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symb1os1s c11mate  emergency, human- m1cr'obe relations,

and the prob]emat1c§L1n the history “of the deve10|:;|‘n_ent
R

of electricity and electronics.
N L ' T A

Refturing our it comes } to energy
gener‘at1on e'Iectr'1ca'I techno]og1es waste, and the power

-
dynam1cs which permeate these narratwes ,».1s at the core
2 of this ongomg pr'OJect Uncover'1ng wﬂd e1ectr'1c1ty - 1in
7th1s workshop‘m the form of M1crob1a1 FuelLCeHs made
from non- spec1a11st and envi r‘onmentaﬂy fr1end1v mater1a1s
- and see1ng what and ‘how we can power th1ngs w1th them .
Mak1ng our own el ectr'1c1ty from scr'atch the wor'kshop aims
to empower' end users of el ec'rr1c1ty, while quest1on1hg the A |

--_‘Iu o ‘-—7“

mainstream nar'r'at1ves Of pr‘oduct1on stor‘age transmission

and consumpt1on on of th1s 1ncr'ed1b1e force. W‘
WOrk1ng|w1th1n the‘mag1ca1 wor]d of m1cr'obes, we can

“gain ] a deeper _r'espect foruese 1ta1lorgan1sms, whﬂe
1nvest1gat1ng how electronics can wor'k “with such 'Iow power' L
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o PCBXon, s
" Inputs (thréugh ho1e1169

_ + 2 x 100k resistor -
part1c1pant ‘OR th1ck?’61der also worksf(1ead free) + 1000pFficapaci to s
+ crocodﬂe c11p !2 per cell® ‘ A + 3 X 1luF capacitor; 9
& 1k res1 stom Y .
“ i2 X 10M Res/iStornsuu

| ; ,' + 2‘77 K res1stor
equipment: 1arge|sea1ab1e'g1ass containers) stovetop;| ' + (A7 K resrlstor

B1arge metal cook1n |pot foogl_lprocesson, sieve, y ” '+31N4148 d'lode

a1so;toxco11ect thg]ash wh1ch we ‘could|use 1ater onlto
capture nitrogenliflusing urine and neutralizelthelsmel1"

g +]10ats]-11 1spoon perlcell
A

+ 1arge e1ast1c -1 3 per part1c1pant

sF
basically it great to e o pile of{random e1ectron1cs
to work: \withsEdoesn’t have_tO'be the same one pegpone;

CapacitorsgE-rlafrange between“luF and  100uF

ajrange between 10k .and 100k
'DRY(Lfight fDependant res1stors), w1tches potent1ometers
randoﬁ?fru1ts,anqixggetab1es p1ants:’kombucha any
e1ectron1cicomponents p1ck1es ore crocod1ﬂe clips,

‘—“-'

whatever"is lying around®
- i




+ water‘pr‘oof containers - 2 pe pa'rticjpanth:w

’Anyth1 ngljchatﬁh*ﬁﬂay pots can fit intoJwill) work:

Transparent, containers are nice visually:|big}jars,

science flasks™buckets, 1argjyoghuﬂconta1ners,

giant coconuthheHsmtransparent heavy-dutyjplastic

bagluspende EThejlgrger they" hotiglue.
_are the more substrate we will need however® so. : cooking'pots:
st1ck1 ng ,to ajvol ume not too much b1gge—rthan the c1ay ‘ A .
pots Gs easder. ;

"ﬂ Digi tal multimeters
o+ boxTcutters, scissors

-(ﬂ SolderingLirons
+Speakers / soundffsystems, |

part1c1pants \
and hearingthemy a1together&

-~ IHI hotlgl ueepxy /.puttyi/’some bio= epoxy? Would EE

n1cer to use env1 ronmentawﬂy f|".1end1y option"

& F1ng, f1ex1b1e A1um1n1u Mesh

-

conta'iner df




001 Chareoal Cathohe

+ Fi11 holes of pots with wood.

+ Make dry mixture of 50% gluten
powder to 50% activated charcoal

+ Add +- 250mT of water,

kneading well, until you have a
kind of pastey-putty

+ Make a rectangle of the putty
and Sculpt it onto the outside of
the ceramic pot. Take care to not
get it on the top lip of the pot
(short circuit!), and to try have

an even covering over the pot, 1in-

cluding the base.

+ tightly wrap around some alumin-

jum mesh. You can secure it with
elastic bands.

+ Cook the charcoal-seitan either
in an oven., or steam well. for
about 20 minutes, or until set.

+ The longer it can dry out, the
better.

002 Braphite Anate

+ Apply a blob of non-conduc-
tive, non-porous glue around the
wood on the inside of the pot,
to properly seal the inside from
the outside.

+ Cook some oats with water, to
make a glutinous paste.

+ Strain through a coffee filter

+ Eat the Lumpy bits: we will
just use the strained mixture.

+ Add salt for extra conductiv-
ity.

+ Mix in about 50%
graohite powder to 50% oat 1liq-
uid, and stir well into a paste.

+ Smear or paint'a thin. even
layer onto the inside of the
pot. If you for some reason have
araphene ink vou can use this
instead of this mixture. Leave
to dry well.

+ Make a half-moon shavne from

non corrosive wire and wedge it
into the inside of the pot.
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003 1Dfere Che Magic Dappens

+ 3/4 Fill non-conductive con-
tainers with anaerobic sub-
strate of choice -'urine, old
sauerkraut, mud.old yoghurt,
sea ' water, chicken poo.... If
your substrate is too solid
(e.g. cow poo), mix some water
with 1it.

+Take care not to disrupt any
ecosystems when collectina
substrate. or wasting edible
food - only use things that
are goina to “waste”. healthy
topoil, for instance. is .in

a state of global crisis, so
we do not want to remove this
from ecosystems.

+ Place the completed fuel
cells into the container, tak-
ing care not to spill any in-
side (short circuit!)

+ Take out the multimeter.
attach the cathode crocodile
clip to the negative (-) ter-
minal of.the multimeter, and
the/anode to the positive (+).

. + TEST THE VOLTAGE!

A

004 Mging the Cells

+ Depending on your application. you can play around with putting the cells in parallel and/
or series - puttinag them 1in series (- to +. - to +...) will make a higher voltage, and put-
ting them in parallel (+ to +, - to -), will create more current / amps.
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X work1ng you can  take the other end of,the signal|crocodile &
{clip;Yand 1'Iook)for a nice output. This you’can move around
" and even connect another one toe make'a stereo sound.

+You i can D1av!ar‘ound withfadding all sorts of components
to]lfind the “sweet spots’der)tojcreate mega chaosjnoise:
Anything with capacitance|and|resistance pronert1estcan be
added to the circuit ('I1ke}p1ants" garhc ), and}you’can
also make short circuits;Yer.put the circuits under water.' Go
wild! These are Feral ci rcuitsa running on wild electricity.

.

1.+/BvAconnect1'ng a voltage-controlled oscillator to the fuel
cells;” we can uselourj)sense]of 'sound to understand what]
is going|len 1in | the microbiome { Not only will. befable to\ }
’hear what11s happening | with sthelelectricity,¥ but(can]be-_
come .inltune, with!how the]m1crobes are affected byJenvi-
. ronmenta'lgfactors A1so’s1nce a thriving]microbiome;¥in
®(certain] substrates,icanfbelindicitave offa healthy,eco-
system{e. g'ﬁm&soﬂ"werlcou]d presumethat if there}is
moreYelectricity,Ywe]can determ1ne\thejhea'|th of{the]sub-
strate,‘w1thout‘fancy and expensive sensors and tests.

+ We can have a lot of,fun creating chaotic noises with,the
iu'ltra Tow | power . sound | ci rcu1t1where the three oscillators
insidel the 74HC14 chm begin to| fight 'each other  over. the ‘,3

+ Connect crocodﬂe c11psﬁ the +land - term1na1s
on the PCB "(printed circuit board). You can ‘also use
old 3 “dead” batteries, or a small solar,cel1Nif you

‘fdon’t havefyour'|fue1 cell|with you. '

+ For sound, you can connect,|with crocodile clips,
the negative (-) of.the PCB.to,the ground of an aux
" jack, wellfas.theTsignal;, to one , of the |other

parts of}the jack.~Once ! the speakers areYon and

Energq? What | nther tqpes‘nf wild energy are out, there
{ aru:l how can) me}(re/un)destgrbcnnsumer ElEI:tf‘I]I‘III:E;tI]
. run off of them 'in pursuit of radically regenerative = tech-
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-FEI"mEFItEI:' food, EI]II» mm:l anl:l uJater is ahve g it puetu:allq
brings to rmru:l an arurmstu: world
where the Eurlthat u.|E breath and thE food that we EEll'

++ 5009 cabage

i5 in constant mnvement ++ 1Sg;a1t
,slf you listen and ‘smell carefully. you |:|:n_|l|:| nate how thE J ‘ KA .
E activity II‘IJH‘IE f‘dars changes the suuru:l aru:l ulfat'.tnrq‘ g R ‘cabage vary thinly -
. - + use a sauerkraut grater if you have, but an ord1nary

" environment )} : | =y 1
A | b
#t

- \’" o
there are sojmany of . them, and

Jgrater is, fine THgE ha . YRaNEes

~ + Mash up, the Kraut with the salt in a Targer bowl.

top of_the jar, ‘border. Tclose it and Tet it ferment

sealed.] for at,least two weeks. 1ts ready, when it
A i
B stops bobbe11ng ' /

there 1s no oxyqen’and wholgive off electri c1ty‘when tthey eat, -

| toJoursynthesisers;hwe¥can get an ,idea us1nq our/| sense of
‘ soundE!ofihow]happy and'hea1thx&therMICR0b1ome 1s

++|5 D1 of Water
++ cheese cloth
[ ++ Bou111on7/fstock r

i
- Knead a dough as 1f vou' would usually hake a bread d
wran the dough inside a chees-cloth and let it sit ‘ever
n1ght in water.{Next day,take out the dough’and part it
in four nieces. Cook the  four Tumps .in boullien Water
Finished Saitan can'be’ fr1ed as shreded (M)eat pieces;

or barbecued with mari nade. A u ‘
Seitan!en*wheat g1uten!is a p1ant based pretein and =
is'often’ usnd to make meat substitutes.|Here you can

make your own, for_cheap, and help to save the planet Wi
not "eating factory farmed ammaﬂmeat-/lﬂll' -

7.;_-.‘ N

homemade gy,

by
" geitan.. mmmmmm - ?
¢ ‘t‘ﬁ““f.l.‘ill?




A\ B & L A ‘ 3
mi’r‘ElrldEl’mI]EE\ is ﬁ;_%t !outsmgi neer, { eco-

robotics, il about  random processes and se'hc susta1n1ng
systems:]Small solar cells are often .used for_the power
supp]y;‘]\TﬂthTwmch he | exp1ores’1ow energylconversmn
processeslfrom[hqht to| movement and|sound. TheLoutput
oth1s 1nsta11at1on51-s[usua11y minimal, meaningjthe
sounds are very quiet, the]movementsLsomet1mesf\on the
edge of percept1on1_n addition, helis involved! 1nfart
. and technolegy exchange and regu1ar1y offersxworlshops
w1th c1rcu1tt‘concepts and schematics of his] works.
<< ra'I fschre1ber com>> ’

geek4and4rogue educator fromLCape Town 1South Africa.
Herltransd1sc1p11nary‘ pract1ce,1wh1ch focusses onlthe
prob1emat1 cs and‘hopefu1 possi b111t1esrof_[techno1ogy
from "a socio- eco'log'lca'l and! ant1co'|on1a'|lfem1n1st
perspectwe,‘ha seenher exhibit, teach[and]perform
research acrosstthe globe 1|ﬂvar1ouslart15c1nnce,
community, academic, ]public and hackerIspaces After

completing a Masters degreeflin susta1nab1eldes1gn
E'&focusm ng on microbial  fuel cells in conjuctien with the‘t Y 4

po'I'lt'lcs{mc ‘municipal water e'Iectr1ca1(andisan'ltatwn
grids in her]homefcountry, she 1is) nowAworkmgLas]part
b of_a research project g Regeneratwe Energy,Commun1t1es I
i 'art'l stic “and co'l1ect'|ve energy experiments, for res1'|1ent

-

_This zine was made for the workshop ~Kraut Source Energy =
" rommissiened by, House of.Electronic Arts! and Esch- sur—-‘
AlzettelEuropean Capital[ef 'Culture(2022. The workshop)
i s aime/deorichi'Idren"and happens .inTconjunction|with
i M8 the exhi b'|t'|on <<Earthbound - Im Di a'qu mit der Natur>>$

,,Cook‘ing‘hus" ransforms us‘ 1s a framework mEL]E{

| A A OB
mll‘ldEF weaves 'I1—kleIstr1nqs through Ilwiwork Cooking )

R serves‘herlto revea1'theimetapho oflthe human
i transformatien of raw nature into ) "cooked cultureand she
comb1 nes it toAthe evo'I utionary.,i deas of a symb'l otic co-
existence between plants, animals and humans > She creates
entanglements|between] hunan(canmoditealandlaninienlor
nature. A table'of diversity, not yet di gested'ﬂFo'I'Iow1 ng
. theABwhacker‘]vMaker and Thirdspace movement[she uses |
?grassroots ideas M safe zones and citizen,sciencel 1nto
her field' to enab'le co'I'Iect1ve"story telling throug
food 'and cooking! <<mayam1nder ch>>

[

Palf SEhFEIhEI'Lstud'l ed scﬂpture art at the Art Academy
Minster and media art at the Academy of Media Artﬁs Cologne.
He works w1th e1ectron1 cs, w1th motors, mi crophones and

1nsta'|1at1 ons as we'I1 as e1ectron1c music . His works have
a'playfuliand experimental[approach™ It’s about minimal
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