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Nitrogen Mineralsk fra gruver i, Mineralsk fra gruver i

2?:;rrr§a>ssl-l fra luft Kina, Marokko, USA Kapada,
Russland Hviterussland,
Russland, (Tyskland,
USA)
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Magnesium:
Kina,
Russland,
USA

kalium Ca, S, Mg, B

Bor: storste

' reserver i
Planters relative behov 100 16 60 Tyrkia,
Russland,
Eks innhold 22 % 3% 10 % USA, Chile
mineralgjgdsel og Kina
Forbruk mineralgjgdsel, 106 000 9 000 34 000 CaogSer
norsk landbruk, tonn lett .
2020 tilgjengelig
mange
steder

| tillegg dekkes en mye av gjedselbehovet i landbruket av husdyrgjadsel,
der netto naeringsinput kommer fra importert fér



statista %a

Prices & Access * Statistics - Reports «

Chemicals & Resources > Chemical Industry

Outlooks «

Company DB

Infographics

Services «

Global Survey

Production volume of nitrogen fertilizer worldwide in 2018, by country
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The nitrogen emergency: How to fix
our forgotten environmental crisis

Nitrogen pollution poisons our water and clogs our air — and it exacerbates other
environmental problems. But if we organise now, we can fight back before it's too
late

00OOOOO

ENVIRONMENT 12 May 2021

By Andrew Zaleski




‘Emissions Atmospheric g v e
- Nitrogen N, » N, and NO

140 mill tons T
Precipitation

Nitrogen 4 rater
natural cycle Li
—and human
over-
fertilisation
problem

+150 mill tons

: Decomposers Nitrates NO Leaching
Nproduced  Napplied  Nincrops Nharvested  Ninfood  Neensumed) njonoden nitrogen og fosfor som tilfgres norske garder gjennom kraftfér og gjgdsel er betydelig

Piantbassd ._,0_,0_,0_,@_,@ stgrre enn mengden som fjernes i solgte produkter. Norsk landbruk har et arlig overskudd av
products nitrogen pa 12 - 13 kg per daa i gjennomsnitt, stgrst er dette overskuddet i husdyromradene.

Nproduced Napplied Nincrops Ninfeed Ninstore Nconsumed| BaS€rt pa dekningsbidragskalkyler fra NILFi2007 har beregninger vist et gjennomsnittlig

nitrogenoverskudd pa melkeproduksjonsbruk i husdyrdistrikt pa rundt 17 kg nitrogen per daa og
Aninial prodwcts .—tc—io—to—t@@ ar. P4 Jaeren var overskuddet hele 26 ke per daa og 3r.

Pikaar 2017. Microbes and the next nitrogen revolution



https://no.pinterest.com/pin/497999671268456099/

..while there is cause for optimism in some regions,
the majority of the world's soil resources are in only
fair, poor or very poor condition. Today, 33 percent of
land is moderately to highly degraded due to the
erosion, salinization, compaction, acidification and
chemical pollution of soils....

Selv om det ligger bra an i Norge forelapig er vi pa
vei dit:
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Hamilton et al. 2016
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Non Edible Parts of Higher Plants

COMPARTMENT 1

Thermophilic Anaerobic
Bacteria

: Volatile
Food Fatty

Acids

Higher Plant
Compartment

Minerals

COMPARTMENT 11
Photohcterotrophic Bactenia
Rhodospirillum rubrum

COMPARTMENT 111
Nitrifving
Bacleria
Nitrosomonas’
Nitrobacter

NH,'
p

Minerals
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The complete
value chain:

- KNOWLEDGE AND
= EXPERIENCE CENTER
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---------- po K
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Y W FOOD PRODUCTION
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garden
compost

‘ = E | 4 COmMmunity
greenhouse

Community
rooftop garden

electri-
city

Off-grid
food? !

Professi
greenho
and/or
mushroom farm



Cities should work towards three ambitions
for a circular economy for ToOd wacarthur Foundation, 2019):

SOURCE FOOD GROWN
REGENERATIVELY,
AND LOCALLY WHERE
APPROPRIATE

MAKE THE
MOST OF
FOOD




Your organic footprint, kg dry matter/ year

This typically contains:

Uric acid sy ——

Bicarbonate ions 124 i [

Average urine | (reatinine ug |
volume per day "
foranadult= | Potassiumions 324l |
1.4 litres ‘

Sodiumions 41y}

Chloride ions 649

Urea sy

“nitrogenows beeakdown
product of protein metabolism

S:dxline.org

Urine

0.05% Ammonia
0.18% Sulphate
i sphate
% Chloride
1% Magnesium
15% Calcium
% Potassium
% Sodium
% Creatinine
% Uric acid
% Urea
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95% Water

90

Dry matter
80 T " Park and garden
waste
70 4 —
Organic waste, non
60 T edible
50 - Food waste (edible),
commercial
40 -~
® Food waste (edible),
30 household
20 ——— -Urine
10 -
0 ,

(K.Stoknes: Approximation from multiple sources)
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w.liebertpub.com at 09/07/19. For personal use only.

Feeding One Million People on Mars

Kevin M. Cannon and Daniel T. Britt

University of Central Florida, Orlando, Florida.

ABSTRACT

Food production on Mars is usually thought of in terms of
growing plants to partially support small exploration crews for
short- to medium-term stays. Here, we consider the more radical
goal of producing enough food on Mars to sustain a permanent
settlement of private citizens that increases to 1 million people
within 100 Earth years. We modeled a population that grows
from immigration as well as naturally. Calorie needs were cal-
culated on a per-person basis, and land use was modeled with a
diet that includes staple crops, insect products, and cellular
agriculture. Food self-sufficiency can be attained within 100
years with reasonable inputs, but massive amounts of imported
food would be needed in the interim. Various strategies can
reduce the amount of imported food significantly, balanced

(ISRU), except in a limited case to generate propellant for a
Mars Ascent Vehicle."? Plants or other foods produced on the
martian surface would serve a psychological purpose and as a
minor dietary supplement, as they do on the International
Space Station (ISS).? The more recent NASA Evolvable Mars
Campaign took steps toward a sustainable presence, but it still
imagines small crews and brief sorties, and has now taken a
backseat to a lunar return.

The rise of commercial space companies with ambitious
goals and agile development practices will likely disrupt these
canonical architectures. The stated objective of SpaceX is to
establish an independent civilization on Mars, with cargo and
then crewed ships projected to start launching within 3-5
years. Vehicles for the transportation system are already being
built and tested. Detailed plans have not been published, but a
rough sketch of the SpaceX campaign calls for: (1) an initial
crew of ~ 12 people; (2) multiple ships of ~100-200 pas-
sengers sent at every 26-month launch opportunity; and (3) an

eventnal noannlatinn nf 1 (]6 livnnag nn the nlaneat within RN 1NN
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Front. Physiol., 21 May 2019 | https://doi.org/10.3389/fphys.2019.00575 '.)

Multi-System Adaptation to Confinement
During the 180-Day Controlled
Ecological Life Support System (CELSS)
Experiment

N

@& smartcitiesdive.com/ex/sustainablecitiescollective/chinas-indoor-farming-research-feed-cities-leads-world

Relatlve|y SpaC|OUS CELSS (1 340 m3 370 mZ) :StrzmHytta @ Langtidsvarsel for D... ¢": Dokumenter R Hyperthermics Microbe crops SMC SN
including 888.5 m3 of greenhouses for 4 persons

ew cabins 1 and 2
204.5m3, 50m?

§2) SMARTCITIESDIVE Decp Dive Opinion |

Life support cabin

93ms3 2 How China Leads the World in Indoor
m?3, 34.5m

Farming

AUTHOR

David Thorpe
@DavidKThorpe

Greenhouse 2

Greenhouse 3

285m?, 69.9m? Pumpkin (150-500kg)

Resource cabin
141m3, 35m?
Greenhouse 1

204.5m3, 50m?2

Based on considerations for energy and dietary requirements, as well as multiple taste preferences

Greenhouse 4
72m3, 19.6m?

Sweet potatoes in this system can be harvested individually and repeatedly
from the plant without lifting the entire plant. The team has succeeded in doing

and health issues, crewmembers cultivated 25 kinds of plants including wheat, potatoes, sweet this with one soilless plant that is 10 years old and has produced a scarcely

. . believable 500 potatoes.
potatoes, soybeans, peanuts, lettuce, cabbage, edible amaranth, cherry radish, tomatoes and

RIGINAL RESEARCH ARTICLE strawberries (for more details on plant species, see Supplementary Table in Dai et al., 2018a).

Check for
updates

Ming Yuan'?, . Marc-Antoine Custaud>*, Zi Xu2, Jingyu Wang', Min Yuan!,
LINOuM




Game and Primus, 2015: Urban and peri-urban agriculture

_— UA

Controlled Environment Agriculture

CEA («indoors») (outdoors)
community gardens, vegetable gardens and

/ \ rooftop farms

Greenhouses Vertical farming/high
Tunnels tech plant factories

Uncontrolled Environment Agriculture

Rooftop greenhouses (6)

Facades /

others (3) Rooftop farms /

gardens (50)

Farming methods
- Soil-based (54)
- Aguaponics (3)

- Hydroponics (10)
- Mixed (9) Indoor farms (17)



Types of UA to

maximise human
quality of life
maximise
environmental
benefits

Small scale
Psychological/social/ spiritual

Large scale
Recycle nutrients and feed the
population

Community gardens

e . Commercial peri-urban

o Community rooftop : :

S . . vegetable, fruit and berries.

5 Bees, biodiversity :

o Dairy
Commercial herb walls and Greenhouses

mushrooms in restaurants, cafes Aquaponics

s "‘ Unter, -} "( J“i’r Digeponics

9 by | e Mushroom farms

C

Year round sink for nutrients
Insect farms from vegetable
waste




The potential of urban agriculture in combination with organic waste
valorization: Assessment of resource flows and emissions for two
european cities

Till Weidner, Aidong Yang"

Harvest

by-products

Households

—» Food
Harvested — Energy
- rainwater > Water
green —* Intermediates
spaces Soil La ed Fruit and
H=0as vegetables
Left-over T d Compost ,  garde ==
ree an -
mer?Is, garden Insect
co e; waste, compost
grounds cuttings
etc. Decentral . d
. i ruit an
Peels, spoiled 3 composting Aquaponics vegetables
food etc. Organic Larvae greenhouses
> waste ]
" Fish —
logistics Food _
Insect L= L ogtsti
Surplus insect Rearing ogistics
compost .
Fibre  Harvested
Micro-sca'le Liquor rainwater
Secondary anaerobic *
treatment §urp|us i Hydroponics
digestate greenhouses  Fruit and
Upgraded élﬁi_ i vegetables |
biogas to grid +—— Heat J W - /,— =
injection L W
Electricity

Fig. 3. Resource nexus of integrated UA and waste management system.

Journal of Cleaner Production 2020, 244

Professional greenhouses necessary to
assimilate a large portion of the organic waste
Conventional greenhouses are very energy-
demanding during winter resulting in a high
footprint (improved if operated on low-carbon
electricity)

Even fully scaled up UA unlikely to assimilate all
urban food and green waste digestate
/compost

Small-scale biogas co-located with heat sinks
such as bakeries

Insect rearing on food waste for aquaponic fish
feed a promising combination for increased
protein self-sufficiency



Circular UA

Concept 1 [ Concept 3 [
NIl

D D —l —)[ UASB I—->|0LAND STRUVITE REACTOR STRUVITE

J_D D D —l M OLAND STRUVITE REACTOR [==2> STRUVITE
SLUDGE SLUDGE
HYGENIZATION HYGERIZED Rl pree— HYGENIZED
SLUDGE SLUDGE
£
= =K
|
BLACK WATER+ KITCHEN WASTE FECES+ KITCHEN WASTE
URINE
CMRCEL [ D ] Concept 4a/4b [ ]
_l D D D—| —>| COMPOSTING P CONIEGEE Z D ]
_| D D D 2| COMPOSTING > COMPOST
—){ UASB }—>| OLAND |—>| STRUVITE REACTOR '—) STRUVITE a. S
STORAGE URINE
SLUDGE b.
i { tvaenizarion | —> HYGENIZED STRUVITE REACTOR STRUVITE
SLUDGE
KITCHEN WASTE

BLACK WATER

KITCHEN WASTE

URINE

From Wielemaker 2018 Harvest to harvest...
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RESOURCE UTILISATION
COMPARISONS

GREENHOUSE GAS FRESHWATER

EMISSIONS WITHDRAWALS LAND USE
kg of CO, equivalent per kg litres per kg Y per kg
Beef (herd) 99.5 1 451 326
MEAT® Pork 12.3 1 794 7.8
Chicken ?.9 448 8.7
BEYOND MEAT 3.5 9.7 27
IMPOSSIBLE BURGER 3.5 187 2.5
SOLEIN"" ’ 8.2 B.5* max. 1.8
*Global average, 1 kg of fat and bone-free meat and edibie offal. **assuming 50% moisture ***withdrawals for Sclein factory

Scource: The Economist




