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CHAPTER 15

FOOD AND FRESH WATER 
PRODUCTION

In my view, vertical farming represents one of the few new opportunities that 
we should fully explore over the next 10– 20  years, especially if we are se-
r ious about living our lives in balance with the rest of the life forms on Earth 
without further endanger ing both theirs, and ultimately ours.

Jackson Despommier, ‘Farming up  
the city’ (2013)

As the world’s population continues to grow, traditional agriculture puts in-
creasing pressure on our planet’s finite resources and environment. More and 
more of the world’s water is used in growing crops and watering livestock; 
chemical runoff is increasingly contaminating these water supplies and poi-
soning soils. The challenge is to decouple food and water production from 
those resources by relying on nature’s abundance (e.g., in sun and seawater) to 
grow the world’s food industry –  sustainably as well as profitably.

Agriculture was one of the great innovations of Homo sapiens –  but it has 
barely changed in its fundamentals ever since it emerged in the fertile river 
valleys around 10,000 to 12,000 years ago. It continues to be dependent on soil 
quality (which is rapidly eroded under intensive cultivation), on seasonal rain, 
and now on chemical inputs of fertilizers, herbicides and pesticides, and more 
recently on mechanization and innovations in seed via genetic engineering 
or genetic modification. All of these approaches are running into limits as 
the world population expands and the land available for cultivation shrinks, 
while exploitation of water tables is reaching critical levels through wasteful 
irrigation practices. The raising of livestock for meat production consumes 
an increasing share of arable land as well as of grain crops for animal feed. 
Chemical runoff from fertilizers, herbicides, pesticides and animal wastes is 
degrading soils themselves and having serious wider repercussions including 
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such horrors as the mass die- off of bee populations (‘colony collapse disorder’) 
which is widely attributed to these same chemical incursions. Something 
clearly has to be done.

Various ameliorative approaches are being tried. There is organic farming 
with its minimal use of chemicals; there is low- impact seed drilling (‘no till 
farming’) and methods of biological control in place of chemical zapping. But 
these are limited in their impact and cannot easily be scaled up to have a 
global impact –  while they remain outside the scope of urban developments. 
Within cities themselves there have been various attempts to utilize wasteland 
as sources for local vegetables growing and urban farms (sometimes as ed-
ucational facilities rather than commercial operations), to promote rooftop 
growing and to green buildings with vegetation –  all with positive but limited 
impact. Again, something more substantial needs to be done.

Controlled environment agriculture (CEA) has emerged as a response 
to these pressures and demands. Indoor farming has flourished in many 
settings, and is growing in sophistication with addition of key new features. 
For vegetables, these include use of stackable vertical structures for holding 
and rotating rows of plants through light and water spray containing nutrients; 
or the use of LED lighting which can be adjusted in wavelength to be tuned 
to the needs of growing vegetables and other plants; and further developments 
in controlling the environment of the growing plants in terms of nutrients, 
acid– base balance, humidity, temperature, airflow and other parameters. As 
CEA initiatives have flourished, most have of necessity been located away from 
cities where land is cheaper –  but this means that transport costs are high and 
the food is less fresh on arrival. Locating the high- tech greenhouses within the 
city is thus the final step in this evolutionary process, which is where ‘vertical 
farming’ makes its entry.1 The most adventurous solutions addressing the issue 
of food security involve complete abandonment of traditional horticulture, 
even in its greenhouse version, in favour of vertical farms or what are known 
in Singapore as ‘sky gardens’.2

Meanwhile for meat and its expanding grip on the world’s water, grain 
supplies and land resources, the solution lies in manufacturing meat and dairy 
products, utilizing artificial culturing of meat and proteins. The direction 
of the technological developments is clear:  these food products would be 
produced in vast vats or bioreactors that resemble nothing so much as a 

1. See the discussion in Despommier 2013.

2. See Germer et al. (2011).
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brewery. There will be inputs of nutrients and water and outputs of tissues 
that are grown to resemble meat and dairy products like milk that promise to 
be indistinguishable from the originals.

Alternatives to traditional farming/ open air agriculture are known under 
many names, including ‘vegetable factory’ methods, or ‘plant factory’ more 
generally (names that are not very inspiring);3 or ‘controlled environment’ 
farming, which originated with space research and is technically accurate but 
again not very inspiring; and spatially- oriented terms like ‘vertical farming’. 
The most generic version of  the trend is ‘urban farming’ to indicate that the 
food production is taking place in an urban setting –  a feature captured best in 
the terms skyfarming and vertical farming. Skyfarming (Germer et al. 2011) is 
an excellent term that captures the spirit of  enclosed space vertical farming 
suitable for production of  vegetables in urban regions. Clean meat or cultured 
meat are other excellent terms that capture the production of  artificial meat 
and clearly distinguish it as a product from the kind of  meat secured through 
slaughtering animals where disease and fecal spoliation are rife, not to mention 
the cruelty of  the whole process. I  propose to bring all these approaches 
together under the term ‘Sixth Wave’ (6W) food production, with the clear 
intention of  placing them on the same footing as the shift towards renewable 
energies, towards a circular economy and towards water regeneration via 
desalination and recovery.

URBAN VEGGIES: VERTICAL FARMING INITIATIVES

Cities turn out be ideal candidates for sixth wave food production –  as dem-
onstrated by vegetables grown in vertical farms in urban centres around the 
world. Let me illustrate with examples from Singapore, Japan and North 
America.

Sky Greens, Singapore

One of the brightest, clean and sustainable food initiatives within Singapore (itself 
a world- class green city) is Sky Greens, a venture founded by local entrepreneur Jack 
Ng. It is a case of vertical farming to produce a variety of fresh green vegetables, 
such as the popular bok choy (Chinese cabbage) and lettuce for salads. The 
distinctive feature of the Sky Greens approach is that it builds modules of 9- metre 

3. See for example Dong et al. (2015) on comparison of ‘plant factory’ systems with other 
methods; or Hu et al. (2014) specifically for ‘plant factories’ in Taiwan.
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tall vertical towers (equivalent to two and a half storeys of a city building) with 
stacked tiers of planting troughs that constantly move the growing plants around 
to catch the sun and dip into the hydroponic water baths –  as on a Ferris wheel. 
The plants thus grow in a contained space, with controlled nutrients delivered by 
the water at the base of the module, while the growing plants receive abundant 
sunlight as the trays rotate through the upper levels of the tower.4

Sky Greens is based at a 3.6 hectare vertical farm at Lim Chu Kang in 
Singapore. It is geared to urban life and to supplying supermarket chains: Sky 
Greens started supplying fresh vegetables to the FairPrice supermarket chain 
in Singapore in 2012. The most popular greens are nai bai (milk cabbage), 
spinach, chye sim, kangkung and lettuce. The vegetables are vacuum packed 
and stored immediately in cool containers prior to transport; the proximity 
means that consumers receive the greens super- fresh. 

The biggest advantage of Sky Greens over traditional gardening and over 
artificially- lit vertical farming initiatives is cost. The Sky Greens growing 
towers are built in transparent buildings that are flooded with natural light, 
so that costs imposed by artificial lighting are slashed. In Japan LED- lit ver-
tical farms use 20 to 25 kW of power to produce 1 kg of vegetables. But in 
Singapore Sky Greens use just 0.3 kW, where energy savings come from using 
natural light and from rotating the tiered trays using gravity- fed water wheels 
(exploiting an ancient technology in a new way).5

Jack Ng has ambitious plans for a sophisticated Agripolis which from a 20- 
hectare plot of land and buildings would be able to produce no less than 30 
per cent of Singapore’s green leafy consumption. Mr Ng envisages a high- tech 
production and research facility that would have different vegetation zones, 
producing up to 15,000 tons of leafy veggies per year (a total comparable to 
the output of Sundrop Farms rated at 15,000 tons per year from 20- hectare 
greenhouse complex).6 Mr Ng envisages separate zones to house even fisheries 
and humane egg production facilities as well as recycling facilities and support 
services (e.g., packaging, logistics and food processing).7

4. See ‘Building vertical “houses” for plants’, by Wong Siew Ying, December 16 2015, 
The Straits Times (Singapore), at: http:// www.straitstimes.com/ business/ building- vertical-  
 houses- for- plants

5. At the end of 2015 Sky Greens had 1,000 towers in operation, with plans to double 
the scale to 2000. At full scale Sky Greens would be able to produce 5 to 10 tons of fresh 
vegetables per day –  or up to 3,500 tons per year.

6. See the discussion of Sundrop Farms in the next chapter.

7. See the company’s website, at: http:// www.skygreens.com/ sky- urbans- sg100- agripolis-  
 of- the- future- 2/ 
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The Mirai Initiative in Japan

An exemplar of 6W food production would have to be the urban farm operated 
by Mirai Company in Japan, championed tirelessly by Shigeharu Shimamura, 
the company president. Mirai (which means ‘future’ in Japanese) was founded 
by Shimamura in 2004. Food shortages at the time of the Fukushima disaster 
(when an earthquake followed by a tsunami crippled the Fukushima nuclear 
plant) prompted Shimamura into action, taking advantage of government subsi-
dies to take over a semiconductor factory that was shut down, in order to produce 
vegetables –  ‘factory produced’ vegetables. Initial efforts to grow vegetables in 
hydroponic trays illuminated by fluorescent lights proved disappointing, since the 
power costs exceeded the potential revenues from lettuces. Shimamura was then 
able to take Mirai into a joint venture with General Electric to take advantage of 
GE’s LED lights, tuning the light output of the lamps to the needs of the growing 
lettuce plants. The result has been such a significant productivity improvement 
that the Mirai plant now produces lettuces at 100 times the productivity of tra-
ditional farms. Mirai is using the 1,260 sq. meter factory at Kashiwanoha, in 
Chiba Prefecture, as a totally enclosed farming environment that has a rosy glow 
because of the LED lighting with its specific waveband output. It is one of many 
Japanese initiatives to produce enclosed vegetable farms in former factories –  
some undertaken by IT companies themselves in their own former plants, like 
Fujitsu and Toshiba.

Mirai not only produces vegetables like clean lettuces grown under LED 
lighting, but is selling the technology itself and building the racks needed for 
vegetable factories to be sold throughout Japan. The factories have rows of 
vegetables stacked on top of each other, beneath LED lighting and grown 
within a mist of water that contains nutrients –  eliminating soil altogether. The 
factory can be kept clean and sealed off from external air, and so is pest- free 
and pesticide free. The best vegetables for this kind of aeroponic cultivation, 
according to Shimamura, are leafy types like lettuces, because they contain 
high levels of water in themselves. It is possible in principle to produce other 
crops like tomatoes and even staples like rice, but they do better in a more open 
environment and with sunlight, according to Shimamura.8

The growing environment is carefully controlled  –  encompassing factors 
such as water, humidity, lighting and carbon dioxide levels. Fertilizers are also 
an important component, and a trade secret deployed by Mirai. The vegetable 

8. See the report in Japan Times, at:  http:// www.japantimes.co.jp/ news/ 2014/ 08/ 11/ 
business/ tech/ future- appears- bright- indoor- veggie- farms/ .
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production system is increasingly automated, with racks moved regularly in 
accordance with measured physiological conditions of the plants. Shimamura 
has stated that he expects robots to take over much of the running as the system 
diffuses. The Kashiwanoha factory was opened in June 2014 and can produce 
up to 10,000 heads of lettuce per day. The factory uses lots of power, and at the 
moment this is sourced from the local electric utility, making the costs high –  and 
adding to consumption of non- renewable electric power. Clearly this is an angle 
that Mirai would need to address in the future.

Shimamura sees scaling up production as the key to becoming a stronger 
competitor with traditional vegetable producers. As the scale of production 
increases, so costs can be expected to decrease –  as per standard mass produc-
tion principles. These are very different from the diminishing returns that prevail 
in conventional agriculture where natural resources like soil fertility constitute a 
barrier to endless improvement. Mirai is increasingly selling its technology as well 
as lettuces themselves. For example, the Mirai system has been licensed to firms 
in Russia and Hong Kong and even Mongolia where vegetables can be grown 
year- round (in very cold conditions during the winter or hot conditions during the 
summer) because they are cultivated in a controlled environment.

How do the Mirai lettuces taste? Actually they are extremely popular in 
Tokyo. They are pesticide- free and clean, not having to be washed before 
being eaten. The first time that the lettuce comes into contact with external 
air is when a consumer opens the packet containing the lettuce. With stable 
taste and production the vegetables are particularly suited to supermarkets and 
commercial users such as restaurants.

Vertical vegetable farming in the United States 
and Europe

There are already emulators of Sky Greens and Mirai Farms in the US and 
Europe.9 There is the case of AeroFarms, for example, with its initial operation in 
New Jersey producing leafy green vegetables ‘without sunlight, soil or pesticides’. 
The methods used to achieve these desirable results are based on vertical stacking 
of rows of growing plants in enclosed spaces, with lighting from LEDs and hy-
droponic growing environment using closed loop irrigation that reduces water 

9. A prominent article in the NY Times in May 2016 provided a critical engagement with 
vertical farming). See the report ‘Farms that rise to the challenge’, 17 May 2016 at: http:// 
www.nytimes.com/ 2016/ 05/ 18/ business/ energy- environment/ farms- that- rise- to- the- 
challenge.html?_ r=0.
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requirements by 95 per cent.10 The company claims that it achieves drastic gains 
over conventional agriculture (termed ‘flat earth farming’) and utilizes 95 per 
cent less water. The growing cycle takes around two weeks, allowing for up to 25 
harvests per year. If replicated internationally this would indeed revolutionize 
traditional food production. AeroFarms has ambitious plans to have 25 facilities 
similar to its New Jersey operation located around the world by 2021.

By contrast, the Berlin venture Infarm is based on an indoor modular farming 
concept, where vertical stacks of leafy vegetables are watered hydroponically 
and lit by LEDs. In 2015 the company built Europe’s first in- store farm at the 
Metro Cash & Carry supermarket in Berlin. The idea is that consumers have 
access to a perpetual supply of ultra- fresh produce produced in- store from non- 
GMO organic seeds and using pesticide- free culture. This is yet another way 
forward for green veggies farming in the city.11 A different European business 
model has been developed by the Swedish company Plantagon International, 
which uses natural lighting in order to reduce energy costs. A  pilot green-
house has been built in the Swedish town of Linkoping, where heat supplies are 
shared with the local power company (an important factor in a cold climate). 
No doubt these examples will multiply in the next few years.

While these various forms of 6W food production have proven themselves 
for leafy vegetables and salad ingredients such as cucumbers and tomatoes, and 
can clearly be extended to other horticultural activities and fruit growing, the 
capacity of this model of food production to be extended to broad acre farming 
of grains and cereals remains open to doubt. There seem to be no successful 
cases of 6W food production techniques involving a closed environment with 
sun and seawater as sources for inputs in growing wheat, rice or other staple 
crops –  as yet. This is clearly an activity that would repay intensive R&D –  in-
spired by 6W principles rather than genetic modification to adapt cereals to 
our present very limited sources of innovation in broad- acre farming.12

MEAT –  WITHOUT TORTURING AND  
MURDERING ANIMALS

The soaring demand for meat, exacerbated by the rise of a new middle- class 
in China and India that wish to expand their meat consumption, is driving 

10. See the AeroFarms website for further details: http:// aerofarms.com/ .

11. See the Infarm company website at: https:// infarm.de/ #what- we- do

12. For some advances in rice cultivation, see: http:// www.biogeosciences.net/ 11/ 6221/ 
2014/ .
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the animal husbandry industry to new levels (depths) of maltreatment that 
shock and dismay anyone who becomes aware of them. Animals like cows and 
pigs are confined in feedlots, frequently for the whole of their short lives, and 
treated like cogs in a vast and expanding meat- producing machine. They are 
subjected to fear and stress by cutting and cauterizing; they are cramped and 
deprived of their natural environment and social interaction; and finally they 
are summarily slaughtered –  in a manner that grossly offends their own an-
imal rights and our own ethical dignity.

While vegetarianism and its extreme version in the form of veganism is an 
alternative that is growing in popularity as details of animal rights abuses be-
come more widely known, this does not seem to be the optimal way to improve 
food supplies for a growing world population. A  superior approach would 
promise genuine substitutes for animal products in the form of meat, milk and 
eggs. How is this to be done?

A sixth wave technology that cannot arrive too quickly is the one that 
promises to transform our abuse of animals to provide us with meat, milk and 
eggs produced synthetically, without the cruelties perpetrated by the animal 
husbandry, dairy and chicken industries. The big breakthrough that is now 
coming online is the culturing of animal muscle cells in huge vats that pro-
duce real meat –  without slaughtering any animal or keeping them penned up 
in detestable conditions in feedlots. A first burger created in this manner was 
publicly cooked and tasted by a panel in London in 2013 –  setting a start date 
for one of the most significant revolutions promising to overturn traditional 
food production.13 Now what is being called ‘lab meat’ or ‘clean meat’ or just 
‘cultured meat’ is being produced by start- ups such as Memphis Meats and 
promoted by NGOs like New Harvest or the Modern Agriculture Foundation. 
Real milk products are being offered by Perfect Day, who craft ‘animal- free 
dairy products that taste like the real thing’ and egg whites created by proteins 
produced by genetically modified yeast.14

Cultured meat is the real thing. It is grown from stem cells collected from 
live and healthy animals, so that as the cells grow in a culturing medium they 

13. This public demonstration of the practicability of cultured meat was financed by 
Google co- founder Sergey Brin. See the report ‘Google’s Sergey Brin bankrolled world’s 
first synthetic beef hamburger’ by Alok Jha, The Guardian, 5 August 2013, at: https:// www.
theguardian.com/ science/ 2013/ aug/ 05/ google- sergey- brin- synthetic- beef- hamburger.

14. See the Perfect Day website for background: http:// www.perfectdayfoods.com/ our- 
story/ . For an overview of prospects for cultured meat (or ‘in vitro meat’), see Bhat, Kumar 
and Bhat (2016).
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form tissues that are the same as muscle tissues that we call ‘meat’. This is not a 
meat substitute like soy- derived veggie patties that are marketed as meat look-
alikes (sometimes with suspicious ingredients and almost always derived from 
genetically modified soy beans).15 The early cultured products are looking to 
present as substitutes for burgers and frankfurters –  offering meat patties and 
sausages that are clean, that have none of the growth hormones and antibiotics 
that are fed to animals in feedlots and are transferred to their meat, and of 
course that avoid the nasty organisms like E. coli that come from slaughtered 
meat that is contaminated with animal fecal matter.

It is difficult to overstate the significance of this breakthrough. It resolves 
the ethical dilemmas raised by animal slaughtering and the cruelties involved 
in raising cows, pigs and chickens in the confined conditions made notorious 
by videos released by animal welfare NGOs.16 And just as significantly it avoids 
the need to divert grain flows to feed the rising numbers of animals kept in 
feedlots –  now estimated by FAO as representing 40 per cent of world grain 
supplies, and rising.

Milk that is produced not from lactating cows but artificially, from 
bioengineered yeast, is now too becoming a reality. The company Perfect Day, 
for example, has bioengineered yeast to produce not ethanol but milk proteins, 
to which can be added vitamins and minerals found in cow’s milk as well as 
vegetable derived fat –  to make the synthetic product as close to the real thing 
as possible. Two young Indians founded the company (then known as Muufri –  
meaning ‘moo- free’ or no live animals) in 2014 and it is now growing rapidly 
while producing a range of dairy alternatives. The founders argue that milk 
is easier to synthesize than meat because it has fewer than 20 components 
which can be produced and blended in a way that actively biomimics what 
cows themselves do.

The bioengineered yeast produces the milk proteins in large vats that 
look much more like breweries than dairies. And there are prospects for 
producing milk and milk products without the specific proteins and sugars like 
lactose that provoke lactose- intolerance in many people. As in the case of real 
meat substitutes, these synthetic milk products promise to revolutionize the 
dairy industry, making dairy feedlots unnecessary and producing a product 

15. See the warnings at: http:// www.onegreenplanet.org/ natural- health/ veggie- burgers- 
ingredients- health/ .

16. See videos like ‘Food industry animal slaughter:  Now go and enjoy your burger’ 
February 2016, available at YouTube: https:// www.youtube.com/ watch?v=rGfJQveYFKo.
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uncontaminated by the hormones and antibiotics utilized in the traditional 
industry, and relieving the ethical dilemmas we face in forcing animals to 
become simply machines for producing the desired product.

The meat industry leaves a huge environmental footprint. Animal hus-
bandry takes a rising share of arable land, and diverts feed, water and fuel 
supplies. Two statistics can serve for many: in the US, the livestock popula-
tion consumes seven times as much grain as people. The FAO predicts a near 
doubling of worldwide meat production by 2050.17 To produce 1 kg of animal 
protein calls for 100 times as much water as 1 kg of grain protein. These are ut-
terly unsustainable levels if they were to be scaled up to encompass the growing 
middle classes in countries like China and India.18

The principal advantages of these new sixth wave developments –  apart 
from an end to the suffering of millions of animals subjected to the torture 
and slaughter that we as a species so callously inflict on them –  are the 
environmental gains and (eventually) the cost benefits. It is worth spelling out 
the advantages that would be expected to flow from large- scale production 
of cultured meat. The first and obvious advantages concern cost and time to 
market; cultured meat produced at scale will be able to undercut the price 
demanded for traditional meat, and will doubtless be grown in time spans 
much shorter than with traditional processes. This in turn means that resource 
and energy costs of cultured meat production will be greatly diminished. 
Bioreactors for producing cultured meat and dairy proteins will of course make 
possible enormous savings in terms of land required –  particularly when they 
are stacked on top of each other as may be envisaged for urban meat culture.

The pollution associated with traditional livestock raising, such as runoff 
of manure and slurry from feedlots and methane production from herbivores 
like cattle, promises to become a thing of the past. In a paper published as 
early as 2011, based on life cycle analysis, Tuomisto and Teixeira de Mattos 
estimated that cultured meat would utilize 7– 45 per cent less energy than 
conventionally produced meat, 99 per cent lower land use, and 82– 96 per cent 
reduced water usage.19 Not the least of cultured meat’s advantages would be 

17. The projection is that global meat production would rise from 270 million tons to 
470 million tons by 2050 –  see the report of the ‘How to feed the world 2050’ conference 
organized in Rome by FAO, available at: http:// www.fao.org/ fileadmin/ templates/ wsfs/ 
docs/ Issues_ papers/ HLEF2050_ Global_ Agriculture.pdf.

18. On the challenges that cultured meat presents specifically for China, see Sun et  al. 
(2015).

19. See the paper by Tuomisto and de Mattos (2011).
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the land it liberates from existing intense usage by livestock raising –  bringing 
forward the real possibility of rewilding and reforestation, viewed as central 
goals of ecomodernization.

What would large- scale culturing of meat look like? Actually we 
already know the answer –  it would look like the brewing industry today. 
Large vats or bioreactors would be employed to produce cultured meat, 
grown as muscle tissue on lattices in the vats to produce the structure that 
characterizes muscle fibres. There would also be production of artificially 
cultured blood and fat that lends the ‘feel’ and ‘savour’ of meat. The raw 
materials needed at scale would be nutrients utilized by the biotech industry, 
not the fetal calf serum that is currently used (and which would not scale 
up to the levels needed for industrial meat culture). I wonder whether this 
might be an opportunity for a company to supply a nutrient material such 
as corn steep liquor, available in abundance, possibly fortified with salts and 
minerals –  more or less as supplied originally for production of antibiotics 
like penicillin.

Anticipated evolution of the market for cultured meat

How might the market for cultured meat evolve, assuming that it takes off 
rapidly in the next five years as techniques for savoury meat production and 
protein production (for dairy products) develop? The costs can be anticipated 
to fall dramatically, as the scale of production increases  –  making these 
cultured products increasingly attractive as substitutes for traditional meat 
products derived from animal slaughter. Cultured meats may take over the 
bulk of the market, because of low cost, and force traditional meat products 
into a premium upper level in the market; those who want their steaks bloody 
and authentic will have to pay a premium price.20

 But many of the advantages to be derived from cultured meat could be 
nullified by outdated (or hostile) regulation. In the US setting, is enforcement 
of quality standards in production of cultured meat to be the responsibility of 
the Department of Health or of the FDA or of the Department of Agriculture –  
with their radically different regulatory and enforcement cultures? In many 
countries the production of cultured meat is seen as so improbable (or dan-
gerous) that it is illegal. So there are extensive regulatory reforms needed to 
clear the way for this most pressing of sixth wave developments.

20. See the discussion of this possibility in Bonny et al. (2015).

  

 

 

This content downloaded from 137.111.226.20 on Mon, 01 May 2017 09:46:07 UTC
All use subject to http://about.jstor.org/terms



GLOBAL GREEN SHIFT178 

178

CLEAN, FRESH WATER

Agriculture uses 60– 80 per cent of the planet’s scarce fresh water, so food pro-
duction systems are being re- examined to reduce their fresh water footprint. 
But what about the pressures on water sources themselves –  can they be re-
duced through the trends towards city living and dematerialization? Can fresh 
water be ‘produced’ at will?

One place to look for a guide to the future is Singapore –  where water 
pressures loom large, even in this tropical island state. It is a small city- state, 
of 5 million people, occupying an island of 716 km2 and surrounded by 
seawater. It has to import fresh food and water each day from neighbouring 
Malaysia –  creating a tense relationship of dependence. Singapore has built 
water desalination plants and water regeneration plants with the explicit aim of 
reducing its water dependence. Two water desalination plants have now been 
built, by the water projects firm Hyflux, supplying Singapore with 100 million 
gallons (380 ML) of fresh water per day. This meets 25 per cent of Singapore’s 
water needs, with a further desal plant to be completed in 2017 and a fourth 
being commissioned –  supplying a further 60 million gallons of water per 
day. Then a further 30 per cent is supplied by NEWater (i.e., recycled ‘grey’ 
water) while the balance comes from reservoirs fed by rainwater and some 
imported water by pipeline from Malaysia.21 Hyflux operates Singapore’s two 
desalination plants using its own Membrane Distillation technology, while the 
technology itself has been developed by the Singaporean partly government- 
owned enterprise Keppel- Seghers.22

So an obvious solution to water production at scale that is quite independent 
of natural cycles, rain water supplies and traditional methods like irrigation, 
is to tap into the enormous resource of seawater and circulating waste water –  
preferably using solar power to drive the desalination and purification 
processes. Technologies are readily available such as ‘multiple effect distillation’ 
(MED) and new forms of membrane- based desalination via forced osmosis 
sources from seawater. These innovations liberate cities from traditional water 
supply sources and open up new possibilities of recycling water, decoupling the 

21. See ‘New desalination plant brings Singapore closer to self- sufficiency’, by Woo 
Sian Boon, Today Singapore, 19 Sep 2013, at:  http:// www.todayonline.com/ singapore/ 
new- desalination- plant- brings- spore- closer- self- sufficiency.

22. See the public-private partnership document available at: http:// www.cdia.
asia/ wp- content/ uploads/ PPP- Case- Example- 11- Mar- 2011.pdf. On the two plants now 
operated by Hyflux, see: http:// www.hyflux.com/ biz_ desalination.html.
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process from dependence on natural water cycles. Sources of power to drive 
the desalination processes can increasingly be derived from renewable sources 
including sun and wind, so reducing the costs of desalination and facilitating 
its wider adoption through the power of the learning curve. Let me provide 
some examples.

CSP- desalination

Linking concentrated solar power production with desalination of water is 
now under active investigation and commercial development  –  particularly 
in isolated and arid parts of the world. The Almeria Solar Platform in Spain 
has been actively researching and demonstrating the use of hybrid CSP- 
desalination systems, evaluating different technical combinations. Likewise 
the Multiple Effect Distillation –  CSP project financed by the EU has been 
conducting controlled feasibility studies through comparable sites around 
the Mediterranean.23 The World Bank is actively promoting linkage between 
solar thermal power projects and water desalination in North Africa and the 
Middle East.24 Both Saudi Arabia and the United Arab Emirates have major 
solar desalination projects under way. The UAE project, backed by the Gulf 
Cooperation Council, is being built at Ras Al Khaimah; it is planned to gen-
erate 20 MW power and produce 83 ML fresh water per day.25 Of course other 
renewable energy– desalination combinations are possible.

CSP- greenhouse ventilation

Worldwide, greenhouse- based horticulture is expanding rapidly, driven by 
pressures of urbanization and the higher yields obtainable in greenhouse food 
production. Renewable energy systems and in particular various forms of 

23. See for example Moser, Trieb and Kern 2010; or Trieb et al. 2009. The Almeria 
Solar Platform research group in Spain have investigated many CSP+D combinations, 
including one described by Palenzuela et al. (2011), and earlier combinations discussed by 
Zaragoza et al. (2007). For a general recent review of solar water desalination, see Shatat 
et al. (2013).

24. See the comprehensive World Bank report on Renewable Energ y Desalination (World 
Bank 2012).

25. See ‘UAE to set up world’s largest solar desalination plant’, Zeenews, 27 November 
2013, at:  http:// zeenews.india.com/ news/ eco- news/ uae- to- set- up- world- s- largest- solar- 
desalination- plant_ 892791.html.
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concentrating solar radiation are being investigated as a means of enhancing 
the performance and lowering the costs of greenhouse operation in temperate 
climates, as well as in cooling greenhouses in arid climates (e.g., Sonneveld  
et al. 2010). We shall see a powerful demonstration of this idea in the Sundrop 
Farms model to be discussed in the next chapter.

While we have considered widely divergent food and water technologies 
in this chapter –  from enclosed vertical farming of vegetables, to culturing 
meat in reactors and producing clean, fresh water through desalination 
and regeneration, they all share the features that they are products of 
manufacturing –  in the sense of clean, controllable inputs and clean, controlled 
environment. They all share the properties that they are practicable (the 
technologies already exist), scalable and replicable –  and hence can be utilized 
to meet the world’s pressing energy, resources, water and food problems. 
They co- exist with cities –  reinforcing the argument that cities are the major 
drivers of greening, and will save on land and resources constraints as they 
incorporate these basic elements of survival in the future urban fabric. Again 
we can view China as the lead player in this process because its cities are 
emerging as the fastest growing concentrations of population on the planet. 
These cities and their sixth wave technologies are the only known solution to 
the otherwise insoluble problems of energy, water and food security.

Considered on their own, the issues of generating power, finding water and 
growing food for an ever- expanding global population appear insuperable. 
Power systems developed through the course of the industrial era rely on fossil 
fuels and centralized generating plants, but these are now known to cause 
serious damage through global warming and particulate pollution, and are 
vulnerable to blackouts and brownouts as they become stressed. Renewable 
energy alternatives are making slow headway against the combined industrial 
inertia of these established systems. Water systems are based largely on relying 
on rainfall and extracting ground water, which is lowering water tables to 
dangerous levels, while one way- flow irrigation systems and hydropower 
systems are denuding once- fertile river valleys. Solutions in the form of water 
desalination are limited by the intensive energy demands usually involving 
fossil fuels. Food production systems in the form of irrigated open field cultivation, 
supplemented by greenhouse production for fresh vegetables and mariculture 
for seafood, is subject to severe water replenishment problems and pollution 
through runoff of fertilizers, herbicides, and pesticides. Urban- based solutions 
like vertical farms as yet make only a small dent in these problems because of 
associated power and water needs.
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There is debate on each of these separate problem areas of power production 
and the rise of renewables; water usage and the impact of desalination; 
and urban food production and the potential contribution of hydroponics. 
Considered individually, on their own, solutions to these separate problems 
face obstacles that become even greater as they are encountered together. 
This is what is known in the literature as the triple nexus –  the exacerbation 
of water, energy, and food problems each contributing to the severity of the 
others.26 Something has to be done to break this logjam. We consider a leading 
candidate for providing a solution in the next chapter.

26. See for example Scott, Kurian and Westcoat 2014.
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