhood level, we decided to store the 
surplus energy in batteries that will be located in 
the basement of the houses. In this way, batteries 
also form the connection of each house to the 
block-level energy generation grid.

Figure 33. Energy generation map of Spijkerkwartier

Figure 32. Final overview of energy generation.

Even though the 
generated and stored 
energy will not be 
spatially visual, we do 
want to provide a mobile 
application (fig.34) 
for the residents of 
Spijkerkwartier to 
inform them about 
their energy usage and 
generation per block. 
According to us, a 
competitive application 
could stimulate the 
residents to lower their 
energy use. 

Figure 34. Energy mobile-app 
per block.

N

N
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PET CALCULATIONS

In order to calculate the thermal comfort, the 
temperatures of summer 2015 were used. It has 
been divided in five categories according to a range 
in the thermal comfort table (fig.35).

 
The categories that are chosen, are the ones 
above comfortable thermal comfort, according to 
air temperature. The Rayman model was used to 
calculate PET and TMRT for mean temperature in 
each category. This was not only conditioned by 
the shadows created in the project, but also by 
the amount of vegetation added to the existing 
situation and the albedo changes in materials.
 
For vegetation, it is considered that the temperature 
drop is 0,6° C for every 10% additional vegetation 
(Alexandri & Jones, 2008).
 
for the BIPV system, a temperature drop of 0,2°C 
is considered (Masson, Bonhomme, Salagnac, 
Briottet & Lemonsu, 2014).
 
With this information, the calculations are done in 
the following street typologies (fig. 36-39):

- Blekerstraat 1: Secondary street tree canopy
- Blekerstraat 2: BIPV glass canopy on top
- Parkstraat: Important Street tree canopy
- 2de Spijkerdwarsstraat: BIPV glass canopy on  
  side

When analysing the PET results of this analysis, one 
can see that with this design there are temperature 
drops between 2°C and 3,8°C. This varies in each 

Figure 36. Images used in Rayman model to calculate the 
before and after PET and TMRT in Blekerstraat 1.

Figure 37. Images used in Rayman model to calculate the 
before and after PET and TMRT in Blekerstraat 2.

figure 35. Thermal comfort table (Steeneveld, 2016). 
Figure 38. Images used in Rayman model to calculate the 
before and after PET and TMRT in Parkstraat.

Figure 39. Images used in Rayman model to calculate the 
before and after PET and TMRT in 2e Spijkerdwarsstraat.

street according to the amount of green in the 
area, the materials and the shadows. 
In many cases, it is managed to drop one category 
from the thermal comfort table. 

For future scenarios for 2050, the KNMI scenarios 
were studied, resulting in increasing temperature 
of 1°C, 1,4°C, 2°C and 2,3°C respectively. (KNMI, 
2014). In the GL scenario, temperatures in streets 
typologies drops between 1,8°C and 3,9°C.

In the GH scenario, temperatures drops between  
1,7°C and 3,9°C.

In the WL scenario,  temperature drops between 
1,8°C and 4,8°C.

With this scenarios the increase of temperature on 
extreme hot days (in 2015 only one day of summer) 
can generate extreme heat stress, however with 
this project we manage to lower the temperature 
minimum by 2,1°C and  maximum of 3,8°C.
Even though with this increasing temperature, 
with the project, we can reduce one category in 
most cases of the thermal comfort table (fig.35, 
appendix).

PET Thermal 
perception

Grade of 
physiological stress

4

8

13

18

23

29

35

41

Very cold

Cold

Cool

Slightly cool

Comfortable

Slightly warm

Warm

Hot

Very hot

Extreme cold stress

Strong cold stress

Moderate cold stress

Slight cold stress

No thermal stress

Slight heat stress

Moderate heat stress

Strong heat stress

Extreme heat stress

 Number of 
summer days

-

-

-

16

36

32

5

1

-
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5. 
CONCLUSIONS
With the Energy Canopy, we have created an all 
encompassing design for the Spijkerkwartier, within 
which both energy demands have been fulfilled and 
microclimate problems have been addressed.
By creating a new canopy layer, we have managed to 
generate close to 18% more solar energy than if we 
would have used the existing roofscape. By creating 
a sloped canopy, wind velocity is enabled to increase 
up to 6 m/s, which is 58% more than the current wind 
speed. This increase allows us to generate energy with 
innovative technologies and reach our objective of 
an energy self-sufficient block in the Spijkerkwartier 
that even has an energy generating surplus of 
8,45% per year. By applying the same measures to 
the entire neighbourhood, we are able to transform 
the Spijkerkwartier into an energy self-sufficient 
neighbourhood.
An increase of 40% of vegetation, and the shadow 
caused by our canopy, improve the microclimate and 
as such, the UHI effect is decreased during summer 
by an average of 2,6°C, varying depending on the 
specific streets and interventions. Thermal comfort is 
increased further by the canopy’s ability to open up 
and guide in cooling breezes. By establishing H/W 
ratios above 0,7, cold winds and breezes are kept out 
of the neighbourhood, thereby decreasing cold stress 
and improving thermal comfort on colder days.
In all of this, the quality of the living environment is 
taken into account and social cohesion is strengthened, 
ensuring an aesthetically pleasing, liveable and lively 
Spijkerkwartier.

In the following section we critically discuss our 
findings and design. first, our design is a rather 
radical intervention that was needed to make the 
neighbourhood self-sufficient concerning energy. We 
decided to take extreme measures in order to reach 
our goals, however, this might not tie in with the 
commissioner’s and the inhabitants’ expectations. 
Also, we assume that our interventions would fulfil the 
energy needs of the complete neighbourhood, however, 
we can only be conclusive about reaching this goal for 
our pilot block.
Besides this, there are many aspects of the design on 
which further research can be done. First of which is the 
feasibility of this project, both concerning the financial 
aspect and with respect to its construction. As of now, 
only rough assumptions have been made concerning the 
construction. However, actual architectural calculations 
have to be made and the canopy’s supporting structure 
needs to be adjusted accordingly.
The costs of the project also have to be calculated, 
and accordingly a financing scheme has to be devised. 
It is quite likely that the project will be too expensive 
to be paid for by the neighbourhood community. 
As such, sponsors need to be found. As the canopy 
generates more energy than is actually needed, a 
financial payback scheme can be devised in which 
this surplus is used to repay these sponsors. With 
increasing technological advancement, or a different 
distribution of our energy generation techniques, even 
more energy can be generated and sponsors could be 
refunded faster.

Other small aspects of our project that need further 
investigation are the impacts of our interventions 
on the social relations, microclimate, biodiversity 
and noise levels. For now, we needed to make many 
assumptions concerning these impacts. As such, the 
impacts of our design might be different than what we 
have assumed.
All of this aside, even though it is a radical 
intervention, we believe that adding a new canopy 
to the Spijkerkwartier can add to the charm of the 
neighbourhood and even establish the Spijkerkwartier 
as a role model for other neighbourhoods that also want 
to become climate proof and energy self-sufficient.

As a result of the research that has been conducted 
throughout this project, apart from the energy and 
climate conscious Energy Canopy that has been 
developed, various recommendations were formulated 
for the different groups of involved stakeholders in the 
Spijkerkwartier.
First, the residents of the neighbourhood already are 
strongly involved with their urban environment, they 
could take the next step towards energy-neutrality by 
starting to insulate their houses better. Saving energy 
is very important and it is no coincidence that it is 
the first principle of Trias Energetica. Before trying to 
generate and efficiently use (renewable) energy, one 
should try to save energy and decrease one’s energy 
consumption.
Moreover, the key in adaption and mitigation to future 
changes lies in the incremental approach; not trying 
to solve all problems at once on a neighbourhood 
scale by implementing rigid solutions, rather looking 
at one block at a time and trying to be flexible. By 
investigating the strengths and opportunities for each 
individual block first, it is easier and more feasible to 
gain a deeper understanding on a local level, before 
scaling up towards the level of the Spijkerkwartier 
neighbourhood. Then, mutual benefits can be gained 
and people can work towards a common objective, one 
step at a time.
As a recommendation to the municipality of Arnhem, 
we would suggest to be open to new ideas, also the 
ones that may seem rather radical. Climate change 
effects are already noticeable and will only increase 
the coming years. Focus on making the Spijkerkwartier 
more resilient, especially concerning flooding, diminish 
the traffic and paved areas and implement more 
greenery for a more pleasant and climate-adaptive 
quarter.
As for Alliander, we would recommend to look at more 
innovative and out of the box energy solutions and to 
look at the specifics and contexts of the different sites 
that they are involved with. Also, the most efficient 
way of dealing with problems is by combining various 
solutions, making use of different available energy 
fluxes. Moreover, fossil fuels are finite, therefore, so 
is natural gas. Therefore, electricity generation should 
be the main focus when exploring and developing 
innovative future energy interventions.
The businesses in the neighbourhood should seriously 
look into the energy potentials of the Spijkerkwartier 
and see them as investment opportunities, as there 
are various available energy fluxes, which could be 
utilised for sustainable energy generation.

DISCUSSION

RECOMMENDATIONS



24

REFERENCES

100*100*100 Wind Tower. (2014). Retrieved November 22, 2016, from http://landartgenerator.org/LAGI-2014/
mwti1989/

Agentschap NL (2010). Praktische toepassing van mini-windturbines: Handleiding voor gemeenten. Derived from 
www.rvo.nl

Alexandri, E., & Jones, P. (2008). Temperature decreases in an urban canyon due to green walls and green roofs 
in diverse climates. Building and Environment,43(4), 480-493. Retrieved December 15, 2016, from http://www.
sciencedirect.com/science/article/pii/S0360132306003957

Alexandri, E., & Jones, P. (2008). Temperature decreases in an urban canyon due to green walls and green roofs in 
diverse climates. Building and Environment, 43(4), 480-493.

Alliander. (2016). Herhuisvesting Duiven. Retrieved from https://www.alliander.com/nl/over-alliander/maatschap-
pelijke-impact/herhuisvesting-duiven. 20.12.2016.

Bennett, J. (2007). ‘Wind design guide’, Victoria university of Wellington.

BRE Digest. (1989). "The assessment of wind loads part 5: Assessment of wind speed over topography ", Building 
Research Establishment, Department of Environment, Garsten, WD2 7JR.

Building-Integrated Photovoltaics. (n.d.). Retrieved November 20, 2016, from http://www.seia.org/policy/so-
lar-technology/photovoltaic-solar-electric/building-integrated-photovoltaics

Contentus. (2010). BIPV – Building integrated photovoltaic. Retrieved from http://www.contentus.lt/en/solar-ener-
gy-in-the-buildings/bipv-building-integrated-photovoltaic/. 22.12.2016.

De Waal, R. M., & Stremke, S. (2014). Energy transition: Missed opportunities and emerging challenges for land-
scape planning and designing. Sustainability, 6(7), 4386-4415.

Energie in Beeld. (n.d.). Retrieved December 13, 2016, from http://www.energieinbeeld.nl/inloggen/.

Glass for Europe. (n.d.). The smart use of glass in sustainable buildings. Retrieved December 12, 2016 from 
http://www.glassforeurope.com/images/cont/165_90167_file.pdf.

IEA (2014). Technology Roadmap: energy storage. Retrieved from www.iea.org

Kluger, J. M. (n.d.). Vibro-wind. Retrieved December 20, 2016 from http://web.mit.edu/jociek/www/vibroWind.
htm.

KNMI. (n.d.). Zware neerslag. Retrieved December 12, 2016, from https://www.knmi.nl/kennis-en-datacentrum/
uitleg/zware-neerslag

LAGI. (2014). 100*100*100 Wind Tower. Retrieved November 22, 2016, from http://landartgenerator.org/LAGI-
2014/mwti1989/

Land Art Generator Initiative. (2016). Retrieved November 22, 2016, from http://landartgenerator.org/project.
html

Lenzholzer, S. (2015). Weather in the city: how design shapes the urban climate. Rotterdam, The Netherlands: 
Nai010.

Lenzholzer, S. (2016). LAR-36806: Climate-responsive planning and design.

MacKay, D. (2008). Sustainable energy-without the hot air. UIT Cambridge.

Masson, V., Bonhomme, M., Salagnac, J., Briottet, X., & Lemonsu, A. (2014). Solar panels reduce both global 
warming and urban heat island. Frontiers in environmental science, 2(14), 1-10. Retrieved December 15, 2016, 
from http://journal.frontiersin.org/article/10.3389/fenvs.2014.00014/full

Mathew, S. (2006). Wind energy: fundamentals, resource analysis and economics (Vol. 1). Heidelberg: Springer.

Michler, A. (2011). Vibro-Wind Piezoelectric Pads Harness Wind Energy Without Turbines. Retrieved from http://in-
habitat.com/vibro-wind-piezoelectric-pads-harness-wind-energy-without-turbines/vibrowined-ed05/. 20.12.2016.

Milieu Centraal. (2016). Prijs en opbrengst zonnepanelen. Retrieved November 30, 2016, from https://www.mi-
lieucentraal.nl/energie-besparen/zonnepanelen/zonnepanelen-kopen/prijs-en-opbrengst-zonnepanelen/

Mimoa. (2016). Town Hall Dongen. Retrieved from https://www.mimoa.eu/projects/Netherlands/Dongen/
Town%20Hall%20Dongen/?abvar2&utm_expid=3171585-1.aY6o0p2yR769f9ZUUz7DHQ.2&utm_refer-
rer=https%3A%2f%2fwww.google.nl%2f. 22.12.2016.



25

Ministerie van Algemene Zaken. (2016). Welke regels gelden er voor windmolens vlakbij een woonwijk? - Vraag 
en antwoord. Retrieved December 21, 2016, from https://www.rijksoverheid.nl/onderwerpen/duurzame-energie/
vraag-en-antwoord/welke-regels-gelden-er-voor-het-plaatsen-van-windmolens-vlakbij-een-woonwijk

Ministerie van Economische Zaken. (2016) Energieagenda, naar een CO2-arme energievoorziening

Moon, f. C. (2011). Principles of nonlinear Vibro-wind energy conversion. In K. Hutter, T. Wu, & Y. Shu (Authors), 
From waves in complex systems to dynamics of generalized continua: tributes to professor Yih-hsing pao on his 
80th birthday(pp. 385-400). Singapore: World Scientific Pub.

National Institute for Public Health and the Environment. (n.d.). Need for circular use of materials in construction. 
Retrieved from http://www.rivm.nl/en/Documents_and_publications/Common_and_Present/Newsmessages/2016/
Need_for_circular_use_of_materials_in_construction. 22.12.2016.

PICO 6.0. (n.d.). Retrieved December 9, 2016, from http://pico.geodan.nl/beta3/

Rivkin, D., & Silk, L. (2012). Wind energy. Burlington, MA: Jones & Bartlett Learning.

RVO (2016). Windviewer SDE+. http://windviewer.rvo.nl/windviewer/Index.html?viewer=wind_viewer, Last con-
sulted on 17-11-2016

Stremke, S. (2016). Lecture 4 Energy Science. Retrieved from https://edu6.wur.nl/bbcswebdav/pid-276451-dt-
content-rid-1236747_1/courses/LAR36806_2016_2/Lecture%204%20energy%20science%20STREMKE%281%29.
pdf

Stremke, S., Van Den Dobbelsteen, A., & Koh, J. (2011). Exergy landscapes: exploration of second-law thinking 
towards sustainable landscape design. international Journal of exergy, 8(2), 148-174.

Surfaco/albedo. (n.d.). Retrieved from https://marine.rutgers.edu/cool/education/class/yuri/albedo.gif. 
22.12.2016.

The Engineering Toolbox 1. (n.d.). Emissivity Coefficients of some common Materials. Retrieved from http://www.
engineeringtoolbox.com/emissivity-coefficients-d_447.html. 22.12.2016.

The Engineering Toolbox 2. (n.d.). Thermal Conductivity of some common Materials and Gases. Retrieved from 
http://www.engineeringtoolbox.com/thermal-conductivity-d_429.html. 22.12.2016.

Van Empel, E., Kohoutkova, K., Van der Linde, S., Merkelbach, K., De Munnik, N. & Oostveen, M. (2015). Waves of 
Energy.

Werkgroep Openbare Ruimte Spijkerkwartier. (2016). Visiedocument Openbare Ruimte: Spijkerbuurt & Boule-
vardkwartier.

White, M. P., Alcock, I., Wheeler, B. W., & Depledge, M. H. (2013). Would you be happier living in a greener urban 
area? A fixed-effects analysis of panel data. psychological science, 0956797612464659.

WMD. (n.d.). Hoeveel water gebruiken we? Retrieved December 21, 2016, from https://wmd.nl/drinkwater/wa-
ter-en-educatie/hoeveel-water-gebruiken-we/

Woodproducts. (n.d.). Thermal properties of wood. Retrieved from http://www.woodproducts.fi/content/
wood-a-material-2. 22.12.2016.



26

APPENDIX
K

astanjelaan

Spijkerstraat

K
astanjelaan

2e Spijkerdw
arsstraat

Lombardstraat

Riethorsterstraat

Parkstraat

Blekerstraat

Boekhorstenstraat

Het Oude Land

Blekersgang

Trom
psteeg

Spijkerstraat

Eusebiusbuitensingel

1e Spijkerdw
arsstraat

Lauw
ersgrachtpark

A

D

E

L

B

A'

B'

C

C'

D'

E'

F

F'

G

G'
H

H'

I

I'

J

J'

K

K'

L'

M

M'

N

N'

O

O'

P

P' Q

Q'

R

R'

Map with sections

In sections f, J & Q the trees within the streets are heigher than the surrounding houses, 
therefore the cumulative height is 0, however these streets will of course have a regime of 
skimming flow

H/W RATIO ANALYSIS
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C
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SECTION A - Normal day

SECTION A - Hot summer day

SECTION A - Rainy day SECTION A - Hot summer night

SECTION A - Normal night

Map with sections

ADAPTIVE CLIMATE CANOPY
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SECTION B - Normal day

SECTION B - Hot summer day

SECTION B - Rainy day

SECTION B - Normal night

SECTION B - Hot normal night

SECTION C - Normal day

SECTION C - Hot summer day

SECTION C - Rainy day

SECTION C - Normal night

SECTION C - Hot normal night

ADAPTIVE CLIMATE CANOPY
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BLEKERSTRAAT (Decrease of 2,5 ºC)

06/09/15 
Temperature: 16.6 ºC
Sky view factor: 0.569
TMRT: 29.7 ºC
PET: 13.6 ºC
Slight cold stress

06/09/15 
Temperature: 16.6 ºC
Sky view factor: 0.508
TMRT: 26.9 ºC
PET: 11.1 ºC 
Moderate cold stress

06/09/15 
Temperature: 16.6 ºC
Sky view factor:0.454
TMRT:27.9 ºC
PET:13.3 ºC 
Slight cold stress

06/09/15 
Temperature: 16.6 ºC
Sky view factor: 0.389
TMRT: 25.0 ºC
PET: 10.7 ºC
Moderate cold stress

06/09/15 
Temperature: 16.6 ºC
Sky view factor: 0.454
TMRT: 27.9 ºC
PET: 13.3 ºC 
Slight cold stress

06/09/15 
Temperature: 16.6 ºC
Sky view factor: 0.388
TMRT: 25.7 ºC
PET: 11.6 ºC 
Moderate cold stress

06/09/15 
Temperature: 16.6 ºC
Sky view factor: 0.453
TMRT: 27.9 ºC
PET: 13.3 ºC 
Slight cold stress

06/09/15 
Temperature: 16.6 ºC
Sky view factor: 0.435
TMRT: 25.4 ºC
PET: 10.4 ºC
Moderate cold stress

BLEKERSTRAAT (Decrease of 2,6 ºC)

PARKSTRAAT (Decrease of 1.7 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 2,9 ºC)

BLEKERSTRAAT (Decrease of 2,4 ºC)

11/09/15 
Temperature: 19.8 ºC
Sky view factor: 0.569
TMRT: 37.6 ºC
PET: 19.4 ºC
No thermal stress

11/09/15 
Temperature: 19.8 ºC
Sky view factor: 0.508
TMRT: 35.5 ºC
PET: 17.0 ºC 
Slight cold stress

11/09/15 
Temperature: 19.8 ºC
Sky view factor:0.454
TMRT:37.0 ºC
PET:19.3 ºC 
No thermal stress

11/09/15 
Temperature: 19.8 ºC
Sky view factor: 0.389
TMRT: 34.8 ºC
PET: 16.8 ºC
Slight cold stress

11/09/15 
Temperature: 19.8 ºC
Sky view factor: 0.454
TMRT: 37.0 ºC
PET: 19.3 ºC 
No thermal stress

11/09/15 
Temperature: 19.8 ºC
Sky view factor: 0.388
TMRT: 35.5 ºC
PET: 17.7 ºC 
Slight cold stress

11/09/15 
Temperature: 19.8 ºC
Sky view factor: 0.453
TMRT: 36.9 ºC
PET: 19.3 ºC 
No thermal stress

11/09/15 
Temperature: 19.8 ºC
Sky view factor: 0.435
TMRT: 34.8 ºC
PET: 16.4 ºC
Slight cold stress

BLEKERSTRAAT (Decrease of 2.5 ºC)

PARKSTRAAT (Decrease of 1,6 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 2.9 ºC)

16 days of summer

36 days  of summer

PET ANALYSIS
current Situation With DeSign iMpleMentation



32

BLEKERSTRAAT (Decrease of 3.3 ºC)

05/08/15 
Temperature: 25.6 ºC
Sky view factor: 0.569
TMRT: 42.4 ºC
PET: 27.3 ºC
Slight heat stress

05/08/15 
Temperature: 25.6 ºC
Sky view factor: 0.508
TMRT: 39.9 ºC
PET: 24.0 ºC 
Slight heat stress

05/08/15 
Temperature: 25.6 ºC
Sky view factor:0.454
TMRT:41.2 ºC
PET:26.9 ºC 
Slight heat stress

05/08/15 
Temperature: 25.6 ºC
Sky view factor: 0.389
TMRT: 38.7 ºC
PET: 23.6 ºC
Slight heat stress

05/08/15 
Temperature: 25.6 ºC
Sky view factor: 0.454
TMRT: 41.2 ºC
PET: 26.9 ºC 
Slight heat stress

20/07/15 
Temperature: 21.6 ºC
Sky view factor: 0.388
TMRT: 39.3 ºC
PET: 24.7 ºC 
Slight heat stress

05/08/15 
Temperature: 25.6 ºC
Sky view factor: 0.453
TMRT: 41.2 ºC
PET: 26.9 ºC 
Slight heat stress

05/08/15 
Temperature: 25.6 ºC
Sky view factor: 0.435
TMRT: 38.9 ºC
PET: 23.3 ºC
Slight heat stress

BLEKERSTRAAT (Decrease of 3,3 ºC)

PARKSTRAAT (Decrease of 2,2 ºC) 

2E SPIJKERDWARSSTRAAT (Decrease of 3,6 ºC)

BLEKERSTRAAT  (Decrease of 3.2 ºC)

03/08/15 
Temperature: 31.9 ºC
Sky view factor: 0.569
TMRT: 49.6 ºC
PET: 36.4 ºC
Strong heat stress

03/08/15 
Temperature: 31.9 ºC
Sky view factor: 0.508
TMRT: 47.5 ºC
PET: 33.2 ºC 
Moderate heat stress

03/08/15 
Temperature: 31.9 ºC
Sky view factor:0.454
TMRT:48.9 ºC
PET:36.2 ºC 
Strong heat stress

03/08/15 
Temperature: 31.9 ºC
Sky view factor: 0.389
TMRT: 47.5 ºC
PET: 34.2 ºC
Moderate heat stress

03/08/15 
Temperature: 31.9 ºC
Sky view factor: 0.454
TMRT: 48.9 ºC
PET: 36.2 ºC 
Strong heat stress

03/08/15 
Temperature: 31.9 ºC
Sky view factor: 0.388
TMRT: 47.4 ºC
PET: 34.1 ºC 
Moderate heat stress

03/08/15 
Temperature: 31.9 ºC
Sky view factor: 0.453
TMRT: 48.9 ºC
PET: 36.2 ºC 
Strong heat stress

03/08/15 
Temperature: 31.9 ºC
Sky view factor: 0.435
TMRT: 46.7 ºC
PET: 32.5 ºC
Moderate heat stress

BLEKERSTRAAT (Decrease of 2 ºC)

PARKSTRAAT (Decrease of 2.1 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3,7ºC)

5 days of summer

32 days of summer
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BLEKERSTRAAT (Decrease of 3.2 ºC)

02/07/15 
Temperature: 36.2 ºC
Sky view factor: 0.569
TMRT: 53 ºC
PET: 42.4 ºC 
Extreme heat stress

02/07/15 
Temperature: 36.2 ºC
Sky view factor: 0.508
TMRT: 50.7 ºC
PET: 39.2 ºC 
Strong heat stress

02/07/15 
Temperature: 36.2 ºC
Sky view factor:0.454
TMRT:52.1 ºC
PET:42.2 ºC 
Extreme heat stress

02/07/15 
Temperature: 36.2 ºC
Sky view factor: 0.389
TMRT: 49.8 ºC
PET: 38.9 ºC 
Strong heat stress

02/07/15 
Temperature: 36.2 ºC
Sky view factor: 0.454
TMRT: 52.1 ºC
PET: 42.2 ºC 
Extreme heat stress

02/07/15 
Temperature: 36.2 ºC
Sky view factor: 0.388
TMRT: 50.5 ºC
PET: 40 ºC
Strong heat stress

02/07/15
Temperature: 36.2 ºC
Sky view factor: 0.453
TMRT: 52.1 ºC
PET: 42.2 ºC 
Extreme heat stress

02/07/15 
Temperature: 36.2 ºC
Sky view factor: 0.436
TMRT: 49.9 ºC
PET: 38.4 ºC 
Strong heat stress

BLEKERSTRAAT (Decrease of 3.3 ºC)

PARKSTRAAT (Decrease of 2.2 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3.8 ºC)

1 day of summer
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BLEKERSTRAAT  (Decrease of 3.1 ºC)

11/09/15 
Temperature: 20.8 ºC
Sky view factor: 0.344
TMRT: 46.0 ºC
PET: 23.1 ºC
Slight heat stress

11/09/15 
Temperature: 18.6 ºC
Sky view factor: 0.248
TMRT: 43.8 ºC
PET: 20.0 ºC
No thermal stress

11/09/15 
Temperature: 20.8 ºC
Sky view factor: 0.167
TMRT: 36.1 ºC
PET: 19.9 ºC
No thermal stress

11/09/15 
Temperature: 18.6 ºC
Sky view factor: 0.061
TMRT: 33.7 ºC
PET: 17.4 ºC
Slight cold stress

11/09/15 
Temperature: 20.8 ºC
Sky view factor: 0.164
TMRT: 36.1 ºC
PET: 19.9 ºC
No thermal stress

11/09/15 
Temperature: 19.4 ºC
Sky view factor: 0.060
TMRT: 34.3 ºC
PET: 17.1 ºC
Slight heat stress

11/09/15 
Temperature: 20.8 ºC
Sky view factor: 0.156
TMRT: 45.1 ºC
PET: 22.8 ºC
No thermal stress

11/09/15 
Temperature: 18.2 ºC
Sky view factor: 0.132
TMRT: 42.9 ºC
PET: 19.4 ºC
No thermal stress

BLEKERSTRAAT (Decrease of 2.5 ºC)

PARKSTRAAT (Decrease of 2.8 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3.4 ºC)

36 days of summer

BLEKERSTRAAT (Decrease of 2.7 ºC)

06/09/15 
Temperature: 17.6 ºC
Sky view factor: 0.344
TMRT: 29.4 ºC
PET: 14.5 ºC 
Slight cold stress

06/09/15 
Temperature: 15.4 ºC
Sky view factor: 0.248
TMRT: 26.0 ºC
PET: 11.8 ºC 
Moderate cold stress

06/09/15 
Temperature: 17.6 ºC
Sky view factor: 0.167
TMRT: 24.2 ºC
PET: 13.5 ºC 
Slight cold stress

06/09/15 
Temperature: 15.4 ºC
Sky view factor: 0.061
TMRT: 20.5 ºC
PET: 10.8 ºC 
Moderate cold stress

06/09/15 
Temperature: 17.6 ºC
Sky view factor: 0.164
TMRT: 24.2 ºC
PET: 13.5 ºC
Slight cold stress

06/09/15 
Temperature: 16.2 ºC
Sky view factor: 0.060
TMRT: 21.2 ºC
PET: 11.7 ºC 
Moderate cold stress

06/09/15 
Temperature: 17.6 ºC
Sky view factor: 0.156
TMRT: 26.5 ºC
PET: 13.9 ºC 
Slight cold stress

06/09/15 
Temperature: 15.0 ºC
Sky view factor: 0.132
TMRT: 23.8 ºC
PET: 11.1 ºC 
Moderate cold stress

BLEKERSTRAAT (Decrease of 2.7 ºC)

PARKSTRAAT (Decrease of 1.8 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 2.8 ºC)

16 days of summer

PET ANALYSIS
KnMi ScenarioS 2050 gl
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BLEKERSTRAAT  (Decrease of 3.4 ºC)

03/08/15 
Temperature: 32.9 ºC
Sky view factor: 0.344
TMRT: 56.0 ºC
PET: 39.8 ºC 
Strong heat stress

03/08/15 
Temperature: 30.7 ºC
Sky view factor: 0.248
TMRT: 53.6 ºC
PET: 36.4 ºC 
Strong heat stress

03/08/15 
Temperature: 32.9 ºC
Sky view factor: 0.167
TMRT: 47.9 ºC
PET: 37.0 ºC 
Strong heat stress

03/08/15 
Temperature: 30.7 ºC
Sky view factor: 0.061
TMRT: 45.3 ºC
PET: 33.6 ºC 
Moderate heat stress

03/08/15 
Temperature: 32.9 ºC
Sky view factor: 0.164
TMRT: 47.9 ºC
PET: 37.0 ºC 
Strong heat stress

03/08/15 
Temperature: 31.5 ºC
Sky view factor: 0.060
TMRT: 46.0 ºC
PET: 34.8 ºC 
Strong heat stress

03/08/15 
Temperature: 32.9 ºC
Sky view factor: 0.156
TMRT: 54.9 ºC
PET: 39.4 ºC 
Strong heat stress

03/08/15 
Temperature: 30.3 ºC
Sky view factor: 0.132
TMRT: 52.6 ºC
PET: 35.6 ºC 
Strong heat stress

BLEKERSTRAAT (Decrease of 3.4 ºC)

PARKSTRAAT (Decrease of 2.3 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3.8 ºC)

5 days of summer

BLEKERSTRAAT (Decrease of 3.5 ºC)

05/08/15 
Temperature: 26.6 ºC
Sky view factor: 0.344
TMRT: 40.9 ºC
PET: 27.9 ºC 
Slight heat stress

05/08/15 
Temperature: 24.4 ºC
Sky view factor: 0.132
TMRT: 38.0 ºC
PET: 24.4 ºC 
Slight heat stress

05/08/15 
Temperature: 26.6 ºC
Sky view factor: 0.167
TMRT: 39.0 ºC
PET: 27.3 ºC
Slight heat stress 

05/08/15 
Temperature: 24.4 ºC
Sky view factor: 0.061
TMRT: 36.0 ºC
PET: 23.7 ºC 
Slight heat stress

05/08/15 
Temperature: 26.6 ºC
Sky view factor: 0.164
TMRT: 39.0 ºC
PET: 27.3 ºC 
Slight heat stress

05/08/15 
Temperature: 25.2 ºC
Sky view factor: 0.060
TMRT: 36.7 ºC
PET: 24.8 ºC 
Slight heat stress

05/08/15 
Temperature: 26.6 ºC
Sky view factor: 0.156
TMRT: 44.6 ºC
PET: 29.2 ºC 
Moderate heat stress

05/08/15 
Temperature: 24.0 ºC
Sky view factor: 0.132
TMRT: 42.1 ºC
PET: 25.3 ºC 
Slight heat stress

BLEKERSTRAAT (Decrease of 3.6 ºC)

PARKSTRAAT (Decrease of 2.5 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3.9 ºC)

32 days of summer
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BLEKERSTRAAT (Decrease of 3.3 ºC)

02/07/15 
Temperature: 37.2 ºC
Sky view factor: 0.344
TMRT: 57.5 ºC
PET: 45.1 ºC 
Extreme heat stress

02/07/15 
Temperature: 35.0 ºC
Sky view factor: 0.248
TMRT: 55.0 ºC
PET: 41.8 ºC 
Extreme heat stress

02/07/15 
Temperature: 37.2 ºC
Sky view factor: 0.167
TMRT: 56.3 ºC
PET: 44.7 ºC 
Extreme heat stress

02/07/15 
Temperature: 35.0 ºC
Sky view factor: 0.061
TMRT: 53.6 ºC
PET: 41.3 ºC 
Extreme heat stress

02/07/15 
Temperature: 37.2 ºC
Sky view factor: 0.164
TMRT: 50.7 ºC
PET: 42.9 ºC 
Extreme heat stress

02/07/15 
Temperature: 35.8 ºC
Sky view factor: 0.060
TMRT: 48.7 ºC
PET: 40.6 ºC
Strong heat stress

02/07/15 
Temperature: 37.2 ºC
Sky view factor: 0.156
TMRT: 56.2 ºC
PET: 44.6 ºC 
Extreme heat stress

02/07/15 
Temperature: 34.6 ºC
Sky view factor: 0.132
TMRT: 53.8 ºC
PET: 40.9 ºC 
Strong heat stress

BLEKERSTRAAT (Decrease of 3.4 ºC)

PARKSTRAAT (Decrease of 2.3 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3.7 ºC)

1 day of summer
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BLEKERSTRAAT  (Decrease of 3.3 ºC)

11/09/15 
Temperature: 21.2 ºC
Sky view factor: 0.344
TMRT: 46.4 ºC
PET: 23.7 ºC
Slight heat stress

11/09/15 
Temperature: 19.0 ºC
Sky view factor: 0.248
TMRT: 44.1 ºC
PET: 20.4 ºC
No thermal stress

11/09/15 
Temperature: 21.2 ºC
Sky view factor: 0.167
TMRT: 36.5 ºC
PET: 20.4 ºC
No thermal stress

11/09/15 
Temperature: 19.0 ºC
Sky view factor: 0.061
TMRT: 34.0 ºC
PET: 17.8 ºC
Slight cold stress

11/09/15 
Temperature: 21.2 ºC
Sky view factor: 0.164
TMRT: 36.5 ºC
PET: 20.4 ºC
No thermal stress

11/09/15 
Temperature: 19.8 ºC
Sky view factor: 0.060
TMRT: 34.7 ºC
PET: 18.7 ºC
No thermal stress

11/09/15 
Temperature: 21.2 ºC
Sky view factor: 0.156
TMRT: 45.4 ºC
PET: 23.4 ºC
Slight heat stress

11/09/15 
Temperature: 18.6 ºC
Sky view factor: 0.132
TMRT: 43.2 ºC
PET: 19.8 ºC
No thermal stress

BLEKERSTRAAT (Decrease of 2.6 ºC)

PARKSTRAAT (Decrease of 1.7 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3.6ºC)

36 days of summer

BLEKERSTRAAT (Decrease of 3.7 ºC)

06/09/15 
Temperature: 18.0 ºC
Sky view factor: 0.344
TMRT: 29.8 ºC
PET: 15.0 ºC 
Slight cold stress

06/09/15 
Temperature: 15.8 ºC
Sky view factor: 0.248
TMRT: 26.4 ºC
PET: 11.3 ºC 
Moderate cold stress

06/09/15 
Temperature: 18.0 ºC
Sky view factor: 0.167
TMRT: 24.6 ºC
PET: 13.9 ºC 
Slight cold stress

06/09/15 
Temperature: 15.8 ºC
Sky view factor: 0.061
TMRT: 20.8 ºC
PET: 11.3 ºC 
Moderate cold stress

06/09/15 
Temperature: 18.0 ºC
Sky view factor: 0.164
TMRT: 24.9 ºC
PET: 13.9 ºC 
Slight cold stress

06/09/15 
Temperature: 16.6 ºC
Sky view factor: 0.060
TMRT: 21.6 ºC
PET: 10.9 ºC 
Moderate cold stress

06/09/15 
Temperature: 18.0 ºC
Sky view factor: 0.156
TMRT: 26.9 ºC
PET: 14.4 ºC 
Slight cold stress

06/09/15 
Temperature: 15.4 ºC
Sky view factor: 0.132
TMRT: 24.1 ºC
PET: 11.5 ºC 
Moderate cold stress

BLEKERSTRAAT (Decrease of 2.6 ºC)

PARKSTRAAT (Decrease of 3.0 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 2.9 ºC)

16 days of summer

PET ANALYSIS
KnMi ScenarioS 2050 gh
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BLEKERSTRAAT  (Decrease of 3.4 ºC)

03/08/15 
Temperature: 33.3 ºC
Sky view factor: 0.344
TMRT: 56.3 ºC
PET: 40.3 ºC 
Extreme heat stress

03/08/15 
Temperature: 31.1 ºC
Sky view factor: 0.248
TMRT: 53.9 ºC
PET: 36.9 ºC 
Strong heat stress

03/08/15 
Temperature: 33.3 ºC
Sky view factor: 0.167
TMRT: 48.2 ºC
PET: 37.6 ºC 
Strong heat stress

03/08/15 
Temperature: 31.1 ºC
Sky view factor: 0.061
TMRT: 45.7 ºC
PET: 34.2 ºC 
Moderate heat stress

03/08/15 
Temperature: 33.3 ºC
Sky view factor: 0.164
TMRT: 48.2 ºC
PET: 37.6 ºC 
Strong heat stress

03/08/15 
Temperature: 31.9 ºC
Sky view factor: 0.060
TMRT: 46.4 ºC
PET: 35.3 ºC 
Strong heat stress

03/08/15 
Temperature: 33.3 ºC
Sky view factor: 0.156
TMRT: 55.2 ºC
PET: 40.0 ºC
Strong heat stress

03/08/15 
Temperature: 30.7 ºC
Sky view factor: 0.132
TMRT: 52.9 ºC
PET: 36.1 ºC
Strong heat stress

BLEKERSTRAAT (Decrease of 3.4 ºC)

PARKSTRAAT (Decrease of 2.3 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3.9ºC)

5 days of summer

BLEKERSTRAAT (Decrease of 3.6 ºC)

05/08/15 
Temperature: 27.0 ºC
Sky view factor: 0.344
TMRT: 41.2 ºC
PET: 28.5 ºC 
Slight heat stress

05/08/15 
Temperature: 24.8 ºC
Sky view factor: 0.248
TMRT: 38.3 ºC
PET: 24.9 ºC 
Slight heat stress

05/08/15 
Temperature: 27.0 ºC
Sky view factor: 0.167
TMRT: 39.4 ºC
PET: 27.8 ºC 
Slight heat stress

05/08/15 
Temperature: 24.8 ºC
Sky view factor: 0.061
TMRT: 36.3 ºC
PET: 24.3 ºC 
Slight heat stress

05/08/15 
Temperature: 27.0 ºC
Sky view factor: 0.164
TMRT: 39.3 ºC
PET: 27.9 ºC 
Slight heat stress

05/08/15 
Temperature: 25.6 ºC
Sky view factor: 0.060
TMRT: 37.0 ºC
PET: 25.4 ºC 
Slight heat stress

05/08/15 
Temperature: 27.0 ºC
Sky view factor: 0.156
TMRT: 44.9 ºC
PET: 29.7 ºC 
Moderate heat stress

05/08/15 
Temperature: 24.4 ºC
Sky view factor: 0.132
TMRT: 42.2 ºC
PET: 25.9 ºC 
Slight heat stress

BLEKERSTRAAT (Decrease of 3.5 ºC)

PARKSTRAAT (Decrease of 2.5 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3.8 ºC)

32 days of summer
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BLEKERSTRAAT  (Decrease of 3.3 ºC)

02/07/15 
Temperature: 37.6 ºC
Sky view factor: 0.344
TMRT: 57.9 ºC
PET: 45.6 ºC 
Extreme heat stress

02/07/15 
Temperature: 35.4 ºC
Sky view factor: 0.248
TMRT: 55.4 ºC
PET: 42.3 ºC 
Extreme heat stress

02/07/15 
Temperature: 37.6 ºC
Sky view factor: 0.167
TMRT: 56.6 ºC
PET: 45.2 ºC 
Extreme heat stress

02/07/15 
Temperature: 35.4 ºC
Sky view factor: 0.061
TMRT: 54.0 ºC
PET: 41.9 ºC 
Extreme heat stress

02/07/15 
Temperature: 37.6 ºC
Sky view factor: 0.164
TMRT: 51.1 ºC
PET: 43.4 ºC 
Extreme heat stress

02/07/15 
Temperature: 36.2 ºC
Sky view factor: 0.060
TMRT: 49.1 ºC
PET: 41.2 ºC 
Extreme heat stress

02/07/15 
Temperature: 37.6 ºC
Sky view factor: 0.156
TMRT: 56.5 ºC
PET: 45.2 ºC 
Extreme heat stress

02/07/15 
Temperature: 35.0 ºC
Sky view factor: 0.132
TMRT: 54.1 ºC
PET: 41.5 ºC 
Extreme heat stress

BLEKERSTRAAT (Decrease of 3.3 ºC)

PARKSTRAAT (Decrease of 2.2 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3,7ºC)

1 day of summer
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BLEKERSTRAAT  (Decrease of 3.3 ºC)

11/09/15 
Temperature: 21.8 ºC
Sky view factor: 0.344
TMRT: 46.8 ºC
PET: 24.5 ºC
Slight heat stress

11/09/15 
Temperature: 19.6 ºC
Sky view factor: 0.248
TMRT: 44.6 ºC
PET: 21.2 ºC
No thermal stress

11/09/15 
Temperature: 21.8 ºC
Sky view factor: 0.167
TMRT: 37.0 ºC
PET: 21.1 ºC
No thermal stress

11/09/15 
Temperature: 19.6 ºC
Sky view factor: 0.061
TMRT: 34.5 ºC
PET: 18.4 ºC
No thermal stress

11/09/15 
Temperature: 21.8 ºC
Sky view factor: 0.164
TMRT: 37.0 ºC
PET: 21.1 ºC
No thermal stress

11/09/15 
Temperature: 20.4 ºC
Sky view factor: 0.060
TMRT: 35.2 ºC
PET: 19.3 ºC
No thermal stress

11/09/15 
Temperature: 21.8 ºC
Sky view factor: 0.156
TMRT: 45.9 ºC
PET: 24.2 ºC
Slight heat stress

11/09/15 
Temperature: 19.2 ºC
Sky view factor: 0.132
TMRT: 43.7 ºC
PET: 19.4 ºC
No thermal stress

BLEKERSTRAAT (Decrease of 2.7 ºC)

PARKSTRAAT (Decrease of 1.8 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 4.8 ºC)

36 days of summer

BLEKERSTRAAT (Decrease of 2.6 ºC)

06/09/15 
Temperature: 18.6 ºC
Sky view factor: 0.344
TMRT: 30.3 ºC
PET: 15.6 ºC 
Slight cold stress

06/09/15 
Temperature: 16.4 ºC
Sky view factor: 0.248
TMRT: 26.9 ºC
PET: 13.0 ºC 
Slight cold stress

06/09/15 
Temperature: 18.6 ºC
Sky view factor: 0.167
TMRT: 25.2 ºC
PET: 14.6 ºC 
Slight cold stress

06/09/15 
Temperature: 16.4 ºC
Sky view factor: 0.061
TMRT: 21.4 ºC
PET: 11.9 ºC 
Slight cold stress

06/09/15 
Temperature: 18.6 ºC
Sky view factor: 0.164
TMRT: 25.1 ºC
PET: 13.5 ºC 
Slight cold stress

06/09/15 
Temperature: 17.2 ºC
Sky view factor: 0.060
TMRT: 22.1 ºC
PET: 11.6 ºC 
Moderate cold stress

06/09/15 
Temperature: 18.6 ºC
Sky view factor: 0.156
TMRT: 27.4 ºC
PET: 14.0 ºC 
Slight cold stress

06/09/15 
Temperature: 16.0 ºC
Sky view factor: 0.132
TMRT: 24.7 ºC
PET: 12.2 ºC 
Moderate cold stress

BLEKERSTRAAT (Decrease of 2.7 ºC)

PARKSTRAAT (Decrease of 1.9 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 1.8 ºC)

16 days of summer

PET ANALYSIS
KnMi ScenarioS 2050 Wl
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BLEKERSTRAAT (Decrease of 3.5 ºC)

05/08/15 
Temperature: 27.6 ºC
Sky view factor: 0.344
TMRT: 41.7 ºC
PET: 29.3 ºC 
Moderate heat stress

05/08/15 
Temperature: 25.4 ºC
Sky view factor: 0.248
TMRT: 38.8 ºC
PET: 25.8 ºC 
Slight heat stress

05/08/15 
Temperature: 27.6 ºC
Sky view factor: 0.167
TMRT: 39.9 ºC
PET: 28.7 ºC 
Slight heat stress

05/08/15 
Temperature: 25.4 ºC
Sky view factor: 0.061
TMRT: 36.9 ºC
PET: 25.2 ºC 
Slight heat stress

05/08/15 
Temperature: 27.6 ºC
Sky view factor: 0.164
TMRT: 39.9 ºC
PET: 28.7 ºC 
Slight heat stress

05/08/15 
Temperature: 26.2 ºC
Sky view factor: 0.060
TMRT: 37.6 ºC
PET: 26.3 ºC
Slight heat stress

05/08/15 
Temperature: 27.6 ºC
Sky view factor: 0.156
TMRT: 45.4 ºC
PET: 30.6 ºC 
Moderate heat stress

05/08/15 
Temperature: 25.0 ºC
Sky view factor: 0.132
TMRT: 43.0 ºC
PET: 26.8 ºC 
Slight heat stress

BLEKERSTRAAT (Decrease of 3.5 ºC)

PARKSTRAAT (Decrease of 2.4 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3.8 ºC)

32 days of summer

BLEKERSTRAAT  (Decrease of 3.4 ºC)

03/08/15 
Temperature: 33.9 ºC
Sky view factor: 0.344
TMRT: 56.8 ºC
PET: 41.2 ºC 
Extreme heat stress

03/08/15 
Temperature: 31.7 ºC
Sky view factor: 0.248
TMRT: 54.4 ºC
PET: 37.8 ºC 
Strong heat stress

03/08/15 
Temperature: 33.9 ºC
Sky view factor: 0.167
TMRT: 48.8 ºC
PET: 38.4 ºC 
Extreme heat stress

03/08/15 
Temperature: 31.7 ºC
Sky view factor: 0.061
TMRT: 46.2 ºC
PET: 35.0 ºC 
Strong heat stress

03/08/15 
Temperature: 33.9 ºC
Sky view factor: 0.164
TMRT: 48.7 ºC
PET: 38.5 ºC 
Strong heat stress

03/08/15 
Temperature: 32.5 ºC
Sky view factor: 0.060
TMRT: 46.9 ºC
PET: 36.1 ºC 
Strong heat stress

03/08/15 
Temperature: 33.9 ºC
Sky view factor: 0.156
TMRT: 55.7 ºC
PET: 40.8 ºC 
Strong heat stress

03/08/15 
Temperature: 31.3 ºC
Sky view factor: 0.132
TMRT: 53.4 ºC
PET: 37.0 ºC 
Strong heat stress

BLEKERSTRAAT (Decrease of 3.4 ºC)

PARKSTRAAT (Decrease of 2.4 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3.8 ºC)

5 days of summer
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BLEKERSTRAAT  (Decrease of 3.3 ºC)

02/07/15 
Temperature: 38.2 ºC
Sky view factor: 0.344
TMRT: 58.3 ºC
PET: 46.5 ºC 
Extreme heat stress

02/07/15 
Temperature: 36.0 ºC
Sky view factor: 0.248
TMRT: 55.8 ºC
PET: 43.2 ºC 
Extreme heat stress

02/07/15 
Temperature: 38.2 ºC
Sky view factor: 0.167
TMRT: 57.1 ºC
PET: 46.1 ºC 
Extreme heat stress

02/07/15 
Temperature: 36.0 ºC
Sky view factor: 0.061
TMRT: 54.5 ºC
PET: 42.7 ºC 
Extreme heat stress

02/07/15 
Temperature: 38.2 ºC
Sky view factor: 0.164
TMRT: 51.6 ºC
PET: 44.3 ºC 
Extreme heat stress

02/07/15 
Temperature: 36.8 ºC
Sky view factor: 0.060
TMRT: 49.6 ºC
PET: 42.0 ºC 
Extreme heat stress

02/07/15 
Temperature: 38.2 ºC
Sky view factor: 0.156
TMRT: 57.0 ºC
PET: 46.1 ºC 
Extreme heat stress

02/07/15 
Temperature: 35.6 ºC
Sky view factor: 0.132
TMRT: 54.7 ºC
PET: 42.3 ºC 
Extreme heat stress

BLEKERSTRAAT (Decrease of 3.4 ºC)

PARKSTRAAT (Decrease of 2.3 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3.8 ºC)

1 day of summer
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BLEKERSTRAAT  (Decrease of 3.4 ºC)

11/09/15 
Temperature: 22.1 ºC
Sky view factor: 0.344
TMRT: 47.1 ºC
PET: 25.0 ºC
Slight heat stress

11/09/15 
Temperature: 19.9 ºC
Sky view factor: 0.248
TMRT: 44.8 ºC
PET: 21.6 ºC
No thermal stress

11/09/15 
Temperature: 22.1 ºC
Sky view factor: 0.167
TMRT: 37.2 ºC
PET: 21.6 ºC
No thermal stress

11/09/15 
Temperature: 19.9ºC
Sky view factor: 0.061
TMRT: 34.8 ºC
PET: 18.8 ºC
No thermal stress

11/09/15 
Temperature: 22.1 ºC
Sky view factor: 0.164
TMRT: 37.2 ºC
PET: 21.6 ºC
No thermal stress

11/09/15 
Temperature: 20.7 ºC
Sky view factor: 0.060
TMRT: 35.5 ºC
PET: 19.6 ºC
No thermal stress

11/09/15 
Temperature: 22.1 ºC
Sky view factor: 0.156
TMRT: 46.1 ºC
PET: 24.6 ºC
Slight heat stress

11/09/15 
Temperature: 19.5 ºC
Sky view factor: 0.132
TMRT: 43.9 ºC
PET: 20.8 ºC
No thermal stress

BLEKERSTRAAT (Decrease of 2.8 ºC)

PARKSTRAAT (Decrease of 2.1 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3.8 ºC)

36 days of summer

BLEKERSTRAAT (Decrease of 2.6 ºC)

06/09/15 
Temperature: 18.9 ºC
Sky view factor: 0.344
TMRT: 30.6 ºC
PET: 15.9 ºC 
Slight cold stress

06/09/15 
Temperature: 16.7 ºC
Sky view factor: 0.248
TMRT: 27.2 ºC
PET: 13.3 ºC 
Slight cold stress

06/09/15 
Temperature: 18.9 ºC
Sky view factor: 0.167
TMRT: 25.4 ºC
PET: 14.9 ºC 
Slight cold stress

06/09/15 
Temperature: 16.7 ºC
Sky view factor: 0.061
TMRT: 21.7 ºC
PET: 12.2 ºC 
Moderate cold stress

06/09/15 
Temperature: 18.9 ºC
Sky view factor: 0.164
TMRT: 25.4 ºC
PET: 14.9 ºC 
Slight cold stress

06/09/15 
Temperature: 17.5 ºC
Sky view factor: 0.060
TMRT: 22.4 ºC
PET: 13.1 ºC 
Slight cold stress

06/09/15 
Temperature: 18.9 ºC
Sky view factor: 0.156
TMRT: 27.7 ºC
PET: 15.4 ºC 
Slight cold stress

06/09/15 
Temperature: 16.3 ºC
Sky view factor: 0.132
TMRT: 25.0 ºC
PET: 11.5 ºC 
Moderate cold stress

BLEKERSTRAAT (Decrease of 2.7 ºC)

PARKSTRAAT (Decrease of 1.8 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3.9 ºC)

16 days of summer

PET ANALYSIS
KnMi ScenarioS 2050 Wh
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BLEKERSTRAAT  (Decrease of 3.4 ºC)

03/08/15 
Temperature: 34.2 ºC
Sky view factor: 0.344
TMRT: 57.0 ºC
PET: 41.6 ºC 
Extreme heat stress

03/08/15 
Temperature: 32.0 ºC
Sky view factor: 0.248
TMRT: 54.7 ºC
PET: 38.2 ºC 
Strong heat stress

03/08/15 
Temperature: 34.2 ºC
Sky view factor: 0.167
TMRT: 49.0 ºC
PET: 38.9 ºC 
Strong heat stress

03/08/15 
Temperature: 32.0 ºC
Sky view factor: 0.061
TMRT: 46.5 ºC
PET: 35.4 ºC 
Strong heat stress

03/08/15 
Temperature: 34.2 ºC
Sky view factor: 0.164
TMRT: 49.9 ºC
PET: 38.9 ºC 
Strong heat stress

03/08/15 
Temperature: 32.8 ºC
Sky view factor: 0.060
TMRT: 47.1 ºC
PET: 36.6 ºC 
Strong heat stress

03/08/15 
Temperature: 34.2 ºC
Sky view factor: 0.156
TMRT: 55.9 ºC
PET: 41.2 ºC 
Extreme heat stress

03/08/15 
Temperature: 31.6 ºC
Sky view factor: 0.132
TMRT: 53.6 ºC
PET: 37.4 ºC
Strong heat stress

BLEKERSTRAAT (Decrease of 3.5 ºC)

PARKSTRAAT (Decrease of 2.3 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3.8 ºC)

5 days of summer

BLEKERSTRAAT (Decrease of 3.4 ºC)

05/08/15 
Temperature: 27.9 ºC
Sky view factor: 0.344
TMRT: 42.0 ºC
PET: 29.7 ºC 
Moderate heat stress

05/08/15 
Temperature: 25.7 ºC
Sky view factor: 0.248
TMRT: 39.1 ºC
PET: 26.3 ºC 
Slight heat stress

05/08/15 
Temperature: 27.9 ºC
Sky view factor: 0.167
TMRT: 40.2 ºC
PET: 29.1 ºC 
Moderate heat stress

05/08/15 
Temperature: 25.7 ºC
Sky view factor: 0.061
TMRT: 37.1 ºC
PET: 25.6 ºC 
Slight heat stress

05/08/15 
Temperature: 27.9 ºC
Sky view factor: 0.164
TMRT: 40.1 ºC
PET: 29.1 ºC 
Moderate heat stress

05/08/15 
Temperature: 26.5 ºC
Sky view factor: 0.060
TMRT: 37.8 ºC
PET: 26.7 ºC 
Slight heat stress

05/08/15 
Temperature: 27.9 ºC
Sky view factor: 0.156
TMRT: 45.7 ºC
PET: 31.0 ºC 
Moderate heat stress

05/08/15 
Temperature: 25.3 ºC
Sky view factor: 0.132
TMRT: 43.2 ºC
PET: 27.2 ºC 
Slight heat stress

BLEKERSTRAAT (Decrease of 3.5 ºC)

PARKSTRAAT (Decrease of 2.4 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3.8 ºC)

32 days of summer
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BLEKERSTRAAT  (Decrease of 3.3 ºC)

02/07/15
Temperature: 38.5 ºC
Sky view factor: 0.344
TMRT: 58.6 ºC
PET: 46.9 ºC 
Extreme heat stress

02/07/15
Temperature: 36.3 ºC
Sky view factor: 0.248
TMRT: 56.1 ºC
PET: 43.6 ºC 
Extreme heat stress

02/07/15 
Temperature: 38.5 ºC
Sky view factor: 0.167
TMRT: 57.4 ºC
PET: 46.5 ºC
Extreme heat stress

02/07/15
Temperature: 36.3 ºC
Sky view factor: 0.061
TMRT: 54.7 ºC
PET: 43.1 ºC
Extreme heat stress

02/07/15
Temperature: 38.5 ºC
Sky view factor: 0.164
TMRT: 51.9 ºC
PET: 44.7 ºC
Extreme heat stress

02/07/15
Temperature: 37.1 ºC
Sky view factor: 0.060
TMRT: 49.9 ºC
PET: 42.5 ºC
Extreme heat stress

02/07/15
Temperature: 38.5 ºC
Sky view factor: 0.156
TMRT: 57.3 ºC
PET: 46.5 ºC
Extreme heat stress

02/07/15
Temperature: 35.9 ºC
Sky view factor: 0.132
TMRT: 54.9 ºC
PET: 42.7 ºC
Extreme heat stress

BLEKERSTRAAT (Decrease of 3.4 ºC)

PARKSTRAAT (Decrease of 2.1 ºC)

2E SPIJKERDWARSSTRAAT (Decrease of 3.8 ºC)

1 day of summer
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The Lumen building is one of the buildings located 
at the Wageningen campus. It is connected to the 
Gaia building, where there is a central atrium, 
“where the air is transferred; warmer air from 
the offices rises to the roof where heat is retained 
and re-used. This makes the building very energy 
efficient” (Wageningen University & Research 1, 
n.d.). There are several characteristics of the 
Lumen building that are similar to the design, 
including:
Use of glass to let light enter
Use of natural materials
Use of greenery (Wageningen University & 
Research 2, n.d.)

Lumen, Wageningen Alliander, Duiven

Alliander opened a new, innovative building in 
Duiven on the 12th of November in 2015. This 
building is rather unique, as it is energy positive and 
circular. Five existing buildings were redeveloped 
and are now covered by a large structure. Embodied 
energy was especially taken into account while 
developing the building, as about 80 percent of the 
raw materials were circular, reused objects. More 
people can be accommodated in the building than 
before and heat and cold storage was used, so that 
residual heat is used efficiently (De Groot, n.d.; 
Liander, 2015).

There are some similarities between the Alliander 
building and our design, as they both have a 
multifunctional character:
- An increase in energy labels, due to better insulation
- Conscious use of existing buildings and materials, 
taking into account the embodied energy
- Use of solar panels to generate energy
- Rainwater is caught, stored and reused
- Wind energy generation
- Warm air is dispersed/transported to other areas
- Facades covered with plants that purify the 
air and other vegetation, like trees that cause a 
comfortable micro-climate at pedestrian level
- Wood as a material
- Lighter area underneath the canopy structure (De 
Groot, n.d.; Liander, 2015).

BUILDING REFERENCES
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Municipality of Dongen 

In January 2002, an energy-generating roof 
was installed in Dongen on the town hall of the 
municipality. The roof provides a comfortable 
inner space, while generating solar electricity 
though PV panels and sunshade. The roof was 
manufactured from “288 custom-made isolated 
semi transparent glass-glass modules with cell 
coverage of 85%”, each module generating 
184 Wp (Contentus, 2010). The roof has an 
interactive character and raises awareness for 
energy generation, as visitors of the building are 
able to see how much the roof generates, through 
a monitoring computer and PV-system. Also, 
the roof was used to join and cover the existing 
buildings on the site (Contentus, 2010; Mimoa, 
2016).


