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(A The urgency for a more sustainable

@'ﬂ productive model in animal-based food

Problem Statement:
global




the environmental impact
of livestock
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Research Problem Statement




the environmental impact

of livestock

70%

of the global agricultural land
between arable land and grassland

billion tons/year
GHG emissions

15% of the global annual
GHG emissions

O

of the global
o water footprint

\O

27

is related to the production
of animal products

Research

Problem Statement




the incresing demand for

animal-based food

by2050

Cereals
14 ~ 0 nnnnnnnnno____.

1.2

Fruit, vegetables

2001
2011
2030+
2050

Source: FAO Global Perspectives Studies, 2012

+2 g +70%

billions people of demand for

animal-based food

Research Problem Statement
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The urgency for a more sustainable
productive model in the Dutch dairy
system

Problem Statement:
local




The Netherlands:

a dairy country

:I- | ‘!ii
millions
of milking cows

Livestock density
in the Netherlands

is the highest in Europe

kg/day of dairy
products pro capite

0000000000 0COCOCOGOIONOGOEONOSNONONOSNOIOS
Source: ZuivelNL, 2019

of which 400 ml of
drinking milk

eecccee PR Source: FAO, 2013

| V.

billion liters/year
of milk

2 glasses of milk a day
for nearly 100 million

people

000 0000000000000 000O0OKVCOGNSINGITS
Source: ZuivelNL, 2019

Research Problem Statement




the Dutch dairy crisis

Dutch cow poo overload causes an
environmental stink

Dairy farms in the Netherlands are producing so much dung
they can't get rid of it safely. Now the WWT is calling for a 40%
cut in herd numbers to protect the environment

The Guardian, 2018

~
bCICI]CO Contents - News - Careers - Journals -

SHARE

006090

; y iy -
Dutch farmers have protested a ruling that curtails the expansion
paliution they produce. VINCENT JANNINKIANPIAFPIGETTY IMAGES

ivestock of of the nitroge

Nitrogen crisis from jam-packed livestock
operations has ‘paralyzed’ Dutch economy

Science, 2019




the Dutch dairy crisis:

land availability

1.1

million ha

UNSUSTAINABLE
PRODUCTIVE MODEL
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population
growth

increasing demand
for dairy products

rising in the
sea level:

the surface of the Netherlands

is gradually shrinking
due to the climate change

Research

Problem Statement




SDG-2: food security
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the potential solution:

artificial milk technology

animal-free

milk proteins

“We shall escape the absurdity of growing a whole chicken in order to eat the breast or wing, by growing these parts
separately under a suitable medium. Synthetic food will, of course, also be used in the future”.

Winston Churchill, 1931 (Von Masson & Gingerich, 2019)




“If we want the world to change its diet from a product that isn’t sustainable to something that is, it has to be identical, or better than,
the original product. The world will not switch from milk from a cow to the plant-based milks. But if our cow-less milk is identical and priced
right, they just might”

(Gandhi, PerfectDay, 2014)




different processes,

same final product

Conventional milk production

Image: Forbes,2018

Artificial milk production
100% vegan milk




cultured/cow-less milk

Animal-free
Milk

o

PerfectDay, founded in 2014 by Ryan Pandya and Perumal Gandhi




a disruptive technology

Muufri

World's First Artificial Cow's Milk to Hit The
Market Next Year
Bioengineers in the US are developing the world's first artificial cow's

milk made from genetically engineered yeast in an effort to put a
more environmentally sustainable option on the market.

BEC CREW 29 OCTOBER 2014

Science alert, 2014

_ [ ———
Cow Milk Without the Cow Is Coming to Change Food Forever

Wired, 2015

How synthetic milk may put cows out of
business

Synthetic dairy products are being developed for the global market

© Mon, May 25, 2015, 01:30

Eoin Burke-Kennedy

The Irish Times, 2015

This Futuristic Startup Could Disrupt
The Dairy Industry

i Michael Pellman Rowland Former Contributer &
Food & Drink
f

() This articls is more than 3 years old.

TWEET THIS
W perfect Day is focused on disrupting the dairy industry.

W Perfect Day could be the 'Intel Inside’ for the dairy industry

Forbes, 2018




design question

HOW

COW-LESS MILK TECHNOLOGY MIGHT BE DISRUPTIVE
FOR OUR BUILT ENVIRONMENT?




A shift in the paradigm
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traditional dairy farm




A shift in the paradigm

intensive farming




A shift in the paradigm

floating dairy farm




A shift in the paradigm

20227

HUMAN FARM
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routings and flows

RS
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.c”c logistic

considerations

industrial production of
artificial milk

connecting the farm .'n;ji' W il f il

to the community

social dimension
_education
_leisure

context-related design

_references to the cultural/social Dutch

context

_ relationship between the design and

the specific site

Milk farm 2.0

design strategy



The site
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The Zuid
LOGISTIC STRATEGY Ku plas
closeness of the Zuid plas to the North Canal and
the Amsterdam harbour that can provide an easy and

fast transportation of goods to and from the ‘farm’

on water

Milk farm 2.0 site choice
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FUTURE TRANSFORMATIONS

The Zuid

plas ;; The Noorder IJ-polder will become a thematic
......... i park aiming at educating the community to

...
ces

sustainability and circularity. On the Noord

plas floating solar panels that will provide
green energy to the closeby neighbourhoods
will be installed within 2030.

Milk farm 2.0 site choice



plas
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e i
<;/ Achtersluis .
i\ Polder
L \ 8
| Melkweg H
| Dostzanerwerf H
2.5 o I
.,.-"' Cornelis F
oot Douwes 2-3 b
# W

. dl
. sloterdijk- -
e Centrum e

FUTURE TRANSFORMATIONS

The Noorder IJ-polder is part of the Haven-stad tranformation plan, the
redevelopment of the entire area of the Amsterdam harbour area with the

creation of 70.000 homes and other facilities. The Noorder IJ-polder will
become the second most important urban park of the city within 2050.

Milk farm

2.0

site choice



Dairy farm 2.0 site choice



The design



Scenario-based design

floating
neighbourhood

Achtersluis
polder

Melkweg
Dostzanen

Cornelis
Douwes 2-~

! Vlothaven /\

of the daily milk demand
pro-capite




resource savings

traditional Dutch : Milk farm 2.0
dairy farm :

5.975.000 g C02 955.000 g C02

6.500 mq 500 mq
5.100.000 L 102.000 L
25.000 MJ 8.750 MJ




ACHTERSLUISPOLDER
~ NEIGHBOURHOOD

2 ~ o | floating
' :;'“neighbourhﬁﬁd

Leeetreee.,

potential .-
car parking = -

NOORD PLAS

bridge
Tl e
(planned)

ZIJKANAAL H
(connected to the

North Canal)

ZUID PLAS

30

60

20

Milk farm 2.0

site plan
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logistic
access :
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Milk farm 2.0 the masterplan concept
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Milk farm 2.0 the masterplan concept



visitors
access

.. oe®
teeee

Milk farm 2.0 the masterplan concept
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cessens,
0 .

creation of
a central
space

tey Ve®
Cesee

Milk farm 2.0

the masterplan concept
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Milk farm 2.0 ‘ design axonome



Dutch ‘hoeve’
ensemble of farmhouses and living
quarters looselyclustered around a

f—éourtyard open to the surroundings

[ rplan
ionship with nature

industrial silos

_architecture typology
_massive volumes in contrast with
the organic nature

Milk farm 2.0 design concept



The design programme
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Milk farm 2.0 design programme



MILK PROTEIN
PRODUCTION BUILDING

we daily produce artificial
milk proteins and we send
them to the milk brewery

...........................................

WORKSHOPS
AUDITORIUM
EVENT SPACE

Milk farm 2.0 design programme



THE MILK BREWERY

we mix artificial-milk
proteins with water, sugars
and fats to get milk

............................................

THE RESTAURANT/CAFE’

Milk farm 2.0 design programme
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THE BOTTLE FILLING
; ROOM ;

we fill glass bottles
with artificial milk

............................................

THE FOYER

Milk farm 2.0 design programme



THE VENDING MACHINES

we sell artificial milk
bottles to the community
through
automatic machines open 24h

Milk farm 2.0 design programme



THE ADMINISTRATIVE
OFFICES OF ‘MILK FARM
2.0’

Milk farm 2.0 design programme



THE EVENTS PLATFORM

THE TECHNICAL ROOM

we arrange tasting events

and debates to introduce
artificial milk to the
community. We aim to

create a new food culture

Milk farm 2.0

design programme
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THE OBSERVATION TOWER § THE STORAGE TANK

we store artificial
: milk in a tank,
: no cooling is required

Milk farm 2.0 design programme
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 activities
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Milk farm 2.0 design programme



SUMMER

swimming
pool
s .. sunbathing

’ @ sport

—* rtourses ff © ™

open-air
amphitheater:

“rastaurant
i terrace

WINTER

ice-skate

the central courtyard

leisure activities
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The central courtyard climate adaptatiom



>

+

(]
an Y=
n @©
z= n
o
~ T
L <c

©
-]

>
n o
oY C
c Qo
s
= O
= =
o Y4
x o



%

goods
circulation

= visitors
circulation

\
|

uulll h‘w =

i
Mg
B

“: \

Milk farm 2.0 goods and visitors routings
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Milk farm 2.0 routings and safety
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vending
machines

bottle packaging room
+ storage

vee
ettt

preparation
areas [ storage
....... =§\ tank
goods 60 mq } ML e,
dock L &F‘
....... , ) 9.000
o I’P;' L
: co—product §
packaging room :
+ storage _,
....... N

.
.
o el

......

preparation areas
+ storage

.......

technical

.......

ce

N 125 mq
machinery R -
room mixing tanks
room

Milk farm 2.0 the production rooms



30% to the vending

machines

2

]
ST

2.500 L
to the harbour,

big distribution

- . A | 1.000 L
e o | 165 Kg
. P ! i artificial-milk 20% to the restaurant
- ) / ! proteins wu.o O (e N
ingredie L ‘ ‘ | [ @

functional unit,
daily production

6.000 MJ

~functional unit,
+ daily production

98.000 L

-~
-------

4.300 L

3.000 MJ

Milk farm 2.0 the production flow



RECOMBINANT DNA TECHNIQUE

DNA sequences
synthetizying casein
and whey proteins
main ingredient

\b@
4)—“
\\\\
_— of artificial milk

-0 — U~
genetically

modified
host organism: microorganism
trichoderma
(particular species
of fungi)
out of ‘MIlk farm 2.0’ ‘MIlk farm 2.0’

Milk farm 2.0 the process
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microorganisms
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Milk farm 2.0 the process



PHASE 02

milk production

water

fats
sugars

I
7|HAHH“HLJH"HHﬂHHL,HH

4.300 L

3.000 MJ

]

artificial
milk proteins

e eeeeceeceseceecetectaettectaettactsectactsattaettaetsaitaecsectsettsetastsetssecsetssetasctsetosctsetssetsnttsetanes
4.300 .

H )y H

3 1 4 N

MILK

STORAGE MIXING
TANK TANK

PR R L R T TP P PP PP PP R

SILO 2

Milk farm 2.0

the process



30% to the vending

machines

2

]
ST

2.500 L
to the harbour,

big distribution

- . A | 1.000 L
e o | 165 Kg
. P ! i artificial-milk 20% to the restaurant
- ) / ! proteins wu.o O (e N
ingredie L ‘ ‘ | [ @

functional unit,
daily production

6.000 MJ

~functional unit,
+ daily production

98.000 L

-~
-------

4.300 L

3.000 MJ

Milk farm 2.0 the production flow
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the milk brewery

Milk farm 2.0
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timber + recycled plastic lantern

green roof

timber lattice roof, douglas fir tim-—

curtain walls
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cloeziana timber girder and beams

Screw piles foundation

helical steel piles 350

mm

the structure exploded

Milk farm 2.0
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9 MM FLOWFRESH HF POLYURETHANE RESIN

HYDRASEAL MOISTURE MEMBRANE

—— 20 MM FIBREBOARD PANEL
L5 MM INSULATION + FLOOR HEATING

/(/
35L

200 MM CLT sLAB

S S Y

40 MM ACOUSTIC INSULATION PANEL

2 X 15 MM FIRE RETARDANT GYPSUM PLASTERBOARD

[ MACHINERY ROOM |

[MACHINERY ROOM |

203X XX XXX XX XX XXX

1% SLOPE
ﬁ SLOT DRAIN
7 < A < A
A <
4 2 4 <
A
X X X X XX XXX XX XX XX XXX XXXXXXXXXXX 4 XX XXX XX XX XXX XXX XXX XXX XXX XXXXXX

4

(G0 00000006000000000000000000006!

Y

9 MM FLOWFRESH HF POLYURETHANE RESIN
HYDRASEAL MOISTURE MEMBRANE

80 MM CONCRETE

2 x 20 MM ACOUSTIC MATTING i J i

20 WASHED GRAVEL F

A ]

‘ ‘

|
N
SN

| |
T

200MM CLT sLAB

2 X L5 MM FIBER WOOD INSULATION

3 b

TERMI FLOOR MEMBRANE

The structure

the fermentation room



A NATURE INCLUSIVE BUILDING
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exmples of underwater footage with aquatic life
under houses built on water in Lelystad (NL)
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helical steel
screw piles

The artificial milk farm lies on helical screw piles,
suspended from the natural landscape to represent how
the industrial process is physically detached from the
biosphere.

The foundation helical screw piles



MACHINERY ROOM 94 s10pE

120 WASHED GRAVEL
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. ’ NG 9 MM FLOWFRESH HF POLYURETHANE RESIN
< . ) g 47 o L : L L ST A HYDRASEAL MOISTURE MEMBRANE
LS a 2 . a7 < : v o . T
. ! ) . L4 . . . X
)9.0.0.00.0000000000000000000000001 Y BN 0000000000000000000000000000000) 80 MM CONCRETE
01608000006080006008080000608808000 [166000886600000808080000608060060606068\
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Te)

200MM CLT sLAB

S S S SS S Advantages:
KWWWWS . . X . . . . 2 X 45 MM FIBER WOOD INSULATION 9
WWWW. S S S S S TERMI FLOOR MEMBRANE

_ screw piles are installed by hidraulic augers
with the minimal vibration and construction noise
and they don’t require excavation

400 X 700 MM CLOEZIANA TIMBER BEAM _ fast installation and disinstallation
[=—200 X 300 MM CLOEZIANA TIMBER SECONDARY BEAM
_ re—-usable in other projects

_ they benefit the local biodiversity providing a

FOUNDATION support to develop nature further

—3_ WELDED U BRACKETS

300 MM STEEL HELICAL PILE
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Structure the foundation



aspen timber frame
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Double skin facade

Layer 1: external envelope
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mycelium panels +
green facade

Layer 2: curtain wall
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transparency of the process
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visitors path
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goods transportation
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+8,00 m

roof level

+5.00 m

Visitors path
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visual connection
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lighting

visual connection

goods transportation

industrial

shoji panels

sliding doors
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Summer

The sliding mycelium panels open up and allow the natural ventilation
of the filter space, constantly heated by the fermentation room. The
presence of the water of the polder helps further to mitigate the
climate, cooling up the wind during the summmer season. Moreover
the green facade creates a sun screen and prevents the heat to
enter the filter space while allows light to filter.
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Winter

The mycelium panels act like wind shields during the winter season
although the proximity of water helps to mitigate the climate,
reducing the thermal excursion between day/night.

Moreover the mycelium panels, thanks to their insulation properties,
help to keep the heating produced by the fermentation room inside
of the filter space that is passively heated. The latter becomes a
climate comfortable space for the visitors of Milk farm 2.0.

The porous facade allows the light to filter also during the winter
season.




sea hairy blackberry bindweed sedge nettle
rush fireweed plant

200 MM SUBSTRATE LAYER
ﬁho MM DRAINAGE AND PROTECTION LAYER
Z/ 3 MM RECYCLED POLYESTER FIBERS
2 N\ ,2 MM EPDM RUBBER SHEET
ZN 50 MM WOOD FIBER INSULATING PANEL
[\NM . = VAPOUR BARRIER
SA = = /) 60 MM TIMBER DECK
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17 A /) 100/40 MM DOUGLAS FIR DISTANCE PIECES
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\722772/7) :% %
— 7 vz 127274
2z pzzza
w m{ﬁ MULTILAYER LOAD-BEARING SOFFIT LATTICE:
120/20 MM DOUGLAS FIR STRIPS
WITH GLAZED FINISH
° 3 MM STEEL CLIMBING TRELLIS
200 MM TUBULAR STEEL COLUMN
BARN SLIDING TRACK
100 x 200 MM WILLOW TIMBER FRAME
I5 MM KNOT WILLOW TIMBER STICKS
50 MM MYCELIUM PANEL
OUTSIDE FILTER SPACE
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CLIMATIC ADAPTATION
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FUTURE SCENARIOS




installations + machines

The structure allows a future change in the programme of the
building. Installations and machines might be easily removed
from the building and re-used in another artificial milk refinery,
while the clt internal partitions can be moved according to the
new programme.
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Future scenarios

long-term flexibility



Perfect Day foods, 2020

Since artificial-milk is becoming a disruptive and in continous
development technology, we can imagine how Milk farm 2.0 might
expand over time and in 10 years new buildings for cheese

or other dairies processing might be added to the existing N I
intervention. . L

Future scenarios

growth/expansion
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