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We are conducting a great geochemical experiment, unlike anything in human
history and unlikely to be repeated again on Earth. Within a few centuries we
are returning to the atmosphere and oceans the concentrated organic carbon
stored in sedimentary rocks over hundred of millions of years.

(Revelle and Suess, 1957; Houghton, 2005)
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We’re heading towards a 
disaster. 

For one solution, let’s go back.... 

...3.5 billion years ago, when the first 
tiny micro-algae started to convert 
the carbon filled atmosphere into our 
current breathable air using the most 
clean and effective way there is to uti-
lise solar energy - photosynthesis. 

Today algae is grown commercially in photobio-
reactors to produce high value end products. 
Using wastewater streams and carbon dioxide 
emissions to grow the microalgae turns waste 
into value.  

We need a reduction of atmospheric carbon: 
390 ppm CO2 -> AT LEAST 350 ppm CO2
250 ppm = preindustrial levels

Integrating the algae photobio-
reactors, not just on top of, but 
into a building, saves valuable 
farmland and urban space while 
presenting unique opportunities 
as driver of architectural form 
and function. 

This is no greenwash. No LEED 
certification tick-off list. This is 
not even about efficiency, mere-
ly saving energy to do as little 
harm as possible. 

This is the building as an actual 
carbon sink. An environmen-
tal agenda hidden beneath the 
primary merits of architectural 
innovation and an efficient and 
profitable production facility.

ARCHITECTURAL ALGAE 

The main objective of my thesis work is to explore the design poten-
tial of building integrated algae farm in an urban setting. The grow-
ing of microalgae mitigates CO2 and outputs biomass that can be 
refined into valuable products. 
This tiny unicellar organism is quite the rage right now; when I start-
ed thinking about this last semester I had never heard of microal-
gae as something that could be relevant to architecture but when I 
started researching, several works, but only from the last two years 
or so, popped up; some student works from different universities 
in different countries, some utopian projects with flying blobs and 
some small scale but avant-garde installations like those made by 
EcoLogic Studio.  
This is of course a symptom of the contemporary, not just architec-
tural, environmental discourse that rightly concerns the whole hu-
man race. A few days before I handed in my thesis booklet, Peter 
Cook’s office won second price in a Taiwanese competition with 
their ‘Tower of Droplets’, a highrise algae farm. This to me symbol-
ised something of a new agenda in architecture, where achieving a 
resilient city and society by letting architecture be subversive to a 
yet fossil-fuelled based industry and society by targeting the foun-
dation of the architectural project and making energy supply a pro-
grammatical premise. The new architectural utopian projects are 
not just ideal theoretic visions but now take into account the actual 
necessity of change that we face today. They did, once before, in the 
green movement of the 60’s and 70’s, where environmental tech-
niques were starting to get integrated into the work of some archi-
tects and visionaries. The work of for example ‘The new Alchemists’ 
group delt with architecture and the environment as a unity which 
pointed towards a different ontological view of the world and that 
started to rethink how human support systems were designed. The 
same kind of subversive worldview that delt with the interaction of 
the biological with the built and the technological and social, can be 
said to have been present, though not always with the pure envi-
ronmental agenda, in the work of the cyberneticians, especially the 
brittish Gordon Pask and the influence this had on Cedric Price and 
others. The environmental movement of this time died out but a new 
wave connecting back to these ideas, but with new technologies, 
are emerging. In this years’ edition of SmartGeometry workshop I 
participated in the building of one of the eco-machines of EcoLogic 
Studio, with the experiments of Pask as inspiration but using digital 
tools to interact with the bacteria grown in petri dishes in our artifi-
cial landscape. My building is also a machine, where control systems 
and feedback loops, interactivity are important keywords. 

STEM, STEMcloud, Tower of Droplets, New Alchemy Institute and Cybergarden.  

The increasingly urgent energy-related global dilemma can in this 
way be said to be where the true opportunity for innovative archi-
tecture lies. By letting environmental techniques assimilate fully into 
the core of a project we are presented with a huge two-fold oppor-
tunity as a driver of innovative design in general as well as from the 
viewpoint of developing a more sustainable architecture, and soci-
ety. 
The necessity of changing our industrial infrastructure might also 
present us with the opportunity to question the way industry is in-
tegrated into the city in a more fundamental way. Algae farms in an 
urban setting is just one technology, but it can exemplify a bigger 
agenda of architectural projects that thoroughly rethink civic infra-
structure to include waste treatment, recycling stations, energy fa-
cilities and algae farms as something closer and more integrated in 
the urban fabric in order to achieve a more resilient, self-sustaining 
city. Even more than the microalgae, this is a very hot topic within 
the contemporary architecture discourse; the forgotten typologies 
of industrial facilities, which we once were so proud of, are making 
their way back. This is a discussion that has been ongoing through-
out the year in my studio, where my 4th year peers have been de-
signing energy from waste plants with the compulsory addition of a 
public program into it.  I think this is important. Everyone wants the 
benefits of modern society but no one wants an industrial facility in 
their backyard. This is not so surprising considering the poor stand-
ard of architectural qualities associated with this typology, but pos-
sibly and somewhat ironically also because we are in fact so used to 
the opaqueness of the systems that sustain us. Photobioreactors for 
algal cultivation as a building integrated component takes this one 
step further than industrial processes situated within, or in close rela-
tion to, the urban fabric. It’s not in your back yard any more- it IS the 
very building. 
As my work has progressed, a certain set of design qualities spe-
cific to the algae technology as a building integrated component has 
emerged. Sunlight constraints, the must for particular mechanical 
installations and spaces for harvest and so on as well as the inten-
sity of the visual impression that the often strikingly colourful and far 
from contextually neutral algae give , I must admit that this has pro-
duced an architecture of specificities, not of generalities. Architec-
tural algae certainly are not suitable for all typologies. At the same 
time the consequences of integrating an actual living biological com-
ponent into the built fabric add fascinating value to the experience 
of the architecture beyond that of a more general building working 
with traditional constraints. 

ALGAE FARMING - BIOLOGICAL CONSTRAINTS 

The overall objective is assessing the architectural and design qualities that the use of photobioreactors can bring, what rooms and spaces they can create. But 
architecture is not simply objects or buildings; these also interact in the spatial, organisational, experiential, material and natural systems that they’re a part of. 
The theory behind the algae fits into this loop beautifully. Saving energy is one thing; buildings as carbon sinks is another and if a useful end product can be ex-
tracted - even better. Algae farms as a building component is environmentally performative in this sense as they absorb CO2 during their growth process and the 
biomass can be extracted and used for pharmaceuticals, feedstock or, as a most promising scenario, as bio-fuels. Connecting it to a CO2 emission source, in this 
case a CHP plant and waste water streams for nutrients, plugs it in to the system in a very lean way, using only excess resources and sunlight as input for the bio-
mass production.

The ultimate and ideal energy carrier for durable technologies is solar irradiation. The most efficient method to benefit from solar irradiation to produce biomass 
is growing microalgae, using nature’s own way of storing energy - photosynthesis.  Microalgal biotechnology is a relatively young field and presently the market 
is mainly determined by a few species (Spirulina, Chlorella and Dunaliella). It is expected that the commercial market will expand with other promising species for 
valuable and more diverse products.The algae are rich in high-value bioactive components like vitamins, omega-3 fatty acids, pigments, antioxidants and sterols. 
Only a small number of these compounds have been commercialized at large scale, mainly because of the bottleneck of technology, which still is the case, espe-
cially when the algae needs to grow as monocultures.  Traditionally the algae can either be grown in open ponds, closed photobrioreactors (tubular or flat panel) 
or for smaller lab scale projects simply in PET bottles or shake flasks ( I do this in my kitchen window) . 
In my case, the open ponds is not plausible for several reasons, such as climate, culture stability and of course lack of architectural opportunities. I have research 
and experimented in flat panels and tubular photobioreactors, which both are suitable for building integration and is safe from the point of view of strain con-
tamination. Eventually I decided to go with the tubular system because of the possibilities of 3dimensional shaping into spaces and rooms that is more tricky with 
panelling system. 
The tubes are 100mm/150mm diameter plastic, and somewhat UV-resistant, to let in the photosynthetically active radiation (PAR), which is  the part of the solar 
radiation spectrum that ranges from 400 to 700 nm in wavelength (Fig. 5) but not all of the ultraviolet light that cannot be utilized by the microalgae. The PAR 
range of the spectrum contains 43 % of the energy of the total solar light spectrum. This is at the same time also the part of the spectrum that is visible to the 
human eye. When experimenting with the weaving of the tubes, I have set a maximum bending angle but otherwise tried to keep a flexible system also so that it 
can be reconfigured by its users, depending on the algae type grown and the research outcomes of the labs (fig.6.) 

The primary variables of its growth include the following:

Light, which I’ve already mentioned. The most difficult parameter to provide, because it cannot be stored and ideally should be distributed in such a way that 
low light intensities are provided everywhere in the photobioreactor.  Usually sunlight provides sufficient light but artificial light can also be used, especially for 
indoor growing systems. Some growing systems may be tilted to optimize orientation to the sun and reflected light, which is a principle I have used in my build-
ing. The shape of the building, in particular the important south facade is crucial to be shaped so as to be exposed as much as possible to the sun. A horisontal 
exposed area has generally a higher sun access level than a vertical, thus angled instead of vertical walls that smoothly transitions into roof provides a good solu-
tion for this - and this is the functional reasoning for the ‘blob’ shape, to go with the just as important formal reasons. 

Mixing. Since most growth takes place in the top layer of the surface that faces the light source, mixing is imperative. Each cell needs to move in and out of the 
light for their light and dark growth periods as they take in CO2 and exhale O2. Algae are heavier than water and would sink away from their light source without 
mixing. Algae grow so fast they become nutrient-limited quickly in still water. Mixing brings nutrients and CO2 to each algae cell and provides intermittent light 
exposure. Mixing also helps release O2 from the water to the  atmosphere. In my work, I have used the technology most used today, aeration i.e. pumping in air 
to mix the system, but extrapolated the research outcomes of the coming few years to have solved the 
efficiency issues of large scale reactors that still are unsolved, such as maintaining pH and temperature at optimal range and removal of excess oxygen. The 
building is divided into a number of individual closed bioreactor systems, that start and end with harvest and feed, with intermediate mixing/control points be-
tween them. This  gives the architectural implication of a non-public zone closest to the façade where these technical systems come down that the algae lab 
workers need to get unhindered access to .. 

Water. Algae grow well in nearly any kind of water. They are especially good at using photosynthesis to convert dissolved nutrients and metals in wastewater to 
green biomass where the metals can be removed and recovered. Production systems can use wastewater, grey water and saline or ocean water, depending on 
the species grown. Growing systems can recycle the water so the only loss comes from evaporation. I use two different systems, as to have a greater variety in 
what species can be grown; Waste water streams that are already full of nutrients, and collected rainwater/water from the nearby sea which are then fed with 
additional nutrients like nitrogen and phosphorus. 

CO2. Approximately half of the microalgal biomass dry weight is carbon. Each 100 tons of algal biomass fixes roughly 183 tons of CO2. Värstaverket, my CO2 
source, emits about 800 000 tons of CO2 each year. This needs to be added as a gas or in bicarbonate form because cultivated algae grow too fast to be able to 
take sufficient CO2 from the water. Compressed air blended with CO2 up to 20% typically provides carbon for algal photosynthesis. Industrial CO2 or waste flue 
gasses are typical sources, and are also what I use. The algae should also be relatively close to the source of emissions, for obvious reasons but also for excess 
heat from the powerplant - lower temperatures than can be useful for the district heating system..

Algae photosynthesis process Examples from algae farms around the world, using different kinds of photobioreactor systems.
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e.g.:
- Arthrospira
- Dunaliella
- Haematococcus pluvialis

e.g.:
- Chlorella
- Nannochloropsis
- Tetraselmis

SHAKE FLASK
CULTIVATION ROOM
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product appraisal
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nutraceutical, e.g. carotenoids,  ω-3 (low volume-high value)

biomass for fuel (high volume-low value, env. relevance)

biodiesel (high value, experimental, environmental relevance)

soil fertilizer (high volume-low value, environmental relevance)

chemicals (low volume-high value)

surfactants / bioplastics (low volume-high value)

pigments (low volume-high value)

food/ feed (medium volume-medium value, env. relevance in
that it takes up no farmland and uses no soil.)
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carbohydrates

proteins

mixed value chain concept
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biology research
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Some products are very high in value and will finance the research and 
production of the experimental, and the (for now) low economic 
value-high environmental relevance products like biodiesel and soil 
fertilizer. Some biomass can go straight back to Värtaverket in raw form, 
keeping the CO2 within the loop. 

desired temperature of pbr
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public space type 1 
- overground, pbr exposed; exhibitions 

premised conditions: 
- temperature: medium to low importance
- natural light conditions: high importance
- architectural qualities: very high importance

opportunities: 
- pbr as cooling system to prevent overheating
- pbr as innovative architectural driver
- user involvment as part of the ‘building 
  experiment’

public space type 2 
- underground, non pbr-exposed; experiments

premised conditions: 
- temperature: medium importance
- natural light conditions: high importance, 
  though sometimes n/a
- architectural qualities: high importance

opportunities: 
- storing heat and cool in concrete foundation 
  and walls

°C control 
°C
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indoor thermometers /air quality measures

staff observation / evaluation of public movements and moods

direct public feedback questionnaires (usability, perceived aesthetic qualities etc.)

indirect public feedback through the ‘agent experiment’ -interactive model

public space 
general design concept 

algae lab space 
general design concept 

algae lab space type 1 
- underground, non-pbr exposed, dark; refinery,
  start cultivation room

premised conditions
- temperature: medium importance
- natural light conditions: no importance
- architectural qualities: low to medium importance

algae lab space type 2
- overground, pbr exposed; meetings, lounge area

premised conditions
- temperature: medium to high importance
- natural light conditions: high importance
- architectural qualities: high importance

algae lab space type 3
- overground, non-pbr exposed; control room, offices

premised conditions
- temperature: high importance
- natural light conditions: high importance, but tricky
- architectural qualities: medium importance

algae lab space type 4
- overground, pbr exposed; harvest, light lab spaces

premised conditions
- temperature: high importance
- natural light conditions: very high importance
- architectural qualities: medium importance
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climate control actions

ENVIRONMENTAL CONTROL 

The seawater cooling system consists of two main loops. In the first loop, centrifugal pumps draw cold seawater from the bottom of the harbour, and then circulate the seawater through heat ex-
changers that are located in the basement mechanical room of the power plant. The warmed seawater is then returned to the harbour floor. The second loop carries the building’s cooling water, in 
this case the water that will be the base of the algae cultivation medium. In the heat exchanger, this water is chilled as heat is transferred to the seawater. A pump then circulates the chilled water 
throughout the building - using the photobioreactor tubes as infrastructure for this. Most algae species can handle temperatures within the 30°C - 15°C range, some even less. Thereby it is possible to 
vary the temperature in the tubes to influence the room temperature behind them. These spaces have different criteria for how important the environmental factor is - workplaces generally very im-
portant whilst the public exhibition halls are a little less sensitive, with people who will ‘just’ spend a couple of hours of their leisure time there and can easily escape to the more sheltered parts of the 
building. 

Carbon dioxide separation experiments at Värtaverket have already proved successful; removing the CO2 from the smoke stack does not present a new technical difficulty. Similarly, Värtaverket al-
ready uses sea water for thermal energy production, so harbour pumps and some of the more complex infrastructure needed is already in place. The new system can therefore be integrated with 
just some modifications. Recently, a flue gas condensation process has been implemented into Värtaverket, where cooling of the flue gas (heat released is recovered as low temperature heat) is per-
formed with a heat exchanger using cool seawater. This water stream especially performs in a very similar way to what is needed for cooling the photobioreactor streams,  and is in this scenario ex-
panded into an additional stream for the cooling of the algae building using the algae pbr - in effect the building is actually cooled by the algae. 

Further temperature control is achieved through the use of UV-resistant glass on the outermost layer; here a crucial assessment is necessary to achieve the optimum balance between UV-protection 
to reduce heat and the ability to let through sunlight. Open/close-able airshafts are placed on the highest parts of the buildings, and air intake is done in the lower parts through the walls, where ad-
ditional heating pipes can also be placed. The walls and the foundations are concrete, which has a high capacity for thermal mass heat/cold storing, and all these layered system are controlled by a 
feedback process analysing current conditions, desired changes and taking into account weather data and weather forecasting which is then aggregated and assessed to decide appropriate meas-
ures. 

The algae tubes also layered in a way such as to work as shading to prevent indoor glare.  This is especially crucial in the office areas and the library part of the public program, where algae species 
selection (more neutral colors, higher density growth as to reflect back more light) can also help create a good working environment. 

INTERACTIVITY - FEEDBACK - CONTROL 

The overall strategy is to implement a lifecycle approach to resource use. The entire planet is in itself a closed system, a re-
generative cradle-to-cradle loop and what we design should fit into these natural systems without straining them. The CHP 
plant is in a way a reference in that direction in that it provides electricity and uses excess heat by transferring it into the 
district heating and cooling system, disregarding the fact of the harmful emissions. Close but not quite. 

The theory behind the algae however, fits into this loop beautifully. Algae farms as a building component is environmentally 
performative in this sense as they absorb CO2 during their growth process and the biomass can be extracted and used for 
pharmaceuticals, feedstock or as bio-fuels. Connecting it to a CO2 emission source, in this case Värtaverket and waste water 
streams for nutrients, plugs it in to the system in a very lean way, using only excess resources and sunlight as input for the 
biomass production. Human beings play a crucial role in these natural systems due to the extent which we crowd the planet 
and utilize its resources. However we can be said to be quite mentally removed from the very structures that sustain us, 
natural as well as industrial. Part of the programme is to bring transparency to the system by moving them closer to people. 
The public programme is very important, the hypothesis being that this will, as far as the bigger agenda goes, engage us and 
in fact trigger initiatives to further improve the part of the system that we as human beings are responsible for.

The intention is to involve human and environmental responses to create feed-back loops that controls the building systems, 
to an unknown end but with the overall purpose of exploring the opportunities and constraints of the building integrated 
algae farm. As people interact with architecture, they are participants in the architecture, as are the algae. Both people and 
algae influence the future of the building by their behaviour, which is measured in direct and indirect ways, transferred to the 
control room and assessed to then influence how the building should react in this conversation with its human and uni-cellar 
participants. The goal is a multiple-loop system that combines the biological with the social and mechanical in a continous 
and constructive information exchange.

IMPORTANT FACTS

- 1 gram of algae absorbs ca. 2 grams of CO2

- Värtaverket produces 800 000 ton of CO2 emissios per year.

- Approximate algae productivity = 0,8 g/lt

- 100 tons capacity tubular system = 80 kg/day

- 1200 m2 area required for 100 tons of water media

- Most algae species grow well in temperatures ranging from 15-35°C

- This building has 10 nr of closed pbr loops, each 100-500 m long with a tube diameter of 100mm. 

That gives a algae medium volume of 500-800 lt for each or 10 times that for the whole building. 
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Ecotect analysis of solar irradiation levels, 

The solar access is the single most important parameter for a good 
algae growth, and therefore one of the most important  driver in 
deciding the configuaration of the tubes. Placement density directly 
proportional to the irradiatin levels can be said to be a ‘null’ configu-
ration, which can then be tweaked according to other factors. 

PBR as shading devices 

Each photobioreactor system has two layers - these are placed as to 
reduce solar glare while still allowing the participant a view through 
them. Inluded in the figure below is also the sunangles for Stockholm, 
and monthly averages.  

System diagram of building 

Displaying the feedback-control system for both the algae production 
and for the rooms behind them. 
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SITE BACKGROUND

The site I’ve chosen to work with is an urban site, what used to be the industrial harbor and that still works as such. A new development 
is in the making here - Norra Djurgårdsstaden, or Stockholm Royal Seaport in English, is supposed to be the new flagship area of sustain-
able building and living in Stockholm. The area also hosts my big carbon source - the now fossil fueled CHP plant Värtaverket - One of 
Swedens bigger contributor to the greenhouse effect which emits as much fossil carbon to the air each year as all the cars in Stockholm 
combined. This mix of industrial processes and the flashy and residential may seem paradoxal, but it’s also a reason why it’s interesting. 
Keeping the harbour activities and the CHP powerplant in the area while letting a new community build up makes a, perhaps uninten-
tional, statement that we should keep the processes that sustain us close, instead of keeping the bad and just relocating it. Perhaps the 
algae can be the enzyme for making this truly happen? 

Norra Djurgårdsstaden will bring 10 000 new dwellings and 30 000 new jobs in the area. The seaport will still have industrial activity, 
and Värtaverket will still be there, but a commercial cruise line will also be developed and a new ferry terminal built for this. Another 
big change is the building of Norra Länken - A motor thoroughway around Stockholm that will penetrate the area and cut of the harbor 
from the rest of the neighborhood and city. The sub.res building also work as an urban connector here, where the pathway/bridge that 
cuts through and leads people into the building also ends up as an ecoduct spanning over the new motorway. 

Before and after, new development of Norra Djurgårdsstaden. Site plans scale 1:4000
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Study 1.6 - site study

PAST

FUTURE

PRESENT

1696

1784

1874

INAUGURATED IN 1903 

HISTORICAL PART OF PLANT DESIGNED BY FERDINAND 
BOBERG

BUILDING EQUIPPED WITH ALL MODERN FEATURES AND 
CONSIDERABLE CARE WAS TAKEN OVER THE ORIGINAL DE-
SIGN

GENERATED ELECTRICITY FOR BRUNKEBERG, VÄRTAN, 
TULE, KATARINA AND KRONOBERG

FUELD BY COKE FROM THE NEARBY VÄRTAGASVERKET

FOR BOILER DRIVEN TURBINES

THIS WAS DECOMISSIONED IN 1970 AND OIL BECAME THE 
NEW RAW MATERIAL

TWO PUMPS WERE INTRODUCED TO TAKE HEAT FROM 
VÄRTAN WATER

HISTORY OF THE PLANT

ROPSTEN

ROPSTEN IS A CAPE AT THE EASTERN PART OF STOCKHOLM MAINLAND AT THE INNER PART 
OF STOCKHOLM ARCHIPELAGO IN SWEDEN. TWO BRIDGES NAMED LIDINGÖBRON EXTEND 
FROM ROPSTEN OVER TO THE ISLAND OF LIDINGÖ. ROPSTEN AREA IS LOCATED BETWEEN 
HJORTHAGEN AND THE STOCKHOLM CITY MAIN PORT VÄRTAHAMNEN. ROPSTEN IS THE 
TERMINAL STATION FOR THE EASTERN PART OF STOCKHOLM METRO SYSTEM AND IS ALSO 
THE TERMINAL STATION FOR LIDINGÖBANAN, THE RAILWAY FOR PUBLIC TRANSPORTA
TION, COVERING THE AREA OF LIDINGÖ.

ROPSTEN HAS BEEN THE COMMUNICATION CENTER FOR THE TRAFFIC BETWEEN STOCK
HOLM AND LIDINGÖ SINCE THE 13TH OR 14TH CENTURY, WHEN THE FIRST INHABITANTS 
SETTLED ON L
KING AGE.
THE NAME “ROPSTEN” STEMS FROM THE FACT THAT IN OLD TIMES, GOING BACK TO THE 
13TH OR 14TH CENTURY, PEOPLE USED TO SHOUT OUT LOUD FROM THIS AREA TO LIDINGÖ, 
A DISTANCE OF ABOUT 750 METERS, TO CALL FOR A BOAT TRANSPORT OVER TO LIDINGÖ, 
BEFORE THE FIRST REGULAR ROWBOAT FERRY LINE WAS INTRODUCED AND BEFORE THE 
FIRST BRIDGE WAS BUILT. IN THE OLD TIMES, THE PART OF THE ROPSTEN AREA CLOSE TO 
THE WATERFRONT WAS NAMED ROPUDDEN. THE LARGE ROCK OR ISLET IN THE WATER 
CLOSE TO THIS CAPE GAVE THE PLACE ITS NAME, “THE ROCK AT CAPE SHOUT”, ROPSTEN. 
THE ROCK ITSELF, HOWEVER, WAS PROBABLY NOT USED AS A PLACE TO SHOUT FROM, AS 
IT WAS SURROUNDED BY WATER. ACCORDING TO OLD MAPS FROM THE END OF THE 17TH 
CENTURY, IN PARTICULAR A MAP FROM 1696. THE ENTIRE AREA. ROPSTEN, DRAMATICALLY 
CHANGED APPEARANCE IN JUST A FEW YEARS WHEN THE FIRST BRIDGE BETWEEN ROP
STEN AND LIDINGÖ AND THE MAIN PORT FOR STOCKHOLM WAS BUILT IN THIS AREA FROM 
AROUND 1884.

HISTORY OF THE AREA

DEER PARK

FEATURED DEER PARK WAS IN THE 1100’S, AN ISLAND NAMED HUSARNE WITH VILLAGES 
HUSARNE AND SÖDERHUSARNE. THE ISLAND WAS QUITE HILLY AND HAD A SMALL FERTILE 
AREA. THE ISLAND’S NAME COMES FROM THE PLURAL OF HOUSE, HOUSE, AND LEFT IN 
HUSARVIKEN .
STOCKHOLM ROYAL CITY’S NORTHERN PART IS LOCATED SOUTH OF HUSARVIKEN . THE 
AREA INCLUDES THE WESTERN PART OF VÄRTA GASWORKS AREA ON THE BORDER WITH 
NORTHERN DJURGÅRDEN . SINCE MUCH OF THE AREA USED FOR INDUSTRIAL PURPOS
ES FOR A LONG TIME, SOIL IS HEAVILY CONTAMINATED AND MUST BE PURIFIED BEFORE 
DWELLINGS CAN BE ERECTED. 

NOW HOUSES FOUR DISTRICT HEATING PLANTS. TWO 
COLLING PLANTS AND TOO CHP

LOCATED NEXT TO THE NATIONAL CITY PARK EKOPARKEN. 
REQUIRES A HEIGHTENED LEVEL OF ENVIROMENTAL 
AWARENESS

THREE PARTS TO THE MODERN PLANT:
CHP AT NIMROD
HEAT PUMP AT ROPSTEN
PORT FACILITY FOR PROCESSING SOLID AND LIQUID FUELS

330KM GRID LENGTH -
32200M3 OF WATER - ENOUGH HEAT FOR 140,000 HOUSES 
A YEAR

JUST OVER HALF THE PLANTS FIRING IS BASED ON FOSSIL 
FUELS

IT IS NOW A PROTECTED BUILDING. AND THE 
ORIGINAlPLANT IS A LISTED BUILDING

VÄRTAVERKET TODAY

VÄRTA TODAY
DEER PARK

RESIDENTIAL AREA THE AREA CONSISTS OF 80% OF SMALL APARTMENTS. YELLOW HOUSES, 
LONG SAUSAGE AND BRICK STACKS ARE THE THREE BLOCKS WHICH STILL REMAINS FROM AN 
EARLY EPOCH OF THE WORKMEN. THEY ARE ALL REFURBISHED TO TODAY’S NEEDS.
BARNRIK HOUSES ON DIANA ROAD WERE ADDED DURING THE 1930S.
A SUBSTANTIAL SETTLEMENT WAS IN THE 1930S. ONE MAJOR AREA OF SMALHUS WAS BUILT IN 
COLLABORATION WITH ARCHITECT OLLE ENQVIST AND THE TWO PLANTS. THE NEW NARROW 
STAIRCASE WAS AN IDEA FROM G THIS WAS THE FIRST TIME 

VIEWED AS AN 

TION TO GET THE BEST EXPOSED TO SUN. THE APARTMENTS WERE RIGHT FROM THE START CON
DOMINIUMS. THE AREA WAS THE UNOFFICIAL BUT STILL LIVE THE NAME “ABYSSINIA” FROM THE 

ITALY AND AB
YSSINIA .

VÄRTAHAMNEN

VÄRTAHAMNEN AND THE ADJACENT STOCKHOLM FREE PORT AT LITTLE DARKNESS IS STOCK
HOLM’S MAIN PORT. VÄRTAHAMNEN SERVE PRIMARILY PASSENGER FERRIES FOR THE SHIPPING 
COMPANY TALLINK SILJA AND TALLINK OPERATING IN FINLAND , ÅLAND AND ESTONIA , AND 
THE CARGO SHIP BELONGING TO SEA WIND LINE AND KOLBRÄNSLEFARTYGEN OF FUEL FOR COAL 
FIRED POWER PLANT IN DEER PARK . VÄRTAHAMNEN LOCATED IN THE DISTRICTS LADUGÅRDS

DEER PARK

FRIHAMNEN

STOCKHOLM FREE PORT IS A ÖSTESJÖHAMN IN NORTHWESTERN STOCKHOLM BELONGING TO 
THE PORTS OF STOCKHOLM . THE AREA KNOWN AS “FREEPORT” IS LIMITED BY LINDARÄNGEN 
IN SOUTH LOUD’S OIL DEPOT AND THE LITTLE DARKNESS IN THE EAST, VÄRTAHAMNEN IN THE 
NORTH AND TEGELUDDSVÄGEN IN THE WEST.
STOCKHOLM FREE PORT WAS OPENED AS A TEMPORARY MEASURE IN 1919 AND WAS EXTENDED 
UNTIL 1970, WHEN THE CONTAINER PORT WAS COMPLETED. I FREEPORT OP
ERATION .
IN 1990 TALLINN TERMINAL OPENED, LATER RENAMED THE FREEPORT TERMINAL. TODAY THE 
TRAFFIC GOES TO RIGA FROM HERE. THE YEAR 2009 INAUGURATED A NEW CRUISE TERMINAL FOR 
INTERNATIONAL CRUISE SHIP PASSENGERS WHO CHANGE IN STOCKHOLM. IN FUTURE, ONLY FER
RIES AND CRUISE SHIPS WILL REMAIN IN FREEPORT. THE ENTIRE AREA DESIGNATED AS NATIONAL 
INTEREST .

FRIHAMNEN

IN 1950, LOUD’S TREATMENT PLANT WAS BUILT TO SERVE LADUGÅRDSGÄRDET , DEER PARK AND 
PARTS OF OSTERMALM AND DJURGARDEN . IT WAS BUILT IN THE HILL CALLED KRUTHUSBACKEN. 
1969 THE PLANT WAS INCREASED WITH ADDITIONAL POOLS IN THE ROCK LINDARÄNGSKNÖSEN 
250 YARDS FROM KRUTHUSBACKEN. LOUD’S WASTEWATER TREATMENT PLANT WAS SHUT DOWN 
IN SUMMER 2004. ALL WASTE WATER FROM LOUDDEN LED SINCE THEN TO H
STOCKHOLM WATER HAS PLANS TO BUILD ON LOUD’S DEFUNCT WATER TREATMENT PLANT TO A 
BIOGAS PLANT FOR WHEAT.

BY 2015 RENEWABLE FUEL USE SHOULD BE AT 70%

VÄRTAVERKET WILL BECOME EUROPES BIGGEST BIO FUEL 
HEATED CHP PLANT

NEW SMALLER PLANT TO BE DESIGNED BY URBAN DESIGN 
STUDIO AND GOTTLEIB PAULIDAN ARKITEKTS 

SMALLER PLANT WILL BE USED IN ADDITION TO THE 
LARGER PLANT AND WILL BE THE SOLE PROVIDER WHILE 
THE LARGER PLANT IS CONVERTED TO BIOFUEL BOILERS

PROJECTED CAPACITY FOR NEW PLANT 
HEAT - 300MVV
ELECTRICITY - 140MVV

THE PLAN IS TO REDUCE THE PLANTS CARBON EMISSIONS 
BY 800,000 TONS PER YEAR

DUE TO NEW PLANNING RESTRICTIONS PLANT HEIGHT 
MUST NOT EXCEED 20M - CREATING NEW DESIGN 
OPPORTUNITIES

FUTURE PLANS FOR VÄRTAVERKET

NORRA DJURGÅRDSSTADEN - STOCKHOLM ROYAL SEAPORT REDEVELOPMENT

THE VISION 2030

IN 2030 THE STOCKHOLM HAV OUR CITY IS ALREADY 
THE WORLD LEADER IN DEVELOPING, PROMOTING AND APPLYING NEW ENERGY AND ENVIRONMENTAL TECHNOLOGIES, 
AND THIS POSITION WILL BE MANAGED AND ENHANCED.
ROYAL SEAPORT IS UNIQUELY WELL PLACED TO BECOME AN INTERNATIONAL MODEL FOR SUSTAINABLE AND QUALITA
TIVE URBAN ENVIRONMENTS. HERE COMES THE GROWING METROPOLIS THAT MESHES WITH THE VALUES THAT MAKE 
STOCKHOLM UNIQUE: THE PROXIMITY TO WATER AND NATURE. THROUGH INNOVATIVE TECHNOLOGIES AND CREATIVE 
SOLUTIONS WILL ROYAL SEAPORT TO BECOME A SHOWCASE FOR SUSTAINABLE URBAN PLANNING.

A NEW DISTRICT IN CENTRAL STOCKHOLM

THE DISTRICT WILL HAVE 10 000 NEW DWELLINGS AND 30 000 NEW JOBS, EVERYTHING FROM FALL RELATED ACTIVITIES 
TO COMPANIES IN FINANCIAL SERVICES, MEDIA AND BUSINESS ESTABLISHMENT IN THE SERVICES AND CULTURAL SEC
TOR. THE DISTRICT, LOCATED IN ONE OF STOCKHOLM’S BEST LOCATIONS AT THE INTERSECTION OF THE STONE CITY AND 
NATURE, WILL BE A VIBRANT AND VITAL PART
OF THE INNER CITY.

ROYAL SEAPORT WILL OFFER AN URBAN ENVIRONMENT CHARACTERIZED BY ARCHITECTURAL AND LIFESTYLE POINT OF 
DIVERSITY. THE DESIGN WILL MAKE IT EASY FOR RESIDENTS AND PRACTITIONERS TO TAKE THE INITIATIVE TO A RESPON
SIBLE LIFESTYLE THAT ALSO CREATE GOOD SOCIAL RELATIONSHIPS. THE MIX OF HOUSING, EMPLOYMENT, NATURAL SCEN
ERY AND CULTURAL ATTRACTIONS, CREATING THE CONDITIONS FOR ALL PEOPLE TO FEEL AT HOME IN STOCKHOLM ROYAL
CITY.
THE DISTRICT WILL OFFER A WIDE AND VARIED RANGE OF SERVICES INCLUDING RESTAURANTS, CAFES, BARS, SHOPS,
GYMS, CINEMAS, CONFERENCE CENTERS AND HOTELS. IN ADDITION, THE CULTURAL SCENES IN MUSIC, ART, DANCE AND 
OTHER TYPES OF PUBLIC EVENTS TO BE ESTABLISHED.

NEW TRANSPORT LINKS

ROYAL SEAPORT WILL BE A PART OF CENTRAL STOCKHOLM, CLOSE TO EVERYTHING. WHEN THE NORTHERN LINK HAS BEEN 
COMPLETED, THE AREA’S LINKS WITH THE NORTHERN PARTS OF THE REGION BE STRENGTHENED. KISTA SCIENCE CITY AND 
THE AIRPORT WILL CLOSE AND THE NEW DYNAMIC LIFE SCIENCE, K NORTH STATION.
THE AVAILABILITY OF SOUTH STOCKHOLM WILL BE SIGNIFICANTLY IMPROVED IN ANY FUTURE EAST CONNECTION. THE 
LINKS TO KEY ROUTES THAT LINK SOUTH AND NYNÄSVÄGEN WILL PROMOTE EFFECTIVE CONTACTS TO THE SOUTH. 

AMONG OTHER THINGS, THE METRO FROM CENTRAL STATION TO THE END OF THE LINE THAT REINFORCED WITH A TRAM
WAY LINKING THE CITY WITH PORT AREA AND THE END OF THE LINE. AN EXTENSION OF LIGHT RAIL TO THE AREA, AS WELL 
AS ENHANCED BUS SERVICE LINKING THE AREA TO THE FUTURE CITY LINE STATIONS, WILL BE AN IMPORTANT COMPLE
MENT TO HANDLE MORE TRAVELERS. BUT EVEN ON THE WATER, DEVELOPING PUBLIC TRANSPORT. ENVIRONMENTALLY 
SOUND TRANSFER BUS WILL OPERATE THE NORTH DJURGÅRDSSTADEN TO LINK THE DISTRICT WITH PLACES IN THE SUR
ROUNDINGS.
IN ADDITION TO PUBLIC TRANSPORT WILL ALSO BE IMPORTANT PEDESTRIAN AND CYCLE ROUTES CONNECTING STOCK
HOLM ROYAL CITY OF LIDINGÖ, STOCKHOLM AND THE BIG GREEN AREAS IN THE NORTHERN AND SOUTHERN DJURGÅRDEN 
BE CONSTRUCTED.

NORRA DJURGÅRDSSTADEN - THE NEW PORT 

THE NEW TERMINAL FOR STOCKHOLM’S PERMANENT FERRY CONNECTIONS TO FINLAND AND THE BALTICS WILL BE A 
LANDMARK FOR THE NEW URBAN DEVELOPMENT NORRA D VIRON
MENTALLY. THE TERMINAL, WHICH WILL HAVE A FACADE COVERED WITH EXPANDED MESH, RECALLS THE SHAPE OF A MOV
ING V VIOUSLY CHARACTERIZED THE 
PORTS. AT THE SAME TIME, THE TERMINAL HAS AN AMBITIOUS SUSTAINABLE PROFILE, CHARACTERISTIC OF THE ENTIRE 
DEVELOPMENT. 

THE MAIN IDEA HAS BEEN TO CREATE NATURAL LINKS BETWEEN CENTRAL STOCKHOLM AND THE NEW URBAN AREA IN 
CONNECTION WITH THE TERMINAL, SO THAT CITY LIFE WILL NATURALLY FLOW INTO THE AREA. THEREFORE THE TERMINAL 
IS RAISED TO BE AT LEVEL WITH THE URBAN ZONE, SO IT IS EASY FOR BOTH PEDESTRIANS AND TRAFFIC TO ACCESS. AT THE 
SAME TIME THE ROOF OF THE TERMINAL BUILDING IS DESIGNED AS A VARIED GREEN LANDSCAPE WITH STAIRS, RAMPS, 
NICHES, AND COSY CORNERS, INVITING BOTH STOCKHOLMERS AND PASSENGERS FOR A STROLL OR RELAXING MOMENTS, 
WHILE ENJOYING THE VIEW OF THE FERRIES, THE ARCHIPELAGO, AND THE CITY SKYLINE. 
T
ENVIRONMENTAL MODEL FOR PUBLIC CONSTRUCTION. THEREFORE THE ARCHITECTURE OF THE TERMINAL WILL INTE
GRATE I.E. SOLAR AND WIND POWER, FOR EXAMPLE THE TERRACED LANDSCAPE ON THE ROOF WILL INTEGRATE BEDS OF 
SOLAR CELLS ALONG WITH THE PLANTING. THE PLAN IS TO COMMUNICATE THE SUSTAINABLE EFFORTS TO THE PEOPLE IN 
THE BUILDING BY USING I.E. CENTRALLY PLACED TELEVISION SCREENS, HELPING TO RAISE AWARENESS OF THE POTENTIAL 
OF SUSTAINABLE CONSTRUCTION.

ARCHITECTURE
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Study 1.4 - site study

SWEDEN STOCKHOLM VÄRTA

ZONING PLAN
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ROAD AND 
PEDESTRIAN 

BOAT TRAFFIC
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SITE MAP 1:2500
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Study 1.5 - site study

MAXIMUM OVERSHADOW

NORTH
15°

30°

45°

60°

75°

EAST

105°

120°

135°

150°

165°
SOUTH

195°

210°

225°

240°

255°

WEST

285°

300°

315°

330°

345°

10 km/h

20 km/h

30 km/h

40 km/h

50 km/h

hrs
358+
322
286
250
214
179
143
107
71

<35

STOCKHOLM WIND DIAGRAM

LOCATION OF PHOTOS

Prevailing Winds
Wind Frequency (Hrs)
Location: STOCKHOLM_ ARLANDA, SWE (59.7°, 18.0°)
Date: 1st January - 31st December
Time: 00:00 - 24:00
© Weather Manager
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11

The area around Norra Djurgårdsstaden, current situation.

Norra Djurgårdsstaden, planned development; roads and infrastructure.

Norra Djurgårdsstaden, current situation; vegetation and green links.

Norra Djurgårdsstaden, planned development; public transport.

The infrastructure around Värtahamnen is urban, but well suited for waste transport and ash
handling (below). Energy and Heat supply network around Stockholm (far left), Norra
Djurgårdsstaden’s siting within the city (left).

Depåalternativ
på Lidingö

Vasag.

Kungsg.

Klarabergsg.

Drottningholmsv.

Flemingg.

Lindhagensg.

Fr
id

he
m

sg
.

Hamng.

Kungsholm
sg.

Mäster Samuelsg.

Regeringsg.

Birger Jarlsg.

Befintlig Djurgårdslinje

Föreslagen sträckning Spårväg city

2010-03-02

Alternativ sträckning Spårväg city

Föreslagen korridor Spårväg city

Norra Djurgårdsstaden, current situation 

Roads and infrastructure Planned development, public transport

Vegetation and green links.

The mixed nature of the future vision that is Norra Djurgårdsstaden; A planned 
extension of the tram line that goes to the national park, Djurgården; a broad mo-
torway thoroughway; a high end residential area and a big new ferry terminal.
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Plans in 1:300 
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Plan 0 

Plan 1 - entrance floor 

Plan 2

Roof plan in 1:400 
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PROGRAMME

The algae building is multifunctional, but its first and most important programmatic feature is integrated into, and 
set by, the building’s facade. About half of the building area is dedicated to algae production and research - the 
goal of this facility is to fill the gap between fundamental research on algae and full-scale algae production facili-
ties, with a specific purpose of testing and evaluating the architectural opportunities of building integrated photo-
bioreactors. It gives the pportunity to perform applied research and obtain direct practical experience - in a way 
the building in its built phase becomes a continuation of the design research I’ve started in the drawing phase. This 
expands the algae-related program from spaces for harvesting and post production and refinery to also include 
office and conference areas and lab spaces. The idea is that except from the core algae production the lab spaces 
are open and independent and can be put to disposal for anyone with an interesting project for applied research 
concerning algae production - architectural or not, or in other energy/biology related fields. The control room is an 
important fysical manifestation of the core of the building, where all data from the feedback loops in the system are 
eventually aggregated and assessed. 

This includes:
A1 Open laboratories
A2 Conference spaces
A3 Offices. 
A4. The control room. 
A5 Start up culttivation room
A6 Biorafinary - isolation, purification, conversion.
A7 Flexible space for lab scale tests of different production systems can be compared during the year under identi-
cal conditions.
A8 Outdoor space where tests can be made that especially looks at climate resistant algae.

In addition to the building as a production and reaserch-and-design centre, the other half is a public program, phys-
ically intertwined with the first part. This public part is in essence a visitor centre and a science/experience centre 
with the goal of promoting understanding and interest in the systems that sustain our modern lifestyle and experi-
encing and experimenting in possible futures of biobased systems and societies. The approximation to Värtaverket 
and the fact that it is intertwined with an actual production and research facility emphasizes the connection be-
tween real world industry and the experiments and exhibitions featured in the science center. The main exhibition 
halls, situated at each end of the volume, are connected by a movement loop through the labs where you move 
among the algae, looking at the work to produce them. Your very behaviour is also observed, and studied as part 
of the ongoing design research. You might find a lab worker taking notes when you express your like or dislike for 
the spaces. After you’ve passed through the building, in the innermost exhibition hall you will find a big model of 
the building, with reconfigurable facade tubes that can be lit in different colors resembling that of the different spe-
cies of algae. Play with it; configure your favourite space. The emerging patterns, people’s preferences over time 
generated by a vast number of ‘agents’ is digitally analysed in the control room. This is an attempt to see and dem-
onstrate how ‘invisible’ processes can create a feedback loop where generation happens real time in physical space 
and analysis happens virtually. 

This includes:
P1 Exhibition hall 1 - Visitor centre for Värtaverket
P2 Exhibition hall 2 - visitor centre for the ‘Architectural algae’ building
P3 Exhibition hall 3 - temporary exhibitions & the ‘agent experiment’
P4 Lecture hall 1 - amphitheatre seating 150p. Lectures, shows, film screening
P5 Lecture hall 2 - amphoteatre seating 150p. Can be combined with P4. 
P6 Experiment rooms - science centre experiments
P7 Reading room - small library and study spaces
P8 Restaurant/cafe
P9 Outdoor space - outdoor exhibitions / experiments / looking at the outdoor algae.

Generating possibile pbr patterning         

Movement diagram for algae lab workers and researchers. 

Movement diagram for participants in the public part of the building.
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Spatial study - curves and intersections

Programme diagram
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FIXED BIPBR / SHADING FACADE
Basic con�guration.of a facade build up from standard-
ized modules. 

 

RESPONSIVE BIPBR / SHADING FACADE
Facade build up from standardized modules, each 
angled to optimize light/surface ratio. Kinetic or static, 
manually or automatically controlled. 

CUSTOMIZED BIPBR / SHADING FACADE
Non-standardized system that could be rationalized to 
different degrees, in different ways. 

NON-ADD-ON SYSTEMS
More integrated systems rather than add-on facade modules to cling on to curtain walls or whatever...
More dynamic, following and/or shaping and orienting building. 
Atrium style rather than outer facade? Wall vs. roof

RATIONAL STANDARDIZED PHOTOBIOREACTORS + MASS CUSTOMIZED JOINTS? 
COMPLEX CUSTOM MADE PHOTOBIOREACTOR TUBES + RATIONAL STANDARDIZED JOINTS AND STRUCTURE THAT THEY DEPEND ON? 

Study 1.0 - basic 

LAYERS - how many are possible? Layers thick enough to be rooms (real sunlight vs artical. algae tubes that becomes something else but uses the same formal 
language?) surface optimization = maximal surfaces rather than minimal.  

METHOD AND PROCESS 

The basis of my project is design. Architecture as a practise deals with physical shaping of spaces, be it with aesthetical, programmatically or other concerns as a driver. With this in mind, the method applied should centrally be derived from a classical design methodology.  But it is also research, since by testing out the hypoth-
esis that algal cultivation can be a mutually beneficial if integrated into architecture, in an urban setting. But even when having a clear question to research and investigate, architectural method based on iterations require continuous proposals, actual design, that is ready to test the hypothesis against or get feedback data from. 
Considering this, it is a very design driven approach. Feedback loops, analysis input and parametrically applied data to inform the design is exceedingly important, but this is an addition to the naturally creative, process-driven design method, not a replacement. No matter the amount of data collected and fed back, there will be 
some immeasurable parameters, some unknowns, and some things that just seem equally good. There will be form, and taste, and art. Subjective choices are a necessity both when setting out goals, asking the questions, and coming up with solutions and answers. Design choices should be based on robust facts but eventually it 
is a subjective call, dependent on the type of question you, subjectively, decide to investigate. I have investigated in  several parrallell tracks concerning the architectural algae and while some were dropped on the way leading nowhere (such as the window-cladding tests that are displayed above) some gave unexpectedly syn-
ergetic effects on the architecture and the building as a system. The mapping of algae species and their specific characteristics were one thing that led to interesting investigations. This not only influences the cross section size of the bioreactor and what nutrients it feeds from optimally, but also qualitites like color and opaque-
ness, qualities that easily can be thought of as architectural. The intenseness and colours will influence the spatial qualities of the rooms they cover. Different combinations of algae could be a driver of architectural differentiating - for example a dark tube in front of a light one to bouncesolar rays back to the first layer. Neutral 
colors may be suited better for office spaces but the striking almost luminesent green and red has other purposes. The problematics involved in the indoor climate control and the seemingly opposing constraints of the algae and the architecture led to an integration of the algae tubes to the core of the indoor environmental con-
trol system by using them to cool off and shade the rooms behind.  But most of all they create unique and beautiful spaces in a way that couldn’t have been created (what would have been the use?!) without the set of very specific constraints the technology brings. 

Mapping of algae species different qualities         ‘Nurbs curve ‘roomfinding’, first in general smaller chunks, then applied to the whole building.      

Early basic studies, from the photobioreactors as facade add-on, to tests of a more architecturally integrated approach. 



Anna Teglund Thesis project 2011 | KTH-A Studio 11 Architectures of Interdisciplinarity | Subversive Resilience

Intersection principles 

The two main massing volumes, in cross-section a catenary arch, divides 
and articulates the main spaces in the building. Where these meet and inter-
sect, a bridge over the building is located. This bridge leads people through 
the area or into the algae building. The streams of CO2, O and H2O are 
located inside this bridge.
Three different principles of intersection are used for how the structure 
comes down to the ground; either as beams, opening up the two spaces to 
each other (A); as  concrete foundation as the bridge walls are allowed to 
continue all the way down (B); or as a hybrid where to one side the beams 
are again visible but where the other side has solid walls (C).

A

B

C

0 1M 2M 8M

Section scale 1:50 

UV-resistent glass 
facade  

Steel structure 
d=400mm 

Tubular PBR
PVC plastic r=50mm

0 2DM 4DM 8DM

Section scale 1:10 

Artificial LED ligths 

Component layering

The photobioreactors are locatesd closest to the participant moving inside 
the rooms, as to achieve a 3dimensionality and to really integrate them, and 
letting these tubes, shape and affect the spaces they encompass. They hang 
from the carrying diagrid structure, that also carries the outermost skin that 
is the triangulated glass facade. Installations that can not be located withing 
the concrete walls, such as lightning fixtures, are also fixed to the beams, 

following the angled direction of the diagrid. 

STRUCTURAL PRINCIPLES

The shape of the building, in particular the important south facade is crucial to be shaped so as to be exposed as 
much as possible to the sun. A horisontal exposed area has generally a higher sun access level than a vertical, thus 
angled instead of vertical walls that smoothly transitions into roof provides a good solution for this - and this is the 
functional reasoning for the ‘blob’ shape, to go with the just as important formal reasons. 

The statics of a hanging chain
 
The two main volumes then each have a shape in which the cross sections take on the catenary shape. Arches and 
vaults are characterized by a thrust whose intensity and angle may disturb the stability of the whole. The thrust is 
the resultant of two forces: the weight of the arch and the horizontal thrust. Thus, the thrust always pushes down-
wards with an angle which depends on the arch profile and weight.
The intensity of the horizontal thrust is generated by the weight of the voussoirs, which rest on each other, and the 
flatness of the arch. The flatter the arch is, the more intense the horizontal thrust is. Arches can have various shapes 
and sizes, but the line of thrust always follows the shape of an inverted catenary curve, which is the cross section 
that forms the shape of the building.  
A catenary is the curve formed by a uniform, flexible chain hanging under the influence of 
gravity. The centre line of the links is the line of tensile stress. In an arch, the line of thrust is the line of compressive 
stress and takes the shape of an inverted catenary.

Diagonal bracing and structural expressionism

Combined witht the structural efficiency of the catenary cross-section, the volumes are carried by a diagrid, a di-
agonal grid structure. 
The diagrid provides an unhindered flow of the load from the structure to the base while allowing the formation of 
various complex shapes and irregularities. Because of the use of diagonals this structural system more effectively 
resist shear by their axial actions than the orthogonal members of other systems, resulting in structural material sav-
ing and at the same time giving the opportunity of structural expressionism. 

In this case, the diagrid is spaced and angled as to emphasize the shape of the volumes; together with the PBR, the 
structure will define the visual, in a way ornatmental, patterning of the building skin.

Catenary chain principle Deflection of diagrid, analysis in Multiframe
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