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THE GREEN REVOLUTION

Started on 1944 in Mexico



GREEN REVOLUTION:

Genetic improvement
Massive use of fertilizers 

and pesticide
Agriculture mechanization 



Business as usual: resource and economic  problem  

Fertilizers production and use in agriculture : linear 
economy



Business as usual: environmental problem  

Environmental problems



Steffen et al., 2015 
Science

N and P are over planet boundary 



NITROGEN EXCESS IN EU



Steffen et al., 2015 Science
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HOWEVER, FERTILIZERS USE WILL INCREASE WORLDWIDE 

Food Production 
issues



Fertilizers are finite source 
and require large amount of 
energy to be produced



N



The fertilizers manufacturing 
industry consumes about 3-5 % of 
the world’s energy supply

The total annual demand of 
fertilizers will increase of 25% by 
2030 of which 62% of  N

Nitrogen fertilizers are produced starting 
from N2

FIMechE, 2013
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PHOSPHORUS IS A NO-RENEWABLE RESOURCES



P…CONCENTRATED IN FEW PLACES…

World reserve 71 Gton

USGS Phosphate Rock Statistics and Information
Political issues ?





DTN Retail Fertilizer Trends
Most Retail Fertilizer Prices Resume 
Climb at Beginning of March

Russ Queen 3/09/2022



Organic waste is «gold»  



Courtesy by Geromel, 2020

Bio-Fertilizers should be able replacing mineral fertilizers



From biomasses to fertilizers:

What we need ?

We need technologies able to produce renewable 
fertilizers able to substitute synthetic fertilizers. 

……………circular economy



e.g. : ANAEROBIC DIGESTION
transforms biomass into

BIOFUELS

……and more……….

Renewable fertilizers®



Anaerobic digestion: modification of  

both elements and organic matter 

contained ……



Tambone et al., 2010

Biological stability = OC stability 

Compost

Digestate

Ingestate

Good amendment properties (soil 
fertility)

Compost = digestate >> ingestate



What about mineral fraction……..?



Compost

Ingestate Digestate

Sewage sludge

Digestate is different for ingestate
and compost. 

Good fertilizers replacing synthetic 
mineral fertilizers



Agronomic use of liquid 
separated fraction of digestate



Moreover: anaerobic digestion makes digestate
suitable to be transformed in mineral fertilizers 
if nutrient exceeded plant request.. ………..

..REcovered Nitrogen from manURE (RENURE)
total organic carbon to total N ≤ 3 or a mineral N to total N ratio ≥ 90%



Ammonia sulfate production 
by NH3 stripping for export

Cortesia Eliopig

Po valley, Italy



Permeate

ConcentrateSolid fraction
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Pig Slurry

Vibrating Screen 

(VBT)Screw Press

(SWP)

Liquid fraction 

from screw press

1st Solid fraction 

after screw press

Liquid fraction from 

vibrating screens

2nd Solid fraction after 

Vibrating Screens

Total recovered 

clean water

Concentrate

Permeate after 1st RO 

(includes recycling of 

concentrate)

1st RO 2nd RO 3rd RO

1. Pretreatment step

2. Membrane filtration

OB-Slurless

Pig manure refinery 
into mineral 
fertilizers…

Po Valley, Italy

Full scale – TRL 9

Pre-assembled process plant

Mechanical treatments of separation and 
concentration

Volume reduction and concentration of 
nutrients

Recovery of clean water

Concentration of N, favoring its 
displacement in places where is required

Monitored remotely



CIRCULAR ECONOMY 



"1. In order to promote the spread of ecological practices in the biogas production phase and reduce the use of chemical fertilizers, 

increase the supply of organic matter in the soils and limit production costs, the Agronomic Utilization Plans referred to in article 5 of the 

decree of the Minister of Agricultural, Food and Forestry Policies of 25 February 2016, published in the ordinary supplement to the Official 

Gazette of the Italian Republic no. 90 of 18 April 2016, provide for the replacement of synthetic chemical fertilizers with 

equivalent digestate referred to in Article 52, paragraph 2-bis, of the decree-law of 22 June 2012, no. 83, converted, with modifications, 

by the law 7 August 2012, n. 134, as amended by paragraph 2 of this article.

2. In article 52, paragraph 2-bis, of the decree-law no. 83 of 2012, converted, with amendments, by law no. 134 of 2012, the second 

sentence is replaced by the following: "The digestate referred to in this paragraph is considered equivalent to fertilizers of 

chemical origin when it is obtained from the anaerobic digestion of substances and materials alone or mixed with each 

other, pursuant to provided for by article 22 of the decree of the Minister of Agricultural, Food and Forestry Policies of 25 February 2016, 

published in the ordinary supplement to the Official Gazette of the Italian Republic no. 90 of 18 April 2016, used in a low-emissivity and 

high-efficiency mode of nutrient recycling and in compliance with the requirements and characteristics defined by the decree referred to 

in the third period of this paragraph, for products that act on the soil of chemical origin. The characteristics and methods of use of 

the equivalent digestate are defined by decree of the Minister of Agricultural, Food and Forestry Policies, in agreement 

with the Minister of Ecological Transition, to be adopted within thirty days from the date of entry into force of this 

provision. "

3. Letter o-bis) of paragraph 1 of article 3 and Chapter IV-bis of Title IV of the decree of the Minister of Agricultural, Food and Forestry 

Policies of 25 February 2016, as introduced by article 1, paragraph 527, of the law 27 December 2019, n. 160, are repealed.

Digestato equiparato (Digestate equivalent) ai fertilizzanti chimici: stabilite 

nuove agevolazioni! Pubblicato in Gazzetta il D.L. 21 marzo 2022, n. 21



Herrera et al., 2022, ACS Sustainable Chem. Eng. 2022, 10, 986−997

RF = Recovered fertilizers (digestate)

RS = Synthetic mineral fertilizers



Herrera et al., 2022, ACS Sustainable Chem. Eng. 2022, 10, 986−997

RF = recovered fertilizers (digestate)

RF = Synthetic mineral fertilizers

GHG, NH3 and NO3
- emissions



Herrera et al., 2022, ACS Sustainable Chem. Eng. 2022, 10, 986−997

RS

RF

RF = recovered fertilizers (digestate)

RF = Synthetic mineral fertilizers





Circular economy is not recycling but it must include the review 
of production processes to allow a real and safe use of waste as 
feedstock to produce “Renewable Fertilizers”.

- E.g. Reducing chemicals (antibiotics) in animal slurries = review 
animal breeding;

- E.g. Reducing pollutant and inert in OFMSW = door to door 
separate collection and bioplastics as substitute of plastic;

- E.g. Reducing pollutant, micro plastics etc. in sewage sludge = 
redesign goods limiting the presence of pollutant and 
microplastics and redesign wastewater treatment plant. 
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Real example of Circular economy under investigation in two H2020 
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