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Introduction

In the year 2009 I got in touch with the topic of urban 
farming during my time in Australia as an exchange student. 
Participating in the design elective Footprint with Russell 
Hughes and Graham Crist at the Royal Melbourne Institute of 
7HFKQRORJ\��,�ZDV�ÀUVW�FRQIURQWHG�ZLWK�WKH�SUREOHP�RI�XUEDQ�
growth in connection with food supply.

I was curious about the topic and started to investigate to 
get a deeper insight. Harald Trapp, lecturer at the Vienna 
University of Technology, encouraged me to use my ambition 
IRU�P\�GLSORPD�WKHVLV��,W�ZDV�D�KDUG�WLPH��EXW�ÀQDOO\�,�IRXQG�
my personal access to urban farming.

This scheme is an experiment and has the aim to provide a 
realistic proposal. It is recommended to compare my design 
to all those futuristic examples appearing since the topic 
EHFDPH� FDPH� LQWR� YRJXH�� 7KH\� DUH� DWWUDFWLYH� DW� WKH� ÀUVW�
sight but some of them turn out to be useless because they 
GRQ·W� SURYLGH� DQ\� DGGLWLRQDO� EHQHÀW� WR� WKH� XUEDQ� VLWXDWLRQ�
and the population. Or even worse, the design makes plants 
impossible to grow within...

6

Urban farming vision
I.2

Spektrum der Wissenschaft, Issue April 2010 Photo: Kenn Brown, Monolithic Studios

Page 3: Tomato greenhouse after harvest, Vienna, Austria
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Honourable designs

´���D� SXEOLF� VXVWDLQDEOH� ɑSODFH� OLNH� D� JUHHQ� KHDUW�� HDV\� WR�
PDLQWDLQ� DQG� VHOI�VXIÀFLHQW�� FUHDWHG� E\� D� MRLQW� SRSXODWLRQ�
WKDW�ɑZLOO�VWLPXODWH�VRFLDO�LQWHUDFWLRQ�DPRQJ�QHLJKERXUV��D�OLJKW��
VSLUDO� VWUXFWXUH� SURWHFWHG� E\� D� ɑWUDQVSDUHQW� DQG� VXJJHVWLYH�
PHVK��WKH�SURMHFW�HQFRXUDJHV�WKH�FLW\�WR�FUHDWH�VXVWDLQDEOH�
H[FKDQJH� ɑVSDFHV� LQ� GLIIHUHQW� ZD\V�� WKLV� VSLUDO� FRQWDLQV� DQ�
DVFHQGLQJ�JDUGHQ�ZKHUH�QDWLYH�YHJHWDWLRQ�FDQ� ɑFRH[LVW�ZLWK�
urban orchards, shared and planted for the neighbours for 
HDV\�PDLQWHQDQFH�DQG�ɑVHUYLQJ�DOVR�DV�D�JUHHQ�RXWGRRU�ZDON�µ 
Benet Dalmau, Saida Dalmau, Ana Julibert 1

Some proposals are trustable examples of urban farming and 
demonstrate how to deal with a sensitive topic. They provide 
more than just food. The designers of Spiral Garden know that 
farming in an urban environment has to cooperate with the 
local population and interact with the built up neighbourhood.

Beside technical requirements, architecture has another 
DPELWLRQ�� 7KLV� H[HUFLVH� FDQ·W� EH� KDQGOHG� OLNH� DQ� RUGLQDU\�
building. People have to identify this type of architecture. 
7KHUHIRUH�QHZ�DHVWKHWLF� QHHGV�KDYH� WR�EH� IXOÀOOHG�� ,W·V� QRW�
DQ� RUGLQDU\� GHVLJQLQJ� H[HUFLVH� IRU� GZHOOLQJV� RU� RIÀFH� XVH�
on a human scale. Designers have to consider special 
requirements of plants. Plants can be more sensitive to their 
environment than humans.
It is a challenge to adjust all design issues and economic 
facts for establishing urban farming.

1 http://www.designboom.com/weblog/cat/8/view/11759/spiral-garden-by-benet-saida-
dalmau-anna-julibert-carmen-vilar-iida-awards-2010.html 2012.3.8 2:05 PM
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Benet Dalmau, Saida Dalmau, Ana Julibert - Spiral Garden, iida Awards 2010
I.5

www.designboom.com 2012.3.8 2:05 PM

Benet Dalmau, Saida Dalmau, Ana Julibert - Spiral Garden, iida Awards 2010
I.4

www.designboom.com 2012.3.11 11:23 AM

Amber Beernink - The Vertical Greenhouse
I.3

www.verticalfarm.com  2012.3.11 11:26 AM





Architecture trends & urban interventions 

´:H�EHOLHYH�WKDW�DUFKLWHFWXUH� LV�PRUH�WKDQ�VLPSO\�VKHOWHU�� ,W�
LV�LQWLPDWHO\�FRQQHFWHG�ZLWK�WKH�FUHDWLRQ�RI�LGHQWLW\�DQG�VHOI�
FRQÀGHQFH��$QG�WKLV�LV�WKH�EDVLV�RI�VXVWDLQDEOH�GHYHORSPHQW�µ
Anna Heringer and Eike Roswag, 1 

Cognate disciplines of architecture show the current 
understanding of sustainability and how we can deal with 
environmental issues. Beside climate change and other 
natural disasters, economic crises force us to rethink our 
architecture. There is no immediate connection to urban 
farming. But strategies of exemplary projects show us how to 
handle that new topic.

“Rapid population growth and expanding suburbs have made 
PDQ\�FLWLHV�XQVXVWDLQDEOH��$UFKLWHFW�3DROR�6ROHUL�SURSRVHV�D�
QHZ�NLQG�RI�FLW\���WKH�DUFRORJ\���WKDW�XVHV�GHVLJQ�SULQFLSOHV�
WDNHQ� IURP� QDWXUH� WR� HQKDQFH� KXPDQ� OLIH�ZKLOH�PLQLPL]LQJ�
ecological impacts.” 
David S. Mayne about Arcosanti, DVD booklet description, 2

Responsible designers have to collaborate by reinventing 
architecture and deliberate on the current issues. Paolo Soleri 
is a representative of an idealistic architecture. In the year of 
1970 he started his urban laboratory in the desert of Arizona, 
named Arcosanti. It is still under construction because of 
economic reasons, and its grassroots based concept. But 
maybe Arcosanti will last longer than )RVWHU� DQG� 3DUWQHUV·�
giant urban vision of�0DVGDU�&LW\ in the Arabic Emirates, a 
well-meant project but fragile in existence. Future will show if 
the large amount of investments turn out to be well-invested.
1 Philip Jodidio: Green, Architecture Now!, Taschen Köln 2009
2 David S. Mayne: Blueprint for the future: The Architecture of Paolo Soleri, Very Sirius 
Productions, 2009
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Paolo Soleri - Arcosanti, Arizona, USA 2011
I.8

Photo: Walter Werschnig

Lacaton & Vassal - House in Coutras, Gironde, France 2000
I.7

Nexus, Issue 21, Photo: Philippe Ruault 

Page 8: Barlindhaag Consult AS - Global Seed Vault, Longyearbyen, Svalbard, Norway 2007-2008
I.6

Philip Jodidio: Green, Architecture Now!, Taschen Köln 2009 Photo: Mari Tefre/Global Crop Diversity Trust



“The seed vault is part of an unprecedented effort to protect 
WKH� SODQW·V� UDSLGO\� GLPLQLVKLQJ� ELRGLYHUVLW\�� 7KH� GLYHUVLW\� RI�
RXU�FURSV�LV�HVVHQWLDO�IRU�IRRG�SURGXFWLRQ��\HW�LW�LV�EHLQJ�ORVWµ
1RUZHJLDQ�JRYHUQPHQW·V�GHFODUDWLRQ�RQ�WKH�RFFDVLRQ�RI�WKH�RSHQLQJ�LQ�)HEUXDU\��������

The Global Seed Vault is an outstanding example of future 
architecture challenges. In contrast to digital data or other 
valuables, such a vault could host highly controversial nuclear 
waste as well. But in the end, this approach brings up more 
problems, rather than providing any solution.

Another option is to go back to handmade construction 
methods. The domain of vernacular architecture can teach us 
how to resolve ventilation and other building physics issues 
by proven low-tech strategies.

“... Its innovation lies in the adaptation of traditional methods 
DQG�PDWHULDOV�RI�FRQVWUXFWLRQ�WR�FUHDWH�OLJKW�ÀOOHG�FHOHEUDWRU\�
spaces, as well as informal spaces for children. Earthbound 
materials, such as loam and straw, are combined with lighter 
HOHPHQWV� OLNH� EDPERR� VWLFNV�DQG�Q\ORQ� ODVKLQJ� WR� VKDSH�D�
EXLOW�IRUP�WKDW�DGGUHVVHV�VXVWDLQDELOLW\�LQ�FRQVWUXFWLRQ�LQ�DQ�
H[HPSODU\�PDQQHU�µ�
Aga Khan Award jury for Architecture, 2

1, 2 Philip Jodidio: Green, Architecture Now!, Taschen Köln 2009
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Anna Heringer and Eike Roswag - Handmade School, Rudrapur, Dinajpur, Bangladesh 2005
I.9

Philip Jodidio: Green, Architecture Now!, Taschen Köln 2009 Photo: Kurt Hörbst

Rahm architekten - Bahnorama, Vienna, Austria
I.10



Considering economic, social and political issues, urban 
development is a multi layer discipline. Individual motorized 
WUDIÀF�KDV�EHHQ�GRPLQDWLQJ�WKH�SRVW�LQGXVWULDO�FLW\�IRU�GHFDGHV�
Mobility still has a huge impact on urban development. But 
the treatment of the topic is changing dramatically. Exemplary 
the city highway of the South Korean capital Seoul was 
deconstructed to make room for a landscape park. 1 Fears 
WKDW�WUDIÀF�V\VWHP�ZRXOG�FROODSVH�WXUQHG�RXW�WR�EH�FRPSOHWHO\�
wrong. Politicians have to accept the fact, that in many 
VLWXDWLRQV�OHVV�WUDIÀF�RSWLRQV�ZLOO�FDXVH�OHVV�WUDIÀF�
Recreation is in a close relationship with mobility demands of 
the urban population. Landscape parks and their performance 
KDYH�EHHQ�UHGHÀQHG��*UHHQ�VSDFHV�DUH�FORVHU�WR�IXOÀOO�DFWLYLW\�
needs than having representative functions.

“The proposal for the Ecoboulevard of Vallacas can be 
GHÀQHG�DV�DQ�RSHUDWLRQ�RI�XUEDQ�UHF\FOLQJ�WKDW�FRQVLVWV�RI�WKH�
LQVWDOODWLRQ�RI�WKUHH�VRFLDOO\�UHYLWDOL]LQJ�DLU�WUHHV�SODFHG�LQ�WKH�
H[LVWLQJ�XUEDQ�SDWWHUQ��WKH�GHQVLÀFDWLRQ�RI�WUHHV�ZLWKLQ�WKHLU�
H[LVWLQJ�FRQFRXUVH��WKH�UHGXFWLRQ�DQG�DV\PPHWULF�GLVSRVLWLRQ�
RI�WKH�WUDIÀF�URXWHV���µ
Belinda Tato and Jose Luis Vallejo 

The Ecoboulevard project in Madrid demonstrates a new 
understanding of the conception of time in connection to 
SXEOLF� VSDFHV�� $UWLÀFLDO� WUHHV� QDPHG� WHPSRUDU\� SURWKHVHV 
will be dismantled, leaving remaining spaces that resemble 
forest clearings. 3
There is a trend towards low-key interventions with a 
temporary character. Höhenrausch, a project of the European 
Capital of Culture is established, in Linz since 2009. It is an 
example that shows us how to experience urbanity from a 
new perspective and how to collaborate with event culture.
1 http://inhabitat.com/seoul-recovers-a-lost-stream-transforms-it-into-an-urban-park/ 
2012.3.12 11:32 AM
2, 3 Philip Jodidio: Green, Architecture Now!, Taschen Köln 2009
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Ecosistema Urbano - Ecoboulevard of Vallecas, Madrid, Spain, 2006
I.11

Philip Jodidio: Green, Architecture Now!, Taschen Köln 2009 Photo: Emilio P. Doitzua

OK, Höhenrausch 2, Linz, Austria
I.12

www.ok-centrum.at, 2012.3.3 5:42 PM, Photo: Hermann Wakolbinger





Human desire & grassroots movements

´$FFRPSDQLHG� E\� FRPPXQLW\� FRRNRXWV� DQG� SDUWLHV�� WKH�
garden installation made of plastic planter tubs became a 
meeting place, hangout, and showplace for social and inter-
ethnic encounters... Since people were able to plant the 
LQVWDOODWLRQ�RQ�WKHLU�RZQ��WKH\�KDG�VRPH�URRP�WR�PDQHXYHU��
and the experience of acting upon their own initiative 
VWUHQJWKHQHG�WKHLU�FRQÀGHQFH�LQ�GHDOLQJ�ZLWK�SXEOLF�VSDFH�µ
Susanne Witzgall about “Linzergarten” by Paperopoli 1

Cities are loosing their human scale. Pollution, high real 
estate prices and social segregation, as a consequence, are 
degrading the quality of life. Green spaces are not only for 
recreation. They have social duties and a education mission 
to their environment.

´,Q� 6NLS� &RQYHUVLRQV� E\� (QJOLVK� GHVLJQHU� 2OLYHU� %LVKRS�
<RXQJ�� VXFK� WKLQJV� DV� D� ODZQ�� D� ÁRZHU� EHG�� D� PLQL�SRQG�
with plants, or a tree and bench are set inside the abdominal 
FDYLW\� RI� YDULRXV� FRQVWUXFWLRQ� WUDLOHUV� DQG�� LQ� WKH� JXLVH� RI�
PRELOH��WHPSRUDU\�YLVLWRUV��WKH\�VWLPXODWH�WKH�JUH\�VXUIDFH�RI�
XUEDQ�VLGHZDONV�DQG�SDUNLQJ�ORWV�µ
Susanne Witzgall about Skip Conversations by Oliver Bishop-Young 2

A high number of bottom-up initiatives and art projects came 
up to highlight the absence of basic green infrastructure. 
Grassroots movements strive for a symbiosis with their urban 
surrounding and have therapeutic potential.

´*XHUULOOD� JDUGHQLQJ� DOVR� SXUVXHV� D� SDUDVLWLFDO� VWUDWHJ\�� ,W�
KDV�EHHQ�LQFUHDVLQJO\�SUDFWLFHG�LQ�UHFHQW�\HDUV�E\�PRUH�DQG�
PRUH�SULYDWH�JDUGHQHUV��ZRUNLQJ�LOOHJDOO\�DQG�LQ�VHFUHW��DQG�
KDV�EHFRPH�D�ZRUOGZLGH�PRYHPHQW�LQ�WKH�PHDQZKLOH��$UPHG�
with seed bombs, hoes, shovels, and plants, the gardening 
JXHUULOODV�FDUU\�RQ�D�VHOHFWLYH��ZHDULVRPH�EDWWOH����µ
Susanne Witzgall about guerrilla gardening 3

Guerrilla gardening is not only a simple violation of the law. In 
FRQWH[W�WR�WKH�JUDIÀWL�DUW�PRYHPHQW��LW�LV�LPSRUWDQW�WR�SURYLGH�
WROHUDQFH� IRU� D� KHDOWK\� XUEDQ� GHYHORSPHQW�� ,W·V� D� NLQG� RI�
support to the administration, to point out potentials and the 
right of participation.

1, 2, 3 Susanne Witzgall, Florian Matzner, Iris Meder: (re)design nature, Hatje Cantz 
9HUODJ��2VWÀOGHUQ�����
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Oliver Bishop-Young - Skip Conversations since 2008
I.15

6XVDQQH�:LW]JDOO��)ORULDQ�0DW]QHU��,ULV�0HGHU���UH�GHVLJQ�QDWXUH��+DWMH�&DQW]�9HUODJ��2VWÀOGHUQ�����

Paperopoli - Linzergarten, St. Pölten, Austria 2010
I.14

6XVDQQH�:LW]JDOO��)ORULDQ�0DW]QHU��,ULV�0HGHU���UH�GHVLJQ�QDWXUH��+DWMH�&DQW]�9HUODJ��2VWÀOGHUQ������3KRWR��$OH[L�3HOHNDQRV

Page 12: www.gruenwand.at - Fassade 48er Amtsgebäude, Vienna, Austria
I.13



´����SOHDVXUH�LQ�JRRG�IRRG�DQG�JRRG�FRPSDQ\��WKH�VHDUFK�IRU�
HQYLURQPHQWDOO\�IULHQGO\��VRFLDOO\�RULHQWHG�XUEDQ�OLIHVW\OHV��WKH�
GHVLUH�WR�EH�DHVWKHWLFDOO\�DQG�FUHDWLYHO\�DFWLYH��SRYHUW\�DQG�
XQHPSOR\PHQW�����µ
Susanne Witzgall about reasons for urban gardening 1

Urban gardening is a general term and a big issue. The 
movement is characterized by the fact that there is no central 
authority or organisation. The diversity of social groups 
VSHFLI\� WKH� FRPPXQLW\�� 1HZ� <RUN·V� WUHQGVHWWHU� RU� 'HWURLW·V�
working poor may participate in the current issue of urban 
gardening. The interaction with neighbourhoods ensures the 
PRYHPHQW·V�VXUYLYDO�

´7KH� :LQGRZIDUPV� 3URMHFW� LV� D� IDVW�JURZLQJ� ZHE� SODWIRUP�
WKDW�KHOSV�FLW\�GZHOOHUV�JURZ�IRRG� LQ� WKHLU�DSDUWPHQWV�\HDU�
round and channels their innovations into an open research 
IUDPHZRUN�IRU�WKH�IXWXUH�RI�XUEDQ�DJULFXOWXUH�µ
about the Windowfarms Project by Britta Riley 2

The 3ULQ]HVVLQQHQJDUWHQ in Berlin, Kreuzberg is a well known 
and successful example. 
The concept is based upon the work of volunteers and the 
PRELOLW\� RI� SODQWV�� &RQWDLQHUV� DQG� EDJV� DUH� ÁH[LEOH� LQ� XVH�
and easy to move. There are speculations about franchise 
based branches in other German cities. But the founders are 
QRW� LQWHUHVWHG� LQ� WKLV�JURZWK��7KH\�GRQ·W�EHOLHYH� LQ�D�patent 
medicine and a missionary incidence. 3

It is not sure that the landlord, the municipal administration 
of Berlin will continue to lease that area next season. The 
occupation of urban waste lands is a big issue in connection 
with urban farming. Political authorities are famous for their 
missing courage.
In general landlords are fearful about leasing land to 
someones use. 

1 Susanne Witzgall, Florian Matzner, Iris Meder: (re)design nature, Hatje Cantz Verlag, 
2VWÀOGHUQ�����
2 Repair the environment, Ars Electronica Festival, Linz 2010
3 http://www.zeit.de/lebensart/2011-04/prinzessinnengarten-neu/komplettansicht 2011.5.3 
11:30 AM
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Prinzessinnengarten, Moritzplatz, Berlin 2010
I.17

6XVDQQH�:LW]JDOO��)ORULDQ�0DW]QHU��,ULV�0HGHU���UH�GHVLJQ�QDWXUH��+DWMH�&DQW]�9HUODJ��2VWÀOGHUQ������3KRWR��0DUFR�&ODXVHQ

Britta Riley - The Windowfarms Project, USA
I.16

www.windowfarms.org 2012.3.8 2:34 PM



´7KH� ���P� JUHHQKRXVH� EDVHG� V\VWHP� ZLOO� JURZ� �����
OHDI\�JUHHQV� �KHUEV�OHWWXFHV��DQG�KDV�EHHQ�GHVLJQHG�DV�D�
FRPPXQLW\� VFDOH� FRPPHUFLDO� V\VWHP�� ,W� LV� VRODU� SRZHUHG��
FROOHFWV�DOO�RI�LWV�ZDWHU�IURP�LWV�URRI�DQG�ZH�KRSH�WR�HYHQWXDOO\�
JURZ� RXU� RZQ� ÀVK� IHHG�� 7KH� ODUJHU� YLVLRQ� LV� WR� FUHDWH� D�
QHWZRUN�RI�VLPLODU�)RRG�+XEV�LQ�WKH�FRPPXQLW\�DV�WUDLQLQJ�
FHQWHUV�ɑ´
Stephen Mushin about his Food Hubs Project 1

Many urban farming projects broach the issue of new growing 
V\VWHPV��6WHSKHQ�0XVKLQ·V�Food Hubs vision is a aquaponic 
based concept. It is a soilless cultivation method combining 
D� ÀVK� IDUP�ZLWK� K\GURSRQLFV�� %\� XVLQJ� WKH�ZDWHU� IURP� ÀVK�
ponds as a natural enriched nutrient solution, it is possible 
WR� RPLW� DUWLÀFLDO� PL[HG� FRPSRQHQWV�� ,W·V� DQ� DOWHUQDWLYH� WR�
common hydroponic cultivation methods with the aim to 
provide organic food.

The�8UEDQ�$JULFXOWXUDO�&XUWDLQ�� is a step further to vertical 
farming. Optimizing space management is a big issue to 
urban farming. The project is similar to The Windowfarms 
3URMHFW�

´7KH\�GLVFRYHUHG� WKDW�PDQ\�RIÀFH�ZLQGRZV� FRXOG� EH� XVHG�
IRU�IRRG�SURGXFWLRQ��DQG�VXJJHVWHG�WKDW�WKH\�EH�RXWÀWWHG�ZLWK�
D�FXUWDLQ�PDGH�RI�SODQWHU�ERZOV��ZKLFK� LV�KRRNHG�XS� WR�DQ�
DXWRPDWLF�ZDWHULQJ� V\VWHP��$�SOHDVDQW� VLGH�HIIHFW� RI� WKHVH�
FXUWDLQV� LV� WKDW� WKH\�PRGHUDWH� OLJKW� DQG� HYHQ� LPSURYH� WKH�
climate.”
Susanne Witzgall about “The Urban Agriculture Curtain” by Bohn & Viljoen Architects 2

1 http://stephenmushin.com/photo_display.php?id=157&library_id=23 2012.3.8 1:54 PM
2 Susanne Witzgall, Florian Matzner, Iris Meder: (re)design nature, Hatje Cantz Verlag, 
2VWÀOGHUQ�����
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Bohn & Viljoen Architects - The Urban Agriculture Curtain, London, Great Britain 2009
I.19

6XVDQQH�:LW]JDOO��)ORULDQ�0DW]QHU��,ULV�0HGHU���UH�GHVLJQ�QDWXUH��+DWMH�&DQW]��2VWÀOGHUQ�����

6WHSKHQ�0XVKLQ���$TXDSRQLFV�¶)RRG�+XE·�VLOYHUEHHW�KDUYHVW��0HOERXUQH��$XVWUDOLD�����
I.18

www.stephenmushin.com 2012.3.8 1:54 PM



The�6FLHQFH�%DUJH�DQG�7KH�*UHHQKRXVH�3URMHFW in New York 
are urban laboratories with the aim to teach children how 
to grow food, and about water management, nutrition and 
HIÀFLHQW�ODQG�XVH��7KH�SURMHFWV�DUH�LQ�FRRSHUDWLRQ�ZLWK�VFKRROV��
Pupils get knowledge about climate change, biodiversity, 
contamination, pollution and waste management. 1

“To facilitate this hands-on learning environment, the 
*UHHQKRXVH�3URMHFW�ODERUDWRU\�ZLOO�DOVR�LQFOXGH�VRODU�SDQHOV��
K\GURSRQLF�JURZLQJ�V\VWHPV��D�UDLQZDWHU�FDWFKPHQW�V\VWHP��
a weather station and a vermi composting station.
7KH�ODERUDWRU\�RSHUDWHV�DV�DQ�LQWHJUDWHG�SDUW�RI�WKH�VFKRRO·V�
FXUULFXOD� DQG� SUHSDUHV� FKLOGUHQ� WR� H[FHHG� 1<&·V� VFLHQFH�
standards.”
New York Sun Works about The Greenhouse Project 2

Compared to an average American tomato, the Science 
Barge tomato is carbon neutral, needs only a quarter of fresh 
water, no pesticides and the seventh part of space demand. 3
Testing new technologies is a big issue on the current 
progress. With the help of solar panels greenhouses can 
be operated in a carbon neutral way. Considering the large 
amount of energy consumed by the greenhouse industry, it 
is important to investigate in eco-friendly energy concepts.

1, 2, 3 http://nysunworks.org.s46880.gridserver.com/?s=thesciencebarge
2012.3.5 2:50 PM
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NY Sun Works - Science Barge, New York, USA
I.20

www.nysunworks.org 2012.3.5 2:44 PM

NY Sun Works -  The Greenhouse Project, New York, USA
I.21

www.nysunworks.org 2012.3.8 2:26 PM Photo: Burling 



Urban crisis

In the year 2030 more the 60% of the world population will 
live in cities. Today about 70% of CO2-emissions are caused 
by transport and food supply of cities. 1 It is a challenge for 
the urban development to improve the situation and make 
urban dwelling more sustainable.

The issue of urban farming is not completely new. There is 
a strong relationship to rare green spaces in urban areas 
and the effect of economic crisis to cities. The impact is 
enormous. Compared to rural regions urban agglomerations 
are more fragile. Social consequences come out earlier and 
more intensive.

In the last decades most industrial structures were closed 
down. Today many grassroots movements in the USA 
DUH�XVLQJ� WKH� VLWXDWLRQ� IRU� WKHLU� EHQHÀW��'HWURLW� LV� D� SHUIHFW�
example. Car industry has closed down and people are forced 
to leave the town. Left over inhabitants use abandoned land 
for growing their food.

As a result of the oil crises in the 70s, &RPPXQLW\�*DUGHQV 
were established in New York. In 1974 the city was bankrupt. 
As a consequence communal institutions were closed down. 
Financially strong inhabitants moved to the suburbs and 
urban poor were left. 1975 one quarter of the Bronx were 
fallow lands. 2 

Economic crises also come along with war times. The Relief, 
9LFWRU\� RU� :DU� *DUGHQV were supported by government 
during world wars in the USA. Domestic farming in courtyards 
and public parks discharged the budget and were important 
for social freedom. 3
In the times of economic recovery individual motor car 
WUDIÀF�ZDV�VXSSRUWHG�E\�JRYHUQPHQW��3HRSOH�PRYHG� WR� WKH�
suburbs and became addicted to frozen foods and fast food 
restaurants.

History demonstrates how cities are effected by economic 
crises and inhabitants are forced to reactivate parks and 
courtyards for their self supply. Since 2008 a new crisis brings 
up the topic of urban farming again.

1, 2, 3 Carolin Mees “Urban Agriculture, Nahrungsmittelproduktion und Stadt”  Arch+ 
196/197 Zeitschrift für Architektur und Städtebau, January 2010
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 Liz Christy, Community Gardens, New York 1973
I.23

Carolin Mees: Urban Agriculture,  Arch+ 196/197, Issue January 2010

Detroit Industries - Urban Agriculture 2003
I.22
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Conservatory architecture

Early discoveries at the ruins of Pompeii prove the existence 
of trivial constructions in the ancient world, similar to 
greenhouses. There are speculations that they were covered 
with translucent stones.1

7KH�ÀUVW� UHFRUGHG�V\VWHPDWLF�FXOWLYDWLRQ�RI�FURSV�VWDUWHG� LQ�
the medieval monastery gardens. In the age of Renaissance 
exotic fruits were brought to Europe. It was a challenge to 
cultivate these plants and protect them from the cold climate. 
Simple moveable timber structures were built. 2 These 
structures were further developed to orangeries and became 
UHSUHVHQWDWLRQ�EXLOGLQJV�RI�(XURSH·V�HPSHURUV�

The greenhouse in the garden of Otto von Münchhausen was 
WKH�ÀUVW�QRWDEOH�JUHHQKRXVH�FRQVWUXFWLRQ��,W�ZDV�EXLOW�LQ������
and is similar to common greenhouses used nowadays. 3
The typical dutch greenhouse was oriented from east to 
west. A brick wall facing north was housing a wood stove.The 
development of the elongate greenhouse was made possible 
by the invention of steam heating.

The continuous steel casting method and the industrial 
steel production of Bessemerbirne in 1856 allowed larger 
constructions. 4 The ridge-and-furrow-roof  is an exemplary 
design to enhance solar radiation. It was invented by the 
Scottish landscape architect John Loudon, a pioneer in 
creating new solar heated greenhouses.

A highlight for the architecture of greenhouses was built in 
London, to host the Great Exhibition in 1851. 5 The Crystal 
Palace at the Hyde Park was a great success. Visitors 
were fascinated by the new sense of space. In those days 
greenhouses were called bright-rooms and served as public 
places. The Industrial Revolution initiated a big socio-
economic change. People were disconnected from nature. 
Winter gardens were housing exotic plants for the satisfaction 
of green needs.

,Q������WKH�ÀUVW�PDVV�SURGXFHG�JUHHQKRXVH�Hothouses for 
the Million was brought on markets by Joseph Paxton. 6 It 
ZDV�D�SURWRW\SH��&RPPRQ�JUHHQKRXVH�FRQVWUXFWLRQV�KDYHQ·W�
changed dramatically for decades.

1, 2, 3, 4, 5, 6 Stefan Koppelkamm: Künstliche Paradiese, Verlag Ernst & Sohn, Berlin 
1988
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“Ridge-and-furrow-roof” John C. Loudon Bayswater 1815-18
I.25

Stefan Koppelkamm: Künstliche Paradiese, Verlag Ernst & Sohn, Berlin 1988

3D[WRQ·V�SDWHQW�´+RWKRXVHV�IRU�WKH�0LOOLRQµ������
I.24

Stefan Koppelkamm: Künstliche Paradiese, Verlag Ernst & Sohn, Berlin 1988

Salomon De Caus, Pomeranzenhaus im Heidelberger Schlossgarten vor 1620
I.26

Stefan Koppelkamm: Künstliche Paradiese, Verlag Ernst & Sohn, Berlin 1988



����� ÀUVW�´YHUWLFDO�IDUPµ�LQ�(XURSH�DW�3DLJQWRQ�=RR��� �
 England
2001 largest greenhouse the Eden Project, Cornwall,   
 England
1994 idea of “ecological footprint”
1991 Biosphere 2 at Arizona, USA
1978 “Hydroponic Food Production” by Howard Rehs
1972 release of the report “The Limits if Growth”
����� ÀUVW�FRPPXQLW\�JDUGHQ�SURMHFW�LQ�WKH�86$
1962 geodesic dome project in Manhattan
 by Richard Buckminster Fuller
1954 photovoltaic cells by Gerald Pearson, Calvin Fuller
 and Daryl Chapin

����� ÀUVW�K\GURSRQLF�JURZQ�SODQWV�E\
 William Frederick Gericke
1923 ecological Agriculture guide “Edaphon” published by
 Raul France
����� ÀUVW�YLFWRU\�JDUGHQV�GXULQJ�ZDUWLPH�LQ�WKH�86$�
 Canada and Great Britain
����� ÀUVW�DLU�FRQGLWLRQ�E\�:LOOLV�+DYLODQG�&DUULHU
1898 “The Garden City” by Ebenezer Howard

����� ÀUVW�FRPPRQ�JUHHQKRXVH�´+RWKRXVHV�IRU�WKH�0LOOLRQµ
 by Joseph Paxton
����� ÀUVW�DOORWPHQW�JDUGHQV��´6FKUHEHUJlUWHQµ�
����� ÀUVW�LQGXVWULDO�VWHHO�SURGXFWLRQ��%HVVHPHUELUQH
1851 the Crystal Palace by Joseph Paxton
 at the international industry exhibition, London, UK

1822 greenhouse effect discovered
 by Jean Baptiste Josephine Fourier
1813 greenhouses with “solar heating” by John Loudon
1800 invention of hot-water heating systems
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.RUHD·V�ÀUVW�´YHUWLFDO�IDUPµ
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Fabian Kretschmer: Ackerbau im Hochhaus, Der Standard Print 2011.5.26 Photo: Insung Tec

Crystal Palace, London 1851
I.29

Stefan Koppelkamm: Künstliche Paradiese, Verlag Ernst & Sohn, Berlin 1988

The Victory Gardens - propaganda poster during World War II
I.28

Dickson Despommier: The Vertical Farm, Thomas Dunne Books 2010 Photo: Minnesota Historical Society



����� ÀUVW�JDV�ODPS�LQ�WKH�1HWKHUODQGV
 by Petrus Minckeleers

1714 greenhouse in the garden of Otto von Münchhausen

1700 development of the elongate greenhouse

1688 invention of the continuous steel casting

����� ÀUVW�LGHD�RI�K\GURSRQLFV�LQ�´6\OYD�6\OYDUXPµ
 by Sir Francis Bacon 

1626 “Pomeranzenhaus” in Heidelberg

$JH�RI�5HQDLVVDQFH��ÀUVW�H[RWLF�IUXLWV�DUULYLQJ�LQ�(XURSH

500 development of medieval monastery gardens

79 AD  ruins of “greenhouses” in Pompeji

600 BC the Hanging Gardens of Babylon
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Greenhouse in the garden of Otto von Münchhausen
I.31

Stefan Koppelkamm: Künstliche Paradiese, Verlag Ernst & Sohn, Berlin 1988

Pomeranzenhaus Unteres Belvedere, Vienna 1715
I.30

Stefan Koppelkamm: Künstliche Paradiese, Verlag Ernst & Sohn, Berlin 1988

Timeline, history of urban farming
data origin: Arch+ 196/197 Zeitschrift für Architektur und Städtebau, Issue January 2010 
Jürgen Mayer H. Neeraj Bhatia : -arium, Wheather + Architecture, Hatje Cantz Verlag 
2VWÀOGHUQ�����
Stefan Koppelkamm: Künstliche Paradiese, Verlag Ernst & Sohn, Berlin 1988

Hanging Gardens of Babylon by Dutch artist Martin Heemskerck
I.32

http://en.wikipedia.org/wiki/Hanging_Gardens_of_Babylon 2012.3.12 8:22 PM



Challenges to urban farming

“Vertical farms can offer the perfect solution to the main crises 
WKH� ZRUOG� IDFHV� WRGD\� VXFK� DV� GHIRUHVWDWLRQ�� SRSXODWLRQ�
increases, climate change, pollution, depleting resources, 
GZLQGOLQJ� HFRORJ\�� GHFUHDVLQJ� IRRG� VXSSOLHV� XUEDQ� KHDW�
island effect, and more.”
Dickson Despommier about advantages of vertical farms 1

Will urban farming guarantee food supply? How do we act in 
XUEDQ�VXUURXQGLQJV�DQG�KRZ�GR�ZH�SURYLGH�D�SXEOLF�EHQHÀW"�
Can we grow only tomatoes and cucumbers, what about 
apples and wheat in urban greenhouses?

Agriculture is a system, transforming itself since thousands 
of years and according to society. Urban farming has the 
GHPDQG�WR�FRPSOHPHQW�FRPPRQ�DJULFXOWXUH��:H�FDQ·W�PDNH�
WKH�FLW\�VHOI�VXVWDLQLQJ��/LJKW�H[SRVXUH��VRLO�TXDOLW\�DQG�WUDIÀF�
emissions are problems for urban farming. If we want to grow 
IRRG�LQ�FLWLHV�ZH�FDQ·W�EXLOG�RUGLQDU\�VN\VFUDSHUV�OLNH�ZH�XVH�
WR�EXLOG� IRU�RIÀFH�XVH��6N\VFUDSHUV�DIIHFW� WKH�PLFUR�FOLPDWH�
and cause wind turbulences. The light situation within an 
urban surrounding is very delicate.

There is a missing link between small initiatives and large 
scale visions of vertical farming. If we want to establish 
horticulture in an urban context, we have to consider hidden 
potentials. Some projects combine vegetable cultivation with 
extensive apiculture 2 (honey production) and aquaponics 
�LQWHQVLYH�ÀVK� IDUPLQJ��� 3 There is an enormous amount of 
ORVW� KHDW� IURP� VXSHUPDUNHWV�� RIÀFH� EXLOGLQJV� RU� LQGXVWU\��
Schools, universities and other social infrastructure can 
provide knowledge. Communities and social solidarity can 
be encouraged. Urban wastelands have a great potential 
for interventions. It is important to consider these issues and 
develop new strategies.

1 Dickson Despommier: The Vertical Farm, Feeding The World in the 21st Century, 
Thomas Dunne Books 2010
2 Bees in the City? New York May Let the Hives Come Out of Hiding
http://www.nytimes.com/2010/03/15/science/earth/15bees.html 2012.3.18 4:27 PM
3 Stephen Mushin: The Food Hubs Project
http://stephenmushin.com/photo_display.php?id=157&library_id=23 2012.3.8 1:54 PM
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Advantages of urban farming
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Urban contaminations
I.35

Challenges to urban farming
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Almeria, a greenhouse nightmare

“... farm runoff despoils vast amounts of surface water and 
groundwater. Some 70 percent of all the available freshwater 
RQ�HDUWK�LV�XVHG�IRU�LUULJDWLRQ��DQG�WKH�UHVXOWLQJ�UXQRII��W\SLFDOO\�
laden with leftover salts, herbicides, fungicides, pesticides, 
and fertilizers leached from the nutrient-depleted farmed soil, 
is returned to countless rivers and streams.”
Dickson Despommier about soil contamination 1

Almeria is covered by 40.000 ha of greenhouses, made out of 
cheap plastic foil. 2 Most of the greenhouses are low capital 
investments and family-owned. Each farm is about 1-1.5 ha 
large. Water supply is insecure and growers tend to use a lot 
RI�SHVWLFLGHV��HVSHFLDOO\�DJDLQVW�ZKLWHÁLHV�DQG� WKULSV�ZKLFK�
both spread various viral diseases. 3
One tomato needs 13 litres of fresh water (180l/kg) to grow. 
Ground water level is dropping. To ensure future production 
GHVDOWLQJ� SODQWV� ZLOO� EH� EXLOW��$UWLÀFLDO� ODNHV� RI� XVHG� ZDWHU�
cover wide areas. The water has to be decontaminated of 
pesticides before it is ending up in the sea.

It is a fact that about 20.000 illegal workers, by a majority from 
$IULFD�� DUH� HQJDJHG� WR� VHUYLFH� (XURSH·V� ODUJHVW� YHJHWDEOH�
garden. The average income is less than 400¤ per month. 
Most of the salary is spent for maintenance and living costs. 
4 Workers are exploited, because of their hopeless situation. 
$W�ÀUVW�WKH\�EHOLHYH�WKDW�(XURSH�ZLOO�SURYLGH�D�JRRG�IXWXUH�IRU�
them. But they are forced to work under hot greenhouse roofs 
and are exposed to poisonous pesticides.

´&RFD�&ROD� LV� IDFLQJ� TXHVWLRQV� DERXW� LWV� OLQNV� WR� RUDQJH�
KDUYHVWLQJ� LQ� VRXWKHUQ� ,WDO\�� ZKLFK� FDPSDLJQHUV� VD\� UHOLHV�
RQ� WKH� FKHDS� ODERXU� RI� $IULFDQ� PLJUDQWV� OLYLQJ� LQ� VTXDOLG�
conditions.”
Cahal Milmo and Andrew Wasley: The hard labour behind soft drinks 5

The labour situation in Italy is similar to Spain. Coca-Cola 
LV� WKH� ÀUVW� LQWHUQDWLRQDO� FRPSDQ\� UHWKLQNLQJ� WKHLU� EXVLQHVV�
strategy about orange supply and production methods.

1 Dickson Despommier: The Vertical Farm, Feeding The World in the 21st Century, 
Thomas Dunne Books 2010
2 Mirko Tomic: Betrifft, Hauptsache billig, Wie werden die kleinen Preise gemacht? SWR 
Fernsehen 2010 2011.11.23 20:15
3 Daniel Cantliffe and John Vansickle: Competitiveness of Spanish and Dutch Greenhouse 
Industries with the Florida Fresh Vegetable Industry 2009
4 Volker Heise: Betrifft, Hilfe! Was essen wir?, SWR Fernsehen 2011.2.23 20:15
5 http://www.independent.co.uk/life-style/food-and-drink/features/the-hard-labour-behind-
soft-drinks-7440046.html 2012.3.3 1:20 PM
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2UDQJH�KDUYHVW��WKH�KLGGHQ�FRVW�RI�,WDO\·V�VRIW�GULQNV�WUDGH
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www.independent.co.uk 2012.3.3 1:35 PM

Nikolaus Geyrhalter - Our Daily Bread 2005
I.38

www.unsertaeglichbrot.at 2012.3.3 2:21 PM Photo: Nikolaus Geyrhalter

Page 22: Almeria, Spain
I.36

http://maps.google.com 2010.10.26 3:49 PM
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Consumption of energy for production and transport of tomatoes
D.2

Christian von Zabeltitz: Integrated Greenhouse Systems for Mild Climates, Springer 2011

Active ingredients (pesticides, ...) for production of tomatoes
D.1

Christian von Zabeltitz: Integrated Greenhouse Systems for Mild Climates, Springer 2011
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Vegetable import & supply

More than three billions of people are living in cities worldwide. 
We are used to consume what we want, any time we want. 
We are dependent from seasonable fruits and vegetables, 
provided all over the year. 1

Most vegetables in our supermarkets have their origin in 
Spain, Italy, Greece, The Netherlands, Hungary or Israel. 
Transported by trucks or by plane hundreds of kilometres, 
across the continent.
During winter time vegetable supply is ensured by production 
overseas. People expect to be served fresh vegetables all 
year round without considering consequences. Growing 
crops in arid climate zones causes many environmental 
problems. 

In Austria each person consumes about 24 kg tomatoes 
each year (25,3 kg in 2009). In 2009 210.376 tons tomatoes 
were imported from abroad. 2 Most tomatoes come from 
Italy, Spain and The Netherlands. The Situation in the rest 
of Europe is comparable: In Germany 1.9 million tons of 
tomatoes are consumed each year. 80% are from Spain and 
The Netherlands. 3

But people want to know where their food is grown. A number 
of TV reports and documentary movies approach the issues 
of food production preconditions. 4
Considering the Austrian food survey by GfK in 2010 the most 
important criteria for foodstuffs are freshness and good taste. 
Beside that, consumers are interested in contaminations, 
a short distance transport and local production. 35% of the 
consumers feel up to spend 10% more on local food. That 
demonstrates the awakening consumers sensibility and the 
willingness to change buying behaviour.

1 Human Planet - Leben in der Stadt ZDFneo http://www.zdf.de/ZDFmediathek/beitrag/
video/1563596/Human-Planet---Leben-in-der-Stadt 2012.3.3 11:34 AM
2 Statistik Austria , ISIS-Auswertung 1995-2009
3 Volker Heise: Betrifft, Hilfe! Was essen wir?, SWR Fernsehen 2011.2.23 20:15
4 Michael Pollan, Eric Schlosser and Richard Lobb: Food, Inc. USA 2008, Nikolaus 
Geyrhalter: Our Daily Bread, Austria 2005
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Vegetable import Austria 
M.1

Tomato consumption, Austria
I.40

Consumption values, Austria
T.1

data origin: 1 www.statistik.at 2012.3.2 1:50 PM
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Page 25: Capsicums - Mathy Großmarkt, Linz, Austria
I.39
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Vegetable import average, Austria 2002-2006
D.3

data origin: www.statistik.at 2011.3.3 4:56 PM

Supply balance tomatoes, Austria 2003-2009
D.5

data origin: www.statistik.at 2011.3.1 12:06 AM

6XSSO\�EDODQFH�YHJHWDEOHV��VHOI�VXIÀFLHQF\�LQ�����$XVWULD��������
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data origin: www.statistik.at 2011.4.5 12:07 PM
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Cucumber import, Austria 1998-2009
D.8

data origin: Statistik Austria , ISIS-Auswertung 1995-2009

Capsicum import, Austria 1997-2009
D.7

data origin: Statistik Austria , ISIS-Auswertung 1995-2009

Tomato import, Austria 1998-2009
D.6

data origin: Statistik Austria , ISIS-Auswertung 1995-2009

Vegetable import (tons), Austria 2009
D.9

data origin: Statistik Austria , ISIS-Auswertung 1995-2009
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Food quality, Austrian food survey, GfK 2010
D.11

www.lebensministerium.at 2011.3.17 6:49 PM

Willingness to pay, Austrian food survey, GfK 2010
D.10

www.lebensministerium.at 2011.3.17 6:49 PM





Greenhouse industry & principles

Greenhouses are structures made to provide perfect 
FRQGLWLRQV�IRU�SODQW�FXOWLYDWLRQ��7KH\�DUH�ÁH[LEOH�LQ�XVH�DQG�LW�
is common to use cheap construction materials.
Greenhouses are used to extend growing seasons by 
controlling light conditions, humidity, temperature and air 
consistence. Horticulture can help saving water consumption. 
It is possible to disclaim the use of pesticides and to save 
acreage by a higher crop rate.

There is a wide variety of greenhouse structures depending 
on light conditions, cover materials, expected snow loads, 
ventilation and growing systems. Common greenhouse 
frames are made of aluminum or galvanized steel. 1 Claddings 
DUH� XVXDO� PDGH� RI� SODVWLF� ÀOP� �3DUUDO�W\SH� JUHHQKRXVH� LQ�
Almeria). The Dutch Venlo-type is covered with glass and 
established in many countries above 50°N latitude. Shading, 
heating and ventilation systems require an operating hight up 
to 6 meters (tomato cultivation).

&RPSDUHG� WR� RSHQ� ÀHOG� JURZQ� YHJHWDEOHV�� JUHHQKRXVH�
production is more expensive. Beside structure and labour 
costs, energy consumption, substrate and fertilizer increase 
the production costs. A modern greenhouse is operated by 
computerized environmental control, heating and irrigation 
systems. Today investments into high-tech greenhouse 
operations are increasing worldwide.

Greenhouse costs including climate control, transport and 
fertilization are about US$ 75/m2 (Woerden and Bakker, 
2000). 2 Dutch greenhouse manufacturers improved 
FRQVWUXFWLRQ�PHWKRGV� DQG� RSHUDWLQJ� HIÀFLHQF\� HQRUPRXVO\��
%HVLGH�WHFKQLFDO�LPSURYHPHQWV��ODERXU�ÀJXUHV�DUH�DERXW�����
workers/ha in The Netherlands (Woerden and Bakker, 2000) 
3 compared to 7-12 workers/ha in North America (Jensen and 
Malter, 1995) 4� /RZ�FRVW�VWUXFWXUHV� OLNH� SODVWLF� ÀOP� WXQQHOV�
are common in Spain and Italy. Construction costs are from 
7,8 ¤/m2 to 15,6¤/m2 (Costilla et al. 2005). 5 

1, 5 Christian von Zabeltitz: Integrated Greenhouse Systems for Mild Climates, Springer, 
Heidelberg 2011
2, 3, 4 E. Heuvelink: Tomatoes, Crop Production in Horticulture, CABI Publishing 
Oxfordshire, UK 2005
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Venlo greenhouse
I.44

Round arched tunnel
I.42

Greenhouse energy balance
I.43

Christian von Zabeltitz: Gewächshäuser, Ulmer Verlag, Stuttgart 1978

Page 30: Cucumber greenhouse after harvest, Vienna, Austria
I.41



In The Netherlands glasshouses are covering large areas of 
about 10,500 ha. Italy reports some 61,900 ha (mostly large 
SODVWLF�ÀOP�WXQQHOV��DQG�LV�IROORZHG�E\�6SDLQ�ZLWK�D�WRWDO�DUHD�
of 46,852 ha (Costa et al., 2004). 1

0HPEUDQH�VWUXFWXUHV�DUH�PRUH�ÁH[LEOH��HDV\�WR�KDQGOH�DQG�
FDQ�EH�XVHG�WHPSRUDU\��3ODVWLF�ÀOP�KDV�D�VKRUW�OLIH�F\FOH�RI�
about 4-6 years. 2 
Glass constructions are not as cheap and adaptable as 
membrane structures. But glass takes more advantage of 
natural sunlight and can be heated during cold seasons.

Greenhouse design rules are very simple. It is important 
to consider a low surface-to-base-area ratio for an energy 
HIÀFLHQW�FRQVWUXFWLRQ��3 
7KH�RULHQWDWLRQ�KDV�D�UHVSHFWDEOH�LPSDFW�WR�WKH�VRODU�SURÀW�
and yield values. Compared to an east-west oriented 
greenhouse light transmission is higher in winter and lower 
in summer than in a north-south oriented greenhouse. In 
general it is important to consider roof angular and shape, 
growing season, and location. For example, cucumber 
yield in Almeria (Spain) can increase up to 25-50% in an 
asymmetrical east-west-oriented greenhouse with a roof 
slope of 45° to south and 27° to the north compared to 
11° and 24° respectively (Castilla et al. 2001). Diffuse or 
scattered light can penetrate deeper into a plant canopy than 
direct light. Production can be increased by 5-6% per year. 4

Greenhouse architecture has not been changed for many 
decades. It seems that there is a perfect system for the 
requirements of nowadays. To adapt the principles of 
JUHHQKRXVHV� IRU� IXWXUH� KLJK� SURÀW� IDUPLQJ� LW� LV� LPSRUWDQW�
to understand building physics and standards for plant 
breeding.

1 E. Heuvelink: Tomatoes, Crop Production in Horticulture, CABI Publishing Oxfordshire, 
UK 2005
2, 4 Christian von Zabeltitz: Integrated Greenhouse Systems for Mild Climates, Springer, 
Heidelberg 2011
3 Henning Bredenbeck: Technik im Gartenbau unter Glas, Energieeinsparung durch 
Wärmedämmung an der Gewächshaushülle, KTBL Arbeitsblatt 2001
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Greenhouse heating systems and air circulation
I.45

data origin: Christian von Zabeltitz: Gewächshäuser, Ulmer Verlag, Stuttgart 1978

7HPSHUDWXUH�SURÀOHV
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Christian von Zabeltitz: Gewächshäuser, Ulmer Verlag, Stuttgart 1978



Local climate conditions are regulating the growing season. 
Plants grown under protected cultivation are adapted to 
average temperatures from 17°C to 27°C. Optimal operating 
temperatures range from 22°C to 28°C during daytime and 
15°C to 20°C during night. A minimum sunshine of 500-550 
hours during winter months in the Northern Hemisphere is 
recommended. 1
Ventilation is important for the exchange of carbon dioxide, 
oxygen, temperature and humidity differences. The ratio of 
DLU�LQOHWV�WR�JUHHQKRXVH�ÁRRU�DUHD�VKRXOG�EH�DERXW���������2

In The Netherlands, operating costs are considerably higher 
because of the poor conditions of light and temperature 
during the winter. Heating systems are necessary to ensure 
a constant climate in winter times or to balance different 
temperatures from day to night. While Almeria has a total 
amount of 3.000 annual sunshine hours, growing conditions 
in Iceland are on the limit. 3 
In Hveragerdi an area of about 20 ha is covered with 
JUHHQKRXVHV��7KH�JURZLQJ�VHDVRQ�LV�XS�WR�QLQH�PRQWKV��,W·V�
nearly unbelievable that 2.000 tons of tomatoes, cucumbers, 
capsicums and eggplants are produced annually. Also during 
summer, the light conditions are very poor and cultivation 
KDV�WR�EH�VXSSRUWHG�E\�DUWLÀFLDO�LOOXPLQDWLRQ�ZLWK�WKH�KHOS�RI�
neon and mercury arc lamps. 4 Considering a four hour day 
GXULQJ�ZLQWHUWLPH�IURP�1RYHPEHU�WR�)HEUXDU\��LW�ZRXOGQ·W�EH�
SRVVLEOH�WR�JURZ�YHJHWDEOHV�RQ�LFHODQG�ZLWKRXW�WKH�EHQHÀW�RI�
geothermal heating.

$UWLÀFLDO� LOOXPLQDWLRQ� LV� XVHG� IRU� LQWHQVLYH� SURGXFWLRQ�� WR�
push plant growth by extending the day to the night or to 
support growing during the day. There are different methods 
IRU� DUWLÀFLDO� LOOXPLQDWLRQ�� SKRWRSHULRGLF� LOOXPLQDWLRQ� ��������
lux), assimilative in combination with daylight (1000-5000 
OX[���DVVLPLODWLYH� IRU�DUWLÀFLDO� LOOXPLQDWLRQ������������� OX[���
5 1HZ�WHFKQRORJLHV�KDYH�WR�EH�H[SORUHG�WR�HQVXUH�DUWLÀFLDO�
illumination. Light-emitting diodes (LED) are an up-coming 
technology. They can be powered by photovoltaics and are 
used by research facilities in The Netherlands. 

1, 2 Christian von Zabeltitz: Integrated Greenhouse Systems for Mild Climates, Springer, 
Heidelberg 2011
3 Daniel Cantliffe and John Vansickle: Competitiveness of Spanish and Dutch Greenhouse 
Industries with the Florida Fresh Vegetable Industry 2009
4 E. Michael Salzer: In den Tropen des Nordatlantik, Merian Issue 8/42
5 Christian von Zabeltitz: Gewächshäuser, Ulmer Verlag, Stuttgart 1978
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LED supported vertical farming, Plant Lab, The Netherlands
I.47

www.croppings.nl 2012.3.17 12:14 PM

Banana cultivation, Hveragerdi, Iceland
I.46

http://en.wikipedia.org/wiki/Banana_production_in_Iceland 2012.3.17 12:24 PM
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6SHFWUXP�JOREDO�UDGLDWLRQ��FRQVLGHULQJ�DUWLÀFLDO�LOOXPLQDWLRQ
D.15

www.ktbl.de 2011.11.3 4:25 PM

Light transmission and incidence angle
D.13

Christian von Zabeltitz: Gewächshäuser, Ulmer Verlag, Stuttgart 1978

Spectral transmission of different materials
D.14

Christian von Zabeltitz: Gewächshäuser, Ulmer Verlag, Stuttgart 1978

single glazing .... a 
cellular polycarbonate .... b

polyester .... c
PVC ... d

single glazing .... a 
double glazing .... b

cellular polycarbonate .... c



The low energy greenhouse

“The main objective of the project is to reduce the consumption 
RI�IRVVLO�HQHUJ\�DQG�KHQFH�WKH��IRVVLO��&22-emission for crop 
production in greenhouses to zero. This ambitious goal can 
EH� DFKLHYHG� E\� XVLQJ� D� V\VWHP�RULHQWHG� DSSURDFK� ZKLFK�
consists of a cooperation of technical innovation and technical 
arrangements in cultivation.”
ZINEG - The Low Energy Greenhouse 1

To operate a greenhouse sustainably, energy can be supplied 
by solar panels. It is also important to provide a closed system 
with single glazing and multi-layer thermal screen. Process 
controlling software is in use to optimize energy storage and 
the potential re-use of solar energy. 
Research conclusions help to identify saving potentials 
and to determinate the boundaries of that technology. 
Simultaneous horticulture studies are important to adapt 
climate management, irrigation and nutrient supply. With 
phytomonitoring technology it is possible to investigate in 
crop responses to various climate conditions. 2

Beside testing new technologies, there is a wide range of 
research topics. Following bullet points are inspired by the 
research project /RZ�(QHUJ\�*UHHQKRXVH at the Humboldt 
Universität zu Berlin.

Breeding of test plants: 
��FXOWLYDWLQJ�RI�DVLDQ�OHDI\�YHJHWDEOHV�DQG�VSLFHVɑ
Testing substrates for cultivation and crops:
��K\GURSRQLF�FXOWLYDWLRQ�V\VWHPV�IRU�HJJSODQWV�ɑ
Production of seeds: 
��XVLQJ�DHURSRQLFV�IRU�SRWDWR�UHSURGXFWLRQɑ
Phytomonitoring and phytocontrol:
- testing new strategies for ventilation, fog systems and CO2 
accumulation for optimization of micro climates
Acclimatization of plants to climate change:
- focusing on drought stress 
New strategies for virus-free plants:
- focusing on virus transfer with vegetative multiplication
- using silicates and algae as nontoxic insecticides
- cultivating corn with nutrient solution for biomass production 
3

1, 2 http://www.zineg.de/?q=en/node/50 2012.3.19 12:27 PM
2 http://www.agrosnet.de/gwh/greenhouse.html 2011.3.23 9:40 AM
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Solar panel greenhouse - common heated greenhouse, HU Berlin
I.48

data origin: www.agrosnet.de 2011.3.23 9:40 AM

Research facility, HU Berlin
I.49

 data origin: www.agrosnet.de 2011.3.23 9:40 AM

1 stormwater tank
2 data processing system

3 nutrient mixing equipment
4 weather station

A, B, C greenhouse testing facility





Cultivation systems & yields

´1XPHURXV�FRPPHUFLDOO\�YLDEOH�FURSV�VXFK�DV�VWUDZEHUULHV��
WRPDWRHV��SHSSHUV��FXFXPEHUV��KHUEV��DQG�D�ZLGH�YDULHW\�RI�
VSLFHV� KDYH� VHHQ� WKHLU�ZD\� IURP� FRPPHUFLDO� JUHHQKRXVHV�
WR�WKH�ZRUOG·V�VXSHUPDUNHWV�LQ�HYHU�LQFUHDVLQJ�DPRXQWV�RYHU�
WKH�ODVW�ÀIWHHQ�\HDUV�µ
Dickson Despommier about hydroponic crops 1

Lots of vegetables and herbs are common to be grown in 
greenhouses. In Almeria winter crops, such as tomatoes, 
peppers, cucumbers and squashes differ from summer crops, 
such as various muskmelons, watermelons, and green beans. 
Production peaks are from December to January and from 
May to June. Approximately 90% of common cultivation in 
$OPHULD�LV�SURGXFHG�RQ�DUWLÀFLDO�VRLO��,W·V�D�VSHFLDO�VRLO�PL[WXUH�
partly of clay and sandy gravel and is called Enarenado. 
Dutch producers prefer hydroponic systems which use rock 
wool for a media and some producers do well with the soilless 
QXWULHQW�ÀOP�WHFKQLTXH��2 

The increased production of tomatoes grown hydroponically 
is usually 20-25 % higher. Special cucumbers and tomatoes 
have been developed for greenhouse culture. Those crops 
are trained to grow vertically and not to spread along the 
ground. They are harvested throughout the entire season 
(one-year crop period). 3

Yield values are very different. They depend on climate and 
growing system. With full controlled hydroponic systems high 
crops are possible. For example, average tomato yields in 
high-light area (Almeria, Spain: 3000 hours sunshine per 
year) are lower (28 kg/m2) than in The Netherlands or Canada 
(60 kg/m2��HYHQ� WKRXJK� OLJKW� LQWHQVLW\�SHU�GD\� LV�ÀYH� WLPHV�
higher in Spain during winter compared to The Netherlands 
(Costa and Heuvelink, 2000). 4

1 Dickson Despommier: The Vertical Farm, Feeding The World in the 21st Century, 
Thomas Dunne Books 2010
2 Daniel Cantliffe and John Vansickle: Competitiveness of Spanish and Dutch Greenhouse 
Industries with the Florida Fresh Vegetable Industry 2009
3 Howard M. Resh: Hydroponic Food Production, Routledge 2004
4 E. Heuvelink: Tomatoes, Crop Production in Horticulture, CABI Publishing Oxfordshire, 
UK 2005
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Common hydroponic cultivation systems
I.51

Page 36: Cucumber culture after harvest, Vienna, Austria
I.50



Hydroponic crops
I.52

 data origin: 1 Howard M. Resh: Hydroponic Food Production, Routledge, New York-London, 2004
2 http://www.agrosnet.de/gwh/greenhouse 2011.3.23 9:40 AM

3 http://nwrec.hort.oregonstate.edu/zuc.html 2012.3.2 1:07 PM  
4 http://www.abhydroponics.com.au/page/rotating_system.html 2011.4.4 9:37 PM
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Tomato plant schedule (two crops annually)
D.21

data origin: Howard M. Resh: Hydroponic Food Production, Routledge 2004

Cucumber plant schedule (three crops annually)
D.20

Lettuce plant schedule (three crops annually)
D.19

Tomato plant schedule (single crop annually)
D.18

Cucumber plant schedule (single crop annually)
D.17

Capsicum plant schedule (single crop annually)
D.16
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Yield values, Austria
T.2

data origin: www.statistik.at  2011.4.6 10:59 PM

Weighted yield values
T.4

Yield values worldwide
T.3

data origin: 1 North America Howard M. Resh: Hydroponic Food Production, Routledge 2004
2  Australia http://www.abhydroponics.com.au/page/rotating_system.html 2011.4.4 9:37 PM

3 USA http://nwrec.hort.oregonstate.edu/zuc.html 2012.3.2 1:07 PM  
4 Netherlands Christian von Zabeltitz: Integrated Greenhouse Systems for Mild Climates, Springer 2011

5 Netherlands E. Heuvelink: Tomatoes, CABI Publishing 2005
6 Netherlands http://www.actahort.org/members/showpdf?booknrarnr=711_1 2012.3.2 1:09 PM

��1HWKHUODQGV�KWWS���HGLV�LIDV�XÀ�HGX�FY����7$%/(B����������������30
��1HWKHUODQGV�KWWS���ZZZ�OHL�GOR�QO�OHLFKLQD�¿OHV��EH���H�G���������II��IH�H��HI���SGI���������������30

��&DQDGD�KWWS���ZZZ�DJI�JRY�EF�FD�JKYHJHWDEOH�SXEOLFDWLRQV�GRFXPHQWV�LQGXVWU\BSUR¿OH�SGI���������������30�
���KWWS���ZZZ�SRYUFH�FRP�"3 JHQ	$ )$2	+70 ��������������������30



Variety of hydroponic grown tomatoes
I.53



Beside water, oxygen and carbon dioxide plants need 
basic elements to grow. All hydroponics are in common to 
be supplied with a nutrient solution. To make up a nutrient 
solution fertilizer salts are dissolved in water. An optimal 
formulation depends on the following variables: Plant species 
and variety, stage of plant growth, season of year, day length, 
weather conditions. Fertilizer injector systems work well in 
combination with computer monitoring. Stock solutions are 
concentrated nutrient solutions. They are prepared as 50, 100 
or 200 times normal strength for mixing up with the irrigation. 
1 There are open and closed hydroponic systems. In Spain 
nutrient solutions mostly won´t be recycled and contaminate 
the environment.

Most essential elements within the plants: 
Nitrogen, Phosphorus, Potassium, Sulfur, Magnesium, 
Calcium, Iron, Chlorine, Manganese, Baron, Zinc, Copper, 
Molybdenum, Carbon, Hydrogen, Oxygen; 2

A soilless medium must provide oxygen, water, nutrients and 
support for the plant roots. The choice of the medium will be 
determined by availability, cost, quality and the type of the 
cultivation method. It is important to be aware of containing 
toxic contaminants and that growing media should be 
sterilized before use. 

Common growing media:
Expanded clay, rock wool, coir (coco peat), perlite, pumice, 
vermiculite, sand, gravel, brick shards, polystyrene packing, 
SHDQXW�KXOOV��ZRRG�ÀEHU��IRDP��VDZGXVW������3

The water culture is a true hydroponic system without the use 
of any growing medium. This includes aeroponics. Plant roots 
are suspended into a closed dark chamber in which jets of 
nutrient solution are periodically sprayed. The Nutrient Film 
Technique is a water-cultural technique in which plant roots 
DUH�FRQWDLQHG�LQ�D�VPDOO�FKDQQHO�WKURXJK�ZKLFK�D�WKLQ�ÀOP�RI�
nutrient solution is continuously circulating.

Common hydroponic techniques:
6WDWLF� VROXWLRQ� FXOWXUH�� FRQWLQXRXV�ÁRZ� VROXWLRQ� FXOWXUH��
DHURSRQLFV��SDVVLYH�VXE�LUULJDWLRQ��HEE�DQG�ÁRZ�FXOWXUH��UXQ�
to waste, deep water culture, bubbleponics, ...

1, 2, 3 Howard M. Resh: Hydroponic Food Production, Routledge 2004
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Strawberry column culture: Hydrostackers
I.55

Dickson Despommier: The Vertical Farm, Feeding The World in the 21st Century, Thomas Dunne Books 2010 Photo: Dieter Tamson

Aeroponics by Richard Stoner, NASA
I.54

Dickson Despommier: The Vertical Farm, Thomas Dunne Books 2010 Photo: Richard Stoner / AgriHouse



 Movable hydroponic units
I.56

data origin: http://www.simplyhydro.com/system.htm 2012.3.2 1:21 PM
Howard M. Resh: Hydroponic Food Production, Routledge New York-London, 2004 

George F. Van Patten: Hydroponic Basics, Van Patten Publishing 2004



Voest area, Linz, Austria
I.57



Regional conurbations, population density, Statistik Austria 2008
M.2

www.statistik.at 2011.3.23 1:57 PM

Linz ViennaGraz



Voest area, Linz, Austria
I.58



Location & building site

“In its role as European Capital of Culture, Linz can be the 
avant-garde of a new culture of interaction with nature. 
(VSHFLDOO\� DV� DQ� LQGXVWULDO� FLW\� WKDW� NQRZV� PDQ\� RI� WKH�
SUREOHPV�W\SLFDO�DV�ZHOO�IRU�RWKHU�FLWLHV�FDQ�LW�GR�H[HPSODU\�
ZRUN�IRU�RXU�IXUWKHU�XUEDQ�GHYHORSPHQW��:H�QHHG�WR�UHDOL]H�WKDW�
ZLWK�WKH�HQYLURQPHQWDO�SUREOHPV�ZH�H[SHULHQFH�WRGD\�ZH�DUH�
MXVW�DW�WKH�EHJLQQLQJ��7KH�ZRUOG�SRSXODWLRQ�ZLOO�SURVSHFWLYHO\�
double again and this enormous demographic increase will 
DFFRUGLQJ�WR�DOO�VXUYH\V�KDSSHQ�DOO�EXW�H[FOXVLYHO\�LQ�FLWLHVµ
Helga Fassbinder interviewed by Elisabeth Wertmann 1

In 2009 Linz was the European Capital of Culture. Therefore 
many projects were realised to improve the attractiveness. 
Beside museums and a theatre a new railway station 
including an administration and business district was built. 
Even so Linz got a total refurbishment in the last decade, 
the image of the town is still dominated by industry. Linz is 
continuously changing its attitude and there is a potential 
awareness of culture and ecology. Since steel production 
LVQ·W�DV�GRPLQDQW�DV�LQ�WKH�ODVW�FHQWXU\��NQRZ�KRZ�LV�H[SRUWHG�
all over the world. Knowledge became a natural resource. 

There are perfect conditions to establish an urban farming 
project in Linz. It is part of the Upper Austrian agglomeration 
(Linz-Wels-Steyr) with a population of about 460.000. 
Compared to other Austrian cities in, the town has got a small 
historic centre and the city structure is not as fragile. The 
urban situation is similar to other industry-dominated cities. 
8UEDQ�ZDVWHODQGV�DUH�JHQHUDWHG�E\�XUEDQ�VSUDZO�DQG�WUDIÀF�
infrastructure.
1 Helga Fassbinder interviewed by Elisabeth Wertmann, Österreichisches Wirtschaftsblatt 
10.4.2009 http:/www.biotope-city.net/artikelen%20editie1/english/Fassbinder-Wertmann.
engl.html 2010.12.3 2:44 PM
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Landscape park, highway A7, Linz, Austria
I.59

Bauwelt Issue 43 10. November 2010, Heimo Pertlwieser, Stadtplanung Linz



Highway A7, Linz, Austria
I.60



Zoning, Linz
M.3

 data origin: www.doris.ooe.gv.at 2012.3.2 1:44 PM

location
highway A7 exit

landscape park Bellevue

historic center

industry area

commercial area



Urban growth is dominated by merging suburbs and vanishing 
city boundaries. The geometric town center has moved away 
from the historic district aside the Danube riverbank.
Employees are commuting to their work daily “discovering” 
the city by car. In the North-South direction highway A7 
VHUYHV�WKH�UHJLRQ�DV�LWV�PRVW�LPSRUWDQW�WUDIÀF�DUWHULD�

Because of noise exposure and air pollution it has been 
covered to enhance quality of living conditions of about 
40.000 inhabitants. A new landscape park links Bindermichl 
and Spallerhof, two urban districts, which were separated for 
decades. But it is still a disappointing situation: A motorway 
H[LW� LQ�IRUP�RI�D�WUDIÀF�FLUFOH� LV�FXWWLQJ�RII� WKH�SDUN�DEUXSWO\��
,W·V�D�monolithic barrier and GHVLJQHG�ZLWKRXW�DQ\�VHQVH�RI�
humour. 1 

The situation was soon discovered by cultural initiatives. A 
project by 3HWHU�)DWWLQJHU and friends named Bellevue was 
housing a temporary culture event at the southern end of the 
park. 2 It was part of the Linz 09 European Capital of Culture 
with a budget of 150.000 Euros. 3 For three months the 
yellow painted outlook platform and stage was highlighting 
an alternative image of Linz.
It was an acclaimed attraction, primarily serving the local 
population. After a break, 3HWHU� )DWWLQJHU came up with 
another project in summer 2011. 4 Dejavue was located in 
the center of the motorway exit, pointing out the precarious 
WUDIÀF�VLWXDWLRQ�

The center of the roundabout is an exemplary urban 
ZDVWHODQG� FDXVHG� E\� WUDIÀF� LQIUDVWUXFWXUH�� 0HDQZKLOH� LW� LV�
serving as a maintenance area for police operations and the 
highway service crew.
A project at this place can pick up elements from temporary 
cultural events to establish a long-term installation. It could 
provide access and serve as a local attractor, or operate like 
a sculpture, including some potential of ironic statement to the 
issue of roundabout decoration. It should meet the demand 
of a unique local solution but keep open the option to adapt 
similar urban situations.

1, 3 Christian Kühn : Wo schlägt das Herz der Stadt?, Die Presse Print 11.Juli 2009
2 http://www.bellevue-linz.at 2012.3.3 6:51 PM
4 http://www.dejavu-linz.at 2012.3.3 6:54 PM
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Fattinger, Orso, Rieper: Bellevue - Das gelbe Haus, Linz, Austria 2009
I.61

www.bellevue-linz.at 2012.3.3 6:51 PM Photo: Peter Fattinger

Fattinger, Orso:  Deja-vue - Eine temporäre Bühne für den Alltag, Linz 2011
I.62

www.dejavu-linz.at 2012.3.3 6:54 PM Photo: eSeL.at



Highway exit at Bellevuepark, Linz, Austria
I.63



Market places and supermarket density, Linz
M.4

data origin: www.doris.ooe.gv.at 2012.3.2 1:40 PM
www.linz.at/wirtschaft 2012.3.19 5:26 PM

Altstadt market hall
+DXSWSODW]�IDUPHU·V�PDUNHW�

Mathy warehouse

%LQGHUPLFKO�IDUPHU·V�PDUNHW

*U�QPDUNW�IDUPHU·V�PDUNHW

'RUQDFK�$XKRI�IDUPHU·V�PDUNHW

:LHQHU�6WUD�H�IDUPHU·V�PDUNHW

Südbahnhof market place

/RQVWRUIHUSODW]�IDUPHU·V�PDUNHW

6SDOOHUKRI�IDUPHU·V�PDUNHW

Metro warehouse

2HG�IDUPHU·V�PDUNHW

1HXH�+HLPDW�IDUPHU·V�PDUNHW

The market situation of grocery shops has changed dramatically in the last decades. 20 years ago there were 
more than 25 vegetable and fruit warehouses in Linz. Today there are only three left. They are specialized to 

VHUYH�JDVWURQRP\�DQG�FDWHULQJV��KRVSLWDOV��FDQWHHQ�NLWFKHQV��IDUPHU·V�PDUNHWV�DQG�UHWDLO�VWRUHV�

Pfeiffer warehouse

Supermarkets
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Food marked development, Austria Nielsen 2010
D.23

www.nielsen.com 2011.3.17 7:47 PM

Food trade marked share, Austria Nielsen 2008
D.22

www.nielsen.com 2011.3.17 7:47 PM



54

Climate chart, Linz
D.24

data origin: www.zamg.ac.at 2011.1.16 1:24 PM

Sun hours per month, Upper Austria
M.5

www.doris.ooe.gv.at 2011.3.19 5:16 PM

Linz, Austria: 1632 sun hours/year
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Heating days
D.26

data origin: www.zamg.ac.at 2011.1.16 1:24 PM

Sunshine
D.27

data origin: www.zamg.ac.at 2011.1.16 1:24 PM

Extreme temperatures
D.25

data origin: www.zamg.ac.at 2011.1.16 1:24 PM
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1 outdoor growing
2 tempered growing
3 indoor growing
 *heating upgrade

Growing period
D.31

Perfect glass angle
D.30

sealevel 263m
ORQJLWXGH�������·�(DVW
ODWLGXGH�������·�1RUWK

Sun diagram, Linz
D.32

data origin: www.stadtklima-stuttgart.de 2011.1.16 7:17 PM



Pollution & air quality monitoring

There is a large number of toxic emissions in urban regions. 
0RVW�DUH�FDXVHG�E\�LQGXVWU\�DQG�WUDIÀF��,Q�WKH�ODVW�\HDUV�WDUJHW�
YDOXHV�KDYH�EHHQ�UHJXODWHG�E\�ODZV�� LQ�WKH�ÀUVW� LQVWDQFH�WR�
ensure human health conditions and to protect vegetation 
and ecosystems. 

3DUWLFXODWH�PDWWHU� �30����30����� FRQVLVWV�PRVWO\� RI� WUDIÀF�
exhaust and tire particles and is spread widely far from point 
of origin. 1 It is an aim to analyze the impact on urban farming 
and how residues contaminate crops. Gases like ozone 
(O3) and sulphur dioxide (SO2) are inhaled through leaves 
and harm the growing process or make plants losing their 
leaves. 2 Nitrogen oxides (NOX) can contaminate soil and are 
toxic if inhaled by plants. 3 Heavy metals can be absorbed by 
the plant. Even though lead in fuel has been prohibited for 
years and industry now has to clean emissions by converters, 
foodstuff have still to be observed by regulations and controls.

Toxic soil contaminants (heavy metals) 4

- Pb lead     - Cd cadmium
- Cr chrome    - Cu copper
- Ni nickel    - Hg mercury
- Zn zinc

Contaminants in foodstuffs (heavy metals) 5

Pb Lead:
Cereals, legumes and pulses, vegetables, potatoes, brassica 
vegetables, leaf vegetables and cultivated fungi, fruit, berries 
and small fruit

Cd Cadmium:
Cereals, bran, germ, wheat and rice, soybeans, vegetables 
and fruit, leaf vegetables, fresh herbs, cultivated fungi and 
celeriac, stem vegetables, root vegetables and potatoes
1, 2, 3 Dr. Igor Roblek: Verkehr und Mobilität in den Alpen, Ständiges Sekretariat der 
Alpenkonvention, Innsbruck, Austria 2007

4 Oö. Bodengrenzwertverordnung 2006: Toxic soil contaminants (heavy metals)
h t tp : / /www.r is .bka.gv.a t /Dokumente /Lgb l /LGBL_OB_20060529_50/LGBL_
OB_20060529_50.pdf 2011.10.2 1:48 PM

5 Commission regulation (EC) No 1881/2006: setting maximum levels for certain 
contaminants in foodstuffs
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:364:0005:0024:EN:PDF 
2011.10.2 2:56 PM
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Toxic air pollutants, impact on plants
I.64

Toxic air pollutants
T.5

data origin: www.land-oberösterreich.gv.at 2011.8.2 2:38 PM



List of important air pollutants:

SO2 sulphur dioxide (Schwefeldioxid)
origin: carbon and oil combustion, industry
toxic: human, vegetation
- limit values for human health and  the protection of ecosystems (directive 1999/30/EC)

O3 ozone (Ozon) 
RULJLQ��WUDIÀF��VXQOLJKW���12[���K\GURFDUERQ�
toxic: human, vegetation
- target values for human health and the protection of vegetation (directive 2002/3/EC)

NOX (NO, NO2)nitrogen oxides (Stickoxide) > ozone
RULJLQ��SRZHU�SODQW��WUDIÀF
toxic: human, vegetation
- limit values for human health and  the protection of vegetation (directive 1999/30/EC)

CmHn hydrocarbon (Kohlenwasserstoffe) > ozone
RULJLQ��DJULFXOWXUH��WUDIÀF
toxic: human

+)�K\GURÁXRULF�DFLG��)OXRUZDVVHUVWRII�
origin: industry
toxic: vegetation

NH3 ammonia (Ammoniak)
origin: agriculture
toxic: vegetation

C2H4 ethene (Ethen)
RULJLQ��LQGXVWU\��WUDIÀF
toxic: vegetation

HCI hydrogen chloride (Chlorwasserstoff)
origin: industry
toxic: vegetation

CO carbon monoxide (Kohlenmonoxid)
RULJLQ��KRXVHKROGV��WUDIÀF��WXQQHOV�JDUDJHV���LQGXVWU\�WR[LF��KXPDQ�
- limit values for human health (directive 2000/69/EC)

C6H6 benzene (Benzol)
RULJLQ��WUDIÀF
toxic: human
- limit values for human health (directive 2000/69/EC)

PM10 PM2,5 particulate matter (Feinstaub)
RULJLQ��LQGXVWU\��WUDIÀF��KRXVHKROGV��DJULFXOWXUH
toxic: human
- limit values for human health (directive 1999/30/EC)

Heavy metals (Schwermetalle) > PM10
origin: industry
toxic: human
- limit values for human health (lead) (directive 1999/30/EC)
- target values (arsenic, cadmium, nickel, benzo(a)pyrene) (directive 2004/107/EC)

PAH polycyclic aromatic hydrocarbons (Polyzyklische 
aromatische Kohlenwasserstoffe) > PM10
RULJLQ��KRXVHKROGV��SRZHU�SODQWV��WUDIÀF��LQGXVWU\�«�
toxic: human

58

&RXQFLO�GLUHFWLYH���������(&
relating to limit values for sulphur dioxide, nitrogen dioxide and oxides of nitrogen, particulate matter and lead in ambient air

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:1999:163:0041:0060:EN:PDF 2011.9.2 1:55 PM

'LUHFWLYH���������(&�RI�WKH�(XURSHDQ�SDUOLDPHQW�DQG�RI�WKH�FRXQFLO
relating to limit values for benzene and carbon monoxide in ambient air

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2000:313:0012:0021:EN:PDF 2011.9.2 2:23 PM

'LUHFWLYH����������(&�RI�WKH�(XURSHDQ�SDUOLDPHQW�DQG�RI�WKH�FRXQFLO
relating to arsenic, cadmium, mercury, nickel and polycyclic aromatic hydrocarbons in ambient air

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2005:023:0003:0016:EN:PDF 2011.9.2 3:12 PM

'LUHFWLYH��������(&�RI�WKH�(XURSHDQ�SDUOLDPHQW�DQG�RI�WKH�FRXQFLO
relating to ozone in ambient air

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2005:023:0003:0016:EN:PDF 2011.9.2 4:52 PM

Air and soil pollutants, impact on plants
I.65



Air quality is monitored by the government. There is a high 
number of stations next to highways, in urban regions and on 
countryside. The measuring data implicates that air quality 
in urban agglomerations is not as good as in rural regions. 
%XW�DLUÁRZ��ZLQG�H[SRVXUH��PD\�FDXVH�FLUFXODWLRQV�DOO�RYHU�
XUEDQ�VSDFH���$LU�SROOXWDQWV�FDQ·W�EH�ORFDWHG�H[DFWO\�WR�WKHLU�
point of origin. Sometimes there is less air pollution next to a 
IUHTXHQWHG�WUDIÀF�URXWH�WKDQ�LQ�WKH�UHVW�RI�WKH�FLW\�

1HYHUWKHOHVV��GXULQJ�P\�UHVHDUFK�,�ZDV�QRW�DEOH�WR�ÀQG�DQ\�
ODZ�� UHJXODWLQJ� DLU� HPLVVLRQV� FDXVHG� E\� WUDIÀF� RU� LQGXVWU\�
in connection with contaminating vegetables. Therefor I 
got in touch with the Austrian Agency for Health and Food 
Safety (AGES), the University of Natural Resources and Life 
6FLHQFHV�9LHQQD��%2.8���DQG�WKH�RIÀFH�RI�5XGL�$QVFKREHU�
of the provincial government of Upper Austria concerning 
environment and consumerism issues.

My personal summary is, that meat industry seems to be by 
far more regulated than vegetable production. Food safety 
monitoring is a wide subject, concentrating on the prevention 
and control of diseases in plants, animals, and humans. 1 
It is not prohibited to grow foodstuff along highly frequented 
highways. Nevertheless carbon dioxide emissions can 
EH� D� EHQHÀW� IRU� SODQW� FXOWLYDWLRQ�� FRQVLGHULQJ� WKDW� VRPH�
greenhouses are extra enriched with carbon dioxide by gas 
or fuel burners. Vegetables imported from abroad are largely 
uncontrollable. It is desirable to point out that sensitive topic.

“CO2� HQULFKPHQW� WR� �������� ѥPRO�PRO� LQFUHDVHV� \LHOGV� E\�
����FRPSDUHG�ZLWK�VWDQGDUG�RXWVLGH�FRQGLWLRQV��DERXW�����
ѥPRO�PRO��µ�2

1 http://www.ages.at/ages/en/ages-austrian-agency-for-health-and-food-safety/ 2012.3.13 
10:53 AM
2 E. Heuvelink: Tomatoes, Crop Production in Horticulture, CABI Publishing Oxfordshire, 
UK 2005

59

Is air pollution a big issue on horticulture?
I.67

Were these tomatoes treated with CO2 enrichment?
I.66



Selection of air control points, Linz
M.6

 data origin: www.doris.ooe.gv.at 2012.3.2 1:32 PM

Linz-Neue Welt (city)

Linz-Urfahr (city-highway A7)

Grünbach (countryside)

Enns-Kristein (countryside, highway A1)
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NO2 nitrogen dioxide, max. monthly average
D.33

data origin: www.land-oberoesterreich.gv.at 2011.2.17 11:26 AM

SO2 sulphur dioxide, max. monthly average
D.34

data origin: www.land-oberoesterreich.gv.at 2011.2.17 11:26 AM

NO nitrogen monoxide, max. monthly average
D.35

data origin: www.land-oberoesterreich.gv.at 2011.2.17 11:26 AM



PM10 particular matter, max. monthly average
D.36

data origin: www.land-oberoesterreich.gv.at 2011.2.17 11:26 AM

O3 ozone, max. monthly average
D.37

data origin: www.land-oberoesterreich.gv.at 2011.2.17 11:26 AM



,QÁXHQFHV�RQ�GHVLJQ�SURFHVV
I.68



Design strategies

´,GHDOO\�� YHUWLFDO� IDUPV� VKRXOG� EH� FKHDS� WR� EXLOG�� PRGXODU��
GXUDEOH��HDVLO\�PDLQWDLQHG��DQG�VDIH�WR�RSHUDWH��7KH\�VKRXOG�
also be independent of economic subsidies and outside 
VXSSRUW� RQFH� WKH\� DUH� XS� DQG� UXQQLQJ�� ZKLFK�PHDQV� WKH\�
should also generate income for the owners.”
Dickson Despommier about desirable attributes to vertical farming 1

This scheme has the ambition to develop its own aesthetics 
without any “fashionable” demand. It should help to establish 
farming in an urban context. It is a link between small initiatives 
and large scale visions of vertical farming. Therefore area-
based common agriculture has to be transformed to vertical 
by considering greenhouse principles and the impact of 
urban soil contamination. Beside developing technology 
and serving fresh vegetables, the design broaches the 
LVVXH�RI� ODQG�FRQVXPSWLRQ�FDXVHG�E\� WUDIÀF��XVLQJ�H[LVWLQJ�
infrastructure and revitalizing urban wastelands.

My ambition is to create architecture which will deal with the 
local urban situation, the requirements of human needs, and 
WKH�UHTXLUHPHQWV�RI�JURZLQJ�SODQWV�E\�PDLQWDLQLQJ�WKH�WUDIÀF�
situation and providing access. Focusing the process from 
breeding to harvesting, the building has to act like a machine. 
,W� LV� GHVLUDEOH� WR� SURYLGH� DQ� HIÀFLHQW� DQG� ÁH[LEOH� JURZLQJ�
system and to adapt existing hydroponic technologies for 
soilless growing, bearing in mind different growing heights of 
plants and their demands.

It is important to consider plant schedules, to house different 
climate zones for breeding and cultivation and to include 
the vacancy of building parts during winter months for an 
HQHUJHWLF� HIÀFLHQW� EXLOGLQJ� VKDSH�� $� \HDU�URXQG� VHUYLFH� LV�
possible reverting to the natural impact of solar radiation 
and local energy sources. Beside using the principles of 
natural ventilation it is my ambition to adapt the building 
WR� WKH� HQYLURQPHQW�ZLWKRXW� DQ\� VSHFLDO�PRGLÀFDWLRQV��$V� D�
consequence a trackless deconstruction should be possible.

The sensitive building site is characterized by a tricky bearing 
structure because of the highway tunnel in the underground. 
Loads should be equally spread around the site and 
dimensioned for truck loads as a maximum.

1 Dickson Despommier: The Vertical Farm, Feeding The World in the 21st Century, 
Thomas Dunne Books 2010
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Design strategies
I.69

 Truck loads
I.70



Urban transformation of greenhouse architecture
I.71



Bellevuepark, Linz
P.1



Sketches: conceptual design
P.2



Sketches: construction details
P.3



Design & building performance

The building is housing two basic functions, coexisting in a 
symbiosis. A lifted greenhouse and a catwalk system.
7KHUH�LV�D�ÁH[LEOH�DQG�H[WHQGDEOH�XWLOLW\�OHYHO�RQ�WKH�JURXQG�
ÁRRU�� VXUURXQGHG� E\� WKH� URXQGDERXW� DQG� FRYHUHG� E\� DQ�
adapted greenhouse. The catwalks are serving as a local 
DWWUDFWRU�� 7KH\� ORRN� VLPSOH� DW� WKH� ÀUVW� VLJKW�� %XW� WKH\� RIIHU�
public access to the roof and make it discoverable. Crossing 
the roundabout visitors can monitor cultivation on footpaths, 
or they just take a shortcut. The catwalks interact with 
greenhouse circulation and consolidate the connection to 
the surrounding. Without causing any damage, the timber 
structure is using the concrete balustrade in a parasitic way.

&RQVLGHULQJ�OLJKW�HIÀFLHQF\��JOXHODP�WUXVVHV�DUH�XQSURÀWDEOH��
A modular rigid timber framework is transparent, can be 
SUHIDEULFDWHG�DQG�XVHG�IRU�ZDOO��ÁRRU�DQG�FHLOLQJ�FRQVWUXFWLRQV��
It serves as well as a host for infrastructure (heating, irrigation 
and rainwater pipes). Rainwater is collected and goes down 
to a modularly expandable water tank system on the ground 
level. 

A solar skin with removable cladding elements covers the 
construction. Materials and technologies (solar panels) can 
be replaced. The basic pattern consists of a variety of slopes 
for year-round and all-day-long sun penetration. The elements 
are housing a mirror system and louvres. The double walled 
skin with an air space in between is ventilated to protect the 
framework from condensation and moisture.

The cultivation system is an adapted high bay storage 
UDFN� V\VWHP� DQG� ÀWV� WR� WKH� GLIIHUHQW� JUHHQKRXVH� KHLJKWV�
for cultivating well-known and popular crops. Growing units 
relate to euro-pallets, which are moveable, multifunctional, 
and space-saving. Tomatoes, cucumbers and capsicums 
DUH�FXOWLYDWHG� LQ� URFN�ZRRO�FXOWXUH�� OHWWXFH�ZLWK�QXWULHQW�ÀOP�
technique and strawberries in column culture. Growing units 
DUH�VXSSRUWHG�E\�DUWLÀFLDO�LOOXPLQDWLRQ�WR�HQDEOH�JURZLQJ�RQ�D�
multi-level based cultivation.

My ambition is to serve about 1% of the population of the 
city (1.893). All space program calculations base on yield and 
consumption values to cover a built-up area of about 2.500m² 
(50m x 50m).
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Building performance and employees
I.72

Workers per ha greenhouse cultivation
I.73

data origin: E. Heuvelink: Tomatoes, Crop Production in Horticulture, CABI Publishing Oxfordshire, UK 2005



Building performance diagram: germination to disposal 
I.74



Space program calculations
I.75
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Acreage 
T.7

Built-up area greenhouse
T.10

Water storage
T.11

Utility area
T.6

Germination area 
T.12

Storage area 
T.9



Top view
P.4



Catwalk level
P.5



G1 Cucumbers 17%
G2 Strawberry 8%
G3 Capsicum 14%
G4, G6 Tomatoes 41%
G5 Lettuce 20%

 
M Manipulation area

C1, C2 Germination 

Greenhouse level
P.6



L Laboratories
E Recreation room
F Facilities

P Water pump
ABC stock

I Heating
 Control panel

 
M Manufacturing area

S Storage
Cold storage house

Utility level
P.7



Longitudinal section 1
P.8

Cross section 2
P.9

Longitudinal section 3
P.10

Cross section 4
P.11



$QDO\VLV��KLJKZD\�H[LW�WUDIÀF�V\VWHP
V.1

direction sign motorway infrastructure

motorway tunnel

footpath rampmotorway exit

alternative accessalternative access truck parking access to urban quarter



Layer 1 - utility level
V.2

motorway maintenance

employee facilities

vertical circulation

cold storage infrastructure

laboratorypassage

water tanks

framework



Layer 2 - cultivation level
V.3

passage

germination 3m cucumbers 5m strawberries 4m capsicums 5m

tomatoes 6m

tomatoes 6m

lettuce 5memergency exit



Layer 3 - catwalk system
V.4

footpath access

look-out

look-out platform

wheelchair access

rest area

solar skin



Close up view: system perspective
V.5



Cross section (east-west)
V.6

Longitudinal section (north-south) 
V.7

platformfootpath

liftcultivation staircase

direction sign

truck passage motorway maintenancemotorway maintenance

motorway tunnel goods elevator facilities

cultivation

cultivation

alternative access
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Framework construction
V.11

Framework: modular combination
V.9

Gluelam truss: poor light conditions
V.8

Bolted connection
V.10
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Natural ventilation and louvres
V.15

Shading effect and glass coating
V.14

Variety collector slopes
V.13

/LJKW�UHÁHFWLRQ�DQG�GLIIXVHG�OLJKW
V.12



Framework construction with solar skin
V.16
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$�IUDPH�FXOWXUH��QXWULHQW�ÀOP�WHFKQLTXH
V.19

Hydroponic rock wool culture
V.17

Hydroponic column culture
V.18

Rack system: heating, irrigation and LED-panels
V.20
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Tomato rock wool culture unit
V.26

/HWWXFH�$�IUDPH�QXWULHQW�ÀOP�WHFKQLTXH�XQLW
V.23

Strawberry column culture unit
V.22

Forklift and moveable pallet system
V.21

Capsicum rock wool culture unit
V.24

Cucumber rock wool culture unit
V.25
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Tomato shelf system and lift, hight 6m
V.29

Lettuce shelf system and lift, hight: 5m
V.28

Strawberry shelf system and lift, hight: 4m
V.27



Tomato greenhouse system section
V.30
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Catwalk system with bench
V.31

Catwalk construction detail
V.33

Modularly expandable water tank system
V.32



6LPSOLÀHG�SURGXFWLRQ�F\FOH
V.34

1 germination 2 cultivation

3 harvest 4 selection 5 cleaning

6 drying

7 storage

8 disposal

heatingnutrient solution rainwater tanks
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Utility level: storage unit (8x4m) and nutrient injector system unit (4x4m)
V.35

Utility Level: facility unit (4x4m) and laboratory unit (8x4m)
V.36
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Utility level: recreation room (4x4m), showers and locker room (8x4m)
V.37

Utility level: heating unit (4x4m) and vegetable manufacturing unit (8x4m)
V.38



Circulation system
V.39



System perspective
V.40



%LUG·V�H\H�YLHZ
V.41



Street view
V.42



Interior view
V.43



1.1 Corner situation (5,8t)
1.2 Corner situation (5,1t) 

2.1 Wall situation (6,2t)
2.2 Wall situation (5,7t) 

3.1 Rack situation (6,9t)
3.2 Rack situation (6,8t) 

4.1 Rack + water tank (9,0t)
4.2 Rack + water tank (9,0t) 

���� 5DFN���RIÀFH�ER[�����W�
5.2 Rack + storage box (7,9t) 

X.1 Rack + water tank (10,6t)
X.2 Rack + storage box (9,2t)
X.3 Rack + storage box (7,3t)
X.4 Utility box  (11,8t)

(Including snow and working loads)

Structural analysis 
P.12
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Greenhouse loads
T.14

Utility loads
T.15

Material loads
T.13

data origin: Robert Krapfenbauer: Bautabellen, Verlag Jugend und Volk Wien 1998
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3.2 Rack situation
T.21

2.2 Wall situation
T.19

1.1 Corner situation
T.16

1.2 Corner situation
T.17

2.1 Wall situation
T.18

3.1 Rack situation
T.20
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4.1 Rack + water tank situation
T.22

4.2 Rack + water tank situation
T.23

����5DFN���RIÀFH�ER[�VLWXDWLRQ
T.26

5.1 Rack + storage box situation
T.25

X.1 Rack + water tank situation
T.24

X.3 Rack + storage box situation
T.27

X.2 Rack + storage box situation
T.29

X.4 Utility box situation
T.28
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