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PHENOMENA & CHALLENGES

4I. THEORETICAL FRAMEWORK & FACTOR LIST
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Urban garden GreenhouseRooftop garden Barrel planters

Freight farmMushroom farm

URBAN AGRICULTURE
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Plant Factory Automated Plant Factory

I. THEORETICAL FRAMEWORK & FACTOR LIST
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PLANT FACTORY WITH ARTIFICIAL LIGHTING (PFAL)
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PFAL. Aerofarms (USA) Automated PFAL. Madar Farms (UAE), developed by Certhon.

Automated & Controlled Environment 
(water, nutrients, temperature, CO2…)

I. THEORETICAL FRAMEWORK & FACTOR LIST



PROBLEM STATEMENT

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

PROJECT OBJECTIVE
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Architectural Design of Building Integrated PFAL

into the urban environment, 

optimising social and aesthetic potentials without compromising on production quality and efficiency.

I. THEORETICAL FRAMEWORK & FACTOR LIST
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RESEARCH QUESTION

Which factors that enable optimal production quality and efficiency, 

are relevant for architects when designing 

Building Integrated PFALs?

I. THEORETICAL FRAMEWORK & FACTOR LIST
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RESULTS
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RESEARCH CONCLUSIONS

I. THEORETICAL FRAMEWORK & FACTOR LIST
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RESEARCH CONCLUSIONS

I. THEORETICAL FRAMEWORK & FACTOR LIST
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South-Holland Rotterdam, Rijnhaven Factory Latenstein, Codrico

RURAL
Free-up land area

CITIES
Improve Resilience

BUILDING
Reconnect the consumer with the 

growing of their food
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Open Land farming

Greenhouse farming

Natural landscape

Plant Factory with Artificial Lighting

Housing

RURAL | Free up land area

76 km2 
Equal to 15 times the centre of Rotterdam

I. THEORETICAL FRAMEWORK & FACTOR LIST
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More ways than one

I. THEORETICAL FRAMEWORK & FACTOR LIST
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GROWMODULE SYSTEM PROTOTYPE
The Urban Amethyst



GROWMODULE | DESIGN STRATEGY
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Tailormade Design
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Standardised Design



GROWMODULE | DESIGN STRATEGY
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User experience

- Experience the growing process

- User convenience through automation

Flexible fit in any building space

- Standardised building dimensions

Aesthetic

- Interplay between a high-tech industrial system and 

communicating the natural biophilic process of growing 

plants.

Production efficiency

Result

A growmodule providing up to 10 users with 250 g/day of tasty 

and nutritious leafy greens.
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Kale Oak Lettuce Italian Basil Oregano Marigold

Plant types

Leafy greens make up the first stage of economically viable crops to be grown in plant factories. Research on making the second stage (strawberries, cucumbers, tomatoes) is quickly developing however generally require a different growing method and 

mechanism. Therefor the focus for this project lies on leafy greens, which with the right combinations can provide a complete meal in terms of required nutrients.

Examples:

GROWMODULE | Edible Greens

The Elegance of Vertical Farming | S.J.Verdegaal | 2020/2021II. GROWMODULE SYSTEM PROTOTYPE



20The Elegance of Vertical Farming | S.J.Verdegaal | 2020/2021

GROWMODULE | Structure

II. GROWMODULE SYSTEM PROTOTYPE



The dark problem of office/factory transformation
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? ?

Example of large floorplans
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WHAT IF..?
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BUILDING AS A TESTCASE
The Urban Amethyst



RIJNHAVEN, ROTTERDAM
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GRAIN SILO LATENSTEIN “From grains to greens”
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1930 | Harbour Katendrecht 1960 | CO-OP Factory & Office 1964 | Grain silo extension

1969 | Codrico 1983 2021

From grains to greens
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BUILDING CONCEPT | THREE LAYERS
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VERTICAL FARMING CORE
Experience growing your own food.

Controlled environment;

LEDs, water, nutrients.

GREEN SHELL
Experience natural elements.

Exposed environment;

Sun, rain, wind.

Plants, birds, butterflies.

APARTMENTS
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CORE & SHELL
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Building Design

Initial concept sketch Initial concept sketch
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Vertical Farming Core

Controlled environment

Green Shell

Exposed environment

Building Design

III. BUILDING TESTCASE



CORE | Food Demand
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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
max. 146 + on average 1 

guest/apartment: 

190 persons.
250 g greens/day

RESTAURANT
On average 330 diners per day 

(either lunch or diner), resulting 

in: 

150 persons.
250 g greens/day

SUPERMARKET
Katendrecht + Kop van Zuid 8500 

inhabitants, to almost double by 

2030.

Max.

16.000 persons.
250 g greens/day

Excess Excess

Building PFAL (>34 growmodules) Distribution centre PFAL
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CORE | Carving out the Amethyst
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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.
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CORE | Space creation
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Chat Relax / play

Coated mattress 
Work Relax and brainstorm Work Art installation

Shared books mini libraryPlay space for childrenYoga / workout(spontaneous) diner

III. BUILDING TESTCASE
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CORE | Food Production
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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.

III. BUILDING TESTCASE



CORE | Routing
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Original concrete structure

SHELL| Outer structure
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Vertical glass windows

Wood frame structure

III. BUILDING TESTCASE
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SHELL | Planting
Plant types

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

- Attracting birds, butterflies, bees.

- Low maintenance

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

Examples:

Star Jasmine (evergreen ivy) Lavender Blackberry bush (dwarf cultivar) Butterfly bush (dwarf cultivar)
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Water filtering & storage

Natural greywater filtering and 

rainwater storage ponds.
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SHELL | Parc
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- Office spaces 

- Fresh shop  with both a transparent 

front- and back-end (storage), 

showcasing the short food supply 

chain.

- Public atrium, 
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APARTMENTS
Type (persons) Base m² (incl. mezzanine) Terrace size m²

1 a 2 42 (72) m² 5.4 m²

2 a 3 63 (100) m² 5.4 m²

2 a 3 72 (115) m² 50 m²

3 a 4 84 (134) m² 13.5 m²

4 a 5 105 (168) m² 13.5 m²

5 + 156 (240) m² 70 m²

III. BUILDING TESTCASE
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Small to medium apartments (1 a 2 pers. 

& 2 a 3 pers.
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Apartment Floorplan 1 a 2 pers.
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Growing

Cooking

Dining

Light
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Circular food system
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Connection element

Single object.

Compact to enable unobstructed 

placement of the growmodules.
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CLIMATE DESIGN | Growmodule air circulation 
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IN = cooler CO2 rich air  

OUT = warmer O2 rich air

III. BUILDING TESTCASE
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Winter
Extreme

Summer
Extreme
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Placement of the water pipes and air ducts, 

focussed on maximising apartment height.
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Energetic Symbiosis

Developed together with A. Jenkins & T. Blom for the 

RAPS sustainability conference & Sky High NWO research project

III. BUILDING TESTCASE
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STRATEGY FOR FUTURE 

IMPLEMENTATION
The Urban Amethyst
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Design approach Building Integrated PFAL in cities

IV. STRATEGY FOR FUTURE IMPLEMENTATION
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The Elegance of

VERTICAL FARMING

Thank you.


