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Today‘s focus: building-integrated plant production

• Rooftop farms and rooftop greenhouses

• Vertical systems

• Indoor systems / plant factories

Vertical farming
Introduction
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Urbanisation

• „Urbanised world“
• ca. 60 mio. new city dwellers annually

• 2009: 3,4 bio  2050: 6,4 bio

• Developing world regions

• In post-industrial areas declining

Vertical farming
Why is that a topic?
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Food deserts

• Distance to healthy and fresh food

• Especially an issue in North America

• Mainly low-income communities are affected

Vertical farming
Why is that a topic?
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Food deserts

“A food desert is an area, 

especially one with low-

income residents, that has 

limited access to affordable 

and nutritious food.”
(American Nutrition Association, 2017)

Vertical farming
Why is that a topic?
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Which regions? Which environments?

Global North

Inner-city areas

Food deserts

Arid zones

Global South
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Stadt-Land-Beziehungen
Block: Landsoziologie

Urbane Agrikultur - Innovationen
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Vertical farming
Rooftop farms and rooftop greenhouses

The German framework conditions for roof-farming

• Flat roofs in Germany

• 1.2 billion m² = 120,000 ha (Allplan)

• 0.65% of German farmland (18,3 Mio. ha)

• Mainly industry and public buildings

• Competition (solar panels/photovoltaic, terrace, etc.)

Higher shares of flat roofs in other world regions

• North America

• Asia
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Zero acreage Farming (Zfarm)

• Insights into a national research project

• from idea to implementation (guidebook)

Developing

ideas and pre-

planing

Analysis and 

decision-

making

Marketing / 

Public relations

Project monitoring

Production

planning

Financial 

planning

Vertical farming
Rooftop farms and rooftop greenhouses
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Geschäftsmodelle vertical farming
Dachanbau / -gewächshäuser

Zero acreage Farming (Zfarm)
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Developing ideas // Pre-planing: Definition of goals

• commercial

• Quality of life

• Edcuation / Social

• Innovation

• Image

Gotham Greens

Brooklyn Grange

Vertical farming
Rooftop farms and rooftop greenhouses
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Analysis and decision-making

Building Environment

Size Building structure and density

Slope Legal aspects

Roof construction Socio-demographic structure

Sunlight / Shadow Local interactions

Accessibility Social infrastructure / facilities

Load capacity/static „Soft“ site factors

Further building uses Traffic structure

Height City structure

Structure/Materials/Fabric Market and Competition situation

Legal aspects

Vertical farming
Rooftop farms and rooftop greenhouses
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Marketing

• Product policy

• Price policy

• Distribution policy

• Communication policy

Vertical farming
Rooftop farms and rooftop greenhouses
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Marketing

Vertical farming
Rooftop farms and rooftop greenhouses
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Production planung

Vertical farming
Rooftop farms and rooftop greenhouses

Leavy veggies

Herbs

Berries

Tomatoes

Fishes

Microgreens, algae, …
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Financial planung

Vertical farming
Rooftop farms and rooftop greenhouses
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How to acquire money…

Vertical farming
Rooftop farms and rooftop greenhouses
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Geschäftsmodelle vertical farming
Dachanbau / -gewächshäuser

Finanzierungsformen und Fördermöglichkeiten
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Geschäftsmodelle vertical farming
Dachanbau / -gewächshäuser

Zero acreage Farming (Zfarm)
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Building-integrated plant production

• Rooftop farms and rooftop greenhouses

• Vertical systems

• Indoor systems / plant factories

Vertical farming
Introduction
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Vertical farming
Vertical systems
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Vertical systems // Productive green walls

Green walls are mainly unproductive

Vertical food production

• Towards the sun

• Challenges:
• constant supply of                                        

water and nutrients

• Planting and harvesting

• Yields

Vertical farming
Vertical systems
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Algae house in Hamburg
• Finished in 2013

• IBA Hamburg

Vertical farming
Vertical systems
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MINT Engineering (Berlin/Dresden)

Vertical farming
Vertical systems
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Building-integrated plant production

• Rooftop farms and rooftop greenhouses

• Vertical systems

• Indoor systems / plant factories

Vertical farming
Introduction
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Stadt-Land-Beziehungen
Block: Landsoziologie

Urbane Agrikultur - Innovationen
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Advantages and disadvantages of Indoor-Farming

• Advantages
• Year-round production

• Globally applicable

• indepedent „from outdoor“
• Weather (extremes)

• pests

• etc. 

• Water efficient (circularity)

• Disadvantages
• High investment costs

• High operating costs
• Energy, staff, IT, …

• Acceptance in the wider society (?)

Vertical farming
Indoor systems / Plant factories
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Advantages and disadvantages of Indoor-Farming

„Controlled Environment Agriculture“

Salads
• Indoor farming: ca. 30-35 days

• Outdoor farming: ca. 60 days

Production costs tomatoes: 
• 12 €/kg tomato (DLR Indoor Farm)

• Retail price for regional, bio tomatoes: 4-5 €/kg

Vertical farming
Indoor systems / Plant factories
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Vertical farming
Economic figures (USA)
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Restrictions
• Comparable high investment costs

• Often high operating costs (staff, light, electricity, water, sewage, …)

• (tight) limited production quantities

Challenge
• Development of a profitable/economically viable business model

Vertical farming
Business models
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Social acceptance of different types of urban agriculture
(Specht et al., 2016; Sanye-Mengual et al., 2017)

Vertical farming
Business models
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Differentiation and Diversification

• „Premium Price“ (Differentiation)
• Promoting you USP

• Local high-priced purchase

• Restaurants, cafés, retailer stores, …

• Alternative concepts (online, CSA, …)

Vertical farming
Business models
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Differentiation and Diversification

• „Services“ (non-agricultural diversification „on-farm“)
• Information and education (adults, kids, schools, …)

• Vertical farming „tourism “ / Eventisation (sports, art, …)

• Social offers (green care, care farming)

• …

Vertical farming
Business models
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 It is your turn: https://www.menti.com/6enckg7hny

Vertical farming
Now it is your turn!
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 "Growers’ ecological footprint needs to reduce by 

50%, but controlled-environment agriculture (CEA) will 

only be a small part of it," he added. "We will need a 

toolkit of different systems including broad-scale 

farming.“

 CEA "is fantastic at lettuce, arugula [rocket] and micro-

greens, but they won’t feed you-you still need protein, 

from plants, animals, fish or algae", he said

 CEA salads "are already yesterday’s news", the 

technology offers plentiful opportunities elsewhere, in 

producing pharmaceuticals, fragrances, flavour

chemicals, resins and other compounds.

 Speaking on the theme of "making vertical farming 

profitable", […] Robert Colangelo declared: "Urban 

farming is a bit of a myth." He explained: "The cost of 

real estate and labour in cities is high so it doesn’t 

always make sense to operate there." He added: 

"Distribution is key to your business model. 

Vertical farming
Business models / economic viability
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 Vertical farms can be set up almost anywhere, 

making it possible to grow crops in the middle of 

populous urban centres, meaning that it is 

possible for crops to reach consumers within 

minutes of harvest. This contrasts with traditional 

agriculture, where fresh produce can take weeks 

to reach consumers, losing freshness and 

increasing contamination risk along the way.

 Vertical farming has been the subject of a lot of 

hype in recent years, with supporters claiming it 

could revolutionise food production. Industry 

advocates, such as Columbia University 

Professor Dickson Despommier, have presented 

visions of a future world where fresh food is 

grown inside skyscrapers to feed giant, high-tech 

metropolises 

Vertical farming
Business models / economic viability
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 However, despite this optimism, the industry does 

face some major challenges and the sector has 

more than its fair share of bankruptcies. […] David 

Rosenberg, Chief Executive of New Jersey based 

vertical farming outfit AeroFarms, recently said he 

wouldn't be surprised if 90% of the players in the 

industry went out of business within the next three 

years.

 Broadly, many vertical farms struggle for the same 

reasons. As well as costing a lot of money to set up, 

vertical farms can be very expensive to run, largely 

because they require continuously running artificial 

lighting and climate controls. This is compounded 

by high labour costs and logistical difficulties that 

often get more difficult as the vertical farm gets 

larger. This all makes it very difficult to compete on 

price with produce grown on conventional farms

Vertical farming
Business models / economic viability
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Social acceptance of different types of urban agriculture
(Specht et al., 2016; Sanye-Mengual et al., 2017)

Vertical farming
Business models
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2016 Time Square of UA in The Hague?
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Aquaponik

• In Europe around 20 commercial

aquaponics in use / under construction

• International state-of-the-art (Love et al., 2015)

• > 250 respondents selling

aquaponics-related (non-)food                                                        

products/services (90% USA, CDN, AUS)

• more a hobby than successful commercial enterprises

• Aquaponics as a profitable operation (31% of respondents)

• US study

• based on US „aquaponics census“ (71 aquaponics farms)

• Only 1/10 with reasonable economic turnovers
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The Central European perspective

• German Agricultural Area: >18 mio ha 

• 230,000 ha for horticulture: 1.3% of German AA 

• only around 1,000 ha under glass production (0,005% of German AA)

• Aquaponics will only be able to substitute 

a small fraction of our food production

Aquaponik
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Profitability calculations

• calculations for three sizes: „micro“ „small“ „production“

Aquaculture: 3 m³ 10 m³ 300 m³

Hydroculture: 60 m² 200 m² 5,500 m² 

• primary data from the system at Department of Agriculture in Soest

• assumptions, like wages, losses, real estate and heating costs, marketing, …

• head lettuce (2.50, 1.50 €/kg)/European catfish (Silurus glanis), 17.50 €/kg

Aquaponik
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Profitability calculations

Aquaponik

Cost performance accounting Unit micro small production

Contribution margin aquaculture €/a -4,173 -2,566 114,862

Contribution margin hydroculture €/a 691 13,827 541,087

Sum contribution margins (= turnover
– variable costs without labour costs)

€/a -3,483 11,260 655,948

Labour costs aquaculture €/a 3,705 8,198 45,000

Labour costs hydroculture €/a 3,148 8,395 179,443

Sum labour costs €/a 6,853 16,593 224,443

Real Estate costs / Overhead n.a. n.a. n.a.

Depreciation (building, system 20 years) €/a 7,573 15,229 185.269

Interest rate 0.02 €/a 1,515 3,046 37,054

Cost performance accounting €/a -19,424 -23,607 209,183
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Variable costs incl. labour costs

Aquaponik

Aquaculture

Hydroculture
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2016 Time Square of UA in The Hague?

2018
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Aquaponik: ECF Farmsystems, Berlin
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