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The breath of trees (photosynthesis)



31%
12.3 GtCO2/yr

Fate of anthropogenic CO2 emissions (2013–2022)

Source: Friedlingstein et al 2023; Global Carbon Project 2023

26%
10.4 GtCO2/yr

35.3 GtCO2/yr

88%

12%
4.7 GtCO2/yr

18.9 GtCO2/yr

47%

Sources  =  Sinks

4%
-1.6 GtCO2/yr

Budget Imbalance: 
(the difference between estimated sources & sinks)

https://doi.org/10.5194/essd-15-5301-2023
http://www.globalcarbonproject.org/carbonbudget/


CCS – Carbon capture storage at point 

OCEAN CDR– Ocean carbon capture storage

How to capture CO2 in atmosphere ?

NBS - Nature based solution
Carbon Farming

Cost 80-200 $t CO2
Cost 500-1000 $t CO2

Cost 500-1000 $t CO2

Cost 100-300 + $t CO2
Costo 15-50 $t CO2 --------> Value on market 200-300 $t CO2



Total 55.3 billions tons CO2eq
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EMERGING TECHNOLOGIES





Digital Twinning of Trees and Crops

A.I.

NATURE4.0
SB SRL

Benefit Company



TreeTalker
(www.nature4.org)
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• Water consumption
• CO2 absorption
• Leaf color
• Tree stability



Opportunità e sfide poste da adattamento e gestione 
sostenibile del territorio nei paesi mediterranei a rischio di 

desertificazione
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The case study of Plums in Italy
Lead by : Cooperative Monterè
Farms: Modena, Montalcino, Metaponto
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A P P R O C C I O  M E T O D O L O G I C O -
L A  M I S U R A

-Il sensore utilizzato nei nostri 
sistemi 
Sensore di prossimità a infrarossi 
calibrato per estrarre un valore di 
distanza tra un ancoraggio fisso 
interno al fusto e la sua superficie -
Questa distanza cambia in base alla 
crescita radiale del fusto
-Relazione inversa tra numero 
digitale e distanza.
-Utilizzando questo sensore, 
possiamo estrarre la variazione 
annuale dell'incremento radiale dello 
stelo. 
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A P P R O C C I O  
M E T O D O L O G I C O  - L A  
R E T E  

TT

TT

TT

TT

Trasmissione LoRa
dal dispositivo al 
cloud

1. Trasmissione 
4G al server dati

2. Gateway

Recupero dati 
server per 
l'elaborazione

-I dispositivi TT registrano una 
misura per ogni sistema ogni ora.
-Il sensore IR emette un impulso 
verso la superficie del bersaglio e 
registra la distanza dal target 
-Il dispositivo registra il numero 
internamente al dispositivo.
-Invia un pacchetto al gateway 
che viene ulteriormente 
memorizzato. 
-Invia poi il pacchetto a un server 
per la successiva elaborazione.
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A P P R O C C I O  M E T O D O L O G I C O  - C O N V E R S I O N E  I N  
A S S I M I L A Z I O N E  D E L L A  C O 2  E  P R I N C I P I  D I  S C A L A B I L I T A ’
A L L A  P I A N T A G I O N E )
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S1

S2

r

r+inc

S1 = 𝜋𝑟2 

S2 = 𝜋(𝑖𝑛𝑐 + 𝑟)2 

Anular B𝑎𝑠𝑎𝑙 𝐴𝑟𝑒𝑎 (𝐵𝐴) = 𝜋 𝑖𝑛𝑐 + 𝑟 2 
− 𝜋𝑖𝑛𝑐2 

inc è l’incremento misurato dal sensore

𝑉 = 𝑎 × 𝐵𝐴
 
× 𝐻

H 

𝑇𝑟𝑒𝑒 𝑇𝑜𝑡𝑎𝑙 𝐶𝑂2 = 𝑆𝑡𝑒𝑚 𝑉𝑜𝑙𝑢𝑚𝑒 × 𝜌 × (𝐵𝐸𝐹 ×  𝐶

Annual  anu la r   
i nc rement  

Huber ’ s  s tem v o lume 
approach

𝑎= 0.5
H = altezza albero in m 

BEF = 

BEF( Biomass expansion factor)  = 1.5(1+R)
R (shoot-root ratio - espansione radicale) = 0.3
𝜌(wood desnity) = 500 kg m3

C(CO2 Kg  conversion)=3.67*0.5*biomass (Kg)

IPCC Good Practice Guidance for LULUCF chapter 3.2
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The MonteRe Plum Tree

34.19 Kg CO2

24.86 Kg O2



Farm Year of 
establishment

Trees 
per ha

Total 
hectars

Mean per 
tree(Kg CO2)

Standard 
Error
(Kg CO2)

Mean per 
ha
(Kg CO2)

Total per farm
(Kg CO2)

Mugnano 2010 308 5.298 28.13 2.4 8662.70 45894.96

Mugnano 2017 342 4.3276 31.55 4.7 10791.38 46700.79

Banfi 2012 404 9.14 19.58 2.71 7909.52 72293.00

Banfi 2017 404 9.3 23.41 2.86 9458.33 87962.42

Troiyli 2015 417 7.8 20.53 3.4 8560.10 64200.77

Troyli 2013 417 7.5 17.36 2.34 7238.41 56459.60

SPATIAL DISTRIBUTION BY REGION Range per ha : 7.2-10.8 t CO2 

Younger trees seems to capture more carbon



Uncertainty on scaling from Tree Diameter to total Biomass

• Compare the 4 allometric models :
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Preliminary analysis:

Fitting the 3 dbh-based allometric models to 41 field

DBH data to observe trend patterns.

Comparison on the 10 destructively sampled trees: All models produce results

siginificantly different from the destructive method.

Models A1–A3 predict higher AGB than model A4 → C stock estimates are

highly model-dependent, prone to over- or underestimation.



Assessing above- and below-ground biomass in a mature 
plum orchard in Italy

Models A1–A3 overestimate total 
CO2 sequestration in biomass by 61% 
to 76% while model A4 
underestimates it by 55%.

Compare models with observed values from destructive

harvesting. 
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3D Analysis of Biomass  and 
carbon accumulated in the farm

Thanks to Martina Leoni



Chapter 3: Development of non-destructive allometric
models for plum trees

R2=0.8894
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The allometric model was evaluated 

against destructively measured AGB, 

showing strong agreement.



25

IoT sensor network
(diameter

monitoring)

Terrestrial Laser 
Scanner

(Biomasss Expansion 
Factors)

Model fusion
Extraction biomass

growth

CO2 conversion
cofficient

Upload carbon 
farming certification

scheme

𝑉 = 𝐵𝐸𝐹 × 𝐵𝐴
 
× 𝐻 𝑇𝑟𝑒𝑒 𝑇𝑜𝑡𝑎𝑙 𝐶𝑂2 = 𝑉 × 𝜌 × 𝐶𝑐𝑜𝑒𝑓𝑓

Scheme of carbon monitoring for certification



Thanks !
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