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[Connecting Systems]
[Connecting Systems] looks at how systems can be connected with other sys-
tems. This means that existing systems could be redefined, added to, expanded, 
plugged into other systems, and so on.

Grafted tree
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Connecting to the subway system’s power for use of electricity in sidewalk market 
stalls, Mexico City, 2003.

Connecting to powerlines, Monterrey, Mexico, 2005.

4



[Connecting Systems, Connecting Power], Lichtenberg, Berlin, 2005.
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[Connecting Systems, Connecting Power], Green House, Sweden, 2005.



[Underground Mushroom Gardens], 2004





Singapore 2005. In the HDB (Housing Development Board), where Future Recla-
mations is created, there is hope to expand the land a further 15%.
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Singapore 1973. The CIA’s Maps and Publications Released to the Public is a listing 
of all unclassified maps and publications available to the public. 
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[Information about Underground Mushroom Gardens, Singapore 2006]
In February and March 2005, Suraya Saidon, director of PCF Kreta Ayer-Kim Seng 
(PCF), mooted the idea of developing a mini-farm as an educational component 
to the Executive Committee of her school. The school is located at Indus Road 
#79, a public housing development.The mini-farm is located between housing 
and the road, on state land of the Housing Development Board (HDB). Land cur-
rently without a use can be used when there is a need. It is called Future Recla-
mation. Negotiation of these areas can be approved only if they do not interfere 
with preconceived plans for the area. 

In November 2005, the local town council agreed the PFC proposal and the 
kindergarten was given 20m2 piece of land. The mini-farm became part of PCF 
in January 2006. In March Learning Site met with the kindergarten in relation 
to the Singapore Biennale and learned about the mini-farm. Learning Site got 
involved in the discussion about access to and use of land, city farming, com-
mercial agriculture (around 3% of products are farmed in Singapore, the rest is 
imported), producing knowledge, education, and made a proposal to construct 
[Underground Mushroom Gardens] under the mini-farm. 
[Underground Mushroom Gardens] did not receive official support. Instead it was 
built up as a model in the experiment room of PCF. The project operated between 
1/9/06 – 12/11/06, and became a exchange on the learning and use of knowl-
edge between PCF, Temasek Polytechnic and Learning site. Dr Atomic Leow, from 
the Biotechnology Department at Temasek, carries out research on mushroom 
farming. His department and PCF both used hands on education, though their 
frame works differ.

The initial intention was that the [Underground Mushroom Gardens] would ex-
pand, be added to, redefined, and continued in different ways after the end of the 
Biennale. It ended with recycling the cardboard from the model, compost from 
producing mushrooms, and half a year exchange with the education department 
National University of Singapore (NTU).

[Short about planned land]
Singapore is one of the fastest growing islands in the world expanding by 20% in 
the last four decades. In order to expand land into the sea and filling up swamps, 
local hills were flattened and sand obtained from the seabed was used. In ad-
dition imported material for landfill sand and rocks, from around Asia was used. 
Unused materials produced by the city are being used to make new land. 

Singapore has initiated Special Economy Zones (SEZ) in several countries. With 
these zones, one could say, that land is expanded with economics.

Singapore has a land use blueprint called the Concept Plan. First developed in 
1971, it is reviewed once every ten years. From the Concept Plan, the planning 
intention for individual plots of land is translated into a detailed Master Plan that 
is reviewed and updated every 5 years.
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Maps in an HDB office: before constructing [Underground Mushroom Gardens] it 
helps to get maps of already existing underground infrastructure. 

Public Housing is approximately 86% of the housing in Singapore. (HDB, 2006)



Drawing of the [Underground Mushroom Gardens] under the PCF’s mini-farm.

[Exchange]
[Underground Mushroom Gardens] looks at how systems can be connected with 
other systems. [Underground Mushroom Gardens] is part of an ongoing exchange 
between Suraya Saidon, director of PCF, Dr. Atomic Leow from the Biotechnology 
Department, Temasek Polytechnic, HDB, Learning Site and others. The exchange 
started in March 2006. One of the exchange’s projects is the mini-farm that was 
initiated in November, 2005 by Suraya Saidon. Its site is on public land outside 
the kindergarten and is also part of PCF’s education. [Underground Mushroom 
Gardens] is an underground construction that has been planned to exist under 
the site of the mini-farm. [Underground Mushroom Gardens] is part of the hands-
on education at PCF the fall 2006 in Singapore.

[Underground constructions]
Space can be constructed underneath dwellings or other already existing infra-
structure. Using an underground space provides good conditions for the produc-
tion of mushrooms, because the temperature levels are stable and in some cases 
the absence of light is an advantage for some species of mushrooms. Before one 
starts to produce mushrooms it is good to know the condition of the soil, the 
mapping of existing underground, architectural structures and infrastructure such 
as tunnels, water and sewer system, pipes for gas and electricity, light, tempera-
ture and humidity. Unused and found spaces, like mines, air-conditioned places, 
and tunnels, can be used as well. 
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Master plan of the project site from 2005: some categories like Agriculture Land 
have nearly disappeared after four decades of continuous transformation.

[Underground constructions, Singapore 2006]
Land use in Singapore is zoned as residential, commercial, green, industrial, ag-
ricultural, open spaces, institutional areas, transportation, and Future Reclama-
tion. These categories can be changed depending on how the economy grows or 
diminishes in relation to the needs of the population and production levels.

Use of land can only be altered by state institutions in order to maintain the equilib-
rium of an ever-changing land. A percentage of the land is reserved and managed 
for private use. It is kept in order to accommodate future urban developements.

Due to limited space, the city is developed vertically in some areas. The under-
ground structures are often part of this design and need for space. They function 
as a way to transport persons between buildings and neighborhoods, through 
commercial areas, and for underground transportation systems. 

Underground structures are important because they provide a stable climate that 
is more desirable than the extreme temperatures found in the external environ-
ment. Temperature underground remains at a consistent level, which requires 
less energy to cool than above ground spaces.

12



Building plan for Indus Road 79 including underground installations.

Aerial view of the mini-farm next to the playground from one of the HDB resi-
dences.
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[Short about mushrooms], by Dr. Atomic Leow
Fungi are heterotrophs that do not fix their own carbon through photosynthesis 
but use the carbon fixed by other organisms. Indeed, fungi are now considered 
by mycologists (scientists who study fungi) to be more closely related to animals 
than to plants, and they are classified with the animals in the monophyletic group 
(a group of organisms descended from a common ancestor). However, unlike 
animals, fungi have cell walls and digest food externally and absorb the nutrient 
molecules into the cells. The organisms of the fungal lineage include mushrooms, 
rusts, smuts, puffballs, truffles, morels, molds, yeasts, as well as many less well-
known organisms (Alexopoulos et al, 1996). About seventy-thousand species of 
fungi have been described; however, some estimates of total numbers suggest 
that 1.5 million species may exist.

Most people have seen the dense filamentous fungal colonies growing on nutrient 
agar plates or spoiled food, but in nature the filaments can be much longer and 
the colonies less dense. When one of the filaments contacts a food supply, the 
entire colony mobilizes and reallocates resources to exploit the new food.
When all the food becomes depleted, this triggers off the formation of spores or 
sporulation. Fungi reproduce by releasing spores from a fruiting body. The fruit, 
called a mushroom, releases spores into the air, and the wind carries the spores 
off to start the next generation.

Even though the fungal filaments and spores are microscopic, the fungal colony 
can be very large with individuals of some species approaching the mass of the 
largest plants or animals.

Most fungi are saprophytes which feed on dead or decaying material and as such 
they play a vital role in the recycling of nutrients on planet earth. Some fungi 
are parasitic and feed on living organisms and cause diseases to the organisms 
such as rusts; smuts; leaf, root, and stem rots; and ringworm. Symbiotic fungi on 
the other hand live in close association with the plant roots and supply essential 
nutrients to the plants without which the plants may fail to grow. 

Fungi have a long history of use by humans. Many types of mushrooms and other 
fungi are eaten, these include oyster, shiitake, button, and enoki mushrooms. 
However, many species of mushrooms are poisonous and are responsible for nu-
merous cases of sickness and death every year. As it is difficult to identify a “safe” 
mushroom without the appropriate knowledge and training, thus it is advisable to 
assume that a mushroom in the wild is poisonous and leave it alone [1].

[Uses of fungi]
Fungi are used for food, flavoring, soil improvement, medicine, pest control, bio-
logical weapons, in biodegradation, and in bioconversion of soluble and insoluble 
organic substances in domestic wastewater sludge.



[Underground Mushroom Gardens, Model 1:1] under construction.

[Underground Mushroom Gardens, Model 1:1]

[Underground Mushroom Gardens] included a model made of cardboard. It il-
lustrates how to construct a self-supporting underground space. 
The existing airconditioning system was used to maintain the necessary climate 
for the shiitake (lentinula edodes) and oyster (pleurotus ostreatus) mushrooms.
The light-tubes were changed. 
The model of the [Underground Mushroom Gardens] was maintained by the pu-
pils at PCF as part of their education during the fall of 2006.
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It was not possible to construct the 
[Underground Mushroom Gardens] 
beneath the mini farm for several 
reasons.

PCF’s experiment room, the imag-
es to the right, were made acces-
sible for [Underground Mushroom 
Gardens] instead. 
The size of the experiment room is 
5.87m x 9.17m x 2.46m
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Shiitake: temperature: 15-26˚ C; relative humidity: 60-80%; duration: 5-8 days; 
CO2: 1.000ppm; air exchanges: 4-8 per/hr; light: 500-2,000 lux/370-420 nm.

Pearl oysters: temperature: 15-21  ̊C; relative humidity: 85-90%; durations: 4-7 days; 
CO2: 1.000ppm; air exchange: 4-8 per/hr; light: 1,000-1,500 lux/440-495 nm.



19

[Underground Mushroom Gardens, Model 1:1].

[Underground Mushroom Gardens, Model 1:1], 4, 6, and 8-sided spheres. The 
sides of the spheres are attached with velcro.
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Pearl oyster bags with and without humidity tents.

Shiitake.



Overview of items used in workshops: learning posters, water tank, coal, baskets, 
and sprays for misting the mushrooms, and other things.

Baskets for collecting mushrooms.
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[The Story of Kreta Ayer-Kim Seng’s Mushroom Farm]
By Suraya Saidon, Principial, PCF Kreata Ayer-Kim Seng Kindergarten
(from PCF’s web-site)

Putting the puzzle into place... The structure is finally up.

Hard work to create the structure - finished parts are stacked up nicely.

The arrival of corrugated boards on August 18, 2006. The boards are sorted out 
immediately.
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Watering the mushrooms and taking a closer look at the mushrooms.

Workshop by Mdm Suraya Saidon on August 25, 2006.

Workshop by Ms. Rikke Luther and Mr. Julio Castro on August 16, 2006.

All 58 K2 pupils were involved in the project. They helped to water and harvest the 
mushrooms. This was followed by the cooking lesson. The pupils were involved in 
this project for a period of about a month starting from 16 August 2006.
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Helping to put the mushrooms into the soup ... Yummy ... we are enjoying the 
mushroom soup!

Helping to cut the mushrooms into small pieces and listening to the demonstra-
tion by Mdm. Suraya.

Learning how to harvest the mushroom and harvesting the mushrooms with 
teacher’s guidance.

[Making of the mushroom soup September 12, 2006]
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The structure was taken apart and given to a resident of Indus Road 79; who 
passed on this material to the local private recycle cardboard collectors.

[Kindergarten Experiment Lab]
The mini-farm as described by Suraya Saidon:
The mini-farm is run by the pupils at the PCF. The reason for it is to give the 
pupils hands-on experience in farming. It is meant for experimenting and having 
fun growing plants. As such it does not matter if some plants fail to grow since 
it is more about the learning process. It is about being able to see and observe 
a farm in the heartland. In land-scarce Singapore, it is very rare to see one at 
housing estates. 

PCF stands for PAP Community Foundation - a community arm of the governing 
party. PCF pre-school centers are part of PCF non-profit making services and its 
objective is primarily to provide quality pre-school centers for the residents. There 
are about 266 such kindergartens in the 84 constituencies. Each branch is run by 
its own management committee, which is headed by a Member of Parliament.







The left image shows artificially grown mushrooms in closed systems in mobile 
compost. These images are from Dr. Atomic’s research at the University.

28

[Raising and foraging for mushrooms at different sites]
Mushrooms can be grown in compost, which in turn can easily travel. This makes 
it easy to have mushroom the year round in various sites.

Mushrooms that appear in trade and in food stores are often the white button, 
crimini, and portabello mushrooms, all of which are agaricus bisporous. Shiitake 
and oyster mushrooms are a different variety, but equally as common.

Mushrooms can be picked in wooded areas, fields, and other places. Public ac-
cess and conditions for picking can differ. 

Two examples from different systems follows
In Sweden you have the right to pick mushrooms on land that is according to the 
right of public access to private land. 
This right appears twice in Swedish law: Chapter 2, 18 § There shall be access 
for all to the natural environment in accordance with the right of public access to 
private land, notwithstanding the above provisions. Law (1994:1468).

Chapter 7, 1 § Any person who exercises the right of access to private land or is

In Sweden you have the right to pick mushrooms on land that is not a building 
site, garden, or farm. The right image is from a store in Japan in 2004. 



In Denmark you have the right to glean on both private and public land for pri-
vate purposes. For instance you can pick up mushrooms.
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in the countryside for any other reason shall treat it with due care and consider-
ation. Environmental code (1998:808).

In Denmark, you have the right to pick mushrooms on land in accordance with 
the right of public access. This right appears in Danish law.

Consolidate Act No. 884 of August 18, 2004, Department of the Environment 
Proclamation on the accses to, dealings and sojourn of the public in nature.
 
Chapter 5, General rules:
§28. On beaches, other sections of the coast, areas of protected dunes, in forests, 
uncultivated areas, roads and footpaths in the open the following is not permit-
ted: 5) Commercial collection of nuts, berries, seeds and cones, flowers, herbs, 
branches, twigs, moss, lichen, and etc. Collecting in limited amounts for private 
use is allowed. Yet cones must only be taken from the forest floor. Branches and 
twigs may not be collected from decorative greenery.
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Papermaché model for [Underground Mushroom Gardens] downtown Chicago.

Other ways of farming: here in a local lawn, the grass roots keep the lid together 
and open an underground space for raising mushrooms.



[A short introduction to the artificially established area Quintus] – the 
premises where things mentioned in the following chapters are situated

Holmen, Copenhagen’s Royal Dockyard, was established in 1680 on the recom-
mendation of Niels Juel, head of the navy, who wanted to organize an anchoring 
place for the Danish fleet of men-of-war ships opposite to the customhouse Told-
boden. Hence the name Flådens Leje, the naval dockyard. 

The new dockyard, or arsenal, was constructed in the open waters north of 
Christianshavn. From 1685, work begun on the Nye Werck (New Works) – a sys-
tem of islets and bastions surrounded by ramparts. The northernmost bastion is 
Quintus, which was established during the reign of King Frederik V (Fredericus 
Quintus).

At that time the King alone was defined as an official person, with an ‘absolute 
right’ to property. His subject were defined as a mere audience. In such a state, 
the subject’s right to ownership and use of land existed in relation to the mon-
arch’s absolute right over all property. With the development of parliamentary 
sovereignty in 1901, the monarch’s powers in relation to access to land became 
merely theoretical. 

The bastions were established by removing material from the sea floor with

Map from around the 18th century of the new constructed land, which functioned 
as a defense system.
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Dredger 1751. 22 convicts walking in two treadmills operated the dredger. 
Model 1:16.

In 1775 a newer horse-operated model succeeded the dredger. The horses 
worked the cogwheel, which worked the shovels. Model 1:12.
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dredgers. The material from the sea bottom was used for further filling and ex-
tension of the land area.
 
The area of Refshaleøen was reclaimed and filled in during the 1870s. Under the 
Copenhagen Port Authorities master plan, the private Burmeister and Wain Ship-
yard was merged with the Navy dockyard and the harbor was dredged to create 
deeper fairways. 

The land constructed under the rule of the king continued to be used by the mili-
tary after the advent of the democratic state. In the 1990s, the state initiated a 
process of privatization, and the land area surrounding Quintus was sold off. In 
1997, Quintus Bastion was sold to private development companies.  

No immediate town planning for the area exists until the year 2017.

[About dredgers]
Silting up is a problem, and continuous dredging is required in the harbor. Mate-
rial dredged from navigation canals was used in the extension of land. The first 
dredger was operated by 22 convicts, who walked a treadmill. But from 1786, 
horse powered dredgers took over.

The extension of the land where [Pedagogical Island] and the floating building 
[Pod #001] are situated took place in the years around 1776-1778.
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[Other example of production of land; Peberholm, Danish/Swedish, 
Danish territory. Constructed around 1995-2000]

Construction and ownership
The construction of the artificial island began in 1995 as a part of the Øresund-
bridge on Danish territory. The island is about 500m x 4km big and is constructed 
by about 8 million cubic meters dredged seabed soil and 1.6 cubic meters stones 
[2]. The stones were placed in order to form a base for the island. The base was 
covered with geotextile and clay in order to prevent leaking and then filled with 
the dredged material. Finishing work included terracing and providing drainage 
for the motorway and railway [3]. Since 2000 only one company owns Perber-
holm. The company is owned equally by the Swedish and Danish states.

A dredger based in Chicago, USA, did the larger part of the dredging work.
Trespassing is not allowed.

[Life cycle of an island], by Sven Snogerup 
The life cycle of a real island must be regarded as composed of a pioneer phase 
(c. 10-1000000 years depending on case), a stabilization of plant communities as  
parts of local ecosystems and a third, never ending phase of accidental additions. 

A technical drawing of a dredger moving collected materials.
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The composition of the flora is un-
usually diverse compared to equally 
large areas in the region. This reflects 
the fact that it is recruited from both 
wild and cultivated species in neigh-
bouring areas as well as those that 
are transported from far places by 
the ongoing communications. A few 
perennial pioneering species remain 
in large concentrations. But some 
woody plants common in Sweden 
and Denmark, such as birch and wil-
low species, are now also developing 
important populations and may in the 
course of some decades form hedges 
and dense woodlands on parts of the 
island [3].

More detailed generalizations should be avoided as the procedure of invasion and 
stabilization is influenced by several factors like distance to sources, intensity of 
traffic if any, structure of surface, animals present, human influence etcetera.

[About the flora at Peberholm], by Sven Snogerup
In the first few years after its construction, a mixture of cultivated species, com-
mon non-native species and wild pioneering plants invaded the island. Some 
of these later disappeared, as a more common plants established themselves, 
covering large parts of the island. A total of 454 species of vascular plants have 
until now been observed, some of them only intermittantly, others establishing 
themselves as constant members of the flora. The number of species observed 
rose rapidly in the first few years, but now only half a dozen new species occur 
each year. The last two years the number has been just above 300.

Peperholmen herbarium sample - a 
variety of Salix (willow).

[Borrowed land; a description of permitted trespassing of properties, 
dissolution of properties and linkage of properties project’ Neighbor-
hood Orchard, Chicago, US], by Nance Klehm
Little Village (La Villita) is a four square mile neighborhood of 90,000people on 
the near south side of Chicago. Housing is low density with single-family homes 
and buildings with 3-4units occupied by extended families. La Villita is mostly 
culturally Mexican and low income. It has the least amount of open space in the 
city. The main shopping district along 26th street has the second highest tax 
base, exceeded only by Michigan Avenue. Even without open green space or 
maybe because of it, there is a high level of pedestrian traffic. Resourcefulness 
and practicality spur a large informal economy fueled by simple exchange. Elders
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and many others in the community have a strong connection to and knowledge 
of the land, and possess a skill set relevant to this.

Neighborhood Orchard started when Trevino, who lives three houses down from-
me, refused to take money for some work he did. Instead he asked me, in ex-
change for the work, to plant him an apple tree. “Yes!” I replied understanding 
the complexity and depth of what he revealed in terms of a different way of 
working one that was more linking and pervasive than the cash economy. As a 
result of similar exchanges, four years later, Neighborhood Orchard is a loosely 
organized, scattered 3/4 acres of Little Village yards and one satellite site. Some 
yards are more intensely planted. Others are less so, a most backyards are mul-
tifunctional, used for both recreation and numerous informal economy activities: 
car repair, food preparation, scrap storage, etc. Medicinal and culinary herbs, 
vegetables and fruit are exchanged between the participants. Tools and skills are 
readily shared when called upon.  

Over time, Neighborhood Orchard has revealed to me that the basic units of the 
city – the individual/couple/family and the small yard is the nexus of where culture, 
engagement and a local food system is nurtured and created. This loose structure 
is devoid of formalized meetings or ‘get togethers’ so the way plants are grown 
or their fruits shared grown in their yards. Connections aren’t always obvious or 
direct and harvests aren’t predictable and despite the larger problems of money, 
family and broader social dynamics, this system mostly works without friction. 

Seedlings in seed blocks. Compost seed balls ready for tossing into vacant proper-
ties. Seed balls are a fast and way to sow seeds with their own nutrient source.
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[Other example of production of land; Chinampa Farming (the floating 
gardens), Mexico City. Constructed around 1150-1350]

500 years after the construction of the chinampas, they are still actively farmed. 

The word chinampa describes an ancient pre-Columbian farming method where 
small rectangular plots of floating land were used to farm crops in low water level 
areas in the connected lakes of the valley of Mexico.

The Aztecs in Mexico made these chinampas, or artificial islands, when they 
lacked land for production of nutritious crops. 

Chinampas were made by enclosing a rectangular area with living willows. 
Branches were plaited between the willows that were rooted in the lake bed to 
form a living basket form. The willows were planted at 4 meter intervals in order 
to “anchor” the islands. The surface of a chinampa is about 1 meter above water 
level. These rectangular ‘baskets’ were filled with soil dredged from the lake bot-
tom and composted plant material.

The Aztecs travelled in canoes between their chinampas to sow and harvest crops 
of corn, beans, squash, amaranth, tomatoes, chilies and flowers. The soil was 
kept fertile by the use of the continuous addition of nutritious lakebed material 
and manure from animals and people. 

Today, chinampa technology is still being used in farming.
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The trees also are a source of firewood and construction material.

Besides functioning as anchors, the willows provide shade, shield wind and when 
in flower attract insects and birds.



[Extension Module #001] is added to the N55 SPACEFRAME3
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[Short about composting, land production, islands, seed collecting and 
growing plants] 

[Construction of Pedagogical Island]
[Pedagogical Island] is built of plastic and aluminum parts from a shelving sys-
tem. Flotation is achieved from unused materials like sealed plastic bottles col-
lected from laundrymats and car washes. The island consists of 4 triangles. The 
one in the middle is open to the water, aquatic plants, shellfish and fish. Contain-
ers for the cultivation of algae can be added.
The three remaining triangles contain collected soil and compost. The first layer 
is a wooden plate with holes for drainage. The next layer is geotextile and the 
final layer is coir or coconut fiber. Above this is a layer of clay balls and then a 
layer of locally produced compost mixed with soil. Earthworms are added for the
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soil nutrient rich castings they produce as well as to help the process of decom-
position. Not to mention the bacteria, fungi and microbes that take part of that 
very process, see text: [Production of soil and composting methods].

Different edible plants have been cultivated so far such as; Jerusalem artichoke, 
a variety of salad greens, cabbage, tomatoes, flowers, potatoes and more. Seeds 
from some edible salt tolerant plants (halophytes) have been collected and sown 
on [Pedagogical Island]. On the adjacent pontoon, flowering perennials, like lav-
ender, have been planted to attract pollinating insects.
 
[Production of soil and composting methods]
Soil is a term comprising a wide-ranging multiplicity of organic material (decom-
posed parts of animals and plants), mineral particles, microorganisms, insect life, 
cavities and pores filled with water and air.

Four elements of all compost: moisture, oxygen, temperature and carbon and 
nitrogen (C:N):
Compost can be made in a batch or be built continuously. Continuous compost 
works more slowly as new material is constantly being added.

Compost passes through four phases: bacteria combines carbon with oxygen 
to produce carbon dioxide and energy. Some of this energy is consumed by the 

Production of land via composting.
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microorganisms in the compost and the rest is given off as heat. 1. Mesophilic
bacteria phase (up to 44 degrees Celcius), 2.Thermophilic bacteria phase(begins 
around 44 – 52 degrees Celcius and continues to 70 degrees Celsius /111 through 
158 degrees Fahrenheit) The thermophilic stage destroys a lot of pathogens. 
Biological activity stops above 82 degrees Celcius/180 degrees Fahrenheit, 3. 
Cooling phase. After this material will appear digested (looks like soil) but larger 
bits remain and are worked on by fungi, earthworms, sowbugs converting it to 
humus, 4. Curing phase. Letting the compost rest for a year continues the de-
struction of pathogens. The increase of microbial diversity prevents pathogens 
from colonizing the compost.

[Compost on Pedagogical Island]
Seaweed collected from the beach and fallen leaves were gathered to build the 
compost and were mixed with sawdust from the local wood shop. In addition, 
finely cut branches and grass clippings and old straw bedding and manure from

Pedagogical Island with winter compost 2006/2007.
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The [Pedagogical Island] with different plants. Tomatoes have sprung up from 
the collected compost as well as a blackberry bush.

the local horse stable became ingredients. A container was used to collect kitchen 
leftovers. The contents of the container were regularly added to the compost. 
When the compost has fully decomposed, it is added to the [Pedagogical Island] 
as needed. Household compostable materials include: shredded newspaper and 
cardboard, tealeaves and coffee grounds, stale bread, grains and vegetable and 
fruit scraps. The kitchen waste (nitrogen) will make the composting of the ma-
terials quicker and is nutrition for the microorganisms in the compost. Compost 
material should be finely cut so that there is a maximum surface area exposed. 
When biological materials are composted different gases are released. For land-
fills e.g. larger composting systems, gases such as methane and CO2 are pro-
duced and can be utilized to produce power. 
During winter, compost is added on the places on [Pedagogical Island] where 
perennials or plants that survive winter are not growing. 

Vermicomposting 
Worms can be added to compost piles to speed up composting. Composting 
worms, can handle a wide temperature range from 7-32 degrees degrees Celcius. 
They feed on the bacteria that decomposes the dead leaves/manure/food waste 
in a compost pile. They eat twice their body weight in a day and take two months 
to reach maturity after birth. Once the food passes through their digestive sys-
tems it comes out of their body as castings. The castings are decomposed by 
bacteria into soil nutrients- proteins, carbohydrates among others.
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Human manure composting
Human manure can be further composted by worms, or composted on its own or 
incorporated into a larger compost pile. The heat in a compost pile reachestem-
peratures that eliminate pathogens in the manure as well as composts it very 
quickly. Urine is 95% water and 5% of the minerals: calcium, potassium, magne-
sium, chloride, phosphate, sulfur and nitrogen (creatine, ammonia and uric acid) 
On average, people produce 1.25 liters of urine/day. When diluted 1:5 with water 
makes 6.25 liters of fertilizer which would provide enough fertilizer for 75-100% 
of a person’s yearly food production/consumption.

Bioconversion of organic waste by the year 2010
“The total effect of produced biofertilizers on soil fertility, crop production, food 
quality and human health. In fact, the effect of the bioconversion on the environ-
ment as a whole, such as decreased pollution of air, water, soil, vegetation and 
other micro- and macro-organisms, the improved balance in the ecosystem, has 
to be evaluated and added” [4].

In 1998, Ruzena Gajdos envisioned a future scenario for Sweden in the year 2010. 
The suggestion was that there would be a re-orientation of technology for treat-
ment of all solid and liquid wastes, by-products, and organic residues originating 
from the 8.7 million inhabitants in Sweden. Her vision taking into account only the 
three plant nutrients of N-P-K (nitrogen-phosphorus-potassium) and the value of 
the energy which would have an impact on the economy.

[Short about seeds]
Seeds that produce high harvest yields have often been highly valued by farm-
ers. Since seeds can be gathered, redistributed, exchanged or bought and sold 
in a market, collecting and using seeds has shaped the cultivation of plants over 
thousand years.

With the arrival of molecular gene technology it is now possible to make plants 
that would never exist if it were not for this technology. By inserting in new genes 
into plants, seeds can be rendered as “new” organisms and owned and controlled 
through the patent system.  

To analyse if plants have been gene manipulated, a technology called poly-chain 
reaction or PCR for short is used. It is fast and easy but can only find known 
genes. The only way to know if a plant is manipulated by the insertion of an 
unknown gene, is to sequence the plant. The sequencing technology is not a pre-
ferred technology since it is very time consuming. This could have consequences 
in relation to seed banks, since some now understand their collections in terms of 
genetic information, rather than in terms of specific, naturally occurring seeds.

[A brief on seed banks]
A seed bank stores rare and commercially important seeds for planting or for further
study and research. Storing seed in banks also guards against their loss as a
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When the plants bloom, seeds form which can be collected and stored for sowing 
the following year. Some GMO-seeds are created in order not to be reproducible.

To the left, dried radish seedpod. To the right, an onion bloom, that is about to 
turn to seed. 

cause of natural disasters. There are public access seed banks as well as regional, 
national, privaty and crop specific seed banks. There are very few wild species 
represented in the world’s seed banks. However, there is a Millennium Seed Bank 
based at Kew Gardens in England that is concerned with biodiversity and which 
collects seeds from wild species.

When seeds are accessioned into a seed bank, they are ideally dried to a mois-
ture content of less than 6%, then stored at -18°C or below. Because seed DNA 
degrades with time, most seeds need to be periodically re-sown and fresh seeds 
collected from the resulting plants for another round of long-term storage. 

Another approach to saving seeds is by preserving their natural habit. This is 
called in-situ conservation. By collecting seed from existing habitats, plant com-
munities continue to evolve with their environment through natural selection.
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Tomatoes and marigolds.

Potatoes and Jerusalem artichoke. Food, like these, that was about to sprout in 
the kitchen was planted on [Pedagogical Island] instead.

Leek and curry plant. The curry plant is a halophyte, which means it can resist a 
higher degree of salt from the water than other plants. 

[Flora on Pedagogical Island, 2007] 
All seeds used have been sourced and grown without pesticides and are open-
pollinated varieties.
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Squash and rhubarb on the adjacent rebuilt boardwalk that gives access to the 
dwelling. 

Lettuce and beans.

Winter cabbage and cabbage butterfly worm. 
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[Potato Tower]
Seed potatoes are set in 5 centimeters of soil and covered with 15 centimeters of 
sandy soil. As the potatoes plants grow, they are covered regularly with soil, so 
that only the top of the plant remains uncovered. 
It is possible to stack containers or tires to make a growing tower of many me-
ters. This way the plants yield more potatoes. After harvesting, the potatoes can 
be saved and stored for a longer time in the same sandy soil from which they 
have just been harvested.
The tower method makes it possible to grow a lot of potatoes in a small space, 
without access to land.

Potato Tower with a lavender plant that attracts butterflies and bees that in turn 
pollinate plants on [Pedagogical Island] and other plants grown in the locale. 
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Where is the Sun?
Gleaning Solar Power

[Introduction; indirect or direct energy sources]
The sun directly or indirectly powers most energy sources. Fossil fuels (oil, coal 
and natural gas) and wind energy are some examples of energy sources that are 
so called indirect energy from the sun. The Earth’s atmosphere, oceans, and plant 
life collect solar energy that people later extract to power technology. Through 
photosynthesis plants convert solar energy into chemical energy, which fuels plant 
growth. People, in turn, use this stored solar energy through fuels such as wood, 
alcohol, and methane that are extracted from the plant life (biomass). Fossil fuels 
have been formed from the organic remains of prehistoric plants and animals.

Direct solar energy is possible for instance by using solar cells, solar collectors 
and passive solar heating;
-
-

-

Every year rays from the sun, about 1x1018 kWh, strike the Earth’s surface. In 
2005, the world energy consumption was 1x1014 kWh. Thus if 0.1% of the earth’s 
surface is covered with solar cells with an efficiency of just 10%, the world’s 
current energy demand would be satisfied [5]. This means that land and space 
are needed in relation to contemporary photovoltaic technologies as it is with 
the contemporary technologies mentioned above that are used for producing 
power. The calculation does not include ways of distributing the achieved energy 
between people.

[Electricity from the Sun]
Renewable energy sources must rely on a net input of energy into the planet, and 
since the sun is our external energy source, gleaning its energy is the main objec-
tive of current alternative energy strategies. There is much speculation about the 
potential of large-scale solar energy projects. Photovoltaic energy conversion has 
the potential to contribute significantly to the world’s energy supplies, which in 
turn may help to lower carbon dioxide emissions.

In its simplest form, a photovoltaic device is a solar-powered battery which only 
consumable is the light that fuels it. There are no moving parts and if the device

Solar cells or photovoltaics convert solar radiation directly into electric energy.
Solar collectors consist of thin boxes with a transparent cover that typically are 
mounted on rooftops facing the Sun. The Sun heats a black metal plate (an 
absorber plate) inside the box that in turn heats air or water running through 
tubes within the collector. These collectors are used for heating water, which 
can be used for heating dwellings.
Passive solar heating happens when the Sun shines into a dwelling and heats it 
up. The dwelling’s materials store the heat and slowly release it. Heat collected 
in one building can be transfered for use in another. 
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is correctly isolated, there is nothing to wear out. Photovoltaic cells make it pos-
sible to produce power close to the end user of the electricity. In grid-connected 
systems the photovoltaic system supplies electricity to the buildings and any 
daytime excess may be exported to the grid. If you want to be independent of 
the grid supply, you will need battery storage to provide power. Power from tradi-
tional fossil fuels can at the moment, be produced four or five times more cheaply 
than solar. In 2006, less than 0.1% of the world’s electricity supply was generated 
from solar power, which is heavily subsidized to allow it to compete. This also 
means that the solar industry has to explore new ways to produce silicon for the 
photovoltaic cells as the high oil prices spark a renewed search for alternative 
energy sources [6].

[Resources needed to make use of Solar Power]
The most common cells used in solar panels are made of silicon semiconduc-
tor materials - the same basic materials used to make microprocessor chips for 
computers. Silicon is found in quartz and sand (silicon dioxide), and is thus highly 
abundant. However, silicon purification is both difficult and energy demanding 
and a lot of silicon is wasted. One type of industrial production of silicon crystals 
occurs via the reaction between carbon and silicon dioxide at a temperature 
around 1700° C. In this process, known as carbothermic reduction, each ton of 
silicon (metallurgical grade, about 98% pure) is produced with the emission of 
about 1.5 tons of carbon dioxide.

[Test Sun]
Documentation of how the photovol-
taics are tested by an artificial sun at 
the factory. Monocrystalline silicon 
cells were used to make solar panels 
for [Pod #001]. 

In 2005, silicon solar cells dominated 
the photovoltaic market by 94%. The 
conversion efficiencies for various 
commercial silicon modules range be-
tween 15-20%. However, the avail-
ability of highly purified silicon is a 
problem for the photovoltaic industry. 
The solar cell industry is mainly us-
ing low-cost reject material from the 
semiconductor industry and is there-
by dependant on the semiconductor 
market, which causes fluctuations in 
the costs of the materials for the pho-
tovoltaic cells.

Future research will need to be fo-
cused on developing lower cost solar 
cells, such as polymer, thin film, and 
dye-sensitized solar cells that mimic 
the principles of photosynthesis in 
plants.
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Self-sustainable building
Buildings are often called self-sustain-
ing when their construction relates 
to the use of energy and the energy 
of procuring construction materials. 
The term “self-sustainable building 
project” often means that the focus 
is on re-engineering by using energy 
and materials more efficiently to re-
duce resource  and energy consump-
tion, and the release of pollutants 
and waste.

Ideally, a self sustaining building 
should produce its own energy and 
its construction and recurring ma-
terials should flow in regenerative, 
closed loop cycles (e.g. all energy is 
produced in the building and all waste 
materials are recycled) [7].

A self-sustainable high-rise building: 
The 2020 Tower (image to the left) 
is a self-sustaining building designed 
for the year 2020 by Kiss + Cathcart 
Architects for the “2003 Big & Green 
exhibition” of the National Building 
Museum, Washington D.C., U.S. They 
have planned to incorporate solar and 
wind power, and autonomous sewage 
and water treatment systems [8].

Water from the sun
Photovoltaic systems can be used to pump water in remote areas, for example, 
as part of a portable water supply system. Dominique Campana was initiated 
the first photovoltaic-powered water pump. The experiment was carried out in 
Corsica in 1976. 

Placement of photovoltaics
The placement of photovoltaics affects the environment. If they are placed where 
photosynthesizing plants would normally grow, they simply substitute one po-
tentially renewable resource (e.g. biomass) for another. However, if they are 
integrated into building elements or placed on the sides of buildings, fences, or 
rooftops (as long as plants would not normally be placed there), or in land, they 
are purely additive.
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Telstar
In 1954 the modern solar electric 
power technologies came to atten-
tion when Daryl Chapin, Calvin Fuller 
and Gerald Pearson at Bell Telephone 
Laboratories developed the first sili-
con solar cell. The cells had an en-
ergy conversion efficiency of around 
6%. The price of a one-watt cell was 
almost $300 while the price of power 
from fossil fuels was 50¢ per watt. 

Photovoltaics are reliable energy 
sources and do not weigh much. The 
cells are a closed system that can 
produce energy for many years with-
out maintenance.

The American and Soviet Union militaries had the economical resources to de-
velop the technology of photovoltaics: a stand alone energy resource that could 
be used in spaceflight. Photovoltaics were smaller than previous batteries and 
were also rechargeable. The increased efficiency meant that more time could be 
spent in space. 

During the oil crisis of the early 1970s, photovoltaics were considered as a terres-
trial power source. By packaging the cells with cheaper materials, the price came 
down 80% per watt. In the 1980s, the reduced cost made photovoltaics the focus 
of interest in the construction industry. Today the energy conversion efficiency for 
a monocrystalline silicon solar cells is around 20%.

Sun driven waterpumps, 1976
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Stand-alone systems
About 2.5 billion people live without access to power grids [9]. This could be due 
to living in remote areas, difficulties in adapting to conditions that are not easy 
for establishing services, or for other reasons. Stand-alone photovoltaic systems 
produce power independently of utility grids. Batteries are included to provide 
energy storage to operate loads outside daylight hours. 

Photovoltaics allow people to be nomadic with their energy systems. They are 
often seen being used by people living on boats, or in a space station. 

In rural areas, small stand-alone solar arrays often power farm lighting, fence 
chargers for electric fences, and solar water pumps, which provide water for live-
stock. Other examples can be emergency telephones, communication systems, 
and buoys at sea with different functions.

Against the sun
Some mounted solar cells are not 
optimal, like the pictured parking-
meter, placed in the shadow, pointing 
northwest in Copenhagen, against 
the sun.
There is also the phenomena where 
materials appear to be solar cells, 
but are really silk-screened patterns 
on glass.
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[Construction of solar cell panels], 2007

The soldering ends in a cord that is connected in parallel with the other solar 
panels to the battery and further to a socket (see page 30).

All 36 solar cells are connected in a series and are laminated on to the glass. The 
lamination protects against corrosion.

First, connections are soldered to the solar cells. The cells are then connected in 
chains and placed upon the glass that is covered by a layer of laminate film.

56
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The module is transported with a cart and lifted by a crane to it’s position on a 
pontoon.

The wood is varnished. Next, the solar cell panels and windows are mounted with 
silicone. The surface is then painted.

In the workshop, the wood is cut into units that are connected with glue and 
clamps.

[Construction of Pod#001], 2007

57
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[Pod #001]
[Pod #001] is a dwelling that can connect to other dwellings. It is currently con-
nected to a floating dwelling. The space functions as an energy producing unit, 
water collector, green house, and common room. 

[Pod #001] is constructed from birch plywood. The roof, doors and windows 
are made of transparent polycarbonate. The roof is constructed as a funnel that 
channels rain water into a connected tank. From this tank, tubes run to other 
tanks that contain plants. In this way, the water collector functions as a part of 
an irrigation system. 
The transparent surface makes it possible for [Pod #001] to produce passive 
solar heating.  Wood was chosen since its temperature is stable. The building 
methods used for the [Pod #001] are a combination of those used in constructing 
wooden boats, furniture, and caravans. The round monocrystalline silicon solar 
cells are integrated into some of the windows. 

The voltage from a single solar cell is low. By serially connecting the solar cells, a 
higher level of voltage can be achieved. This is why solar cells are connected in 
modules often consisting of 36 or 72 solar cells, which in turn often have a volt-
age level of 12 to 24 volt direct current. In [Pod #001] there is a battery that is 
connected to the solar cells. The battery delivers energy, for example, to a water 
pump and to daylight lamps for the plants.

It shows one of the earliest green houses in Holland, from the 16th century. Year-
round cultivation was used in order to grow things such as exotic plants. During 
winter time the dwelling was heated by ceramic wood ovens.

Passive solar heat-
ing is integrated into 
a construction to uti-
lize the sun’s beams 
in order to heat it. 
The light of the sun 
comes in through the 
windows and  other 
transparent units. A 
green house is an 
example of a space 
heated with passive 
solar.
For hundreds of years 
passive solar heat-
ing has been used 
as in the house de-
picted in the image 
opposite.



In addition to solar cells in [Pod #001] the sun is used for passive solar heating, 
where the heat is conducted to an adjacent dwelling.

[Pod #001] with a roof for collecting water, water tank, solar cells and battery.
[Pod #001] can be used as a green house. 
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The roof of [Pod #001] is concave and functions as a funnel to collect rain water.
There is a tube from the roof down to a water tank which distributing the water.
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In the floating dwelling there 
are a number of 12 volt ma-
chines: lamps, refrigerator, 
pumps, and a radio. The ma-
chines that are not 12 volt can 
either use a converter from 
220 volt to 12 volt or con-
nect directly to the grid. The 
energy produced by the solar 
cells – placed on the roof, fac-
ing south west, and integrated 
in [Pod #001] – is collected by 
batteries. When the solar cells 
do not produce enough en-
ergy, the dwelling is automati-
cally connected to the power 
grid via a relay. The image to 
the right shows a handbuilt 12 
volt refrigerator which is inte-
grated into the kitchen system.

A socket for 12 volt system. In order not to mistake positive and negative nodes, 
the pins on the plug and socket have different sizes.

[Low voltage systems and examples of daily usage]
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[Pod #001] and [Pedagogical Island] is connected with FLOATING PLATFORM and N55 SPACEFRAME 
and are situated at Quintusholmen, Copenhagen. FLOATING PLATFORM and N55 SPACEFRAME were 
built by the collective N55: Cecilia Wendt (1965), Rikke Luther (1970), Jon Sørvin (1964) and Ingvil 
Aarbakke (1970 - 2005). N55 SPACEFRAME and FLOATING PLATFORM were developed in collabora-
tion between N55 and Erling Sørvin, and employed his research on building struts. 
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Quotation from [Learning Poster #005 Where is the Sun?] page 50:

”Through the increasing influence of CO2 in the air, we hope that we will gradually approach a time 
of better, more stable climates, especially in the colder parts of the world. This would make the earth 
able to yield larger harvests for the benefit for the quickly growing populations.” 

”One often hears expressions of regret that the treasures of coal, which we collect, are rapidly being 
embezzled by contemporary humankind without a thought for the future, and one cannot avoid feel-
ing frightened of the potential waste of lives and property that goes along with the violent volcanic 
eruptions in our time”. 

- Svante Arrhenius 1906

The Swedish chemist Svante Arrhenius (1859-1927) proposed a relation between atmospheric carbon 
dioxide concentrations and temperature. He found that the average surface temperature of the earth 
is about 15° C because of the infrared absorption capacity of water vapor and carbon dioxide. This 
is called the natural greenhouse effect. He discussed that doubling the amount of carbon dioxide in 
the atmosphere might raise the Earth’s temperature by 5° or 6° C. Arrhenius suspected that coal and 
fossil fuels burned by industrialized countries were adding to the levels of carbon dioxide in the at-
mosphere. Arrhenius first articulated the greenhouse effect, which was used until 1998, when a new 
equation took over. The notion of the greenhouse effect was produced within the context of natural 
science. It is now a common metaphor.


