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Abstract

The project Iis an attempantoappMEeomeattiean aad se dtr
renewabl e sources, for sustainable product de
describing the role of rendcwfabt wrenat eri al s in
The first chapter, named Chemurgy, places the
was introduced in the thirties to describe a
natur al raw mater i aldu,ctes p Aci al Iry sfurl d chw@ & ragm p
the advent of the economic depression, Americ

Vv
produce.

|l ndustry (especi al

l'y the newly createeémawmtdomo

of materials. One of the important car manuf a
Chemurgist, whose vision it was to grow cars f
from renewabl e material s, sadch haod dJlout enuedr, sw
gained from vegetabl es. Presently, cars in Br

Two of t he most

1937. The

food purposes.

use today.

The chapter

sustai nabl

two pla
Ma

e ways

consumércapi on.
I n the ar ea,oft hneatPuLrAarlO fmamesf act uring process
gue upgrtaa ema kv oidt omempd asggthitd n d@red mmo |
tso whatc.h Fhlaavret bfeiebne t reated are findi
to bioplastics, the first generatio

h ads bbye ean gseunpeerrasteidoen whi ch i s totally
Version 1 ( 3

The techni
resi stant
Moving on

materi al ,
MADBManuscript

Te nelzd&t)e ,

mportant chemurgic plants we

nts (both originate from Asi
Ny i mpor tcam tf odu nisdc owied @ easp phlaidc

concerned with current devel opmen

of production. The part abou

Of

particular intrerastd boophd



which are currently avail atbbde ,praacee sdseesd glnye dc ar

i ndustrial machinery. A particularlylihkheerest
Bi ofPoll yhydr oxylbwtpylrants i nstead of bacteri a.
The second part of this chapter i s about met hc
t huet i | ioZattiramsgeni ct oplparnobdsuecoei abact 8rioaechnol o

i mprovement of productionAaf fxamphey odnd hprsod
which have been modified not to produce amyl a
easier and cl eaner.

The third chapter begins with an assessment o
eecnomi cal ,sotcamidniecall ogi cal aspects.

I n the race towards a sustiaiAalalfe cfauti ome ,antdhe
Prosumerism, put forward for consideration. Pr
the pobmsessetain ability. However, i f it were

maj or probl emsi ia.ghcr theegpgeg dfutfurresh water and
There have been successful atd epparst s,n whiamhs pe
them teoobersaaltt This way, it would be possi bl
sea (aquafication). The plants would be grown
of the naturaalaifl mrbd ees frogaditlsy evrednelg ys onleaerd sp o We
Al ternatively, in a cocooning society (F. Pop
and | eisure t-smetanoababkinhyg, wsel f becoeneolad,pos
(producer/ consumer-sufAf i @ab &t erele dwi, | Il i kkee <elnfs u
cosmetics, medi cAhtéehesfeuedoods owihlilngh e e“tgr.own”
fagnowi ng pl ant s.

To test the feasibility of this concept | hav
Jersey Cabbages have been grown i ntfor eseh afpuersn,i t
from | ocaMi Irle sbhoewcrocmrees a possibility. Similarly,
which have taken on geometrical shapes for pa
Some other experiments have been carried out

mussel(a&shwadtse material from the seafood indu
mat erials. Anot heft ekempodef als dber di wei ch has
for skescktant packaging or other purposes.

Keywor ds
Benidgsbgobpbdesedgo bmastea,bi &Idsesciodm,gi c al design, (
green t acecmheoMaddy, materi als, sustainabl e produ

Rel evance to Design Practice

This research probably has the most relfevance
sust amatadrl igparl espmanrduct i on techniques. But it me
awarenegspandfi btihe tpympdw dtl hihave on. the enviro
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Prol ogue

Within the area of SPD ($dust promakeice psodwantc ed
design” through the application of materials
Benidgsign i mplicates sustainability in all st
source, iIitausgpmaddudctsi ovastiet phase. Materials fr
natur al mat eri als whiheh rhawergleantts vomgamirmaln
provide for a renewable source. Theedmatbér vahg
or ompl ete products, ready for use.oxTihce itmmat e
fabri catnidom,s wsaest e. |l ndeed, -degstadafmptelsa@drad | rmg t
even edibl e.

This research is written primarily for indust
mat erials or plants, neorapap rmoaancuha lo ff otrh eg rteoepn cd
designer’s standpoint. The project is partly
opportunities, materials from renewabl e sourc
One aim was to investiggrecuheéutreasiobi i ndusot
di scover its opportunities. Areas of applicat
clothing, cosmetics and fuel are -9wuncthaidieidt y o
h i sedeixpl one ofRr bemaddhes aenroipoxs has been pl
@ercionalmsoeci al, technical and an ecological
ted, as they are to temporarmaeéfealts Mmpe
wabl e sour cersermewlahlilheo so U rmrmems ntoans been avi
The project has mainly involved desk research
experts in certain fields havedubceteend cionnvsoullvtiendg
application of wastrenamatrenril al, s) ikieké¢éoahiael lasnd
cabbages and gourds. The project also include
sustainable product devel opment .

0O < Cc

whi
hi s
e mi

® —~+ *+ O 0

ren
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An introducti on

One interpretationChefmutrige sdriigi n haft tihe i womdad
chemi st and?Acmatdtikdfy@ @ mentvgays i ntroduced by the
book in 1929, by Dr. Hale. Chem originated fr
meant tomipatr ycho work for the farm. The name

engineering in the sixties *1.
A definition: Chemurgy is a branch of chemist
raw material s, espeacsi ailnl yt hfer ouns ef aorfm sporyobdeuacnt so i

and of Southern pCihreanufrgry pepdrt pwiltpgh) c*taz.bohydr
organi sms, while hydheoemiac &loCh@miag ign K& tAdnsyltphg Bningo
made fyrdomckr bons cG@ar bbeeh ymhrdeet & .0 m

A brief history

Chemurgy, which started in the beginning of t
America. After the st arrtecoofv etrhye wdaesp rsel sosw.o nF airnn
overproducing food at dump prices. Meant i me,

production and demanded a | ot of material. A

possibil-f oodetosnfflonronf ood surpluses. Already tfF
farm products by that ti me, |l i ke pen barrel s

W. Mc Mi | |l en was editor of Fabonu ®&atidfiolefisardne wansdt
products. In 1926 he received $50n0Q@02%r @mJE.
an industrialist with a PhD in chemistry at t
Dearborn I ndependemnhaitniwhdushriyewpuédi ¢tcuead t o
source of raw material. Mr . Hal e and Mr. Mc Mi
Mc Mi Il Il en met A. Edi son (the inventor of the |
Dearbodh amgdead to promote support to get res

MADBManuscri pt Tenelz@&the, Ver si on 1 ( 6



Découverte

prestigieuse

de lindustrie

francaise

Pol yami(RleA)Hdvel oped fr onl g@2a satnodr poa fiReinl tédagn a s
OrganHrcame 1947 Many products Pwellle omhdst wct h

I n 1929 McMill en “Wrootma ny” dmadr kibere.rst Ha Il e dwThoet e b «
Far@hemurgWeth this book a*®“@ewurgrid wWEs3 4 rnthrea &
much mohinevadhn. 1985 a conference on agriculture
Dearborn, at which about three hundred peopl e
foundation, to which P. Garvan was prcesli,detnot,

which | ater the word National was prefixed. T
Ger man patents on chemicals after the war, wh
was discovered that alcobbthecostdrbbh obbopsned
mi xed with gasoline. The other project involywv

.‘—ﬂ’_——‘q.i‘ﬁm

HA £

AThe Far m ChkkeynuW.gJd .d 9H3a4dl e ,
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However, politicians and industry, particul ar
devel opments and were slowing down any progre

Chemurgic movement, P. Gararam , Clsaundwregil cy Qa verdc i
McMill en was now president had a deficit of $
and the politicians again. The | atter proved

regardi ng ttheceprotlaicry aod mitrhiast r ‘&thieonu.r gA” emaadg agzeisr
l aunched *1.

GW. Car veéehwremwarsgiast who developed 118 industri a
including a rubber substitute arnrdtowdrani00 dyn
invented a process for producing paints and s
i ssued *4.

G. W. Carver SdyshddamglLalbkeratory, Greenfield Villac

SonmEhemurgic plants

Besi des fahrinchr esasduwesedv for industrial pur pose
Some crops were grown efspedciapgdglyi datri oare,w lairlkea
consumer products, or fuel

Soybean

This oriental wonder .IBean nwdadrei retard Ju ped tt o ft
Henry Ford was one of the pioneerfsoodn aphpel itchat
i.e. his own cars. (see further along this <c¢h

MADManuscript Temelz&tPe, Version 1 ( 8



Henfmyrd in a suit-fimkhede from Soy

He mp
Hemp, which originates from China, is a very
was a booming industry. It provided fhéeéeworl d

It found applicati ohek taintda sc,opnrsa d weccttii oom aorfatpeanp
applied in many productBowecbr asicosmdii UsSan
t he Mari huana Tax Act, to prohibit the use of
i ndustrialo heompobiwladsenal*s3. (for more informatia
Agri )f.i bers

I ndusHemdli beirilar i cs

FI ax
FIl ax originates from Europe. Around 1936, the
to be applied in cigarette 9papehre.r Tphaepseer wperroed u

MADManuscript Temelz&tPe, Version 1 ( 9



produced, | i ke writing paper and even U.S. mi
paper made from | inen rags, was normally i mpo
smoked cigareofewhi thewpapérom American f 1l ax
about fl ax see Aghap)tf.ebe2 sThe home.

——

FI alxi,nleinns edd nmoil le,u m

Corn

It is a native plant to America. Corn was and
di scovered tthabei appbkiteaadd amataaumhioal f or pl ast i ¢
more information about cornstarch see biopl as
hull s were agricultural resi duaes, |whviecshtl swekrre aps
fuel for factories. I n the early twenties Qua
Furfural was the final pr oductWawh ircehq ufioruendd |muak

and soon the demaneé fsamppflyrf Anabhl eérceatedet wa

I'ts product s

Oi I s

Besides vegetable oils for food, there were a
from flax and soybean oil became popular in p
extensively used for lubrrn.cation and hydraul.

MADBManuscri pt Tenelz@&the, Ver si on 1 ( 1



Ri conl € aoe thoeran s

The tung nut was new to America. When pressed
application in the paint and varnish industry
Bi ol as

At the start of the twentieth century many bi
(wheat)gluten, cebklahds eraccdgiprangadt] eartiianl,s .

 NOVELTY SERIE

A s ein basedl pGadlsatdowetehi scover eade telmehtyueyp. 't wa
us egdr buatntdouncsk besksni tti ngcaoamiasilde §r hamed gksn isf e
andmbr el Ipai anel key s i clailk eg otoedl se aghedmsetso ne iinfirttat i on
Deco jewelry
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Cornstarch

Starch freommeornthekdting possibilities: Corn
food products |i ke phwwhmacduyi sabhschpaa®® head
degrees centigrade for upbktxa’wh® tfaddre2x@® dhonurss a
proved to be insoluble in alcohol but solubl e
sticky, so it was applied as an adhesive in e

Al lyn starch was a rewtpmgdwct aapelsi eadf faesch ieadh
by most Themecwhas.a Starch Round Tabl e meetin
Il nn, from 1940 onwards, supported financially
more information about starch see chapter 2 D

Cor nsthairocphl msad wcct s

Gl uten

Gl ut en -sitsarac hngm oduct obtai nedée 0f% gm odcerim. clatl o
which is chemically inert, solpublead ias al col@adl
against grease before the war. Ford applied t

MADBManuscri pt Tenelz@&the, Ver si on 1 ( 1



Wh e a't gpl | vat setinidce s -Ffo oado IMH 1178

Soy

It was discovered that soybean contained a hi
nitrogen fixatiemj tawbhiehfowmadeeliastvesy 1t- cont
drying. Around the beginning of the twentieth
concerning soybean. A whole range of applicat
waterproof glue for plywood, washable wall pap:
etc. Already in 1908 a chemist by the name of

for plywood application,stgray neas fmom sgpybpmed
adapt readily to the newatseuwndriilg-tteheen eneidds ¢ b e
car industry began applying plywood in their
epl aci ngnacdhlidepryedor hot press ones.

=

e
\J‘

Earlay aear shift keopassmadaet ifc .om

MADBManuscri pt Tenelz@&the, Ver si on 1 ( 1



R Boyer, wdrokidng waist i hidmacdieepe oduckedafmam soy
was al most as strong as wool. There was al so
at the DrackettOfCoenpasgybadborpatotrgi n was comb
comply with certaihndemantdbi ftoemsi adasbyyggan e

actually making use of component parts produc
travelled throughout America by rail, promoti
vi si teexthitbhe . The bean was one of the first cr

purposes *1.

G. W. Can\V @boyfgi ber

Fi bser

Rayon is the foremosfti dreimursgyima da ofdruccm| @atotnagr
Hemp and fl ax are descri bedf ialb®waus &aofi ei wa sm
superior properties. I t or i daenmda tbeadc tferroima Q heisni as
| i ggmta,b raansd vgeood at hofliddbe®wegreasedeOedelfi ke m
castor bepgpanpetalkeraiBmhaoveered, etc. but they were
| arger production. However, jute was consider
(for mor e i nffiokremaetai to nc haabpotuetr t he home) .

Fuel
| t was discovered that al cohol could be obt ai
meant t hat fasmetaai coabl &@¢ bhae $dalefir fuel needs.

for fuelomodbtgadhedarhe es @mabladieculrh seedned worth
Rudol f Diesel had designed his engine in 1896
guality. Nowadays, rapeseed oil i si dbuesi ndgr ipvreords

(al so see chapter 2 Transport for more inform
MADBManuscri pt Tenelz@&the, Ver si on 1 ( 1



| ndustry

Ford

Henry Ford s
l i nes. He wua
environment .
wasted. The
AHemp mobil e
Ford’ s visio
part s. He mp
al cohol extr
oriented on

u
($]

S

pplied the world with affordabl e
rawhrehbBowmpact and consequences
I n the depression of the thirtie
ituation was that farmers were p

0

was to build cars from the soil
nd soy were used in parts of the
ct ed f rBoeni olrcec alWl Wae d eatr aylel epsarftoro ff
atur al mat erials. Glues and pl as

Henry Ford testingoypheedtbeontgthidf wath an axe

Il n 1916 Ford

set up a | aboratory for mechanic

waste products and even hous ealpplld craefiuwsne waesmp

soybeamesvearched for use in car parts. The Fol
bi omass fuel sRorndicdlugdo ngetheunp.a net wor k of f al
of the requiredr mearws madrea ieanssur efcheoff aextra i nc
hemp for industry. Ford himself owned a | ot o

I n 1939 he even attended a chemur gyf iclblerf at enc
started a net-wod ks torfi ¢ ©,carhany wnf whi ch were w
of his car parts. In 1915 the induction coils
gl ut ehre. tlhn rtt i

pl astic base

d

es there were engine, insulation
on soybean.

MADBManuscri pt Tenelz@&the, Ver si on 1 ( 1



I n 1937 Ford cars included 1kg of products ba
the forties he introduced a car whi chheé amlarbtod
|l i ke fenders were bewhebotrced Byrhempombined w
car used alcohol for fuslacgarsesedl|l feathyl oseal
vegetables, which wesnablbeda®bar mers to be self

V

29

by design .

Theélempi baenr8o-pl ascaili o 1POeAilmagl f t he swediegldhitcead f o m
that .t i me

Carbohydrates vs. Hydrocar bons
At the start of the nineteenth century i n Ame
mar ket opportunities in the area of industria

coul d omd ywibrener . Products hydorno cfaorsbhansef pebdar
from plcantboo hayrd&haet ebsat t | e was mainly fought be
opportunities of products from hemp seemed en

Gener al/ nboutPearmstndar d Oi |

However, a small group of industrialists and
which |l ed to a prohibition bildl by 1937 and t
Hearst the newspapere ttyicnoboenr (iwn d uhs ti Fayh)e nseuspapso rit
campaign agai nsunfhaewer & bbby eos.i nGd meyr a l Mot or s |

American car market. This ensured a great mar
rubbeel I An Mthe | ater founder of Gulf Oil) wa
held the key to its success *7.

lts glory & demi se
During WMWemurgy came to the rescue in several

MADBManuscri pt Tenelz@&the, Ver si on 1 ( 1



| ar ge s cfailyee b aanf,t ebre daa s rd fagae . I n 1942 the US.
Department of Agriculture | aunched vaei t00HEM
acres wer.e Tdhireown S*3 Navy used Loofah sponge go
they bought mainly from Baphtdare, Afrtuart tbhreee abmema
material, which resul t*88d ivn | Amveereidc avhg rcchwinmg ma
as a weed in agricultural ffeijalcket swas now bei

Bannedtl 9Bata mp a iw@g@rs s teanrctoeudr agi ng f aHemefrosr ttoh eg rvoawr
effbrom2194

During the Second World War the Allies were cu
| atex rubber f or itvier ense.l dA osbyvnitohuest isct raatteegrinca ta
movement faded after the war. The ban on hemp
The constant supply of raw materials from nat
becausea ts reliance on seasons and vulnerabil]i
wer ecommpgati ble to industry. After the war, f oc
petrochemical i ndustry was HWosomienegne dT hger epad sesri
exploitation seemed mocenpratbiiizeds. tethnbohdggy
new age of synthetics. People were attracted

American dr eam.

A I'n comnclusio

Chemurgy is a branch of chemistry which deals
especially from flheaoa ypsvepdaddtuc.t | Bas ianal Ityh,e adv
economic depression, Ameri canorf atrhmeirrs prea ceu d en.
was i n great demandChfeommu rngatsetr iwaals. Hnner yf aFnoor uds,
grow cars Mamyn ithhporstoamt di Chewmar gest wewhi mhd:
application, e.g. e@tabhels was sgaiveeadasf famlvéag

MADBManuscri pt Tenelz@&the, Ver si on 1 ( 1



cars run on al cohoTwa ad fn etdh & rmars ts uigmp o rctaanret. c |
soybean and hemp, the |l atter of which was ban
i ndupsrtorvyi ded factories its mat erfiaslhs ,amnahil ®h we
cheaper.

Il n practice, chemurgy held sever al advant ages
T No-hood outl et sprfoductus.pl us food

Far m rweassi dtuuer n egdr ai dnét @rodhni ghoduct s .

New or ot her c¢r opfsoowde rpeu rgproosvens ,f corem néodnei ng t
heawiulby icdoitzteodhn andtwhaeaai on.

Setsbstain ability: fuebhc¢ct gasenteadlelieasaimcobgl f
The great demand fwas materi al by industry
|l ndustry obtained materials | ocally, reduc
New industries fionri tnieaw ipzreodduct s wer e

The source of natunakh@gsowb) ematerials 1is

= =2 =2 A2 2

A Rekmaar

Personall vy, I was qu-iathel sglraghri@ispeedd st ocbkebhad &ah
applied in industrial products, in the beginn
Soy bbeaaspeldast i cs seemi bol offes. manyepdsshat the
protewvaenld, it has an exceptional qguality for ni
base for pl-@marsdofcsquadlaistrivens erkalbd yibts ht eueeset faog
syt het i cT hpel assotyibcesan i s America’s second | arges
pr odRurcets,e nwiltyh t he reluctance of consumers for
genetically engineered soybeatison fiomdte hea ema o p

ARef erences

*1 McMill en, New riches from the soil, 1946.

*2 Webster’s Third New International Dictiona
*3 I ndustrial h epngpp, efrB btaoc i ¢t al cpsmeuccs, 1995.
*4 M. C. Brown,ChGnmWr gGasrtv elrt tdpr:./:www. Iciabb vies u heé di
*5 R. Lacey, Ford opkomst, groei unbmaehi vasn
1978.

*6 R. W Davi s, Shadow of the Swasti ka, http:/
* T Conr adLi flenl iHRenMiptioet he

http:// www. |l ivpbinkscsbmbdsuameér html
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Materi al fields

lhave tried to approach this topic from a desi
renewabl e materials are being applied, rather
whi ch would be a more botanical or scientific
This chapter is divided into two parts. The f
second part engines of produBeasiode s saraebaosu tc amar
desi gmee sal 40 i ncluded odwelropmpmemts loifk es ucsda sament.
i's because the third chapter cosvuesrtsaitnhiensge. ar e

MADBManuscri pt Tenelz@&the, Ver si on 1 ( 1



Wal ki ngalh b af¢gieeddyd a(u} hor

An introduction

As said in the former chapter af-dlreemiWwaVMl @Dadul
ratthhean on agriculture formatnedrdidadriiZaelerpuecramo sl e s
the end of the sixties people began to worry
basics alrhdkerreatwmarse.a r evi v aall sof Tuhsee nocafmen acthuernmaulr |

to biochemi danl tehreginneneertiimegs. there is a renewed
subsequently interest arose for the use of re
results ofitbeSBmMmmi de hehd in 1992, I n the Ne
agriculture for “AgnrdiufSitcraitaile pur poses i . e.

Pi oneiemeRBuisns italser ubb er maygferasDrande l(Taomaxacum kok

saghg€onti nendeavieelldoapsd d ec atiy r ffar a X adg u m

MADBManuscri pt Tenelz@&the, Ver si on 1 ( 2



Agriculturaffocd opsr posenoar ef ighr prwoniclasa lbanrhdy d f @ r «

These mat e+ ioapds|af agnuoietneomd 1 éHhosweevnetr , t her e ar e
of opportunitifeshkeria.nad. ddi smpexaibtles (bi opl asti c
search for the ideal bul k material |whisohinadan

alternative to petrocheami ¢dle @craster on@iyc @le. wood
I n thechihol ogi cal area there is a general shi
being produced. Presently, badcoaceéeiioa afebapplia
genes are being transplantedeiffiectpl ahesef os
towards the (ab)use of nature for human expl o
transgenics and cl oning.

Homeui l ding materials
This area includes a range of natur al based m:
the home. As this area is rather extensive, a

Cel | ul ofsieb ebrased

I n the past 7000 year s droo (pmmbadticie® ke il fafnd rse rta vj
pl ants afriepbeuscuwctfioon, includifndEbhese, aFeamai s
marketingi Be®eaps fior. pape-rc,o0ntpeoxstiitiee smaared ibadisl,
which is relativihédhdeeweVd@bal Phdinmahdmbedi nget
strength and ot lsdirretahthi [*i2t9 .

hed

Bl eached pineconéacleidp b ywideed)t rrorb i o

Cellulose (C6 H10 O5) is the wor |l dliskteeorscth abbuwt
very complex. A team Vyntrieeeiaralhoesres, iwh iJcahp acnar
range o fbacseeldl udlecsgegan eirn ptohg mnear futur e. Pl ant
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way component glucose mol efdwelres i af acdlilsulinscd i
concerning the fsidbuerrde eaf argén &cwshl luglay fwramsdh ef o o
fi bwehrisch are i nt entfiooonda |lal pyp |gifcoast @ rohno. e nTdheeds ef or t
applicati oAgnrair eflsdh.ecal | ed

Wast e fsiotuerc e
I n North Americhidbabirkeubagasase wasteenl ssal hw

kenaf, rice husks, rice straw and sunfl ower h
Howevéde, qual ity of these panels are inferior
i mprove quality *141trBmar doiag dg @YBRI ( @il en twéd
materials. Along with wood chips the waste is
no need fCemeqallustrZaw can include straw from w

Strcaan bef ubedridn and for cardboard and paper
the production of the first nylons *12

Bolw madchi g obmar cbnamsdbi obased(dbsndeed Yy aut hor

Rice husks and coffee husks are agricultural

*25 . | n el nbdoiaar,d piasr tmacdle from bagasse without
resifdbemai ni ng when sugarcane i s pressed for
which are applied into roof board.Byl tt hies an a
devel opment of a mafcihiememwlhe &a\hes emove se ftthieci e
cosomu&s@Em now be commercially gained from the
burned. Resinous r esi dufei bcesarf teears iwhyi cbhe ictl| ecaarne

possi ble application is 3Nearby 5e@ibifloricemeadt
harvested each -§&ars otcwhechHdadhebyC ofiobnéudrct i on
Coir, is skmowrng tamdbedur abl e and has | ong been

mats, carpets, brushes, andowesvdrn, |lreecdmntr maw
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application seem to offer new oppaeratrumiwtoir ks,,
etc.), insul ataibsmorrmatndr ipalck,ags mgc knat eri als (a
rubber), in technfiicl@emlp@hk) anltemi disf imaerdu,stet c

Agri fibers

Bi omass can be dehfigireodwsa sf raonny tshe endgs fwehnw &ci 2.0 z e s
't 1 s prAegdiic tfeidbeetrbsemp wi | | e v efnitbuearkseyagitdap b ac e
car bohienr scomposite material s.

I n the Netherl ands r &3 dyeerrastDADSO b eni cg nd wmec td o n
industry, to establ iPsalr adrl ermmoAtgaf iy Htrildeearssmer o peere
for possible technical aanpde rc oinndeursctirayl. sH sgpneicfiie
i nvestighit®e®eki Soemfel ax and hemp are nearly pur
| i gAgmi. Havwermany good pr ofpaevrottiaebsk ywhti hceht icco nopra r
fiberfisiedbedir ght, strothgxi d,] exhddpeer noaand even t
production can be r 8tewsrimed ,bynoiud disn esrhatwi d re s*1
nattreakeare applied *28. Areas of |lapgliicsatoirormt
materials | i ke cement, geotextiles, or as ins

y o
)
e9

by design s

Tabl e madiencewicehh ppdbi obasedbbpi adehor

Composition panel sf imaaar & rdoinviadgged ciunttoursadver al
density insulation bfoiatredg r dWD,F H aredlh exaniB dlaemhdsd < py«
may be synthetic thermosetting resins or modi
starches, thermoplastics or mihebalr pti4, Rhc¢k
include jute, dhéaxhoroe rhaisi s@&hd e éve®dib bgpermopnent t
for industrial purposes is described bel ow: (

He mp
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Hemp ( C&ntniavwa)s ori ginates from Chi nnag abnedf ohraes
4000BC. The fsitremf®h o@irfeather .Itth ama g htawo odi fffl er
of cel |l ulfadwhiic.he.i sbaosfs very f¢gdvdd ccuadlsi toff dred sv
contains more |ignin *15. Hemp i s, amongst ot
producttext igleoweagtdt!| pghel s.

He mpi bdeoror Ip ameBtMW i 3

FIl ax

FIl ax Ui hami ssi mum) has been terxtdilte oinmdu gt gy
(l'inseed oil) has been applied inhnilbiemolde sm.miHk
t o chi(pbhoearr dappl i cations could be panels for f
frames, reintoetement insabati on/ wsoooulndoprr oo f
rockwool. One major advantage of flax is that
hemiel |l ul ose .and pectin *16

APl atonic | ovebo

At Ceries Wad/eni ngenf tffhiedbxdmubabngi t mpopoved by a
PLATOhfei baerres-waighhtt and are mor(et hreesgrsaaenss tof ¢
described further along the chapter in the ar

El ephant grass

El ephant gr as ss e(nMinssc asnftghpud @ mm ocalgusmii nsusa cr op whi
from China. Potential applications are in geo
producfedasretsi milar to those of wood *12.
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bed

El ephant gtr hagsasr diernaimi o b a s e dp rba snisdesiorl o dbys au) hor

Jute

Jute is egodtlruan g,y famlde Jaubtseo ribse nttr adi ti onal ly a
woven sack material, carpets, furnishing and
have been partially t a%koe notohveerr abpyp Isiycnatthieatn sc am
One option is composites, |ike jute mats in c

usin a ppotessl8cahl ed

Z

Chair maagien ¢ cmhmeprsd utaendbi obased(dbshndeerd rby aut ho

Bamboo
Bamboo is split into sl ices Tahned fgllouoerds taorgee tvheer
can compete with tropical hard woods.-5Ayeadsa
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mature in order to be applied in floors *2
ina | i Kdbephyg woadt i cle board, composites and
the Technical University in Eindhoven rese
terial. A social housing project was bggun
ccavats established after the war, for the dev

mbbookcaseesd ghed Yoy aut hor

ofah gourds

of ah gourds have been grown on an industri a
peri ment. Furthertheseatchwowild beowolkadehwh
r o industrial application in sound / war mth
rsehaifri meard coir

rsehaifri memrdmicoed with natur al rubber and ap
dustny.erTlheel as al so uGteldern ntt if$ @it reallsu d(ec okceonl
sal, mauritius hemp, kapok, ramie, rattan a
tural composites

mposites are combinations of material s. Nat
tbre@kand a natur al bi nder . Bi oplastics are
ckagi ng.f iShoenmertei nperse,ssed together by pressur e
| eNat uoruet .po mpluic e amlaggl composi te materials al
bamb-made Maomposites i nplgaeyeirmlcamparsitsdn. ¢
od

od is one of the for emaeste nrcatedegsadmgt ofmgpro sd u re:
od. Howe vyero f tthreo psiucpapll wood cannot continue

od isn’t doing the environmgmadadeantyhegowaodridil
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f agntowi gy aldoew t r ees.

AFair and squareo
A Japanese scientist has invented a process b

desi gnewavrmei corvoen, the | ogs are cooked to arour
pressed into a square shtape,| deswmgegli keepl t pe
shape. The strempgt awmad ,tthlkee demesd tiys i's i ncrease
cheap, |l ow qualitpyrwooarcay, babopgr @&668dof ti m
sawmi ICFr ookedhtweelsd wiht her wi se be wasted, can
straightened * 3.

Poplcehra(desi gned MhHRo@lugrmewn pioptlar pl ywood

“To platonise” (the word has been Aadnsihtetldd Raess
aprocess had been d(ewvldootp éetdgo Mgaaditl iemdg PA.dAVI&On c e d

Option). Wood which has not been dried is hea
this stageapbxemadvatslipeg wood is | i ke paste, so i
Afterwards i1 wti 480edtegdeeisl CeabBous which hard
The process upgrades | ow quality woaodh,tawbder eb
the smaller ones are destroyed or-promom,| degear
moi stbsme b&ant and much stronger. The wood hand
commer ctheiprogess with some financial aid fr

manufacturing plbamtbthas ealpreadys sb & eaHdeti nBy. Ve x p
in Wageningen and they hope to produce commer

Bamboo
Bamboo has bceoenns ttrhuec tmaojnd hmeat emriieant . Bamboo i s

to about a thousand varieties eosf gwooowd ya sg rfaassste
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meter per day. Bamboo has many good propertie

AfBamboozl eo

Il n the quest for compatibility to industry, s
selected and usedsbecAuseciobdngulsat hi ckme cons
over the bamboo shoot. When the shoot has rea
up. The square bamboo is cut down between Oct
Legnt hs of square bamboo are very much sought e
application in Japanese homest s mosborin@memnt a

t he Jdiowimng 11.

Mamade composites

| mitati onmeftoaberansepti on to reach strong d
bi omi metics is the art of copying loiptiimg Adas.i
the Centre of Biomimetics at t hellenirveetrdsartcyhi m
structure of coconut shells, for crash hel met

fiBi omi meticso

C. Matt heck has studied the mechanism of adap
bones) and has incorporated (hGosmpfutnedri nAgisd eidn t ot
Optimisation) which is a tool for engineers a
Nat ur al composites grow to strengthen themsel
gradually become stompdngners.e Tlye gtsroepar lovwielBlg r si enlgfw
a state of constant stress. It wi || restore i
overl oaded points. I n trees only the outer mos
growth. Al so thbbke tompestbes Bhemsel ves. Fol
he has redesigned and i mproved the common ste
AProducts aliveo

Schliekel mann pr eednacdtes ctohrgto sa ure sd erteady, omaen day
pressure. digmagvhme hailmpiroves its own construct
After all, grcbemhciat @amoelesst rohe basics of w

Di spostalplae kagi ng

unt i | 1900, natur al materials were applied in
weren’'t petroleum based but were made of <case
previous chapter, there dwesrog adlase da pg laisd dtcison
i ndulsrn rtyhe present consumer society there i s :
whi ch ar e bi odfeigbreardbai bolpel.a sNaitcusr aolr a combi nati c
be applieads.in both are
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Fast food Alhkbkmgmn ngn@ddegeilignhéd )by author

Trays and containers

Fl ax, coirf,i jaurter @gséace mpnt o shapes for veget al
of binders. The |l igniAngpraesént ei sambed!| Fasaff
is being marketed. It’s made of wood chips, ¢
bi odegiSadabl enes | arge | eaves | i ke banana | eav

materi ane dhemeomange peels which have been p
dri ed.

Paper and cardboard products
Hemp has a higher yiel df peearaerleomcgenp,arwidi dho |
gual ity paper. Tphoesipta poenr arneds iysetlsl odweicnogm as it a

its |low |Ilignin content bleaching can be done
more often bedc¢absele.soTffe abtasgsl,ontgiessrsues, carbon i
Agri *li%S.erEl ep hfaagit ognp énsga t i s’sha-d hmeeachesn3hei gl
struct @r baeroes siitnsi | ar to those of wood. So the

particularly in Denmadok sdkeadaBr { Habinsé¢d$.cdhea
extracted and bl eached and can serve as pulop
recycled papet Ff@2can upgrade

Bi o puhpohges fungi to convert wood chips to
reduction in energy and pollutants normally a

u
cardboard indu$t wpi cht n sBlvaiispalpmmoand cardboar
t
r

APaper chaseo

Zeneca, Shell Research andomNi gpgemoat iPagplelry | madiis
paper pulp trees. This way lignin wil!/l be eas
making |l ess energy and chemical i ntensi ve. Ni
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bl eac

hing by white fungi *30.

Sho@malbsorbent packaging materi al

Any ¢
Cocol
is al
On Sa
suita
funde
appli
produ
met er
or he
natur

B asg
Bags

Bi opo
Bi opo
or fu
Howeyv
of ten
modi f

i
Gol f ,ge@mdn d g e(ldaetsiingned )by author

They

el | Uli dosané ua sneedl i nto a foam materi al i ke
oc is a composite consisting of coir bou
So aprpdsdiedt imaslt .srhatce&kr

rdinia, an experiment al project was star
ble to be grown in this Mediterranean cl
d by the Europeahi deucwg ) wa f atviea imdinyo fnam

cations the mostabismpdrethdntpaactfk awhingh mag eg

cts. The fruit consists of 60% cell ul ose
of | oofah weiighasbaautoutnide 1Darkeg ahigdl yst
at the fruit can obtain any shape. It ca
al sources *32.

géotlt it mmnor jute are very common.

Il ymer s

l ymers, or bioplastics, are biodegradahbl
ngi. They are-spamy pswidtualblse fsar hsklar tpalcik
er, some biopl asti cgserarlei fael saop ppleircfaetcita ny.

more heterogeneous than synthetic ones
ication *27.

are someti mes seen as an outl et to get r

be modified to suipet i ebldespeida 9 tail c p.r oTcheesys ecsa it olr ¢
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coatings, produced as foams, or injection mou

Starch
The properties of the different sour degs dforst
i nstmpemad est arch produces aostierpdmmamttigsstanghpl

|l ess strong but flexible plastic *33. Pot at oe
more expensive thantwheatuadtidrych 1l6ut Sitarafth b e
but absor bsThneories taurree s*e3vier al crops which are ¢
the i mportant ones are corn in the United St a
A sai.

Starchtpgpeanu

ACornyo

At a corn flakes factory in America a materi a
polystyrene packing peanuts. It was expanded
foam (National 3Sttarhcatsd nomeesnc balr hy *gbodheed sin
Dutch company Avebe produces potato starch 1in

tapioca star cThhherne Tarae | nmaanidnl*yl 2t.wo groups of cc¢

Expanded starch

Thmost common way to produce expanded starch
devel oped by Biopack of Austria. The doughy m
evapor at-tiske amédoami alf iilsl lanfde tprdadydsu tceadns ebhi s w
Usuadddyi,ti ves are included such as puffing age
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Starch fl owers expdéddesdgine dnpbrgorjaucith e B e

The
To
it

rmopl astic starch
be applied as a thermoplastic material, st
possible for starch to melt, and makes it

available for about 3>ECU/MMKkge. fHi12n olrt sheretlse @

con
mi ¢

ventional machinery *44. Avebe offers a st
ro@avehe two components in starch amyl ase

starchy.i rSgpdsttrt i ng starch costs a | ot of energ

One
pot
Bec
app
bio
and
Car
cut
by
Bi o
Lil

of the disadvantages of potatoes is their
atoes outside a certain radius from the st
ause of the hydrophilic and | ow mechanical
|l i cation. Warner Lambert in America was th
pl asAtti K'*OR2 a. plastics frraoduded dNownwoDismad
potato starch, whi eh |wasanalppalsi eéod ni n ignoelrfs
gi |1 manufcaedtaksceas| ar y i aed opl at es * 1. Il n Be
l ery for spadsender Neitthlermands biodegradahbl
SuntrayBiop&ek momdAustria al so produces ex
pack, founded in 1991, a Swedish/ Austrian
lmehranGames i n Norway in 199t e ddyasnbwemgermbade

starch. Pl ates however, were provided with a

The
pr o

cutlery was made from cor nh shiam clhi nenpr we
vided. From the beginning of 1993, the Aus

pl ates *36. Lozer produces trays for German ¢

i s
fil

t hermopl asti ¢c Howa meleaent ubzez imo unl detdal*y3 5p.r od u c €
ms f or wriadppi ncgo,t tloonossewabs, nursery pots an
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ADesigner spudso

Researchers in Holland have come up with a ge
amyl opectady *4a42si Al Far modification was appl.i
pr oductMaotriRir* 4Q.ar c h. Bi-Bio,s anmard=i8 ©t% dip aefct h5 @ n d

of synthetic materials. However, atntyer enar ef 4 w
ipurely, ntanteurcatther s have a certain synthetics
Ot her products which are being produced inclu
di apers, tampon applicators, ectaar isawa)b sd o g ebeadn ¢
candle sticks and ornaments for churches, fir
pigeons, fi-sbeng tuwumags, fgol Etandy or biscuits,
Starch i s bicade preadarineedancht o compost. It 1 s
plastics. At incineration starch emits no tox

di oxi de *44.

PHA / PHB
I n 1929 it was discover ed rtelsatr vbea c tTéhriisa gproaudu

which consists of many wvariations, is known a
fermentation. The materi al has good propertie
applied in mosets iln dkues terxitarluspiroonceasnsdi t he produc

J 7””'7!/-

VED IS Prod e &
2 “Cog

]

© CSOUp,

BIOpol j

Plagie <
) =

J‘\.,Jt/ et .oaﬁ? —— 2 5 W
Blets ——— | R T
Bi opol : bi odegr &PHaBb I(eP ol iydhpylda otxiydbut yr at e)
| CIl Zeneca was producing one of these plastic
Bi opol i's now being produced by Monsanto of |
di fferepbimebtvagying from 136 to 162 degrees
Il n 1990, the German cosmetics brand Wella int
produced by I Cl *32. The manufacturer made an
i's coynmompl i ed as a coatindp mootbllyemon hpagdedr wal
relatively high price of Biopol (in 1990, it
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There is quitepal yowt e@erut@amp afedito@otdhée¢ ilkev gll
starch on whi chornt hevearaxtlkirliaa dfeeRBli.opol 3 kil o:
pro
we i

cess is quite slow *28. The bacteria store
ght . Thbilhmhaopdwsdst ct hdhe cell wall has to be r
i s quite a delicate procedure as the plastic
acidity of higher than pH value 829A Fbkevbatt
can also feed on fossil fuel sATAAtLOZkRascal bact
research with these bacteria but they feed on
it is cheaper amrdodutetyi an aofm RHMA.i gwen mor e i |
vegetable oil s. I nterestingly, the diet and g
pl astPdB*Bds a high melting point andpermasn, wit
cof fee cups and cutlery. Al so pens and dispos
di scovered that plants could be used for the
products were being prsondowc edd ibnyc rbeaacstee rtihae,i rb uyti
APl astic plantso
At the Michigan State University in East Lans
produce a plastic similar to Biopol, by trans
Arabi dopsis was engineered to produce granul e
bacteri&i miol &r2l19y i n Stanford at the Garnegie |
genes to make PHB. Most plmdtx0 % hpelna dtrii cesd ke

“natural” products. The discovery was sold to
Poly Il actic acid

Lactic acid is a solid at r-bamttemperdtobeai m
action of bacterLi.d acrt ime atc i a@ax tfrraoant tadred f er ment
mi x of the two is obtained from sour mil k. Ba

cd casket made from bi opl a.sTthigcnlii nmyotliwusdvidnegmpP LA and
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Pure | actdyxntalcesdi aik3 f or the first times Copo
with a wide range of properties. These ther ma
using the conventional melt processing techno
mat erial. Due to high cbssesgamai ntywaschanobsei a
products only. However, in the United States
waste from potatoes or whey *27. This new Bio
JapaneseKyowp athagk ko * 8 2.

Lactic acid pol ylmefreahatve e@ohe®indesdel moi st ur e
slowly. This may vary between 6 months and 20
There is also aitrrbhepdl3édnt Byvaldiaety savde comm
Due to high prices the application was | imite
dropped. However, scientists have demonstrate
aciOd her types of food waste |i ke cheese whey,
for the product Applotabiopl &sti packdag§ing is a
l'ife i s required. Fhillem,apprlaiycsa tainodn sb 0*x2e8s. alrrea nss
produced *35. A combination with other mater:i

Casein

Mil k proteins |ike casein are presently appl:i
certain gl ueer floabeltst.aclhn ntghebepast, casein or
and buttons and was processed into yarns for
Substitute to imitate ivory or tortoise shell

Som@as ebianske idpol ast i ¢ fprranmheat Btylc 20t ury

I nul in
The pol ymewciedulbiyn c @pl coomeyr ead Iplluaent ) does not ¢
many chemicals, so it might be an interesting
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Holl and (CSM) has begun a factory to produce

Gl uten

Found in corn and wheat, gluten is a vegetabl
modi fied in ordefobvo perpppesetilborThenproduc
growing but the demand rstiarydu sttraibdle . a Bl it hatrie
compete with other plastics. TNO in Holland h
made tphleasntoi c so it can be industiiba&lIflayl npsr oocre ¢
tubes .| slat bceanusaed as amauladiwdgdoeri m ovacdcuwmymctitiilon
The materi al breaks down within 24 hours at r
can be called. bfomegapplabtat *@8ns imactleurdealbsi,op
bi odegradabl e ece®adtiarsges magleue al sl awd heart val

Gel atin
Gel atin is made from bones and hides and i s a
capsul es.

alcohol based Ink

Jel | ymapdeen fgredmt i n, f-bed st e, d ail nckodh(pd easujt ghno r

Agar

Agargar i s the gedeaweamducAmraltgaen* $0i ent i st s h
way to develop a solid which is |Iighter than
and an organic solvent is added togetzhekrri evd.t h

The material could be apbovweéee@dapsul esul atbilon p

Chitin
Chitin oesckuerlsetiomsexod anthropoids and in the v
cellullosmelJddan, the ghiitmpliamdestany it he many

Scientists have sutcrcardpar é mt mfaikli mgf @ar sgand k a g |
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chitin anmdecenaltelrosad. has good properties such
bi odegkratdtab The researchers were working on m

Vegetabl e oil's

Pl astics, coatings, paints. cosmetics, deterg
vegetable oils. Bicarboniclaeddiate plLpptied
produces a kind of nylon, whwehghst aomprgnoneht s
aviation or marine industry *12. Some i mporta

sunfl ower andtoasbot. shadbim sabstitute body pa

Jel | ywiptehmmg etoaidbllas ed i nk d(yd easujt ghro r

Transport
As seen in chapter 1 on chemurgy, natur al ma t
start.

Car materials

Foll owing in the ffoodartleipesr oMe rFoeg de sh ah-cls aas sciern
which includes interiorfipheertdll & hmadgd ftrhemf folr awe
made Trabant’'s bodywfoir)klemaesr ibolirk ep adiatdse p &nél s x
reaeglsfasm vi s@uodf / i sol ation material, roof e
uphol stery and carpets.
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A-c | aBsesn z

But even rewhtet caannde hbeusmpner s ar e possfibbersppl
The Smart <admsandateseffiifabxéi hhotaodd paftbernste

ondsn. Hol |l and, KIEM, is designing an interior
pl atonif sdarftilsax Thi s materi al hasetshleit gt aeit @ly
soumrdoof and morfel bsearfne HoHdmngl aasg ruck i s bein
which will be consisting of unto 80% renewabl

up to 1000 kg.

U

Modernb&egd foam seat for the Ford Mustang

Some i nnovative procespebkt thayy avdhih dwbimtshkd elvied degredd

dragged through a mould to produce profiles.
conventional press technifqQulasrieatl ¢ethaanbiempr pv

technically, whfeinb@BmprbedVhveghyg| wees glwuhen appl |
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significant quantity it could safe quite a bi
applied as fabieri hf ackemsenand iheane sal*s1o9 .b eB uatp pfl
exterior componelntssupdp ksee ctalre tmesrgh eafs en aotf u rnaalt u

or without binders is | imited to denrtewhiiocrh uisse
watreersi stant is found, perhaps the outer body
The prospects of polylactic acid seem promisi
it might be applied intaohcareeldumperws tdrstaatnhde rwm

(for further fi ifeosenea tTihoen haobroeu)t.

Fuel

Fossil fuel reserves wil |l al most certainly be
exponenti al gr owit the of ec@alrt sIcE&enNnwam cincexsicdas 66
As discussed in the chapter about chemur-gy th
fuel . However, it was decided to opt for foss
cheap to atutaenocoesTbft tbhsedecision are all to
Bi omass can be used in several ways to produc
f I'ncineration or vaporisation

T Oil from biomass

T Fer ment aettihoanniolbi o

ATi mber! o
Because of petrol fhRerdncestherce i wanrse ¢ ar svaon t
ti mber for fuel. Service stations sold wood f

AGaz o trruuncnki nigmb efnoftuéeé h war years

|l ncineration or vaporisation
One method is to burn or vaporise the mByter.

vaporiaz atoi onet hanol can be extracted which has
MADBManuscri pt Tenelz@&the, Ver si on 1 ( 3



Nowadays,gsowmiend¢ apgltants are especially grown
el ephant Agriassgl|l t5B8al waste sanawl sbnbSweded a
designed for maximum output-cyThH®Wnnefr enér gy c
I n Britain an experiment has been conducted i

burned to produce electricity. The carbon dio
which speeds up growth of the seawéedi t5%il Ho
to compete with the cheap fossil fuels *56.
Oil from biomass

Rape seed is esdgeacweilalilny Eqrowre famrd ktiommt ai ns ab
1988 5.2 million tonnes was preoducedds. fTrheee BU C

The emission of carbon particles which can ca
di oxide which is produced is absorbed by the
advant age bisot Gaobe gsrpaidabelde *62. Shell has deve
HydrotUbUepgmadi ng) by which about 40% oi l i's ga
possible to use household orghmiixc acedlud emak e at
cheapere amidleapedth green alternative to using |

A onde Ehs b3ectytl i cdemgidreesi gnend dror aiut voeiget abl e

Th e Elesnbgeitnhe was specially designed to run on
ordinary diesel engine. Thsesteaghabl enabl be @
fueb. *Amongst other car manufactures Vol kswag e
suit albil @ef dwrt t he fuel i s not readily avail abl
conventional db iecsted & le nlgo meev d ko, fsecuhgpangmnghbt de
about 2% *62. I n Japan an experimental cer ami
|l ighter and can withstand more heat than a me

Oil extracted énomrbvemassonbmscakly worthwhi
MADBManuscri pt Tenelz@&the, Ver si on 1 ( 4



associ atéedowseh htthiasnount of space it takes to

Fermenbiaveomanol

As seen in the previous chaptederkFord Wwamewp
fuel foWUsuWwalsl xarasedry” crops are used for burni)
are used for f er me mrstugtaitaccan*edl g a rl ar 8r @rzdo Wn cfoo m
of al cohsolcowmt.r yThiis t beé ol a(hlg2m i Iplrioadnu dleirt roe s

Britain genetically modified bacteria increas
research report for the EUwbrtWwwédieenchadedl ¢
pl ant as there was as much energy needed to

I n Stockhol m, Sweden, there is an experiment

cheap Spanish wine. Permi $sventWwassgnantednlkey
for fuel forposebe*B6@ar future our cars may h
rapeseed oil, and have their fbioadeyd wboirokp laansdt iicns

(%)

c

Cosmedetcsemtesli ci ne

A | ot of cosmetics ingredients from biologica
natural oils often contain substances which ¢
some cosmetics were sand, soap and soda.

5e9

by design e

Cosmetics pBongamodipt itotues@@my au} hor

Pl aontl s, herbs and weeds

Today, about 15% of all detergents are plant

are applied. Flax can ber garlowmedtoiccaildeys .a nRll annet
take | ess eheomyf obanl tbbbkse *65.

Hemp oil extracted from hemp seeds is known t
essent-a@lds aang vitamins. Al so soap and shamp.
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currently the newreddreo mios nBeasiicdse si abddui sritgr yu.s e d

herbs are extensively being grown and applied
product is a pillow filled with herbs and spi
holistic mediecibneei nogl dc ornescuilpteesd aaand t here i s a
alien or forgotten herbs are being grown, for
Industry

The Bodyshop -batéd masmepiaastfor(tdvdabt has dinet i
production projects are started, mostly in th

products based on vegetablbei ooddgr aoda bMhes.y Iwh i tct
there was a growth 0% tLu6nover of more than 4

Opportunities

Someti mes rare and even endangered species of
for a speci al chemi calbitohteeyc hpir@d dougegei. r eidiet phr a chuec
proviadeal | y, i n nldarwgetrhoquanthirteiaeesena ng endange
By the conventional met hod, genetically engin
vats. This is expensive becatulseer sgreadd s cgparndat
modi fiednplanhesagti bodies in their | eaves. A

anti bodies have to be extracted i mmedi ately.

AGrowing medicinebo

|l n Germany botanists of the Institute for Pl a
a chwaggpto grow antibodies in seeds and store
tobacco plant but are now experimenting on th
scale production of antibodi ess witl Iwiblel ibtes peoxs
near future to pick your own antibodies *66.
A
S
I
I

t Mogen in Leiden (Holland) potatoes have be
erum al bumin. The production by potatoes is
n France a team of researchers at | NCERM hav
i ke rape seed, tobacco and corn for the prod
in their | eaves, whi béamoébg.lnoAftther biatss ce xttrraacttiuc
Early next century it might be possible to pr
applying plants for its production *67.

Clothing

ADenim returnso
Presently in France (theamednafiyeoftbeigndi 9b
devel oped in the city of Nimes), coloured cot

MADBManuscri pt Tenelz@&the, Ver si on 1 ( 4



cultivatedeghnohhe f-Rdwusmgiuleldore, thanks to researt
at ClI RAD. Thascbéeownmoptdiahteth to endure the <ch
Traditional Ifybhecamaser yb ema@an uampl i ed in the textil
wool, and | inen. the productioengines!| &@f iprde
Vi scose fainlde e amade ffirlbemt waroel chemi cal s and ene

Cotton
Cotton has a bad reputation,f iblmet @rtdirmearmray "nsc dt
yielded with & hehdmi palog whkifohimatds the pl ant

Pesticides and insSketcottdensn bsebbébaeheadnsdadd c
Cremas®i stant and softened which Howevers tahd¢moe
organic cotton being produced with natural co

Il n recent years-fabBbough, t s €n cheethtaldlees beectne ppl i e
uncommon sources such fhsdpeamreasdfatAl seperai bveto
envirdgmmemtdl vy than cotton.

He mp
He mfpi ber stronger, | onger, more | ddthretHesnpane xa|
regul ates temperatures very well, so keeping

hot. Cl ot hi ngf inteade g mr oeme cheednpi b @lny Geapnalnayr and
United St at efsi.lb sHotwoeos eprh o ctéhses ed ben eweaving spi
machin®&8uy in the near fsuhtiurrtes Welh aaHe mapr pend tl yh &
used in jeans c¢clothing. The original jeans ma
(canvas) .

Peat

Amzingly enough, <c¢clothing items, covers and ¢
pl dntwédi ch has been pressed togethieblebkye asged.k C
wool andid®pun to
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0 @
lJl L) %
by

Peat ces&iethpeadu) hor

Mi | kweed
Similarly, nmiildlewedadad aw® elllusta nicte iass caur rentl y bei
Nat &n d@&leorr poration in America to be applied in

Pineappl e

Pinedpmplse spun and woven into clothing. tThhanks
UN fuhdicaeq be gained from tiheensl & ot 'hsa viee ggweodd
regul ating properties and i mproves the qualit
ABlue genes for blue jeanso

Genetic engineers at Agraceig® plamtt ootcansp
producti on ToHfe bderees owdwlnd be engineered in s
only in ftilersoototnolny t he cotton boll would turr
pol l uting f otr atnhde reengvuiirroensmeenner gy . I ndi go was
before a cheaper, synthetic alternative was f

I ndustry

I n the seventies a new concept (in which Arch
garments washidcdeveaelvogeeke.d a machine which knitt
garment normally consSesvtesr aolf cao nspearniieess olfi kteu bEes
Ecibashi on made from organic cotton, fowlristhei s

demand for organic cotton exceeded tha ngupmly
the field of hemp or peat fashion.

Opportunities
MADBManuscri pt Tenelz@&the, Ver si on 1 ( 4



Besi des ftihbtebresr ee@wr e some positiveéidewkelaowmmdnt

cotton as wel | . Nat ur al coloured wool i's avai
than the common sheep. The American Churro sh
simultandanudaimeri&h., Sally Fox hsapsi nsnuacbcl eee dceod ott
cotton (browns and greens), by crossing sever
i mprovingemhety in other colours. Her eacliadr e
machines and woven into shirts, jackets, shee
There are two American companies: Agracetus a

i mprove thdidgwredhider mdi ng sesdirmengreed t onlger ,
wri Akileee anda od waim egr. e

Engines of production

An introduction
It seems most production and processing of re

relying on energy insenBEspeci @lohyemitophast mes
to meet the requirements of industrial proces
glycerine, which Hoawesveesr ,i ttsh enmeel tairneg pprooicnets.s e s
ardake the food industry. Sometimes compl etel

designed to processpunatrWwrsa ho nmh elriadtacesiive alina gy ,a
have arrived at a transibbe omrndédstadeby Delse rtab
alien mgamied nlwipk é clad or&hieafot | pwamgs pi ece expl
of manufacture.

|l nsect | iving factories

|l nsects have been cultivated ptriordauwcg mgu tmahiegt @
Three examples are silk moths and |l ac | ice an
Sil kwor ms

The productikemadfi n9i,| lofbestea i cul ture originate
four hundred differenvartiyepteise sofwhmochh ,arteh emoces ta
producti on, i . e. Bombyx mori and for wild sil
Thei | kwoerems on Mul berry | eaves ard bpmradadkceeen . c oSc
yarn I s peodeekdnf9yot hcocoons, which fl oat 1in
Lac Il ice

The Kerria |l acca is a smal/l parasitic insect

They secrete a resinous substeasncevemr adr amdHaéaso
one poursdhedfl alcasvwas applied as i1 solation mater
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i n t

he manufacture of gramophone records.

Honeybee

The
prod

Bact
Bact
prod
The
in t
ma ¢ h

bee | wekhowmampbea |t has been cultivated
ucts, |Iike honey, queens jelly and wax.

¢riaals mutators

eria of course have been used in the past
uctrs.a Baet @l so known to clean polluted so
Kuwait desert was very polluted by oil sp
he sand was difficult anndplnioctatneadk ianngd neuxcphe
i nery. However, in 1995 there were wild p

soAlbiol ogist went to investigate and found t

cont
feed
di sc
But

soi l
t her
t he

agr.i
di sc
Bi op
Onl vy
ar e

tran

inAl c
Bact
(pyr
Two

bel o

Si |l k
Spi d
uni v
wi t h
l ar g
whi c
t emp

amination. ThistWwasrbetawhAkacthddlbétaydlt eemti ariil ¢
omimhroganeafter which the oil i s broken
overy the plant has been spread to other
resear cher sup nwidtahp aann ohtahveer cnoemiehod by appl )y
This way it works quicker and better, a
e is a problem i.e. the bakEe¢rtimmixead ' itntsd
sand and watSetrhe oWdwaitthedes xrtturies cl eaned
cul tural areaAs byhawr wortkhefclhagtenmr iabou:!
overed earl erthi sanemptr ody cteh gwtloarwmedrtcd sa |l T @k
ol initially by Zeneca, now by Monsanto.
recently it has been possible to transpl
identified whi cki mg eo fr eas pdbeaissii rbd kel & oma tt enrei
splanted into bacteria for high productio

hemi st bacteriao

eria are even applied in extragculimmatge !l d
ite) |l eaving gol d.

i nteresting examples wherrufbhact ere aarae ed e

s silk is much strongade bariclhempdevisamn.
ersities in America and even the U.S. Arm
t r aressf erersipmognsgebn e f or makThmg BBadtkenina sprn
e protein molecules which are similar in
h it can be shaped iIintoulthyr daodrimn Batsermr aad
erature and fed7bn a diet of amino acids.
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ABulplretof vests of sil ko
| n t hsecorlymeat of si | k cjoatihdidrma a@mnceh aap pfliigchateiron c
buldreaof vests.

By insertingoggma@s$ simst ormisemao chers have been

essentially ildrenftaacta,l anoy ermasatldeersy.uasl h csa nmedteh d da.i |
proteins which are intekesting &47é.el astin, ¢
Mot her of pear.| (nacre)

Researchers of the University of Washington a
responsi bl e for f arnmierg |maycerre i(na sphredtlect iswec h

t wice as strolnfg talse yangyu ceagadnitche gene wi l | be
the bacterium Escherichia coli. The bsacteri a

Scientists have also researched and mi mi cked

through its many | ayers. The resulting mater.
bl ades for jet engines.

ANacre coatingso

Per hapls biete pwislsi bl e to provide products or obj
a solution of the proteins and necessary ions

AiBi oplastic plantso

Researchers at the Garnegie Institute mhave su
from which bacteria produce PHB, into mustard
be suitable for the production of plastics. B
provide a harvest of p2l0a¥% tdiecg.r aTdhaeb | pel apnl tass tci ocnst
Co. bought the rights and it is believed that
geneti calpllyannosdiwiileld be commercially avail abl e

greatliy fborodtelyr adabl e plastic.

Power plants

Woods have beenvihkrzemgiome $bart. The cul tiva
|l ong way, but cultivatifomdompuarmoisedu ptrroibalbl gc
ti mes wevéal opment of plantations, for natur al
For the first ti me, pl ants are being used as
that plants can produce materials instargAsqu

seen in the previoudodlyamtyaenr b RaBpult g taiBe opiorhi, |
being produced by bacteri aBesamnesowmalt oilaé¢ p
substances can be prardutceah rbiyg yd sa.ntFo ru sd xnagmpsli ¢
grown in huge quantities and stored indefinit
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Nano assembl ers

Perhaps the disadvantage of |living engines is
succehlstohreugh my reseaprchcdssvadout obiokdbgidealn .
because it could also apply to biological ma t

Thweknownhysicist R. Feynman mentioned in 1959

buislmh!| | er machines. The small est machines wou
Nanotechnol ogy (nano= one billionth) involves
whch are the smallest parts of matter, are se
machines. These machines, which resemble robo
parts containing several thousaanldsr eoafc taitoonrms .

The process is basically the saméiaating gwoodw
machinery of a seed can make a tree, sO0 a pro
to make a tree, so semblogmr amnmneld bepamceat & o gmal
fudilzem@hi s way it is possible to build designe

ADi ambindempositeo

I n theory, carbon atoms could be -AcsBemplosdtin
(Di amond is the strohnlgteswourad elreé ag o ksniobMne ttoo m
i ndestructwebilgehtanpdr ddugchtt. The material can be
eventual product so(KheEri ¢ sDmexlwars)t e* m&t eri a

oncl usi on

>
(@)

he field of materials from renewabl e sour

S
—~

i .e. Dbiopl afsitblemsstahned anraetau roafl b i ogpelnaesrtaitci so,n ,t hweh
mostly contained a-bdeordteggirradmédr ece mtad gea | @afl snorha
a new generation of bioplastics, which are co
recent years, thr oplgahs tsiccad ea reen | garr ggceureelnlity, kbd o1
application of bioplastics is generally | imit
medi cal field. One particularly interesting d
commes the production of a plastic similar to
Il n the arfeiahbeofhh @aPUABO process seems an inter
nvol ves a change i n ftihbeebsrtoruuchttu raeb oouft whogo dc ooork
esulting materi al i's I'ighter Nag tindéegesr f andi m
ustainabl e application particul ar Hyasihn obnu i |ads

—_ [—

nergy source andimadsRrntogeens| yi ke the cae on
arsgeal e cultivation of Loonf ahheg ocuarsdgsr aafor e3 sa@ dgyo
eel the processing of natur al mat eeriiadls has st

-~ — D 0
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be modified to meet the specifications suitab
processes being developed speci fpiudalrluysifonr de
One big step further iIis the production by bio

pl ants as rapid Bepltiecanot esglyowi mht assaks$. in
efficiency and produmctamdiapottat o Awhiexl mpae b e
no amyl ase, so starch eexdXterametri on has become e

Remar ks

of all renewabl e sources, I think the waste s
waste from rnty efxdrongth eichdust normal |l y burned or
productend the concept of applying plants or
products fascinating. |l magine consauatmeredooldms
area | have done some experiments, the result
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An introduction

We are in crisiavatan henwmomemmentWechi sis. The
science and technol ogy i n r eTllhaetrieo ni st oalnsaot uar emc
Ethics seems to have become a matter of perso
bet ween man Aand hneateunrde o*f6 .t he second mil-l enni U
| ndustrial Era there is a need for a gl obal (
natur al resource stocks are dwindlinges a wide
seems the only option. As the problem of wast
are getting fewer, there is a growing need fo
are being employed s0itl aad watdestri al pol | ut
An assessment

Economical aspects

Renewabl e materials have to caempgent € awist whmathe
moment are stildl cheaper to produce. Om ftehe |
cyacbesi der ed, Pt owi | be proved feasible to a
standpoint. For exampl e, i n some countries th
the growing waste probl em. | n @arnmga ray,e tllbe tD S
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high as for natur al materials. So it pays to
Because of the environment al measures, indust
made -tthoi rke t heir producti ont oneitmmawat iOdn ent het
mi ght cut pObd&u otuheadr p hasantteisa.t i on of the agri cul
i mprove. The maskeguiae it mis$edoaayy i s mainly
be more dtiverswppdiyw hof agricultural materi al s
Anot her adwaagni @ ghtasnddaaicyon gmye ait £ rit rimdadt pi ewrindael n ¢ e .
Many countries do not I|ike to be too reliant
Sinc the advegy bhebeobhashbeen a switch in c
rch, parti cul airclhye nbyc aflisr. msR etahsaotn sp rboed uncge t
hemicals in the future as they WwWikhtbenm
hemi cal i ndust-dgaWwh{ mbdsé&él ed tbhedpathkggt
the agricultural i ndustry more dependen
f low crop maintemwmandeg. hiylhe i dsed g elawe v en
new eed every year. Il ndeedavpepadt esetedmay tpi sve
l arg mul tination&kesgyuahdbPeBawdbt HiGmbaat e
busi nesaf tshrorttHey year 2000.
Furthermbeechemical industry wil/ have a bett
phar maceutical companies are i nt erneasdtee d ob enteaeut
their needs *1.

rese
any
The
mak e
and

ANature patentso
| ndust rghwidtly have total <control over the se
agriculture. Biodiversity is being threatened

Technical aspects

The production techni gfuiebseerfsgyr mbisoplyaosni conaed
There have been some new techniques introduce
nat &r bleinkael t rHIosweovner maj or devel opments are be
bi otecAmMeregys a distinction between old and
include brewing, bread and cheese making, whi
engi neebBriiontge c*hin.ol ogy, as defined by the Office
Congress, includes any technique that wuses |
make or modify a product, to mimproow&gamlispessi 6
usd®an Clickman (American minister for agricul
which biotechnol ogy would play the major rol e
agricul tural fiesdppwylinbehexthamanedf ot of ood
(The first green revolution was the widesprea
i ndustrofalagraite wint ure) *2
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NfGenetianadet pirloduct so
A plant can bedgtmegrcwl diyywoend.ielt can be m

extremes. Genesfifsrhomhdecehp asreea ffoluantd near t he p
tobacco plants. The gene stimulates productio
nowe tgwl ant i s abl e tFargrhew mom pso lcdaenr bree gnaares .t
drought *2 . For regions which are commonly f
They can also be made to wihawmg ec ltaptoaur. Talse dgee
pl ant were transplanted into a cotton plant,

without bl eafnhomggsti totfhierrstpl*abnt s Cassava has
mani pul @aredof sttt mul ate pr oducA ipolnanotf cpaens tailcsiod
herbicide Ar s®iybteamt has been made resistant to
company * 2

Social aspects

The popul ation asnuthoabhs hngdle Qyeddayrps8.0 It was cC:
earth could support 22 billion people at the
agricul-puodlucboven. There are agmriubslindatz &tldo s ur
proe@lumore than agreed to. I n effeftbpdt heppsurcpl
Al so, a | ot of agricultural [-faonadd | g wersp o sheass 0*wW3 .
been predicted that | ob nmampdo rftodn ibteykseviallll a x nwir
continue to rise. I n Holl and, the flax produc
sever al new j obs.

Benesbf tpl ants and :renewabl e material s
Directly, the benefyi tust hwatt hp loxrytgse nb rainmdg fud tseu

| arsgeal e agriftobduperposesoncan do its share by
Il n our homes or offices equipment such as cop
buil ding syndrome whichcosdicausedndpyspatcemsyia
introducing plants. Pl ants with | arge | eaves
experimented with sansevieria wihmcthhe haiyr saryd
it A1 &dhe purely visual aspect of plants have |
People seem to get cured ffTaet easeanmd ameé uras s m
per sonal envivreodn meon tr engauM eatper chumi dity and neut
el ectrostatics, smell s, etc. Al so psychologic
positive effect. One exampl e i Aptalme dsemoft hwo
tdati onal heal ing powers of certain plants an

genes responsible for the production of subst
Besides this, the productiontbfobgbpphabhtss b
wort hwhil e
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Possible restrains for use of renewabl e mater

Large scale agriculture for industrial pur pos
j eopardiguppml iwad efror human nc cerxspuwmpetnita ra.l Aglrsoow,t
popul ation, space is becoming a scarce commod

food prodecwaynsome crops are being managed t
desired. The besthedesati gprdmarwoull dchbedecng ac
easy access to the cotton.

A most recent example is the soybean which ha
of f all weeds in the area. A igcehn ep roofd uac esso ial pbr
i s i mmune to the herbicide is transplanted in

package together with the herbicide by Monsan

Ethics concerning biotechnology
There are presgwr ad rfercamdcdmswcmmpani es and go

on certain social i ssues such as the environm

the issue of biotechnology. The publictswahts

stuck with ethical guestions, |ike:

T Can |pdtee rbteed ?

T I'sn”t c¢cloning a danger for the diversity?
T I's there a possi bilciutly iofatcerdoog pvallldi rnvatrii e
T I's genetically engineered food really safe
T I'sair to exploit |Iife for human demands?

T When is the | abel |lgemetfioa modiofrincaati ion adaoiul
T Should everything carnreingd bsswktat by hpoesrblar
i nvest ment ?

Mo «tt hi cal qgquestionfopdopabtdwctenasr wehbn

Ecol ogical aspects

Having arrived at thien@Qusat mi &l eeamaumwe natdeap
by the effects Nafturla¢ rredwvstrercsetd hage. delear gé¢ u

| andscape is scarred and eroded. Forests are
t emper at ugrleo biast dryit, hiengea | evel i's rising. Land
Today we use 10ytiamed O0®s ymacls a@amer,g gl obally.
power until the first world war. oi I, natur al
noB. odi ver sihryeat ercaud taurce a@ smdarhee resul &ar e Some
intensively cultivated, while others are exte
varieties of rice about 7000 have already bee
The seed market iIs being controlled by | arge
i hhe supigclhye mifc ad gsr. Shell, the oil company, S
Il n Hol |l and, & afd rHewla tvea ni nEidteind’'t,i vheas been set up
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Aguafica

For our
mat eri al
fish ski
used as
Besi des
explored
proteins
fihbemar.i
water, t
and the
Aquafica
i's maint
signific

ecies from ardiunads anmeey pMoarn tds taor es aaf cet u e

an polluted air, soil and water.

ale agriculture for materials for ind
al i's the renewal oaf| st hfer oonx ytgheen astunpopsl
bncoéas€o®@. agriculture partly for 1 ndu
nvironment, such as soil erosion and
agricheéetavaill athioloidt mgofi cludndirfeod amgm
f for fodbd andeli probl emamay be that
|l water reserve only | enss9 7t.hla3n% 00.f7 t% e
f water. Around 2% is | ocked in ice
to where water would be needed. Larg
re, hydwonpdgowewgegrsahdr ppweer from biom

in the future.

gricultureDeseones aptei @ piamdti meg fadut drm

nts survive in diomghtHoaweeas, byrgegace
iy.ul t urems iwnlsipkaeley sien t he near future
tation costs. But conditions in space
d mwNABAaod ftegetabl esAllgiak ec apl ol teadt oSepsi rau
oA nhoetrh ecrr ooppst.i on i s farming at sea. AlTr
or medicines in particul arbe NseawW é&dreavnetl
genetic modi fication. This could mean
tion
material sources we are | and oriented
s.eallyersedfmexrdn wadpl i cati ons of aquatic r
ns, are applied in fashion items as a
i solation in houses. Cerae.in cosmetic
waste as a source for materials, wate
yet, I . e. agriculture for industri al

in bioplastdcprowhdkeeanquateceptaongs
ne plants are al rAsadayb doueti n80 % roofc etshsee d

he sea seems an interesting option fo
el ements can provide energy (solar, w
tion Iis a scenari o where the convent.i
ained, but the | ocation ormdslictuatni ¢ u

antrleyaleinzead ged and
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Aquafi

dheyt iaaun hor

examp

per.i

gour ds
were gr

Agricul ture on fresh water

I n the past there already exist sever al

The Aztecs introduced floating gardensfoatl ed
and materials. The Aztec chinampas probably o
century chinampa fields i n >Xoccaliemi |ITchoe,y wweerree ca
meters | ong and 2.5 meterwawi de abiTdheszdeemicetss wl
sl ender willows were planted around the m
mai ze, beans Anparti ¢ el peipgped mEOop awe r e

t he producnearosn. oAl scoo nhtearibs and ower s
anchored by the roots of the candle wil

Il n Chi

Il n mor
are be
can be

ows *

na, gourds are planted on the banks of
framewor k erected oovveirdensateelrundents weettero df qrr t
framework over the water permits the | and to
e recent times, hydroponics has grown m
i ng grown oom raonc k wodauls tandalwastcearl,e. The a
regul ated and | argely automated and th
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Chi nanfpme xi)c o

Agriculture on salt water

Hal ophytes such as eelgrass grow in sea water
content damparadbdnpj or terrestrial economic gr ai
and ground ({Themaidwvtamtfalgeurmn.f this pl anterits |tihza
or pesticide. The probliems ao fpl maitn twaii cihng sa msd
water is a challenge. Once maBheredhad albené mga
experi ment conducted involving halophytes und
were possible *6. Perhaps starch could be pro
pot atoes. Potatoes areofbueteetiewvyhibndashadi d
factory, otherwise the transport costs are to
I n Holl and and in Portugal experiment al field
saline crops, such as Sé&allkav€ndembe( Matretrt i mai
purposes. The fields are irrigated by sea wat
storage basin, t hdrroauignhp ifaph ecs e0o sweeadg ecti alclue ¢ oodn b e
brackish soilducwhiveh ocar @ essprecaonomical for tr
Because of ftrhees htwhaoteera gefi m t he future and a s
for industrial purposes could move to sea. Th
tloeranceltnmplyahtg&e some time before -ttceelrereasntr,
to be grown on the sea surface, but it open u

the taste may affecgaltthecpmtoadmutct B@clautskei mK a
nofmood crop production only.

I f plants ceawlsd siheanmada daofitepémbht smang cmppst
bi oplastics could be transferrewdonofseatiog p
similar to the Aztec whichWhdwanltdgles @aomrne¢ htae¢d

no weeds, probably |l ess insects, more sunligh
MADManuscript Temelz&tPe, Version 1 ( 5



guite simple bytdraggengrsahpampiresesemsy i ndustry
|l ocated at sea, where many forms of energy ar
and waterpower .

N Salotl eranceo

Pl ant cells mostly burstpiof sa$mgt watpepredecre
bi ochemi sts have transpl ant ed Eas cgheenced kfhoi ria nst aol ta
tobaccdbhel gene which is called betA produces
This enzymeneonmwéepnptanchmi he called glycine be
which is a compound that protects some bacter
there are probably more gemwad emeddeoddtso *rBak e

iAGrogvipnr oduct so

I n his novel Hitchhi ker’s Guide to the Gal axy
grow ratchet screwdrivers as fruit. “Very few
in an infinitely lagrge sonmeg/@heee’” . most things

bed

Pitch(ieek i n) France

Prosumeri sm

An alternative scenario to aquafication is th
book The third wave. The word prosumer is a m
in the fumerei shgosmudgsdstici entselnf al | his mater
food in his apartment through the use of gene
|l ight. He can provide in his own uwuse&€rmadprCaduct
system. He i mports the specifications to his
out the other end, ready for wuse.

On Sardinia there was an experi menab sorndeurctt e d
MADManuscript Temelz&tPe, Version 1 ( 5



packaging materials. fThbee®BY§i m odnipg iers tS e gartartatetwle th
fruit can peeht ditn caamy asslrsao be combi ned with oth
shoe soles and enginekhoWheesxamprhaede ofrr edewodtyse
as pitchforks grown in Africa, wabwWnnignsAsick&s
America and Africa.

L.

Theivingroori Wu e htehodtet h e s)lgamadvi ng chairs

F. Popcorn introduced the word cocooning in t
experi emeimgmearnt .t We are working at home, gr ov
i mprovemeheotuhi s prosumer scewnatraioni ndei pralsl
needs, but theslenphiosutltisviamg@gmowinwmhghi CGakbhage

growing into f wgrrmoiwtinrge wiirld mens .brRRanscthes of t he
and woven into a dome where chairs are affixe
expanding through the room *25.

Thaquariums in his home are functional. I n hi
produced. Shellfish Iike abalone, produce | ay
proteins which interlock to fegenaraclvery droa gm
control the shape of growing crystals. But it
containing cavities that act as templ ates *22
The terrariums in his home ar e sftumuccttiuamres! .i nSa
moul ds, t o selrhvee laisg hctoinntgaiinserpsr.ovi ded by fl uor
ceiling and | uminescent fungi in boxes with d
known to be natural hivyal pmenescenht debd ®oaddiwn
as | anterns to illuminate paths. Some species

Mycenaoklbx from Japan or members of the Agar.i
Scientists have transplanted the genes respon

pl ants. Si mifliarrehfalsi dokeengeéenanisherred to plants
MADBManuscri pt Tenelz@&the, Ver si on 1 ( 6



*2BWMe picks hisromnaapéabpldarets, fand his cosmet

bat hr oom. Hi s col our ed cAott ttohne ihse agrrto wifn ghiisn ctc
bi ocomputer, regulating the ildne atlh e ofnideltd oonfs ¢
mataelrsi, scientists have discovered intelligent

shocks and temperature change and act accordi
kind of mAaxhameexXRelr.ri mee@@phezhaveftthed sBoenar |
packaging by employing moulds round gourds an
cabbages.

Experi ments

Mus s el shell s

l ntroducti on

| have applied mussel shell salnbatbal bdi hgr ma
val ue.

Source

Mussel shells are a waste pr ocdwecstt forfornHetl hl ea nsde
season for mussels starts in autumn and ends

j aTbBe equwent mountains of smelly shells take
in summer. The shells are too tough to serve
dumped at sea sometimes as fartashéebmesbabtdoo
have an ecol ogi cal part to play as a base for

HeapMoé$§sel asthelelas f ood factory

Experi ment

MADBManuscri pt Tenelz@&the, Ver si on 1 ( 6



After many experiments with different binders

mat erial with chal k, | haAls ffoamdc @wleanemitng 0o Ibe
be the most suitabl e cosmbwintah imat.urlaldipgi gmenet
indigo, but the result was not up to expectat
better.

Process

The casting of shells with cement requires a
temzzo manufacture. The shells are too fragi/l
prepared separately. The shells tend to sink

fadewn. The shells are cé epumtedi mtiVehs tthee fcneaemel ngt.
mi xed with wultramari ne plohved err oadnudc ti sc aand dbeed rtea

and $médeElhes material should be |l eft to dry abo
moul d.mat E€he al is ground wuntil the top | ayer |
shell s. surface can be polished further a

%

Building bMouskesl Wdshiildrs by aut hor

Appl i cation

The shell materi al I's quite strong abnud lcdainngbe
walls or as el ements for facades. However, as
better not to be applied as tiles. The produc
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39

by design s

P

Musselts@elsi gn b)y author

Opportunities

The cement rcoaim cbhealnkadbey fbur ni ng mussel shell s,
age of Portland cement AsShelilnd oarcee mee ngtusfboeri rca
could be used. As menti onefd laew ltdh ef pppnl @ wiad U O nc
use. Howetebpesamnmeral preparation before being
requi f iebteot Bbee boiThal dol omart epi.gment shoul d be
wel | . I did prgmébetvet heynatarmbstly too | ight

Loofah gourds

l ntroducti on

The name Loofah comes from Ar abibcr.usThh eo rf rsupiotn g
f i bhearvse al so been appl ifeid tfeorrs tfeocrh neincgailn epsu,r paoss
even in shoes as sol es.

Source

Loofah is an annual plant, which @grasews Aismawalb
cultivation has been spread to most warm part
in Greece and Bulgaria *19.

Experi ment
| f oafnidboegfrhst he | oof ah gourd could be compresse
warm water .f iCwmeeréesadny t hiet shape of the moul d.

Process
MADBManuscri pt Tenelz@&the, Ver si on 1 ( 6



The mature gourd is |l eft to dry, aftierdrwhdaclh
structiuberfifiseér uctures are soaked in a bath of
moul d. The watferbesdaped. almdetmeul d i s remove

Application

Besides its tradeteoank apwlacaetsons applicat
for altering the shape, opens up new -possibil
resistant materi al i's one area of particul ar

Opportunities

As descri bieadus nc haet oer,evLoof ah has been subj e
on Sar diinipeag d U cotri on .

One of the options for application is for pac
acoustic/ther malf iiloseonl aatlisoon bpea naeplpsl.i eTdhei n c ombi
make composites.

Giant Jersey Cabbage

I ntroducti on

One experiment concerns a certain type of <cab
l ongata) which Iprieftabmaiddit or@r é waimetso by wusin
This calblaggewilsagnat , which turns woody when dri

Source

The origin of this cabbage is thought to be P
Roman times *16. Il n the past, the stalks have
pali sades and fences *15.

, "‘»:

g T

13y design s
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Jersey Wal ki ngglhy ckutChadobages

The cabbages halveer sheeye nf ogrr oavwine opnr oducti on of wa

Particularly in the nineteenth century this w
al so found application as crutchesufeot ousdaeimn
strenglthhes*el 6days, the cabbages are gwewh ©0DHh ah
island. Here the crop is grown for making wal

L’ Etacqg Woodcrafts, the owner ®haditi e &I egi
wal ki ng sticks, Tbheehilneda vheiss owo otdh es hvoepg.et abl e ar
plants is sufficient to feed one cow the whol

Experi ment

At the start of 1996, Ipbagts gmoai higelad oahda
them.bualhfadame around the plants in order to

Shape

To attain a shape of a chair frame, I first p
end thrnaotglsuwmh i ght could enter. The result wa
bl ocked the passage.

!' .'7 = B ) v a4

QRVIV"vlp‘, -
| - o ! .
* QTN -

»

i e P

Jersey Wal ki ng@tyi akn)t ®aob b age

Anot her possibility | tried was to rotate the
grew. The cabbageastth&ygy geeptv tbwardshape sun
angle or shape can be attained i n efifee @t ke, o
fair degree of accuracy could be reached. One
mostivg new shoots appeared. This factupssi dent e
downhai r.
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Joint s

These experiments explored the possibility of
grafting andl ot benre praslhkad javveasy t he outer skin
plants and bound them together to see if the

strongken anhemher experiment | had grafted one
pos bl e. I n another case | had drilled a hol e

of which were |l eft in soil. The hole was cove
cases the connections s eermendowveod wohrekr eb uwa swhreo
integration. This might be a question of ti me
Strength

To increase the strength of a stalk | have bo
weight the stem might thicken.

However, there svtasamy chamgd oi rs utglwieckness aft
di fferences in |l ength and thickness already b

Process
The seeds are sown at the end of the winter a

autumn. ThkRgutwil1%50dbdbm | ong. However, they can |
all ows. The stalks reach a height of about 3
|l engths of up to 6 meters.

The stalweight Ahdhsthengt ionkse amre edirri efd hor i :
are prepared. They may be sanded down and var

Application
The area of application is furniture. The dri

l i ght.wei ght

Opportunities

There are sever al advantages to applying cabb
1T Speed
Cabbages are fast growing plants. Furnitur
whil e you wait. For a piece of furniture m
om season. This compares favourably to one
or yz@ar s.

1T Thepti miodatmadreri al s
Because the cabbage plant grows directly i
mi ni mal. Whil e%these ok @méboeti al 5When wood
T Local European materi al
There are other alternatives for wood of ¢
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furnit
|l ocal l
cli mat
T The en
The ev
T Experi
The ex
vari et
cabbag

Bottldas go

|l ntroduct

=

O < T O 00 < 0< C

c
—

i o

e industry, |like rattan, reami e, an
and have to be i mported. The giant
ronment

tualf peeduct iIis “tree

ce

rtise for growing cabbage plants i
of cabbages, Il m sure the giant <ca
n

I have started

the final xpread
design for <cos
gourds. Or name
(banaria sicer

this project several years ago
unetn.t TSheard ed out-f asemad| ydpackag
metics. There are mainly two ki
ntal gourds are generally smal/|l

aria) have-rreaesticsugmtautwart hs hae Islo,f

Source

Gourds have been used as containers for stori
Besides containers, gosurfder ail not srcecavtmesi @
for fishing nets. The origin of gourds is not

Modid ibeot t | @ ygauwr d o

MADBManuscript
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Process

Gourds are annual plants. The seeds are sown
i May kept in a greenhouse. Outside, pollinatio
greenhouse, the fempbkl fhawed. i $hestaltily dHawnd
fl ower around July. The small gohbhevsfiaFrlk Wedh
three weeks. Around September the moul ds are
harvested around October or Novémker WwWhhen gtohue
then dried, emptied and prepared.

Application
The area of application is packaging for cosm

Curdédadttl!l es(lyouawt ho

Opportunities

Both process and final product are completely
packaging. The giodulrydsamd aamrtes sguiotwe d atpo most cC ¢
there is the possibilitylhteo pHawd p mnommud dlgiblaeinz iom
the oil extracted from the gourd seldaspl drotr Iti
the stems, |l eaves or flowers could also be of
transporltreda ednpsgussion with C. Snijders (res:¢
suggested a possibilaulyd thheatgrionown hien fsug waree gsol
moul ds. Il n gourds there are variations known
chambered gourds could be growrrdrdcts slhagpteed s
witheuinvbl vement of genetic modification. Th
and prepgvehrisc h have bed4mnmkedeveol onp&d IB3Orage and |
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I n t
agr.i
futu
sugg
t he

reas
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Thir
hi ms

Re ma
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t he
scen

Ref e

ncl usi on

i s chapter there itshe wdrolrd arsdck etstsemelnd n ef
l ture for industrial pur poses. I n concl

o = o

® S5 ® »w O <

, 1 .e. a shortage of |ITihveirneg asrpea ctewoa nsdc ean
tedri Onenvoéwes tradfigadnmdr pgsge s uwhiuahe
a’' s suirnfdaucsetnrdilatlts,s sgrad @¢u ¢ tss -faarbea itcata dl. arF
s of renewabl e ener gy asvtariyl aibsi lailtsyo al nodc &
cond scenari o, Prosumerism, is based on
Wave. The consumer is also producer. I n

O QO O O u o

| f ansdusitsaiarhilunsgp siethif s mat er i al needs.

r ks

possibility of realisation of either of t
field of biotechnol ogy. Nevertheless, the
arial ssolplay a cruci al part in its realis
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*1Mederl ands I nsti@Qmuddr zoeok, 0% alolsndag sGmemd pesdh

cont

ract f i nalhncieodn-1byO @Ou3r opean

*1/nt hony Huxl ey, Pl ant and planet, 19714
*llenrtnee t : Brassicas around the worl d.
*1lZectur e: Bi ogeneti cCa &miprdedyktMagr d@@e¢ \ni 1®,96
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Rotterdam

*1B. de Jaeger, H oS d patnedmsb ehra r Jdh®o5u t EOS,

*1B. Tronickova, Groenten, 1985

*2W. Daems, EOS, Van veopa&kkiAmgritlotl TDdDmpost,
*2¥M. Osada HMuSphBy, R&xs enmitfeil ¢ i Jraert i Gan s, May
*2R. Kl ei ner, New Scienmi st shegdbudgheh meceeial s |
*23. DTa&alaj, The stwoahdesti9pllants in the
*24 P. Al dhous, New Sagiearetsi stnit oClacitd @ nwo rAgps i 8 p
*25 T. Endessghe Wo EkYawmlg. 1 1l windd.odw,

Epi | ogrueec o&nmmendati ons

Having done this research project, Il have a b
have | earned to place the topic in historical
The following devel opmenctlso daerlteyh,iwok t h i nvestig

Soybean plastics

One of the areas that raised my interest in t
soybean. I n 1908 a waterproof glue was realis
was deveslooypebdasoen Today, the soybean is mainly
the soybean has been genetically engineered t
reluctance to import this bean forest hfeorhuman

applicati-tboodndatsipeo.kreorn o ML CEn gnehlo o fs-mgleOr t e @i
investigating the opportuniti eswdtoar.proggofphashb
modi fied to be t heglmopdraisnda ct dymakdediitti omo rod f |
meltinghe@osmybean protein is iIimported to Holl
The price of soy protein granulate is about H
lwered to HMppl Bcperokgof soy plastic lay in t
This is unless a way has been found to i mprov
Scanning current development inetlEtd preqecft 0
Sardinia involving the growth of | oofah gourd
remaifnibreg an be compressed into any shape, by
process #®cdquiatnal Idow se nneodotgyneed a | ot of

Staying i1 hibéegsftihelnk dfhe afpipbeemti onhavepgnea
opportunities. An interesting development in
wood offi lméoasutpgr ade fiitlssargmad é t mor @dheesi stant t
i's reduced sighirkatcamitdly.c dilled palsi® be presse:q
Wi th tte odiedc hdhfel pggducti on of PHB (similar to
pl ants. Modified plants seem to tolerate the

“nor mal pproaduxdcst. dfheusing nature for the pr
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fasci hlaei @gare several artists working with w

structures which, when stuck in tkResdgracndrlke
able to carry the weight of humans. This may
artists, as an idea for street furniture.

Bi bl i ography

*D. AdHainsc,h hi ker's guide to the galaxy, 1979
* Agr a NBthroopld,os e&§U apgroduwuct ssr aThe potEBn?4 al f
* Abndustri al REseduchi Ohivopl ® & & ibmmssead dmai nl vy
bi ol oniteali al s, 1994

« P. Al dhousGCh dNieove Swd repestniessst ,i nth9@aé6ti on, April
e P.W. MAt kcobkes, 1987

e ADDAgrificati e ondNireww kperms Nedteird fandaor de
producent voor andere markten, 1991

* R. Aust iBmambok., U&Oda®,

e P.LBailhg factories, YNeMUBsti enoifcen Fepbbasiys
grondstoffen, No. 4 April 1996

« J. E. Behage & R. B.Rar dappWdVevweaerepahkzk iVedmmdikemni,
1995

JeRagB & R.B.P. vah9Wéeperen, Verpakken,

« J. E. Behage & R.B.RIibveekWaperk&onsvVetpadklean,
verpakkingsmateriaal, no. 12 1995

e J.E. Behage, | ecAtmsrtes,r dlaNE Sl 9@&GNf erence i n
 G. S. Br aaduys&t,Blr Ral €l Handbook, 13th Edition,
e W. G.J. Brouwer, SttiecchtBhii ekt Boea kld mgset e eolnd sd eorf
industrie, 19

G. W Carver Rtrtp: Cuwwulrigh st s «c.aedwe/rl ihth/mé¢d hem/ di ¢
* R. Budgh, UN¥EWP oWNGIrSWPiDew oénwpirmadnment &l aadetdi v
l19RABvanced-rneasthearpiianl iBec e mbleirva® 89

« D. Clery,ThHNewnocStcherntafstal | pearl s, March 28t
e A Coghl an,Il n\cerwe dSichileentliisggh,t ness of sea gel soa
Coghl anPi gewr Sowenansit bhd98s, October 28
Coghl anGe Ne ws & e € ndtlotlsya ¢deadbatulha,opm 24t h 1996
Conrlad, Hé¢ mp er hietf el i ne to the future.
/fwww. i veli clharaadmhguwminer i a/ politics/
C8haonrante’' s Patent  199c2i entific American
Daems, ¥Y&Owe rMaglkkiimg,t ot compost, no. 4, Ag
. &WRgeDdDasaar de toekomst, 1995

* R. W. DavSihsa,d oiwn todr néite, Swasti ka.
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http://www. livelishadv@mhsuwmmeri al/ politics/

e R.Didde, ®easvveékaslkramtagd acsawaella semoid ded anluary
e DiscoveBgy&€Cmdadn2a@0Q, 1995

e L. van der EnBi,olIMi gisseadhs aPfabkrbdadkdb &by, e rk,unMd st X
°T. Ent wi st IWo,r kEcnog Densiwgn,l ow, Vol . 111, no. 4
REeSl.ger & @.eR.epNabvheanb,arr enlne7sés. Far mi ng at
e T. FDhe emdteer, i &Slup errcvonldwtcitonr.s, Jaw nmeatee rcihall
1988 (K. E. Drexl er)

e« H. G. Fritz/ T. Sei dSEmgstoledcleer/ /SHudyB&nadpeddul
t her mophfdishbearsse d on bi oll®@®idc al materi al s,
Gregllttdesegno del | pabHe188060 ilMBwWst ri al e

e A.J. vanNiCeru wet htuoyespeans,slieln@&m van materi a

e D. GCDhd jepampe heef tCadsemdpcelkiotmsn,! 1993

e M. D. GuiryelawéedBlresdemcepotenEumdbpelIQ9des

 A. Ghhaase,ns of Mexico, 1993

e P. Hadf i el Rr, e Neanwr kScdi ewnotoids tiJsul gy tgu®mOe deal ,
e E. van Hint®e FigmenMagatre@eyvahebi dRABststo
e A. Puxney,and pl anet, 1972

e H. | KamkaaPdapfpled adpkl madsatiti ct, ano. 45, November
e H. Il ki nk, KOndesrzrobtkbMagabi Bbearcd hea vi eere | v ekrunestt es
March 1994

e Innovisie, no.4 1993

e I nnMai s2et meelvarnppakkioroks mdtsdmLi98al , no. 3, M e
e I nndoadchlti mout kokenFebortuarayr dih®u4 , no. 2,

e I nnoVieuwet ongb'uitledg enahr o io enk / Plvaasnt i ¢ dan
bacterién, no.3, maart 19914

e Innovisie, no.6, June 19914

e I nnkivast eyvraagt om bieopbagksoaolgeaf bneekbhbaiSept
e I nnBamBoe,op de vl oOER |l Apotagd i sNbvamhvad 1595
e Innovisie, no. 10, December 1995

e I nndeersitoepassi ngen Maaarh “1®i9wpl asti ¢’ , no.
e Intelectual propbBetwypaodubt odewsyrsvoly. Aegwneop
1995

e P. de Jaegdr, aB0d adpedzivmen @dtfolertl 9meAi ci j n

e P.eder , JaEOFHoVMd pandismeba® dhBept ember 1995

e M. JanseBPDUWNEBER eWE&es upondewsltapg marbtl ei rprtoldes
worle95

e J. JanssenbaaDe zTaell ehgertaanhi,| i a21.8@&®d smul |l en, F €
e J. Janssen, BAmboer Bouwehnmek, gr as, 1995

e M. Jongs maR| aDret €fre |l mgk earaf me Mstehl i1j9kO 7b 1 oed, Jar
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J. van Kaéaanedbenw kaNUtalrgjiaedsmi oi earnvrli endre
1989

J. van KBsoplasti tsemp,de compost hoop, 1995
J. van Klaveren, Ul2telthI$9Ni euwsbl ad, Octob
K. Kl einer ToNgWe 5c ma ihce rsshee|/l d Maismthh s2rcd et 5996
L. Kl oost er, ATaecdhoniisec hk rWejegktb |Gatdb,e @ 8 96 pv ol ger
R. Harcck.y,Opkomst, gweiredal ce nc dorl mmeerin .ina@deé emearss e n
1987

J. L a gcehnodl i Bjgka, e tResny, een verJacthemilM@P 6op het wer
H. Lai mbockl, NEHYyc@onf,edemrdcarien Amsterdam 1909¢
V. P. A. deKoLkaonsgvee,z eRGsM, goertdwivbkel mhyj edNoebhl,
A. van Leeuwtmnmuyt O20tMamgiaeti,neno. 3, 2nd year

V. Lucassen, P. SXohgesntk eul iBaiaahse tt hHnvadbeoslgsiéel ipernmo dl ,u
1990

T. M. AMaild ioatlytbier ad o mpasiett isgn 1993

e J. Mar t -iPONNEPr W&ot i on ofdesed togpimeaah!| @ np rSpdc
e« C. Marnt eheexc.k , The mechanical design, 1991

s M. Mi er asl,s I mitertmeadrivioigrpphla@tetui?c nppaeé&d, Decem
e« C. M&Godedaicyaft. Grdewcobpgatdegi gnnaggamedds ,an
1978

« D. MaGrkearz ikesi gnenwDiesomgmetrdtor 1IHhe1l

e W. McNwiwW lrerngime $ he soilchdmer gy ogX 466 of

* R. Mestel  HNwwbISce egpemneasd ,comdudsigregenltalhy 2bdt
e K. F. Mul der & BMo ghanb ewre, wdleee r wegnepreikd@anim@ b du ar y
19914

*National Acadiémderodx plcaiethed ptrroonp iscianlg pelcaonntosmi w
1975

* Nederl ands | nstOntdieutd aledkareA Qe msplisogh sodd rraecd e .
financed by EQB®We&Kan Uni on,

e Dr.. Ni.eHnhui Deldmd Vvotelte msy.dt obi olktoegti s&rhe voenl di enrg:
meer . Vann aeart uzaautuwat er meer , 1986

e G. van NifAgromat Mat al eal elaagcncdebnotu w enrasacrh ui f t
processMadAaptiri el996

e 19Gf¥Ww,ene gromdatethappedlejpka sepre cdadcecnvmins cvhaen
3, Mag3

*Y. Osada &MBr BhyRoSsi enmitfeil ¢ i Areeart i Gaen s, May 1¢
e 02 |l ectur e, by AVEBE in Delft 1995

e Vpamahe green i mpeeadahicecse. i Bcdesggnaadd archi
« D. Pasternak, DjeveArnopmenrh aoghegds @aarnwdht .er e wi t h
pl anatt er i al , 1984
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Pdc mRhgtaztim,e,vol ume 91,9 Mn% . 12, December 1
tp:// www. pol y me rpsd. ccdoent/ 9d50/ t pcoot na/ t pod. chnt angl /

B. PolBo,erdR&,00 | i n LTaapnlzaanndi .a , D utiazbeanjce nved li dspcrhoee
ni p WNloateimd ,elr9 9360 t h

F. PopcornCl& clki nva,r i 1g%9 & |,

J. Pressnel | ,TiQrwadwasrigcesd '& ASpproirlt slc9ar 6,

C. von Proschek-tedpvamobmod KAhadyiu situenyev HiEOv, 6

R. E Rhoades, Thaet igood edlre nG@&dlyr apbhbne, 1993

J.W. Il Rdubuaci al hemp.apRrmadtoi dalbrpgrcoduwctco s met
A. SaBni oFsiaeltirnore, resear d®82A | ook to the futur
Y. van Sar kWormvid d ri plua te f earsnep, 1, 1996

J. HnWdev Schil d K. M. MeéegunWiftikcna.tm.ev.( hi st ori sc
chnische en ethische aspecten), 1995

B. Schol t erPd,ate mwoa kkts kzraacnhttl 9h9%5ut har d, Mar c
B. ScholtenmOsp, naearVodek sbkiroatnetg,e s obnaf bdaeaakbaBet
Scottish CropBprReseamshahds8&tbetapatdivaead®bops
R. SiBelvkemale«,per i mentttse twatt9 @4doul d chang

N. CEn8S8ompnment al | sslu%e%6 i n Jute processing,
F.J. K. N&towuwnrt fi iElnsseatfhiiee keen 1n9i93i e u

C. A. Spfedamadnyses ofmatgekEicahdmras, rbwot echnol
l'itics, 19914

| veStanytLeKONmu,sl apen nad&8r Manpnktad8dons,

G Sti x, ScShentli fSithco cAneedr,i cFaenb,r uary 1993

S Tal alaj / Thbe 3arahgpst pl amalsal aj t he wor
R Terwindt Mi Mi esetvat PagkbliMadrkcaharlt9 Qgée br ac ht |,
A Toeftédrrd wave, 1980

H Na leurmwee, materi al en, 1991

H. TourBiodlsogivsMTh af brzet¢ckneat e pPluaet 266 huil® 9
Rowns®hd, Azt ecs, 1992

O.S. TrompRBUBERI W&bl e use Doérrmatewabdle pes
ncegppuradac h, 1995

O.S. TrompRRUINERaWGe r esopurcress € 0.r Amatoewd ravi
ti obs, 199

E TrGmoektoewd, 1985

J Tr ux, KEQSo eMa geaiznidneel,i | k weled9 7Zen kleurtje,
S. WalravenAme9NKaMagapitneoor op, No. 3, Ma 'y
P.L. Weegels & R.GI.uX.enGraden éoweogdeedyir me€¥iE2 tbha r e
R van We pavwidn,e u\perropbal kekneant,i elk9 %4 s ui tdagi ng,
W. v. Wi j k, NRC, December 15th 1994

W. Wood, RewyBeredessgnreatsurce’'ax kc srectr eette ,0 f Meé
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* Zhangi 8onpgainabl e delvaermmepomeaad a nc aamp gt ee s A
1996

e S.S. Zool agudDe& eK.oAh. mekKais boa tippapaants, 1996

e N. M. Zoon, Waggeriircpanfeandckc,aspmict eme &M 9dol i

Sources of information

*Net herl ands I nstiCarnter eoff &rc o DtGEwar((IBEMNMINd Co a
Vi er s td4rdaDaDtA Q2 8Yer sek e
 ADD®BornestébgwWeBPeni ngen

e Landbouw Uni véesetant BoWWahbketiwgehkl9

e TropeNalunt Atnsa &e dam

*Techni sche Univé&iadheves Bibliotheek

e I NES CAwngd e s265n 2189nBs6t er d am

e 02 I|AgotunrdesHol | and

e Lecture ARt Eiodll cergled i rnu &Kraympedr d 1997

* Lecture Biogenet iZcaaale r ep mbndRwoM dtye o2d3aghe vi NP
e LecturScshiammeE @ BAQv en

Publ i shedalott cdi @tO9h/or

‘94 9S'everal exhibition catalogues
‘9Pe Kleine Aarde

‘9B®2 Magazine & internet

‘9BDCN yearbook

95easons

‘“9%or mberichten

9Report on SPD, O. S. Tr omp, UNEP
9Ver pakken

‘9®Way Beyond, UNEP

‘“96ever al articles in newspapers about Rotter
‘96t ems

‘“9B#Mental i tdten, catalogue

‘96War mer Magazine

‘“9BMilieu Magazine

‘98l gemeen Daghbl ad

‘9OBNEP database

‘9Bt apes Magazine (France)
‘9B RC
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‘“9B&i ndhovens Daghbl ad
‘“96i tuacion Banco Bilbao Vizcaya
“9FVtch Magnanzairnke) ( D
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