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“Eliminate the very 
concept of waste, not 
reduce, minimize or 
avoid waste, but 
eliminate the very 
concept by design”

- Prof. Michael Braungart
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We only have one home
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Humanity has a massive challenge
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We must produce almost as 
much protein in the next 30 years 
as we did in the last ~2000 years

Humanity has a massive challenge



feed the world while preserving 
the environment by closing 
nutrient cycles (De Boer and Van Ittersum, 2018)

• Arable land feeds humans;

• Non-arable land (65-70% of world’s 
agricultural land) feeds herbivores;

• Biomass unsuited to feed humans feeds 
animals (to feed humans);

• Biomass unsuited to feed animals 
fertilises the soil.

Circularity in agriculture

Source: Hoes et al. 2019. Towards sustainable food systems – a Dutch approach. 
Wageningen University & Research
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Pasture-based systems
• Utilise feed indigestible to humans 

to produce high quality protein;
– Requires Phosphorus, Potassium, 

Lime, as inputs;
– Utilises land not suitable for crop;
– Utilises waste biomass (co-products, 

silage/hay, root crops, in situ).

• Very close to Circular. 0
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100% more cows on 70% more land
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Exponential increase in 
feed inputs nationally
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• Est. ~50% of world’s food is 
from N from fertilizer;

• No shortage of nitrogen;
• 78% of atmosphere.

• High energy demand for atm 
nitrogen fixation;

• Managing C footprint
• Loss of nitrogen from 

productive systems;
• Managing river, lake and 

estuarine water quality

Nitrogen
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Water quality – 1990-2015
• Total N  ↑ 42%
• Oxidised N  ↑ 35%
• Conductivity  ↑ 67%

• Primarily lowland waterways;
• Intensively managed grassland;
• R2 = 62% with dairy cattle.
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Mitigations
Recognising that most N loss is via 
urine patch during sensitive months.

• N fertilizer limited to 190kg/ha;
• Reducing N surplus in diet during 

sensitive months;
• Low N supplements and crops;
• Variable rate irrigation;
• Constructed wetlands in flow 

pathways;



Yield 
Kg N ha-1 yr-1

 
  

   

N
34%

N
19%

Current Established + developingEstablished measures

What could we achieve by 
2035?
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• Essential element for biological 
systems;

• Cannot be created or destroyed;
• Geographical availability;

• ~70-80% in Western Sahara.
• Limited availability – but 

essential (concern about peak P);
• Loss of phosphorus from 

productive systems;
• Managing river, lake and estuarine 

water quality

Phosphorus



Phosphorus 
sources
• Limited phosphorus stores

• ~300-500 billion tonnes

• Geographically isolated
• NW Africa (70%)
• Middle East
• Mexico
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Figure 1. The global distribution of land area planted with rice, soybeans, maize, wheat, rye, barley, oranges or 
apples above or below their agronomic threshold of 15 mg kg−1 required for optimum production



Fig. 3 Global topsoil Olsen phosphorus concentration (mg kg−1). 
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Mitigations
Recognising that P lost primarily 
through overland flow pathways.

• Fencing watercourses with 
setback;

• Riparian zones around 
waterbodies;

• Detention bunds in flow pathways;
• Constructed wetlands in flow 

pathways;



 
 

Yield 
Kg P ha-1 yr-1

   

P
36%

P
24%

Current Established + developingEstablished measures

What could we achieve by 
2035?



©John Roche, MPI

• C is constantly recycled between 
the atmosphere, plants, and 
animals;

• No shortage of C;
• Problem is increasing atmospheric 

concentrations;
• Ruminant animals produce 

methane (strong forcing effect);

Carbon
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23

Source: Chapman Tripp Report for The Aotearoa Circle – April 2024

Sustainability reporting an ongoing feature of 
trade requirements
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24

Source: Chapman Tripp Report for The Aotearoa Circle – April 2024

Sustainability reporting an ongoing feature of 
trade requirementsMore than 60% of the world’s 

GDP is now subject to 
mandatory climate-related 

disclosures
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20% emissions reduction by 2025, 50% by 2030, and      
Net Zero emissions by 2040 [at the latest]

net-zero greenhouse gas emissions by 2040

reduce absolute methane emissions from its fresh milk supply chain by 30% by 2030

reduce supply chain emissions by 30% by 2030

emissions reduction of 50% by 2030 across all Scope 1, 2 & 3

net zero greenhouse gas (“GHG”) emissions across its operational footprint (Scope 1 
and Scope 2) and entire global supply chain (Scope 3) by 2050

Corporate Pledges to meet warming neutrality
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Mitigations
Enteric fermentation is >95% of methane 
and >80% GHG on a grazing farm

• Genetics for efficiency and low 
methane;

• Rumen modifiers;
• Methane inhibitors;
• Effluent pond inhibitor;
• Vaccine.
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Increased efficiency – more milk/kg DMI or 
CO2-e

y = -0.11x + 226
R² = 0.87
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Mitigations
Enteric fermentation is >95% of methane 
and >80% GHG on a grazing farm

• Genetics for efficiency and low 
methane;

• Rumen modifiers;
• Methane inhibitors;
• Effluent pond inhibitor;
• Vaccine.
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Summary

• Growing global population and 
need for food security;

• Complete circularity is not 
possible;

• Focus is on reducing losses of N, 
P, and C to near zero;

• Food must be produced where it 
is most efficient to do so;

• Removal of barriers to trade.
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john.roche@mpi.govt.nz

Down to Earth Advice Ltd

Thought for the Day

@down2earth_john

Contact me:

Follow me:

“It is easier to build strong children than to repair broken men”
- Frederick Douglas
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