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. THEORETICAL FRAMEWORK & FACTOR LIST

1. GROWMODULE SYSTEM PROTOTYPE

1. BUILDING TESTCASE






e (N
Q| T ——— 43
SR B i—
~SSSSISSSSS) B W 1oLl
= & _—

o
)

TS

Plant Factory



Automated & Controlled Environment
(water, nutrients, temperature, C02...)
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When approached from the perspective of production quality and efficiency, Plant Factories are at risk of being
architecturally translated as a closed box.

Instead, Farming of the future should be an open box to experience.
Not only the product, but also the production process must interact with the consumer!



Architectural Design of Building Integrated PFAL

The architectural integration of Plant Factories with Artificial Lighting (PFAL)

into the urban environment,
optimising social and aesthetic potentials without compromising on production quality and efficiency.




Which factors that enable optimal production quality and efficiency,
are relevant for architects when designing
Building Integrated PFALs?

Geographical Climate conditions Cost Estimation Vertical Farming System  Urban Environment HVAC Lighting System Water System

Economic Climate conditions Site Buildin . Waste Management System
E Renewable energy Smart Devices E :

ENVIRONMENTAL CONTEXT ——————— —— ENERGETIC FLUXES — —————————" CONTROLLED ENVIRONMENT SYSTEM

CITY ~ ~ ,CQMPONENT ‘BUILDING CITY il COMPONENT BUILDING CITY
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Minimum required Loadbearing
Plant Growth Hvdroponics. aeroponics. aquaponics Facade Materials
yoee ' i Reaap Additional Functions within Supply Chain SHOCECE

; Automation Additional Functions outside of Supply Chain Transparency
Crop Selection LED



2
2
5
,

T

+
=
1

]







INITIATION PHASE

INDIRECTLY RELEVANT
- In general, extreme climate conditions suit PFAL's better (1.1).

- Agriculture is a sectar with tiny margins, when the project focusses around produce as
the main source of income, the importance of economical decision making increases.
However, additional functions could alleviate this grip (1.1, 5.2, 5.3).

- Understanding the supply chain can benefit the economic gualities of the design and
integration with the urban environment (1.2, 5.2).

For whe do you design the PFAL, most consumers gladly make use of the convenience
of an all in one supermarket. Determine if you want to combat this trend or work with
it{1.4)?

DRAFT DESIGN PHASE (S0)
DIRECTLY RELEVANT
- The functions within a PFAL are (5.1):
- Culture rooms: Germination room, Growing room.
- Operation rooms: Packing, Storage(cooled), shipping, maintenance, changing room,
disinfection rooms (air shower, wash basin, boot sole sterilization), data storage,
administrative office, rest room, tea room.

- Potential functions to integrate with a PFAL are:
1. Within the supply chain: e.g., office, restaurant, shop/supermarket, distribution centre
(5.2).
2. Outside the supply chain: e.g., education, museum/experience centre, train
station/underground transportation {5.3).

- Plants mostly use blue and red photons for photosynthesis. There is some emerging research
on the impact of green and far-red photons but take into consideration that at least 50% of the
time the LED's will emit a purple haze and perhaps only 20% white light (showing green plants
instead of dark plants) {2.1.1, 2.3).

- When the PFAL exceeds 200m2 it is almost certain to be a stacked system of horizontal trays
which enable relatively easy automation. If smaller, e.g. barrel shaped hydroponics can also be
viable (2.2).

- Water dripping from hydroponic sy can have There are some

differences per system how calm or constant this dripping is (2.2).

In the climate of The Netherlands, it can be beneficial to integrate a greenhouse with the PFAL,
especially when maximal control is not required. In particular non-leafy greens such as
tomato’s can benefit from a combined system reducing the energy demand from LED's (4.1).

Solar is a very potent energy source to integrate on the roof of a PFAL, especially on a large-
scale lightweight structure. In high density urban areas a rooftop garden or greenhouse
provides more benefits. The technology of photovoltaic panels is quickly improving, with 170
kWh,/m2/y currently at the high end of commercial availability {3.4).

FINAL DESIGN PHASE (VO)
DIRECTLY RELEVANT

Indoor agriculture HYAC must be able to regulate much higher latent heat loads compared to
comfort cooling for humans. Using the excess latent and sensible heat accumulated by the
system for heating e.g. underfloor heating is vital. If all this energy is simply being disposed of
the PFAL has little chance of being viable (3.1 4.2, 4.3).

The average mass of a farming system per m3 is (6.1):
<200m2: yet to calcuiote kg/m3 = o kM/m2
>200m2: yet to caicuiate kgfm3 = oo kNim2

To obtain CO2 levels of around 1200 p/m, additional CO2 is added to the airflow. If reducible
to pure CO2, surrounding infrastructure can be used to fulfil these needs (3.1).

Increasing the transparency (of the facade) tends to negatively influence (6.2, 6.3):

1. Controllability of the interior environment; internal climate, sterile environment. 2. Trade
secrets.

Use transparent materials that show the visual appearance but maintain an interior sterile
environment (e.g.. glass). Differentiate between protected IP (public) and testing grounds
(private).

The water intake is minimalised compared to open land and greenhouse agriculture. There
are systems that use natural filtering in a parc-like space next to the PFAL. Which is possible
because there are no extreme pesticides needed within a PFAL (3.3).

The different materials that resonate with a PFAL are studied during the Design Phase (6.3).

FINAL DESIGN PHASE (VO]
INDIRECTLY RELEVANT
- Close the loop, but note that e.g. burning biomass is not worth it when deployed on a small scale.
If the surface (growth) area is <5000 m2, instead lock for compeosting at a nearby urban farm
(2.1.2,3.4).

DRAFT DESIGN PHASE (50)

INDIREC

TLY RELEVANT

The major cost components of a PFAL are: Electricity 28%, Labour 26%. But, the cost of electricity
[e.g. LED's) will greatly decrease in the next decenniz and so could labour if automation is
deployed. The guestion then also becomes of a social nature, when and where jobs may be more
beneficial to maintain (1.3, 2.3).

- Advanced vertical farming systems minimalize light bleed by closing the sides with reflective
material. On the sides visible to visitors or check-ups these sides should remain open, likely
creating boxes which have one side left relatively transparent. The loss of PPFD efficiency is made
up for by direct and indirect (economic and social) gains from consumers/visitors experiendng
the PFAL (3.2, 2.3).

The main characteristics that consumers are willing to pay extra for when buying bagged lettuce
are zero contaminants and a longer shelf-life (1.3).

Mot all crops are economically compatible with growing vertically. If the initiative to grow
anything else other than leafy greens comes from a non-grower, make sure to validate its
feasibility {2.1.3).

When deploying data gathering to optimize the process, these skills must be learned. Especially
in the next 10 years, PFAL structures may benefit from integrating an educational facility into the
building. Educating the farmers of the future (3.5).




RURAL

Free-up land area

South-Holland

CITIES

Improve Resilience

Rotterdam, Rijnhaven

BUILDING

Reconnect the consumer with the
growing of their food

Factory Latenstein, Codrico
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76 km?2

Equal to 15 times the centre of Rotterdam

I. THEORETICAL FRAMEWORK & FACTOR LIST
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. Open Land farming

. Greenhouse farming

I Plant Factory with Artificial Lighting

. Natural landscape

. Housing
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GROWMODULE SYSTEM PROTOTYPE
The Urban Amethyst



GROWMODULE

Tailormade Design

S

t

andardised Design

17



GROWMODULE

User experience

Flexible fit in any building space

Aesthetic

Production efficiency

A growmodule providing up to 10 users with 250 g/day of tasty
and nutritious leafy greens.




GROWMODULE

Examples:

(Looseleaf) Lettuce (Dwarfed) Kale Basil (Genovese) (Swiss) Chard

& o 8 & W P W W ot i MG B S

Red Butter Boston Lolla Rosa Romaine Leaf Parsley Sage Savory Thyme Arugule Bok Choy Leaf Cabbage Kale Dark Opal Basil  Italian Basil Spacialty Basil Pea Shoots & Tendrils  Nasturtium Leaves shiso Microgreens Marigold Nasturtium Pansy




GROWMODULE
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WHAT IF..?

SAM ¥ EGAAL
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BUILDING AS A TESTCASE
The Urban Amethyst




IIl. BUILDING TESTCASE

Industrial Commercial [l Residential B Office
@ Restaurants & cafetaria o Supermarket

Other/unspecified * Tree —— Primary road Cycleway Secondary road

The Elegance of Vertical Farming | S.J.Verdegaal | 2020/2021
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Meelfabriek Latenstein
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BUILDING CONCEPT | THREE LAYERS

VERTICAL FARMING CORE

Experience growing your own food.

Controlled environment;

APARTMENTS

GREEN SHELL

Experience natural elements.

Exposed environment;

28
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CORE * SHELL
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Initial concept sketch Initial concept sketch
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Vertical Farming Core
Controlled environment

Green Shell
Exposed environment

IIl. BUILDING TESTCASE

RESTAURANT

- LIVING

—
L

SUPERMARKET
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CORE

Building integrated PFAL
To produce for at least 340 pers. Which is equal to 250g*365days*340pers.= 31.000 kg greens per year. Excess greens are sold in supermarket.

BUILDING RESIDENTS RESTAURANT

max. 146 + on average 1 On average 330 diners per day

guest/apartment: (either lunch or diner), resulting
Excess in:

190 persons. 150 persons.

250 g greens/day 250 g greens/day

Building PFAL (>34 growmodules)

SUPERMARKET
Katendrecht + Kop van Zuid 8500

inhabitants, to almost double by
Excess 2030.

Max.
16.000 persons.

250 g greens/day

Distribution centre PFAL

32



CORE

Parameters

- Aesthetic qualities of the guiding sketch.

- Accessibility of the apartments, incl. mezzanines having at least one opening towards the atrium.
- Access to growmodule from at least one side.

lll. BUILDING TESTCASE The Elegance of Vertical Farming | S.J.Verdegaal | 2020/2021 33
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CORE

Total crop production

Total surface area: 740 m2.
Total growth area: 1420 m2.
Average production capacity: 6.5 kg/m2/month*

*theoretical average for growmodule production, can differ in practise.

Edible Greens Production

110.000 kg/y

Providing over

1200 people

With 250 g of leafy greens each day.

IIl. BUILDING TESTCASE
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SHELL
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o \Vertical glass windows

38



SHELL

Plant types

- Edible and/or stimulates the senses of touch and smell.

- Attracting birds, butterflies, bees.

- Low maintenance

- Including bath evergreen and deciduous ivies (to allow the winter sun to enter the building).

Examples:

o

Star Jasmine (evergreen ivy) Lavender Blackberry bush (dwarf cultivar) Butterfly bush (dwarf cultivar)

Il. 39



SHELL

Water filtering & storage
Natural greywater filtering and
rainwater storage ponds.

JULnnnY,

lll. BUILDING TESTCASE The Elegance of Vertical Farming | S.J.Verdegaal | 2020/2021
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- Office spaces
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- Fresh shop with both a transparent
front- and back-end (storage),
showcasing the short food supply
chain.

- Public atrium,

% LEVEL O

& 1200
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APARTMENTS
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Small to medium apartments (1 a 2 pers.

& 2 a 3 pers.
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LEVEL +3
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Growing
Cooking
Dining
Light
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Circular food system

HERB & FLOWER BUSHES
- Calming smells, beautiful
colours.

- Attracting butterflies &
birds.

- Not suitable for module

growing. ’7 T

)
)
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IIl. BUILDING TESTCASE

PERSONAL-MODULE

- Complete plant (incl. roots) placed in water baskets.
- Final growing stage, enabling the crops to

remain fresh for a week (until next group-cycle).

- User friendly dimmed white LEDs.

DINERTABLE

- Enjoy your meal made from greens you have seen grow
from seed to crop appreciating the process.

While not having to actually spend more time than it usually
takes to go to a supermarket.
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- Prepare a meal with fresh greens with
baby leafs or full grown crops dependnig
on preference and time since
group-harvest.

SHREDDER + AIR FILTER COMPOSTER
- Natural waste materials
- For own terrace and rooftop garden
- Excess collected once a week during
refill of group-module.

GROUP-MODULE
Example configuration:
cultivars of 30 days
growth cycle.

4 layers, each week
1 new layer.

The Elegance of Vertical Farming | S.J.Verdegaal | 2020/2021

46



APARTMENT - CORE

150 SECTION | EXTERIOR -
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1:5 SECTION | EXTERCR - _ APARWENT - CORE
7

CLLLLLLLLLLLLLLL

Connection element

Single object.

Compact to enable unobstructed
placement of the growmodules.

51



CLIMATE DESIGN

I
Vent.out Vent.out
+20-36 °C 0: rich
Vent.in Vent.in
1 ] +16-24 °C CO:z rich

LEDs heat up air

OUT = warmer 02 rich air

02 is lighter than C02

52



150 SECTION | CLIMATE DESIGN - WINTER
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1150 SECTION | WIRING & PIPING SPECIFIC FOR GROWMODULE-BASED CONCEPT
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Energetic Symbiosis

ﬁ : RESTAURANT
] 1
Hi] =mim=nemnn|
H APARTMENTS
— , SUPERMARKET
= I
542.58 MWh/annum
M VERTICAL FARMING CORE

1753.83 MWh/annum

IIl. BUILDING TESTCASE

51.6% building
energy reduction

Heat for 3 more buildings

Developed together with A. Jenkins & T. Blom for the
RAPS sustainability conference & Sky High NWO research project

The Elegance of Vertical Farming | S.J.Verdegaal | 2020/2021 55
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STRATEGY FOR FUTURE
IMPLEMENTATION
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FACTOR LIST
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USER & DEMAND

—

(DARK) SPACES

DESIGN SPACES

With GROWMODULES
OR

From scratch
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CLIMATE SYSTEM

F-1

MAINTENANCE
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