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By the concentration on the case study “the 
sustainable future of the island Texel” on the 
International Architecture Biennale Rotterdam 
(IABR) 2014, Texel, as a potentially developing 
island, gains more and more attention. This studio 
“Texel Metabolized” emerged at the moment, 
which arises students’ curiosity and zeal to 
explore this island more comprehensively and 
specifi cally.

Quoted from our professor Bernard, “Texel’s 
reason for existence not only depends on its well 
developed touristic profi le. Increasingly, efforts 
are made on the island to transform it into a 
laboratory for new techniques of energy supply, 
and the adaptation of new ecological
circulation processes in agriculture, both 
practiced on land and sea. “ One of these new 
island-transforming perspectives above “energy“ 
appears to have a prosperous future to achieve 
the island’s autarkic dream. As a matter of 
fact, Texel owns abundant natural sources to 
produce domestic energy, such as electricity 
and gas. These natural sources have a very 
obvious advantage for energy generation than 
the traditional plants, which is that low carbon 
dioxide or other toxic gases will emit during 
the generating process. In short, these natural 
sources are more friendly to the living and 
natural environment. For instance, the strong 
solar radiation plays a gradually important role 
to provide electricity in Texel, also, the frequent 
wind blows on the island are very appropriate 
and suffi cient for energy production. Moreover, 
biomass (such as wood) has a great opportunity 
to generate gas energy, too. In fact, there 
are already massive solar and wind-energy 
installations in practice in Texel and a biomass 
plant is operating with essential machines day by 
day. 

Since the “energy“ perspective for the sustainable 
future of Texel is very promising and intriguing, 
I laid my great interest on the research of Texel 
domestic energy at present and sustainable 
energy for future.  In order to fulfi ll that, I 
took the whole island as the target to carry 
out a number of energy-related diagrams, 
which show the distribution of various types of 
energy consumption by several target groups 
or by different zones in a period or annually. 
Meanwhile, I chose De Koog as the focal point 
by studying the features of natural sources and 
working principles and processes regarding 
energy generation to settle the problem of 
defi ciency of energy supply, because De Koog as 
a touristic center, requires larger energy supplies 
for the locals and tourists, which differs from 
other villages in Texel, and the current energy 
production cannot reach the municipality’s 2020 
energy plan. 

Eventually, a multifunctional building will be 
conceived and designed according to the research 
results and conclusions.  
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The question

To produce energy in an environmentally-
friendly manner is the newly beloved measure 
to create so-called sustainable energy. One 
can generate sustainable energy from water 
currents, the sun, the wind and even plant 
remnants. Environmentally-friendly energy 
becomes inevitably prevalent since the fossil 
fuels are on the verge of depletion.  Meanwhile, 
fossils fuels do great harm to environment.  The 
town of Texel also realizes the urge to replace 
its conventional energy production means by 
sustainable energy sources to fulfi l town’s energy 
needs. Texel municipality carried out a 2020 
sustainable energy plan, which proclaims several 
practical terms concerning sustainable energy 
development, such as replacing existing windmills 
with more powerful windmills for higher energy 
yield; expanding the surface area of solar panels 
and extensively applying LED lamps for street 
lights. Moreover, some construction companies 
are experimenting in energy-effi cient built 
techniques. Construction of a biogas plant 
and exploitation of geothermal electricity are 
progressing, too.

In order to respond to municipality’s 2020 
sustainable energy ambition and explore the 
innovative ways of sustainable energy generation 
(achieves in architecture), my research question 
is formulated and demonstrated as:

How to generate domestic energy (electricity, 
gas) by natural energy sources (sun, wind and 
biomass) to achieve the sustainability of energy 
production on the Texel Island, especially in the 
village De Koog?

A RESEARCH QUESTION 
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The methods

The methods are composed of two essential 
parts: reading and drawing, respectively.

The components of reading portion are:
Document study, atlas review, literature review 
and case study. The segments of drawing part 
are: mapping, hand drawings and computerized 
drawings.

“Document study” is aiming to gather basic 
information for Texel energy consumption study. 
A lots of municipality’s documents are collected 
and noted;

“Atlas review” helps to carry on the further 
research of the solutions to meet energy demands 
by the organized statistical information regarding 
Texel current energy consumption and feasible 
sustainable energy development;

“Literature review” is about seeking the climatic 
and vegetation information on sustainable energy 
sources (Sun, wind, wood) in Texel. Moreover, 
the sustainable energy generation processes 
and principles need to be clarifi ed by literature 
review;

“Case study” provides numerous possibilities 
to install energy-generating machines in 
architecture aesthetically and architectonically. 
In addition, it gives designers new insights and 
inspires them to think unorthodox solutions for 
the challenging problems in their design;

“Mapping” shows the energy consumption 
distribution of different zones and the sustainable 
energy installations and plants in Texel;

“Hand drawing” refers to sketches commonly in 
architecture students’ conversations. It helps 
designer to formulate ideas spontaneously via 
moving the tips of their pens. It can also show 
the thinking process which refl ects designer’s 
intuitive decision-making;

“Computerized drawing” concludes professional 
architecture drawings such as plans, elevations, 
sections, perspectives and interior expressive 
drawings, etc. These drawings display the 
building’s functional organization, routes, 
material, construction, spatial quality and 
embellishment.
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Energy import

Natural gas is found in underground reservoir 
rocks. The contaminants must be cleaned from 
natural gas and then the cleansed gas will be 
converted to the standard before use. In the 
Netherlands natural gas is distributed through 
pipelines, and 99% of the gas demands in Texel 
imports from the production fi eld in Harlingen 
through pipelines, too.

The Dutch main electricity transmission grid 
is also called the transmission system, which 
consists of the high-voltage electricity is 
transmitted at a voltage of 110,000 to 380,000 
volts. The transmission system is managed by 
TenneT. The exact transmission grid to Texel 
starts from Den helder.

Fuels are transported by ferry and then 
distributed to seven petrol stations, of which four 
are in den Burg, one in de Cocksdorp, de Koog 
and de Oosterend seperately.

PRESENT ENERGY SITUATION 31 Texel’s energy import map
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Energy consumption

We have collected consumptions of fuel, gas and 
electricity in every village on Texel in different 
years. Among these three types of energy, gas 
and electricity are mainly used for architecture 
while fuel is the main energy for transport like 
using for vehicles, ferry, fi shing, etc. Through 
compared with difference values in every village, 
we can get current situation that which village 
consumes too much. Meanwhile, we made some 
charts to see how different types of energy 
consume in different buildings and different 
vehicles and functions. After these analyses, we 
can get hold of energy consumption on Texel.

Energy savings

Besides the general energy, municipality has 
been dedicated in exploring sustainable energy 
in recent years for long-term development of 
Texel. Until now, solar energy has been utilized 
in many places on Texel in the means of solar 
panel roof, which is economical and simple. 
There is a wind turbine in Oudeschild which can 
provide wind energy for Texel. As an island facing 
Wadden Sea, Texel has a prominent advantage 
of using tidal energy. This clear energy has been 
exploited recently, and ‘Tocardo T100 Turbine’ 
is an example which works in Wadden Sea near 
Oudeschild. What’s more, bioenergy is a potential 
energy in future for Texel because Texel owns a 
long history of agriculture and animal husbandry. 
Nowadays, there are still large numbers of areas 
used as farmland and for livestock breeding. So in 
the future, more and more bioenergy plants like 
‘Tegist Biogas Project’ will be built. To develop 
sustainable energy as much as possible, Texel can 
be self-suffi cient in a healthy way.

32 Texel’s energy consumption in  7 
regional divisions; Annual electricity and 
gas usage and energy supply targets
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Timeline sustainable energy

Promoters and stakeholders sustainable energy Texel

PromotersProjects Stakeholders

Gezamenlijke 
Waddeneilanden

Gezamenlijke 
Waddeneilanden

Gezamenlijke 
Waddeneilanden

Gezamenlijke 
Waddeneilanden

Gezamenlijke 
Waddeneilanden

Gezamenlijke 
Waddeneilanden

energy subsidies for
existing buildings

research into energy 
performance

application of low 
temperature heating

application of heat pumps

research in LED lighting

purchase of energy 
efficient appliances

implementation
of solar panels

Augustus 2008 - Energy subsidies
In order to realize the 2020 ambition, this project 
will be deployed particularly on insulations of 
existing houses. From 2006 to April 1, 2008, it had 
been carried out, in which grant was awarded for the 
best insulating measures. About 150 homeowners 
have applied for a grant. This scheme has resulted in 
using the highest quality HR ++ glass generally.

Januari 2009 - Purchase of energy-e cient appliances
Examples include energy-efficient dryers  (dryer 
consumed 20 to 30% of electricity in an average 
family), Hotfill plants for washing machines. A 
premium is on the most energy-efficient washers. 

December 2009 - Use of LED ligh ng
The existing lighting technologies will be displaced 
by LED lighting. Currently, electricity savings of LED 
is between 40 and 90 percent from conventional 
techniques.

January 2010  - Applica on of low-temperature hea ng
By application of floor heating, the problem of 
discomfort and cold floor  will be solved. Morerover, 
it offers an energetic advantage of 5 to 10%compared 
to radiators with 90 ° C flow temperature. 

January 2010 - Applica on of
heat pumps
A heat pump Low 
temperature
heating (LTH) 
consumes about 
25 percent less 
energy compared 
to a gas-fired 
boiler. In existing 
houses, a heat 
pump can 
provide more
comfort.

 - Research into energy performance
In 2015, all the houses will be equipped with an 
Energy Performance Advice, which monitors the 
energy consumption of a house. 

 - Use of solar panels
In 2015, all the houses will be equipped with an 
Energy Performance Advice, which monitors the 
energy consumption of a house. 

20092008 2010 2011
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€/
year0 10,000 20,00030,000 40,000 50,000 60,00070,000 80,000

Invested funds 

energy subsidies for
existing buildings

research into energy 
performance

application of low 
temperature heating

application of heat pumps

research in LED lighting

purchase of energy 
efficient appliances

implementation
of solar panels

FTE/
year

0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20

research into energy 
subsidies  for existing 

buildings

research into energy 
performance

application of low 
temperature heating

application of heat pumps

research in LED lighting

purchase of energy 
efficient appliances

implementation
of solar panels

Capacitance 

2011 2012 2013 2014
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Propor on of Sustainable energy in 2020
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Sustainable energy

Besides the general energy, municipality has 
been dedicated in exploring sustainable energy 
in recent years for long-term development of 
Texel. Until now, solar energy has been utilized 
in many places on Texel in the means of solar 
panel roof, which is economical and simple. 
There is a wind turbine in Oudeschild which can 
provide wind energy for Texel. As an island facing 
Wadden Sea, Texel has a prominent advantage 
of using tidal energy. This clear energy has been 
exploited recently, and ‘Tocardo T100 Turbine’ 
is an example which works in Wadden Sea near 
Oudeschild. What’s more, bioenergy is a potential 
energy in future for Texel because Texel owns a 
long history of agriculture and animal husbandry. 
Nowadays, there are still large numbers of areas 
used as farmland and for livestock breeding. So in 
the future, more and more bioenergy plants like 
‘Tegist Biogas Project’ will be built. To develop 
sustainable energy as much as possible, Texel can 
be self-suffi cient in a healthy way.

Using brief diagrams, we illustrate the utilization 
of sustainable energy in Texel. As can be seen in 
the map, many renewable energies are in used 
to produce electricity, gas and fuel. In mid-long 
term, bio-energy is the most potential energy 
producer. In long term, geothermal will be used 
to produce large amounts of electricity and gas. 
Even fuel can be offset by the production of algae 
cultivation. In 2020, 78% of the gas in use will be 
sustainable and 96% of the electricity is produced 
by renewable energies. Totally, sustainable 
energy will accounts for 66% of the whole energy 
demands in 2020.

33 Energy saving’s projects and their 
Promoters and stakeholders
34 Invested funds and capacitance of 
these projects 
35 Sustainable energy production and 
plans
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36 Energy infrastructures’ distribution 
map
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The other aspects of sunlight that needs to check is slope and orientation of the site; sun angles based on 
site latitude and any overshadowing. (The European Commission, 1999)From the fi gure above, the best 
orientation of solar gain apparently varies from Northern Europe to Middle Europe and Southern Europe. 
Because the Netherlands situates in Middle Europe, the best orientation range for sun gain starts from 50 
degree to southwest to 40 degree to southeast (as south direction is the pivot).
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sunlight and solar energy

To deal with sunlight, the fi rst thing on the 
checklist that needs to be done is to maximum 
potential sun exposure based on the climatic 
data. Normally, the reliable climatic data can be 
found on the National Meteorological Bureau’s 
offi cial website. According to the data and several 
sunshine distribution maps, this fi gure below 
is drawn by my fellow student, which shows 
sun exposure intensity in the Netherlands. The 
strength of the sun exposure is defi ned by the 
colour gradient. 

Distinctly, one can notice that the colour lightness 
changes gradually from darker yellow in the 
left areas to lighter yellow in the right areas in 
this geographical map of the Netherlands. This 
indicates that the left part of the Netherlands 
receives more abundant sun exposure than its 
right counterpart. Apparently, the western coast 
and fi ve Dutch islands on the upper left expose 
to the sun most.  Since Texel is one of these 
islands and locates in this area of the Netherlands 
that covers by the darkest yellow, therefore, 
this island has a great opportunity to generate 
sustainable energy by the enormous sunlight 
radiation. 

Moreover, Texel is more or less a plain island 
(except the dune areas) with low-density building 
distribution and low level building height. These 
favourable features provide the whole island 
more chances to reach sun radiation with little 
obstruction.

 

 Energy Sources41 Sun exposure in the Netherlands
42 Best orientations for solar gain 
varies with latitude
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After the decision-making of the best solar gain 
direction, the next step to use the solar energy is 
to have a clear vision of photovoltaic. Figure 43 
shows the most common photovoltaic. In Texel, 
great amounts of this type of photovoltaics have 
been installed on the house roofs to supply the 
daily needs of heat and electricity.  

The dimension of this type of photovoltaic 
is 1626mm by 990mm, and its lead wire is 
approximately at the length of 900mm. These 
fi gures are of importance while installing a 
photovoltaic panel on a house roof. 

The maximum power of this type of photovoltaic 
is 230w. By calculation, its amount of energy 
output per year is 230wx14.3%x24x365= 288, 1 
KWH/year.

43 The photovoltaic’s dimension
44 The photovoltaic’s specifi cations
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What is more, the photovoltaic panels can embed with building facade in so many innovative ways 
along with the new technology development and people’s growing aesthetic needs,  Meanwhile, the PV 
itself are becoming available in an ever-increasing range of colours, dark hues continue to dominate in 
the area of thin-fi lm technology, ranging from black to reddish brown or dark green. (Schittich, 2003) 
Transparent pv can be purchased on the market, too. Moreover, its shape alters due to buildings roof 
type and facade form, such as the so-called microcystalline, micromorphous and polycrystalline cells. 
(Schittich, 2003)

TECHNOLOGY  PROJECT  ARCHITECTS  IMAGE
modules integrated into facade Low-energy house in Bregenz 

(2001)
Daniel Sauter

Curved modules Multi-story factory in Ber-
lin-Oberschoneweide (2000)

frank Augustin

Modules and transparent ele-
ments alternate in the roof area

Studio in Dresden- Hellerau 
(2003)

Haller/Morgenstern/Quincke

Modules integrated into the 
glass roof (also serve as shading 
system)

 Lehrter railway station. Berlin 
(2003)

 Gerkan Marg and Partners

v
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Wind and wind energy

Similar to the sun exposure distribution map due 
to Texel’s geographical superiority., the wind 
speed intensity map illustrates that the coastal 
areas on the west side of Holland and regions of 
wadden islands acquire the strongest wind blows. 
Thus, a great number of spots can be chosen to 
use the high-speed wind as a sustainable energy 
source to feed Texel with zero-polluted, new 
clean energy.

45 Variations of photovoltaic 
46 Wind speed intensity map  
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47 Wind speed and wind direction 
diagram

The average wind speed in Texel ranges from 
minimum 6.7m/s to 11.8m/s (1kts ≈ 0.514m/s). 
And dominant wind orientation during the 
year originates from northwest, mainly in June 
to September. The second prevailing wind 
orientation is from southwest in January, April to 
May and October to December. 
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Machine capacity  Usage Confi nement

1 to 5kw  to provide direct current (DC) or alternating current (AC)  be confi ned to the domestic level

Larger wind generators  suitable for commercial/industrial buildings and groups of houses

Two general types Advantages  Disadvantages  Installed positions

Vertical axis machine able to operate at lower wind speeds; less 
stressed by turbulence

 roofs or walls

Horizontal axis machine  tend to transmit vibrations through the 
structure of the buildings if mounted on 
roofs
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48 Wind turbine capacity and 
types
49 Vertical wind turbine mounted 
on oil platform

Rely on the analysis of wind speed and direction, 
There are two types of wind turbines classifi ed 
by scale, they are the big scale wind turbine 
and small scale wind turbine. In order to embed 
the wind turbine into a building, discussion will 
concentrate on small scale wind turbine. Small-
sacle wind turbines scale from a few watt to 20kw 
and lie in two categaries vertical axis one and 
horizontal one.

Wind patterns are complex in the built 
environment as the air passesover, around and 
between buildings. Accordingly a wind generator 
introduced into this environment must be able to 
cope with high turbulence caused by buildings. 
In the table, vertical axis wind turbine has the 
advantages to deal with this situation. Such 
conditions tend to favour vertical axis machines 
as opposed to the horizontal versions which 
havve proliferated in wind fams. This is because 
the vertical versions may be able to operate 
at lower wind speedand they are less stressed 
mechanically by turbulence. (Smith, 2003) This 
type of wind turbine is also reliable, silent, low 
maintenance, easy to install and competitive on 
price.village De Koog?
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To have a glance of the most classic types of vertical axis wind turbines, they are S-Rotor; Darrieus-Rotor; 
Lange turble; H-Darrieus-Rotor and Spiral Flugel rotor. To give a brief introduction, the S-Rotor has an 
S-shaped blade; the Darrieus-Rotor employs three slender elliptical blades which can be assisted by a 
wind defl ector. A variation of the genre is the H-Darrieus-Rotor with triple vertical blades extending from 
the central axis. Yet another confi guration is the Lange turbine which has three sail-like wind scoops. 
Last in this group is the “Spiral fl ugel“ turbine in which twin blades create, as the name indictes, aspiral 
partnership. (Smith, 2003)

In the current market, there are more choices of VAWT. According to the site wind speed, building surface 
area, the possible height to install a wind turbine, one can choose a feasible VAWT type from the list 
provided by the sellers.
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Wood and biomass plant

Wood is very usual to see on the western side of 
Texel, because of the existence of large amounts 
of forests. On one hand, these forests act as a 
natural barrier to protect the villages against the 
inclement weather threats caused by the North 
Sea,. On the other hand, they also improve the 
quality of surrouding environment and inhance 
villages’green rate. 

From the De Koog green map below, the darker 
gray areas represent the wood, which enclose 
this village in the North, South and west. The 
considerable amount of forestry coverage 
affords De Koog rich raw materials to generate 
sustainable energy in a biomass plant. In other 
words, De Koog is in a suffi cient condition to build 
a biomass plant.

4 10 S-Rotor; Darrieus-Rotor; 
Lange turbine; H-Darrieus-Rotor; 
Spiral Flugel rotor. (from left to 
right)
4 11 De Koog green map
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Designated a carbon neutral fuel by the 
International Panel on Climate Change, a 
woodchip biomass plant usually uses locally 
sourced wood chips which are the byproduct 
of sustainably managed forests; they replace 
hundreds of thousands gallons of imported fuel 
oil per year, cutting emissions overall, most 
dramatically sulfur dioxide by more than 90 
percent. 

The working process of the woodchip biomass 
plant starts with the stored woodchips in 
the bunker, then goes through several main 
machines, such as combustor, biomass boiler, 
steam turbine and air cooled condenser. Gas 
is generated from steam turbine and is cooled 
by the condenser. Through the domestic gas 
pipelines, clean gas transmits to householders.

A biomass plant’s yields always is determined by 
its scale. The energy output of an 800m2 woodchip 
biomass plant (as the example showed in fi gure 4 
13) is calculated below:

Dimension: 16x48=768m2

Amount of energy output: 6.3x106 KWH/year
For Texel’s energy supply, the estimated 
quantities of this scaled biomass plant are: 
32x106/6.3x106≈ 5

4 12 woodchip biomass plant 
working process
4 13 plan of Hotchkiss biomass 
plant
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The “tower” concept

The “tower” concept originates from the chimney 
stack of biomass plant.  In the fi rst draft design 
sketch below, the volume of the plant chimney 
is exaggerated to echo the triangular-shaped 
building body. Thus, all parts of building merge 
into one monolithic piece, which express both a 
horizontal and vertical extension of volume.

This conceptual shape is meaningless without 
the consideration of building functions and its 
energy theme. These other essential aspects will 
be interpreted in this “tower” concept. On the 
contrary, the concept itself will be complemented 
and be more reliable.

1                            2                         3                         4                         5                         6                         7                        8                         9                                                  B                         L

4 14 interior space in Hotchkiss 
biomass plant
51 “tower” concept sketch

Preliminary design attempt  
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52 the original site  
53 site rearrangement
54 site plan with building
55 diagram of positions of 
machines

Site & site plan

The chosen site is a concrete-poured parking lot 
and is situated in the center of village De Koog. 
This parking lot occupies a very prominent area, 
however its functional use is not so dominant. 
Texel municipality has asked urban planners 
to rearrange this site. The planning strategy is 
to dedicate this land to nature. Therefore, the 
new planning will become a village landscape, 
which also fuses with the surrounding natural 
environment. (New planning showed in fi gure 53)

For building design itself, a small portion has 
been selected for the construction of a 3-storey 
energy plant with visiting function. The spot lies 
next to the main road of De Koog, which gives the 
site building a close connection to the boundary 
of village that people can easily embrace the 
emergence of building after a walk from the 
central streets to the rural fi elds. Moreover, 
there are 3 site entrances designed for villagers, 
visitors and wood delivery truck to get access to 
the building.

Positions of machines

According to the analysis of the optimum 
orientation and position of solar and wind gain, 
solar panels and wind turbines are installed to 
a certain degree towards the direction of the 
site. biomass plant is placed close to forests 
where provide the raw material for the use of 
generating energy, so the material transport is 
more convenient. Moreover, the biomass plant 
has access to the main road, which is realistic for 
vehicles’ delivery.
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Plan & section

This building is comprised of 3 fl oors: fl oor 0 is 
for commercial & catering use; fl oor 1 occupies 
all the exhibiting and visiting areas; fl oor 2 
appears only in the biomass plant due to the 
height restriction for the machines. All these 3 
fl oors have their own value in use, of which fl oor 
1 has the most dazzling spaces and a delicately 
designed visiting route. 

The section drawing shows that visitors start a 
tour from the lowest point of the sloping ground 
of main exhibition hall (in the left of fi gure 57). 
They go up by passing all the display works, 
which make their eyes busy with a pleasant visual 
feast. Then they will walk on the “sun path” and 
eventually reach the natural area immersed in the 
glitters of sunlight. To move on, a more capacious 
space will approach the visitors who will be 
amazed by the gigantic machines and intricate 
energy generating systems in there.

56 fi rst fl oor plan
57 section
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58 smoke from the chimney of 
biomass plant
59 the “glowing” effect

The extra features

While the biomass plant begins to work, a steamy 
curl of smoke emitted out of the chimney is not 
inevitable. It endows the building with a very 
distinct expression by its lightness and constant 
movement. Thus, the building is in liveliness and 
vividness. In other words, it doesn’t like the other 
buildings which always stand still. 

Another feature of this building is the “glowing” 
effect. The building facade is cut with variable-
sized holes, through which the installed LEDs 
illuminate with changing hues. These irregularly 
disposed dotted fl ashing lights add a charming 
and glamorous layer to the whole building’s look.  
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+                         =  0.36x106 kwh/year

VAWTs 
(Vertical Axis Wind Turbines)

750kwh/year

X400 =  0.3x106 kwh/year

0.3x106kwh/year

0.06x106kwh/year

0.06x104 kwh/year

0.82x106 m3/year

8x106 kwh/year

PVs 
(Photovoltaics)

300kwh/year

X200 = 

BP 
(Biomass plant)

8X106 kwh/year

X1 =  

THE ENERGY TOWER / sustainable energy 
output per year

In total:

Seperately:

Ps: Conversion of m3 (n) to kWh

Assumptions: 
1 standard cubic meters of gas (m 3 (n) has a top value of 35.17 MJ 
1 kWh has an energy content of 3.6 MJ .

Calculation:
1 m 3 (n) corresponds to 35.17 MJ / 3.6 MJ = 9,769 kWh  
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61 requirements of machine 
quantities in the energy tower
62 refi ned “tower” concept

FURTHER REFINEMENT

Program requirements

In order to provide electricity and gas, the energy 
tower aims to become a pioneering energy plant 
that achieve 8x106 kwh energy per year, which 
is 20% of Texel municipality’s 2020 sustainable 
energy production goals, including0.36x106 

kwh electric energy per year and 8x106 kwh 

gas energy. To generate the planned electric 
energy, 400 vertical axis wind turbines and 200 
photovoltaics will be embedded on the energy 
plant’s facade. Moreover, the biomass plant yields 
0.82x106 m2 gas energy per year. 

These fi gures are estimations at the moment. In 
the design phase, the number of energy machines 
will fl uctuate more or less, due to the slight 
adjustment of building height and its facade’s 
area. Eventually, the accurate energy output 
will be demonstrated by the actual building 
performance. 

Refi ned “tower” concept

The new tower concept is a more sensible 
transformation of the old one. The transversely 
stretched building shape converts into 
longitudinally extended volume. In this way, the 
tower surface has more available areas to install 
energy machines. Moreover, the higher energy 
machines locate, the better they can perform.

1                            2                         3                         4                         5                         6                         7                        8                         9                                                  B                         L
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63 Building shape analysis

building shape 

By altering building’s height and breadth, 
the basic cylindrical building shape will be 
determined by their volumetric contrast with the 
surrounding settlement in De Koog.

The cylinder’s surface radius ranges from 5 
meters to 7.5 meters; its height varies from 27m 
to 30m. By comparison, the building appears 
optimally fi t with surroundings in 6m’s long 
radius and 30m’s high.
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64 view analysis in urban context
65 height analysis in urban 
context

Urban analysis

The urban analysis focuses on two aspects: one is 
the view’s accessibility from the roads and village 
buildings towards the energy tower; the other 
is newly-created skyline of the village by this 
erecting tower.

Because of the approximate 30 meters height 
of this building, people can realize its existence 
from far away in the village or out of it, even with 
some front buildings’ block. Moreover, if standing 
on the main square in dropstraat, one can catch 
a glimpse of this building’s graceful presence 
through the road that links main square with the 
site.

In De Koog, most buildings are 2 or 3 fl oors and 
no more than 10 meters high. By standing in the 
center of De koog, this energy tower gives the 
village a refreshing and appealing skyline. It acts 
like a magnetic needle which attracts visitors 
coming to De Koog and also leads the village to a 
new energy era.
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66 energy tower’s two themes
67 illustration of “machine” and 
“experience” theme
68 illustration of experience on each fl oor
69 illustration of relation between 
machine positions on facade and wind/
sun direction

Design themes

The design themes lie in two parts: machine 
and experience. Machine part consists of solar 
machines, wind turbines and a biomass plant. 
These three types of machines collaborate 
together to achieve the sustainable energy goal.

The “experience” part is mainly about people’s 
experience while entering this building. In each 
fl oor, there is major experiencing topic regarding 
light, wind or biomass. From the bottom of this 
tower, people will fi rst encounter the biomass 
plant. In there, one can experience standing 
on dozens of piles of wood and heat and fi re 
showed by the biomass energy machines. To go 
up, there is a space where sun, wind and heat 
meet together; people can feel light beams, wind 
whispering and the touch of “heat” all at one 
time. The next several fl oors are about light and 
shadows, wind turbine whirling. Lastly, on top of 
the tower, one will be astonished by the product 
of new technology: adjusting solar panels, which 
can adjust their radiated surface towards the sun 
track and acquire best solar gain.

ME

Machine Experience



an
 en

er
gy

 to
w

er

48



49

1                            2                         3                         4                         5                         6                         7                        8                         9                                                  B                         L

6 10 site model
6 11 site with conceptual building 
model

 
From exterior to interior, this energy tower’s 
materials are jointed solar panels and wind 
energy generators; glazing in steel frames and 
adaptive solar panels on the roof; primary steel  
truss; central tube columns; concrete and glass 
internal walls and concrete fl oors, separately. 

The steel truss structure plays a fundamental 
rule to support whole building’s compression and 
tension and it also supports solar panels and wind 
turbine generators. The central tube columns and 
concrete fl oors act as the slab - column structure 
to bear weight of the interior part of the tower.

Moreover, the internal walls are made of glass 
and concrete alternating, which give a fi ne 
rhythm of the ascending cylindrical spaces. 
The staircases consist of steel rails and white 
concrete slab treads and stringers. They create a 
nicely curved, fl exibly varied white strip encircled 
the core and add a lively movement to the interior 
space.

 

 

MATERIALISATION & 
STRUCTURE
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71 material and structure of the energy tower

1 jointed solar panels and wind energy generators
2 glazing in steel frames and adaptive solar panels on the roof
3 supporting frame work, primary steel  truss 
4 central supporting tube columns and concrete and glass 
enclosing structure

3 4
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81 site plan
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82 fl oor -1 plan 1:250 DRAWINGS
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83 fl oor 0 plan 1:250
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84 fl oor 1 plan 1:250
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85 fl oor 2-8 plans 1:250

1 fl oor 2 plan
2 fl oor 3 plan
3 fl oor 4 plan
4 fl oor 5 plan
5 fl oor 6 plan
6 fl oor 7 plan
7 fl oor 8 plan
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88 section 1-1 1:250
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89 section 2-2 1:250
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8 10 structure section 1-1 1:250
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8 11 structure section 2-2 1:250
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91 interior: double curved space
92 central staircase and entry hall
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93 look down to the store
94 facade of wind turbines and 
foldable solar panels

Impressions
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95 aerial view

67
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After a year of extensive work in “Texel 
Metabolized” studio, I’ve developed my research 
and design skills considerably and I grasp the 
approach to make research and design work 
complementarily and reciprocally. Next, I 
will review this whole year’s progress of my 
graduation studio in order to show learning 
achievements.

In research phase, I managed to accomplish 
several chosen chapters of a Texel guide 
book “Texel 360” and a Texel atlas. In the 
process of making both books, I collaborated 
very well with group mates and improved my 
communication ability, material collection and 
English writing skills and mapping and illustration 
capabilities. Most importantly, I learned to 
think comprehensively to fi nd the answer of my 
research question and realize it logically step 
by step. Without doubt, this is the hardest part 
to cope with, because exploring an unfamiliar 
and nearly unknown subject contains too many 
uncertainties and diffi culties. Fortunately and 
successfully, I’ve overcome all the barriers at last 
and gradually transited it to the design phase.

However, it is never possible to go straight to 
design from research. As a matter of fact, many 
contents still need to be studied before design. 
Therefore, i spent almost another two months 
to search information regarding my energy topic 
and draw tables and diagrams to put useful data 
and texts in order. By this practical information, 
I made an energy output plan for my building 
design. Meanwhile, I conceived to add a theme 
of “experience”, which gives building itself 
more spatial and architectural expression. By 
another two months’ hard work, I revealed my 
architecture design very beautifully and distinctly 
in “Green Light” presentation. It received positive 
and constructive comments, which helps me to 
extend the content of my fi nal products.

To conclude, this graduation studio equips 
students with professional knowledge and 
training skills one last time in university, which 
helps students to start a new chapter of life 
in society. It is a crucial turning point that 
I fi nd to accumulate as much as knowledge 
as a fundamental cornerstone to begin my 
architectural practice in an international fi rm in 
Europe or China. 

At last, I express my sincere gratitude to all 
my professors and tutors’ earnest and untiring 
teachings.

CONCLUSION



an
 en

er
gy

 to
w

er

70

Bibliography

Haeusler, M. H (2009). Media facades-history, 
technology, content. Ludwigsburg: avedition 
GmbH.

Haeusler, M. H (2010). Chromatophoric 
architecture designing for 3D media facades. 
Berlin, jovis Verlag GmbH.
 
Krippner, R (2003). Solar technology- from 
innovative building skin to energy-effi cient 
renovation. In: C, Schittich, ed. Solar architecture 
strategies, visions, concepts. Basel: Birkhauser.

Muller, D. G (2002). sustainable architecture and 
urbanism. Basel: Birkhauser.

Parker, D (2009). Microgeneration: low 
energy strategies for larger buldings. Oxford: 
Architectural Press. 

Smith, P (2003) Sustainability at the cutting 
edge. Oxford: Architecture Press.

University College Dublin, Softech, Finnish  
Association of Architects (1999). A green 
Vitruvius - principles and practice of sustainable 
architectural design. London: James & James.   



71

1                            2                         3                         4                         5                         6                         7                        8                         9                                                  B                         L

List of fi gures

31 Texel’s energy import map. Drawn by author.

32 Texel’s energy consumption in 7 regional 
divisions; Annual electricity and gas usage 
and energy supply targets. Drawn by “Texel 
metabolized” project group.  

33 Energy saving’s projects and their Promoters 
and stakeholders. Drawn by author.

34 Invested funds and capacitance of these 
projects. Drawn by author.

35 Sustainable energy production and plans. 
Drawn by “Texel metabolized” project group.

36 Energy infrastructures’ distribution map. 
Drawn by “Texel metabolized” project group.

41 Sun exposure in the Netherlands. Drawn by 
“Texel metabolized” project group.

42 Best orientations for solar gain varies with 
latitude. Derived from: University College Dublin 
(1999), A green Vitruvius-principles and practice 
of sustainable architectural design

43 The photovoltaic’s dimension. 
Derived from: http://www.solarelectricsupply.
com/alps-230-watt-solar-panel-ati-2000-253

44 The photovoltaic’s specifi cations.
Derived from: http://www.solarelectricsupply.
com/alps-230-watt-solar-panel-ati-2000-253

45 Variations of photovoltaic. Drawn by author.

46 Wind speed intensity map.  Drawn by “Texel 
metabolized” project group.

47 Wind speed and wind direction diagram. 
Derived from: http://www.windfi nder.com/
windstatistics/texel

48 Wind turbine capacity and types.  Drawn by 
author.

49 Vertical wind turbine mounted on oil platform. 
Derived from: Smith, P (2003) Sustainability at 
the cutting edge.

4 10 S-Rotor; Darrieus-Rotor; Lange turbine; 
H-Darrieus-Rotor; Spiral Flugel rotor. (from 
left to right). Derived from: Smith, P (2003) 
Sustainability at the cutting edge.

4 11 De Koog green map. Drawn by author.

4 12 woodchip biomass plant working process. 
Drawn by author.

4 13 plan of Hotchkiss biomass plant. Derived 
from: http://www.archdaily.com/340641/

4 14 interior space in Hotchkiss biomass 
plant. Derived from: http://www.archdaily.
com/340641/



an
 en

er
gy

 to
w

er

72

51 “tower” concept sketch. Drawn by author.

52 the original site. Derived from: Planet Texel, 
La4sale.  

53 site rearrangement. Derived from: Planet 
Texel, La4sale.

54 site plan with building. Image derived from: 
Planet Texel, La4sale.

55 diagram of positions of machines. Drawn by 
author.

56 fi rst fl oor plan. Drawn by author.

57 section. Drawn by author.

58 smoke from the chimney of biomass plant. 
Drawn by author.

59 the “glowing” effect. Drawn by author.

61 requirements of machine quantities in the 
energy tower. Drawn by author.

62 refi ned “tower” concept. Drawn by author. 

63 Building shape analysis. Drawn by author.

64 view analysis in urban context. Drawn by 
author.

65 height analysis in urban context. Drawn by 
author.

66 energy tower’s two themes. Drawn by author.

67 illustration of “machine” and “experience” 
theme. Drawn by author.

68 illustration of experience on each fl oor. Drawn 
by author.

69 illustration of relation between machine 
positions on facade and wind/sun direction. 
Drawn by author.

6 10 site model. Drawn by author.

6 11 site with conceptual building model. Drawn 
by author.

71 material and structure of the energy tower. 
Drawn by author.

81 site plan. Drawn by author.

82 fl oor -1 plan 1:250. Drawn by author.

83 fl oor 0 plan 1:250. Drawn by author.

84 fl oor 1 plan 1:250. Drawn by author.

85 fl oor 2-8 plans 1:250. Drawn by author.

86 north elevation (wind turbine-installed 
elevation) 1:250. Drawn by author.

87 south elevation (solar panel-installed 

elevation) 1:250. Drawn by author.

88 section 1-1 1:250. Drawn by author.

89 section 2-2 1:250. Drawn by author.

8 10 structure section 1-1 1:250. Drawn by 
author.

8 11 structure section 2-2 1:250. Drawn by 
author.

91 interior: double curved space. Drawn by 
author.

92 central staircase and entry hall. Drawn by 
author.

93 look down to the store. Drawn by author.

94 facade of wind turbines and foldable solar 
panels. Drawn by author.

95 aerial view. Drawn by author.



73



an
 en

er
gy

 to
w

er

74

M
ad

e i
n 

Th 
e N

et
he

rla
nd

s

AN ENERGY TOWER
Texel Metabolized project

FINAL PRESENTATION
Black box 25, AUGUST, 2015

DEPARTMENT
Department of the Built Environment, TU/e

DESIGNER
GANG ZHAO

TUTORS
Juliette Bekkering 
Bernard Colenbrander
Barbara Kuit

PRINTERS
TU/e Library

ISBN 889-101-0198-81-0

AN 
ENERGY 
TOWER

All right reserved. All material is compiled from sources believed to be reliable, but published 
without responsibility for errors or omissions.


