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GUIDED GROWTH

Ever since humans existed, they tried to adjust nature to their 
likes. Not only that resulted in the domesticizing of animals, 
but also in made-made islands and the big fleshy tomatoes 
we know today. We tamed nature, making it both manage-
able and profitable. Although our idyllic picture of nature 
points us to the vast forests like the Amazon, nature exist all 
around us. This nature gives us lots of possibilities. Now a 
days we like artificial products, for example things mande of 
plastic . But these are polluting, hard to recycle and made 
from resources that are running low. Nature could o�er 
alternatives. The people from these case studies use nature’s 
grow processes to grow products, architectures and even 
beaches.

Guided growth means interfering in (grow) processes that 
already exist in nature, to create an desired product or 
structure. In most cases it is about changing the form, but 
sometimes it goes even further. Scientists now are mimicking 
a cow’s flesh environment, to grow stem cells to meat. This a 
profound form of guided growth. But it doesn’t matter who 
is using the concept of guided growth, but what the outcome 
is. On a small scale, you could do it. You can ‘mold’ your 
plants in a certain form. But beyond that it gets quickly 
complicated. To interfere in a grow process, elaborate knowl-
edge of the process is required. Many factors can impact 
how fast it grows, how it grows and in which direction. That 
makes a manipulator a real craftsman. Investing in the knowl-
edge and care required is an risk, that is why still so few 
companies rely on this concept. For them is using artificial 
production processes much more cost-e�cient.

Local people deep in the woods of northeastern India are 
masters in living with nature. They build bridges from the 
roots of the Indian rubber tree. As these bridges are alive, 
the bridge gets stronger with the time. Some of them are 
over 100 meters. In this way, sustainability is integrated in 
society. In our western world, some people have the promise 
of building tree architecture. Ferdinand Ludwig, an architect 

and botanicus, is researching how to use trees are a structure 
for houses.

To meet the growing demand for meat, several scientists are 
researching the ability of growing meat in a lab. Maastricht 
University was first to present a lab grown hamburger. This 
way of growing meat is much more e�cient and cuts out the 
pollution of livestock and transport. But do people accept 
the idea of eating ‘artificial’ meat?

The Greek myth of Icarus points out that nature has always 
been an inspiration for mankind. Icarus builds two wings, 
which design is based on the wings of a bird. Nowadays 
scientists do the same. Lots of details of airplanes are 
inspired by nature. To name a few: The end tip of an 
airplane’s wing is inspired by the curled feathers of an eagle, 
the skin by sharks and noise reductions methods by owls. 
This research field is called biomimicry. They try to take clues 
from nature’s experts, to implant that knowledge in 
man-made solutions. But how beautiful would it be to incor-
porate nature itself in our solutions, so we can benefit from 
nature’s skills and avoid artificial products and architecture.

It has become most impossible to avoid unsustainable prod-
ucts. For example, the Iphone in your pocket demonstrates 
that. Today a smartphone or computer is a must to take part 
in society. To meet a friend, you text him on Facebook. To 
inform a colleague about a meeting, you send him an email. 
But parts of that phone is made of chemicals, plastics and 
heavy metals. Tightly glued together, it’s impossible to fully 
recycle an Iphone. And since there is a new model intro-
duced every year, the problem is getting bigger and bigger.

In the Netherlands only, we use 250 million kilo of plastic 
bags. Only 1 in 200 of those bags is recycled. If we could 
replace those bags with cellulose bags grown by bacteria, we 
would make a big di�erence already. Of course, products 
made using guided growth can’t replace all of our products. 



You won’t see a Treephone hitting the market this year. So we 
have to do more than just change our production methods.

Most grown products look di�erent, like plants do. This is in con-
trast to the industrialized and perfect products. As we are used to 
these perfect dull objects, we tend to like individual and character-
istic products more. Creating iterations is natures best skill. Look 
at a tree, and you’ll see that it’s always di�erent. Another good 
example is jewelry from grown crystals. The jewelry from crystals 
never look the same, as they grow every time di�erent. Such 
jewelry is much more personal than a normal perfect crystal. Start 
to allow evolution, as this world is never static. 

Using the concept of guided growth we could develop new alter-
natives for our man-made world. Alternatives that are much more 
environmental friendly, otherwise this planet won’t last much 
longer. Advanced research need to be done in the ecosystems of 
Earth, so we can interfere and benefit in the right way. But we still 
have a long way to go. And sometimes nature is just not e�cient 
enough. That raises questions about what we should use. Should 
we quit mobile phones, because they are hard to recycle? One 
thing is sure, we need to welcome nature again in our world. 



TAMED TREES

With the right knowledge, trees can be manipulated to 
grown in a certain form. Although it will take longer than 
building a brick house, it is more sustainable. After house 
isn’t used anymore, the house can be composted on the 
spot. Or the wood can be harvested to use for a new house. 
Trees can grow around steel tubes, and thus create a rigid 
structure. Besides that, the house is more or less able to 
repair itself. This architectural use of trees is often called 
architectural botany. This way of manipulating trees cannot 
only be used to grow houses but also all kinds of objects, for 
example a chair.

Suitable for what?
Architecture

Products
Low scale wood production

People
•A house build with only this technique doesn’t match the 
comfort of a brick house yet.
•There is a problem with insulation, as a tree house is never 
fully closed. In cold climate like we have in the Netherlands 
that would give a problem.
•A city build with houses like this are, of course, much green-
er. That is better than the concrete cities of today.
•To manipulate trees a lot of knowledge and work is required. 
•A building could grow with its user needs.

Planet
•A tree is much easier to recycle than a brick.
•The trees produce oxygen, good for in a city.
•A city build of tree houses invites more nature to live in the 
city.

Profit
•Growing trees takes time, that means that the price is going 
up. That is a key principle, and a downside of our current 
business system. 
•Another downturn is that it takes time to grow the tree, 
before you can use it as a solid structure
•Manipulating trees requires knowledge and care.
•A grown building means both housing and production. 
•The wood can be harvested after use.
•Architectural botany needs meticulous maintenance.



Is it possible?
Yes, it is. Although people are still figuring out how to e�ec-
tively use this technique, there are lots of successful exam-
ples. But these are mostly done by people that do it for fun. 
Manipulated tree architecture for commercial practice hasn’t 
really taken o�, because of the knowledge and the care 
required. That makes it expensive. However, there are com-
panies working on it, like Plantware, and Ferdinand Ludwig’s 
company. The first succeed to manipulate trees to grow in 
the form of fruit bowls, coat hangers and much more. Lud-
wig’s research company goes beyond small products and is 
now researching architectural use.

Life span?
A tree could live up to hundreds of years, without compro-
mising on strength. But storms, earthquakes, and illnesses 
can impact on the tree’s lifespan. Keeping the tree healthy is 
the key.

After life cycle?
The wood produced by the tree can be used again as build-
ing material or fire wood. For building material the wood is 
limited by its shape and thickness. Thin, twisted twines of the 
tree can then be used as fire wood. The basic support struc-
ture and other products can be re-used in a new building.

Weidendom, Schlepzig, Germany, designed by Marcel 
Kalberer, built in 2004.

Conclusion
A tree does what he want. And he doesn’t want to become a 
wall. For small structures it is not that hard, but for bigger 
building it gets much more complicated. Knowledge to 
accomplish this is still being developed. But a city build from 
architectural botany wouldn’t be a bad idea. The nature 
introduced by this architecture would have a good impact on 
the city. For now, it would be good to build hybrids, houses 
with a very basic frame to support the trees.

New Harmony Gallery, New Harmony, Indiana, 2003



GROWN MEAT

On the 4th of August the first people ever ate a burger from 
artificially grown meat. Though this food won’t be in the 
supermarket next month, scientist are working hard on it. 
Growing a cow costs tons of food and water. In contrast, lab 
grown meat is much more e�cient. The cells doesn’t have to 
focus on keeping the animal alive but on growing. In the 
future lab grown meat could replace animal meat. It is also 
an answer to the growing demand for food on earth. Guess 
the cow would be happy with this too!

Suitable for what?
Food

Sustainable features:

People
•A grown burger doesn’t match a normal one yet, but as 
scientist master the art of burger growing, it could be possi-
ble to grow one that is even more tasty than a normal burger.
•The meat industry provides lots of jobs, that will disappear 
when the grown burger is taking over.
•Cheap meat will mean that even poor people can eat meat, 
providing them needed proteins.

Planet
•Meat can be produced locally, and so cut out the polluting 
transport.
•Meat is produced more e�ciently, saving resources
Animals are polluting, lab grown meat much less.

Profit
•Growing meat needs less space, and thus is cheaper.
•Lower environmental taxes.



What are it’s sustainable features?
•Meat can produced locally, and so cut out the polluting 
transport.
•Meat is produced more e�ciently.
•Animals are polluting, lab grown meat doesn’t.

Possible yet?
Yes, but it is still in an early development phase. Growing 
meat still require lots of e�ort, so and money. The hamburg-
er from the 4th of August was worth 225.000 dollar per 100 
grams. Put that in comparison to the 1 dollar hamburger from 
your nearest supermarket. As scientist figure out how to 
grow, and upscale the process, the price can go down to a 
minimum.

Resources:
To produce 1 kilo of normal beef meat requires: 1848 L water,
25 Kg provender, 114,7 L manure, 14,3 m2 Space.
Grown meat requires only one cell from the cows muscle. 
However technically it is still very hard to grow meat so that 
is why grown meat is thousands times more expensive.

Requirements for one kilo of beef:

Master cell bank (–80 οC)

Working cell bank (–80 οC)

5 → 50 ml plate flask culture

50 → 700 ml shake flask cultures

0.7 → 7 L wave bioreactor

Sterile medium

Fed-batch bioreactor Floccula on Se ling and separa on

20 m3–

7 m3–

Air / O2 Air / O2

Transglutaminase
+ binding protein

Clear supernatant

Press

Cultured meat cake

Meat mincer

Consumer

7 → 70 L wave bioreactor

Minced meat

Retailer

70 → 700 L wave bioreactor

1Kg beef

14,3 m2 Space

1,848L Water

25Kg Provender
114,7L Manure

 The process of growing meat:

Figure  1 .  Flow  sheet  of  a potential  cultured-meat  manufacturing  process.  The  left column  shows  the  stepwise  increase  in  cell-culture  volume,  starting  with  a vial  from  the
working  cell  bank  (note  that  a new  working  cell  bank  is  made  from  a vial  from  the  master  cell  bank).  Exponentially  growing  cells  from  each  step  serve,  after  growing  to a
certain  cell  density,  as  the  inoculum  of  the  next  culture  vessel,  which  is  an  order  of  magnitude  larger.  The  final  bioreactor  starts  only  partially  filled  and  is  fed  with  sterile
medium  at such  a rate  that  the  cells  grow  further  under  optimal  conditions.  When  the  bioreactor  is  full  and  the  desired  cell  density  is  reached,  the  protein-crosslinking
enzyme  transglutaminase  and  binding  protein  are  added  to induce  the  formation  of  easily  settling  aggregates  of  cells,  which  quickly  settle  when  stirring  is  stopped  (bottom
right).  The  harvested  cells  are  pressed  and  the  cake  is  extruded  into  retailer-  and/or  consumer-size  portions  of  minced  meat  (right  column).
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Grown meat (meat produced in vitro using tissue engineering 
techniques) is being developed as a potentially healthier and more 
e�cient alternative to conventional meat. Life cycle assessment 
(LCA) research method was used for assessing environmental 
impacts of large-scale cultured meat production.The results 
showed that production of 1000 kg vitro meat requires 26-33 GJ 
energy, 367-521 m3 water, 190-230 m2 land, and emits 1900-2240 
kg CO2-eq GHG emissions. In comparison to conventionally 
produced European meat, cultured meat involves approximately 
7-45% lower energy use (only poultry has lower energy use), 
78-96% lower GHG emissions, 99% lower land use, and 82-96% 
lower water use depending on the product compared. Despite high 
uncertainty, it is concluded that the overall environmental impacts 
of cultured meat production are substantially lower than those of 
conventionally produced meat.

Comparison of di�erent kind of meats Concluding remarks and future perspectives
Cultured meat has great moral promise. Worries about its 
unnaturalness might be met through small-scale produc- tion 
methods that allow close contact with cell-donor ani- mals 
and thereby reverse feelings of alienation. From a technolog-
ical perspective, ‘vililage-scale’ production is also a promis-
ing option. From an economic point of view, how- ever, 
competition with ‘normal’ meat is a big challenge; production 
cost emerges as the real problem. For cultured meat to 
become competitive, the price of conventional meat must 
increase greatly.



GROWING CRYSTALS

Inspired by few project we found on the internet we 
decided to explore this technique more. As a graphic and 
product designers we wanted to try this method and see 
what are possibilities could be. Salt is natural, non toxic 
and cheap material so in conclusion we can say that it is 
not hard to grow crystals. We found it as a fascinating 
material which could be developed in to jewellery or any 
other products. The main disadvantages of crystals that 
they are quite brittle and not waterproof.



Crystals grown on di�erent materials
We tried to grow crystals on various materials. Basically, 
crystals grows on everything so it could be used for many 
di�erent products. 



GUIDED GROWTH IS NOT NATURE DEPLETION,
IT IS WORKING TOGETHER WITH NATURE.


