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Objectives:

v Discuss: the environmental advantages of sisal and coconut
fibers;

v' Show: the monetization potential of their carbon absorption
capabilities aimed at payments for environmental services;
and;

v’ Estimate: the possible revenues from carbon credits for the
sector.



Content

Sisal and Coconut

Introduction to Sisal and Coconut in Brazil and the

f

sz World;
. 1. Carbon is assimilated in compartments:
* in the Sisal and Coconut plants;
* in soils;
2. Carbon emissions;
3. Annual balance: Assimilation in the Plant and Soil

annually — Annual expenses;

S
A"

ga 4. How Much is it Worth in Credit/Revenue per

g hectare?

& 5.Conclusion.



Sisal Environmental Advantages

Energy use GHG emissions
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Harvested area with Sisal in Brazil and the World

Data FAOSTAT (2023, accessed on 08.05.2024)

Planted area 2013 a 2022 Planted area from 2nd to 5th higher world
400 productor
70
350 .
£ 300 s
o o
= o 50
o -
S. 250 < 40
) Q
2 200 — N\ A O P T P PR POPROS PP PPTTTELLL AL DL
5150 @~ __.. \-----== 220 — ———————————————
-Ig ---------------------- %10 eamms ¢ ¢ GEs ¢ ¢ GEEEs ¢ ¢ GEEES ¢ o GEEES ¢ ¢ GEmEE ¢ ¢ GEmEs ¢ o cmmmm
S 100 \N_—————— _
50 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
_ Year
2013 2014 2015 2016 201\7{ 2018 2019 2020 2021 2022 —Tanzania Kénia
ear —Haiti -—Madagascar

=—=Nundo =Brasil ==Demais -+«++Restante do Mundo



Sisal Production in Brazil and the World

Data FAOSTAT (2023, accessed on 08.05.2024)

Hard fibre gross production, in 2013 to 2022 Hard fibre production, selecionated countries
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Sisal Productivity in Brazil and the World

Data FAOSTAT (2023, accessed on 08.05.2024)

Yield of hard fibre, 2013 a 2022 Hard fibre Yield — Main countries > 1,000 kg/ha
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GJ/t HQ sisal fibre

Use of Renewable Energies (REU) or not (NREU) and
Greenhouse Gas Emissions (GEE) by Sisal

GEE emissions: Tanzania — 669 kg CO, eq / t Fiber; Brazil — 250 kg CO, eq/t Fiber produced.
Biogenic sequestration for 1t of Fiber = 1,539 kg CO, eq. PROBABLY UNDERESTIMATED!
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Distribution of Dry Matter and Carbon Sequestration

in the Sisal Plant in a 10-Year Cycle

Biomass distribution in the plant Biogenic sequestration
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Carbon Sequestration Estimates in Sisal Cultivation in Brazil =%
and the World, in rate about 15.45 or 15.03 t CO,, eq./ha/ano

Estimated from FAOSTAT Data (2023), Broeren et al. (2017) and other sources.

Understimated.:
Tanzania, Kenya and China = 870 kg CO2 eq./t Fibra
Brazil and Other countries = 1,289 kg CO2 eq./t Fibra

Carbon sequestration in World, Brazil and others
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Concentration of Agave Fiber Production in Brazil

< 62% area

> 160% productivity

Brazil and Federation Units Planted area, ha  Production fiber Productivity
r . i t/year t/ha
2012 2022 2012 [ 2022 [ 2012 [ 2022
Brasil 258964 98795 89128 91923 [ 358 934
Ceara 485 29 1015 57 2093 1966
Rio Grande do Norte 842 - 566 - 672 -
Paraiba 9604 4943 7969 3942 830 856
Bahia 248033 93823 79578 87924 335 937
Fonte: IBGE - Producéo Agricola Municipal (2024)
https://sidra.ibge.gov. br/tabela/5457#resultado n@a
How to Increase the economic potential of this culture?
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Total CO, Equivalent Sequestration (t)

Estimated from IBGE (2022) and Broeren et al. (2017).
Credit carbon seller in market: USS 5.00 to 20.00 by t CO,, eq.
Price for Petroleum to 85 USS/barrel = USS 209.77 / t CO, eq.

Br Ceara Paraiba Bahia
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1,420,210 1 60,904 1 1,358,426 t



Emgpa
Average CO, Equivalent Sequestration (kg/ha)

Estimated from IBGE (2022) e estimated from several sources.

Br Ceara Paraiba Bahia
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Distribution of Dry Matter and Carbon Sequestration

in the Sisal Plant in a 10-Year Cycle

Biomass distribution in the plant Biogenic sequestration

. Carbono r
Ralz r

cave [ vs planta [
ore. [ e f

15,76

=
O1
\l
(@)

15,70

of CO, eq. / t of the fibre
o
N
N

15,68
0,0 205,0 410,0 615,0 820,0 1025,0 0,0 102,0 204,0 306,0 408,0 =
Green Mass, t/ha Dry mass, carbon ou CO, eq.
L . sequestrered, in t/ha 15 64
mA. Hibrido mA. Sisalana !

mA. Hibrido mA. Sisalana A. Sisalana A. Hibrido



15

Where is the carbon sequestered??

- In the Plant:

Roots, stem, leaves, suckers, inflorescence, and bulb
- In the Soil:

Soil organic matter (fulvic, humic acids, and humin)
and microbial biomass of the soil and soil air

. In the Production System (volunteer plants and

intercropped plants)




Crop options for >
- carbon

“

1 o

' sequestration
i Strategies to increase carbon
sequestration:

-
!
ve

~1. Invest in technology for more

productive and sustainable sisal crops;}

o

2. Use Integrated Production Systems: [/
% Perennial Crops — Annual;
~ Crops — Livestock;

. Crops - Livestock — Forests.

v
L
o

¢ 3. Invest in the full use of the sisal
= plant and its consorts.



l | | =l Potential of Available Germplasm to Increase
T W I ; B ~ Productivity and Carbon Sequestration

?7 ,l:lmﬁ... .,.--.—’11-; HH”',HW ‘7 Adapted Data from Silva and Beltrao (1999), in Monteiro — PB.

Fiber yield in the first and second harvests
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Challenge: FULL UTILIZATION OF THE PLANT
Economic viability with the utilization of defibering residue
and co-productss

; Leaf sisal: PLANT:
| samais v Fiber - 5% (only 4% -
w\ Wl Commonly Usable); Bioenergy: briquettes, ethanol,
v' Mucilage — 15% and methane gas, and bioelectricity.
SLa) 2 v Juice — 80%.
S Defibration residues represent:  Other products: fructose,

& == v 1% residual fiber; syrups, inulin, concentrated
A= / ' v 15% mucilage: organic sweets, baked goods, and fruit
oy fertilizer or animal feed; sauces, each made with different
v 80% juice: Biopharmaceuticals parts of the agave plant (leaves,
and bioinsecticides. ‘pineapple,” inflorescence, etc.)

Foto: Tarcisio Marcos S. Gondim

Slides adapted from Dr. Tarcisio Gondim

How to Increase the economic potential of this culture? Emgpa




Sisal: A productive chain

Planting of seedlings in suitable
soils, prepared, conserved,

ot g
N : F{% e

Slides adaptados from Dr. Tarcisio Gondim Mucilage | animal food Haying or silage



Consortium of Sisal and Leucaena (Alley Crops or Profein Banks))

'oats or sheep grazed directly in

leucaena
6L
e
o
LX
s -
=
O‘
&
@)
o 0
&"ﬂy “ \
Slsal in double rows + Leucaena | Slsal in simple rows + Leucaena
Advantages:

Integration with consortium areas Sisal + Buffel Grass + agave residue silage;

Meat and milk production. -
a
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Consortium of sisal and sesame

Consortlumbf -. T ‘
-Sesame ;x;: NG o
Sisal in single or double | ? WAt S IEN N %
rows: AL AR o)
4m X TmordSmxim " s e o 7R ) “guFy
0 (.} : { 3 _.'.i'((,‘. . 1 =
4mx1mx1mror5mX4m % Y T, o dad 1sd 6.2
X1 m e _.t 3 vy ‘!‘ .‘L . ¢ * ‘\ .
Sesame’: Y N - |
g s ) v

Non-branched: 0.8 mx0.1 - T =W - X L s
m — Var. BRS Anahir; & -+ “"Production: 400 kg/ha of seSame BRS Seda (branched)
4 : . . - )

Branched: 1.0mx 02~ .| . 4465 kg/ha of WS, 2283 kg/ha Carbon
Var. BRS Seda 2y A e P 5. A
Z 3 et BeReA : 8,187 kg/ha of CO; eq. :

-

A
.

S

Foto: Dr. Tarcisio.Marcos de Ssousa Gbr’mlim



Sisal and Cactus Pear Consortium
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Consortium of Sisal and Cactus Pear
Sisal in double rows:
withdmxITmx1Tmor5mximx1m Sequestration of 1,077 kg/ha/year of Carbon
Cactus Pear: or 3,952 kg/ha/year of CO, eq..

Var. Redonda or Gigante with 10 m x 0.25 m; and
Var. Mitda with 10 m x 2 m Emgpa

Production: 41.5 t/ha/year of Cactus Pear




Sisal and Cowpea Beans Consortium
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Average Bean Production = 600 kg/ha Bean grains = 876 kg/ha with A. Hybrid or = 683 kg/ha

_ with A. sisalana (Silva & Beltrao 1999).
Sequestration of 230 kg/ha of C and 842 kg CO, eg/ha.
Borges et al. (2011) Sequestration of 335/262 kg/ha of C and 1,229/961 kg
CO, eg/ha. Borges et al. (2011)
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Sisal and corn consortium
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ains = 1,348 kg/ha (Silva & Bel

Sequestration of 1,296 kg/ha of C and 4,757 kg CO,, eqg/ha.
Monteiro et al. (1998)



Machines for sisal leaf defibering in small and
medlum S|zed farms |n Bra2|l

WIpuo9) oisioJe] "iq wodj pardepe sapi|s

and tractor for movmg N
the field along the carriers.
COSIBRA






FAUSTIN
leaves.: |




FAUSTINO VIIl machine for removing fibre from sisal leaves.

DESFIBRADORA FAUSTINO
IX EM FUNCIONAMENTQO:



Organic Fertilization with Sisal
Residue

Direct use of sisal residue, after fibre recovery.
Include the short fibre and juice — 10 to 20 kg/plant.



Liquid Fraction of Sisal —"Odilon" Extractor Press

15% mucilage or
pulp, 80% juice, and
1% fibers of
different sizes

Vi) L

500 a 800 L of
“juice” per day



oil Compartment: CO, Sequestration

Estoque de COS a 0-30 cm (t ha)
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Stock Map of soil organic carbon
(COS) in 0to 30 cm in Brazil territory
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Bahia

Concentration of Sisal Producing ==z~

Areas in Brazil

Ceara

Rio G. do Norte
' Paraiba
) - f) - The culture prefers soils of medium texture;

fertile; not subject to waterlogging; not
compacted or densely packed and deep..

Quantsdsde produs ila

5
'
5
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Cultivation

The culture prefers soils of medium texture,;
fertile; not subject to waterlogging; not
compacted or densely packed and deep..



LW

N

—

10" S

157 S

40w
Territorio Sisal - Estado da bahia

-105
T oS
. | Rl
- ™
L o
.
»
o
) i
L 1 v~
- K ) ]
-l y .
' - Y 1
. 4 . f) ' ¢
L -~ " - - o 25U i
— ‘y o LS e R
{ p / : 1
= A - -
L LA
' | A\ 'R h" - -
-, i | .
" K ,.’“'L -~
L - { 1A <
s UL
g . | s T |
n 3 g S
" 1 N WL
: LT v Yre
) 1 1 -
-~ ’ > . ' {.
f

SO|I Iegend of WSR the FAO
F e T\ A Municipal limit
2 s el Soils

Ji 2 sy, Luvisol
ol Latosol
e S| Planosol
~~~_ Sodic Planosol
' Regosol
Luvisol

Litolic

Argisol

Vertsol

S0w 200w

Solos dos Municipios do Territério do Sisal - Estado da Bahia

T

108




b il

|

- . -
M 1 2
¥
. R
e ,J
W ; = N . -
Sl o ~ o I%
. " " o' S
Y—y oy - 2 . w'_m‘:" ':’ \ . w‘ X l{
: e W«“ L S
P . w R T o
Vi » . -
m -\ e
- < »
=1
",‘ ¢
oy :
=

Sequestered

N s ey

Planosols

Typic Soils Cultivated with Sisal
in BA: low amount of Carbon

— e = | — ==
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Energy use
- 500
16
1+ 0 2
2
[
12 - -
n
1))
g
- 500 I
~
o)
[}
8 = 0
0
1,000 ¥
4 | 7
i i -1,500
0. ~ 42,000
NREU REU NREU REU Tanzania Brazil
Tanzania Brazil
B Transportation, toport M Fibre processing [ Sisal residue disposal (default)
OTransportation, local 0 Cultivation @ Biogenic carbon sequestration

@ Land preparation B Nursery 4 Total

Carbon Expenditure and Sequestration

in Sisal Production until the Fiber is
Delivered to the Port

Adapted from Broeren et al. (2017) and other researchers

Total carbon
sequestrated

Total expenditure of 250 kg CO2 eq./t Fiber In
Brazil; In Tanzania, it reaches 669 kg CO2 eg/t

1,539 kg CO, HNglel=lg

eq./t fibra Expenditure in

fibre recovery

Mensured by Dry
Matter
accumulated in
total plant

Expense in
transport to Spend on soil
the port preparation
95 kg CO,,
eq./t Fibra 22.5 kg CO,
eq./t Fibra
9%

132.5 kg CO,
eq./t Fibra

~ 15,700 kg CO,

eq/t fibra

a



_'™m Annual Balance: Annual e
=4 Sequestration in the Plant and Soil -

v
—
@
-

f Annual Expenditure:

Data in kg CO, eq. to produce 1 t of sisal fiber.

Annua Various
Biogenic balance agricultural

Ty AT Emisséo de - .
sequestered Brazil and practices can

PR
JI9/EA ;‘

CO2 ou most coutries change this
Gases GEE in the world situation,
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How Much is it Worth in Credit/Revenue from the Saf"éwa
of Sequestered CO2: USS 10,00/t CO, eq.; USS/ha

Estimated from IBGE Data (2022). Curiosity: USS/t CO, eq in petroleum: 209.77 (for USS 85,00/barrels)

Br Ceara Paraiba

VENEZUE

LA
=~ S A

USS/ha 144.30 USS/ha 303.75 USS/ha 132.25 USS/ha 144.77

Estimated by Dry Matter Produced in total plant, by Ferreira, G.B. (2024) — Carbon Sequestered.:
15,450 kg CO, eq/t de fibra.



Em‘@pa
Average CO, Equivalent Sequestration (kg/ha) in
selected countries around the world

Estimated from IBGE (2022), FAO (2022) and others sources.
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810.53 | 319.38 | 305.82
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- The Sisal culture sequesters CO, and conserves soil and water;

- It can accumulate > 400 t/ha of CO, in the entire plant, 15.7 t
CO, eq/t of fibers harvested during its cycle about 10 years.

- In intercropped and integrated systems with animal husbandry,
carbon sequestration is greater.

. It is essential to utilize the co-products of sisal and the entire
plant for the sustainability of the culture.




Coconut environmental advantages;
Introduction to coconut in Brazil and the World:;
Carbon assimilation:

Carbon emissions;

Annual balance;

Conclusion.
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Coconut environmental advantages

NEE = NPP - Rh
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Carbon
Sequestration

Soil Conservation

Crop Diversification

Efficient use of
resources




Filipinas — 3.6

India—2.1

Sri Lanka —0.46
Papua New Guinea —0.19
Brasil — 0.18

e S

Area in million hectares (11.04) ¥ _ -

A Source : Faostat 2024
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Thetop 5

. BT

1
2.
3. India-13.3
4, Brasil =2.7
5. SriLanka-=2.2

Production in million tonnes (62)

Source: Faostat 2024




Evolution of coconut cultivation
(2005 — 2022)

Reduction of cultivated area
Reduction in production
Increased productivity

Production Quantity Ton/ha
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Area Plantada / Brasil
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Yield (ton/ha)

16
14
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10

8 Brazil — 14.48
) World — 5.64

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Source: Faostat 2024



Distribution of coconut
plantations by varieties in Brazil

Occupied area/ Coconut varieties
80

60

40
0

2010 2018
mED+H mTALL
WANDERLEY & LOPES (2010); SINDCOCO (2018)

Dwarf + Hybrid 12% 1

Tall 12% |

- Greater acceptance by the
consumer market of fresh
coconut

- The processing industry has
also demonstrated a
preference for more
productive and adapted
cultivars



ESTIMATE OF TOTAL NATIONAL CARBON
SEQUESTRATED

The quantification of carbon stock in coconut
plantations is complex due to variations in crop
conditions and age of the plantations.

Recent studies estimate that coconut trees can remove
between 22.0 and 36.7 tons of CO,-eq per
hectare/year, depending on the cultivation system
adopted.

Irrigated dwarf coconut cultivation has a carbon
seqguestration potential of up to 28.6 tons of CO,-eq per
hectare/year.

i
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CARBON SEQUESTRATION IN THE

COCONUT TREE

Annual net assimilation of CO,-eq ha™ year™ (tons) in different plant

organs and the total of irrigated green dwarf coconut trees, in ak
commercial production area

Organ CO,-eq ha™ year™ Partial Contribution (%)
Stem 2.0 7.1
Leaves 8.7 304
Fruits 17.5 61.1
Roots 0.4 1.4

Total 28.6 100.0

Adapted from Fernandes et.al.; 2022




CARBON STOCK IN THE COCONUT TREE

Determining the carbon stock of coconut trees in Brazil is
complex due to variations in growing conditions, plantation age
and other factors.

Quantification of C stocks (ton of CO,-eq ha™) in live biomass
and fruit and leaf residues per hectare of irrigated green dwarf
coconut trees, aged 9 and 22 years

Component Stem |Leaves|Fruits Lea_f
Insertion

9 years
Live Biomass 20.0 14.9 4.4 6.4 9.1 54.9
Resm_ll_Jes (in equilibrium ) 5 s 314 ) ) 36.9
condition)
Total 20.0 20.5 35.8 6.4 9.1 91.8
22 years
Live Biomass 47.4 14.9 4.4 6.4 14.6 87.7
Resu_zll_Jes (in equilibrium ) 5 s 314 ) ) 36.9
condition)

Total 47.4 20.5 35.8 6.4 14.6 124.6

Adapted from Fernandes et.al.; 2022




QOuter coat
of fruit

Coir, coconut fiber

Shell

Milk

Seed coat

White flesh
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Analysis of Carbon Emissions Contributions in Green

Coconut Farms

Contribution of processes to green coconut carbon emissions

Fertilizer

‘ s
III- |‘ III- “ Illl “ IIIl |‘ Ill. ‘ IIII “ IIII
AL BA SE

CE1l CE2 CE3 CE4

mLUC mCrop Fertilizers mPesticides ®Mechanical Operations ®Transport ®lrrigation

AL: 1.67 ton/ha CO,-eq  CE3: 5.26 ton/ha CO,-eq
BA: 2,69 ton/ha CO,-eq = CE4: 2.36 ton/ha CO,-eq
CE1l:1,93ton/ha CO,-eq  SE: 1.97 ton/ha CO,-eq
CE2: 2.22 ton/ha CO,-eq

Percentage of contribution of carbon emission by process

-

= UC =Crop

Fertilizers

Fertilizers

= Pesticides

= Mechanical Operations = Transport = Irrigation

Source: Sampaio et al. 2021



En@a
Net Carbon Balance in Coconut Plantations by

year

- PER HECTARE

f Assimilation Emissions Net Carbon Balance

7S e e 4 T8N 28,628 ton/ha CO, eq 1.67 ton/ha CO, eq 26.94 ton/ha CO, eq
37/ S ey @7y TR 5.26 ton/ha CO, eq 23.37 ton/ha CO, eq

- IN THE TOTAL AREA

5,410,692 ton CO, eq 315,630 ton CO, eq 5,095,662 ton CO, eq
992,250 ton CO, eq 4,418,442 ton CO, eq

.....



En@a
CONCLUSIONS

Annual Net Carbon Assimilation: 5.4 million tons of CO,-
eg/year. If revenue to US$ 10.00/t CO, eq., the Ambiental service
value is US$ 54 bilhdes/year!

This represents the net carbon sequestration in different plant
organs of the coconut tree in commercial areas.

Potential at Historical Peak: 8.21 million tons of CO,-eqg/year.
Revenue carbon credit in US$ 82.1 billion/year!

ntegrated Systems: Adoption of ILPF (Integrated Crop-
_Ivestock-Forest), ILP (Integrated Crop-Livestock), ILF
(Integrated Livestock-Forest), and IPF (Integrated Production
Systems) can increases soil carbon stock (can increase carbon
sequestration from 0.5 to 1.5 tons of CO,-eq per hectare per year.

Estimates from various studies indicate a positive net
balance per hectare.

Demonstrates the effectiveness of green coconut cultivation
In contributing to carbon sequestration and climate change
mitigation.




Planting coconut trees is one of the cost effective and durable ways to
overcome the current increase in atmospheric carbon dioxide. Due to its
high productivity the coconut tree directs majority of its photosynthetic
output towards its leaves, fruits, peduncle and fine roots. Most of these
are perishable and are decomposed by microbes to convert them into soll
organic matter. Coconut plantation could act like a tropical evergreen
broad leaf forest, which has got high potential to sequester carbon. At the
present system of coconut farming with better management strategies
and with suitable intercropping the coconut plantations can be effectively
considered as a potential C sequestration source to mitigate the climate
change problems.
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