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Internacional sobre

The circularit

January 2018 World Economic Forum

8.6%
(Davos) 2021: 100 Gt natural resources

2019: 9.1%

2022: 8.6% ’

Material
handling/use: 70% GHG emissions

Linear economy: Take, make, waste

The Circularity Gap Report 2022. https://www.circularity-gap.world/2022#Download-the-report
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Internacional sobre DE ACEITE i .
Circular Bioeconom

- | NARROW: Use efficiently

Food Co- products Co-products Non-food \\

SLOW: Use longer ;;)‘ F

Processmg
\ REGENERATE: Make clean ’&
| RECYCLE: Use again C A
qua ic rassian ores

Muscat, A., de Olde, E.M., Ripoll-Bosch, R. et al. Principles, drivers and opportunities of a circular bioeconomy. Nat Food 2, 561-566 (2021).
Caetano NS, Xu S, Banu JR, Sani RK and Karthikeyan OP (2022) Editorial: Biomass, Bioenergy and Biofuels for Circular Bioeconomy. Front. Energy
Res. 10:851047. doi: 10.3389/fenrg.2022.851047
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Circular Bioeconom
It’s a chemist 'y pro blem! ﬁ ol The 90 natural elements that make up everything

(IYPT-T< How much is there? Is that enough?

United Nations + International Year
Educational, Scientific and -  of the Periodic Table
Cujtura| Organization - of Chemical Elements

. Serious D Rising threat I:I Limited . Plentiful I:‘ Synthetic . From conflict D Elements
threat in the from availability, Supply minerals used ina
next 100 years increased use future risk to smart phone
supply

Read more and play the video game http://bit.ly/euchems-pt gc EuChemS

W[?I?l This work is licensed under the Creative Commons Attribution-NoDerivs CC-BY-ND European Chemical Society

af l https://i0.wp.com/www.euchems.eu/wp-content/uploads/2021/11/Endangered-ElementsCarbon-Updated.png?ssl=1
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Multifunctional Agriculture

Shaping landscape
Conservation,
management,

habitats,
nutrient recycling
carbon sinks

Agriculture has many functions in
addition to producing food and
fiber (OECD, 2001)

Shaping communities

e : Cohesion,
Water manaqeme_nt o fcono.mlc development,
Quality e unction Socio- Cultural/historical

Flood control G ) Water cultural heritages
Harvestin » : |dentit

9 management function y

Entertainment.

function

PASPI2021, Vol. Il, No. 01/01/2021. Multifunctional Qil Palm Plantation and Sustainable Development Goals (SDGs), 2021.
https://palmoilina.asia/wp-content/ uploads/2021/01/2.1.-MULTIFUNCTIONAL-OIL-PALM-PLANTATION-AND- SUSTAINABLE-DEVELOPMENT-
GOALS-.pdf (Accessed September 26, 2022)
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Multifunctional Agriculture

87 gty Cinco principales productores de aceite

. de palma
Asia

Nigeria 1.265
(2%)
Colombia :;%5)9
Tailandia ?499:}0

Malasia [ 18660 (25%)

*Del mundo
¥
@ 6,5% @ 4,3% @ ,8% nconess [ 50
América Africa Oceania

10.000 20.000 30.000 40.000 50.000

Miles de Toneladas

Pérez-Marulanda, N.; Balance 2021 y perspectivas 2022 de la agroindustria de la palma de aceite, CENIPALMA, FEDEPALMA, 2022.
hitps://web.fedepalma.org/sites/default/files/04032022_Balance2021 y perspectivas_2022delaagroindustria_de _la_palma_de_aceite CMG.pdf
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Types of residual biomass in the Palm Oil industry

ol [rond i @ Mesocarp fiber
Palmoil QMRS 8 (viF)

Fresh fruit bunch [l SCEEEE Empty fruit bunch
(FFB) e e (10)

Palm kernel shell
(PKS) and meal
(PKM)

kernel oil

~ . - T e
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Palm Qil residues in Indonesia

141,000,000
13.5%
Frosm— 101,000,000

o [l B
erlg;ﬂl-te : ' 14.4% : % 81,000,000
S Four ro g 61,000,000
PKO PKM A&~ 41,000,000
= - 70% residues 000000
1,000,000
Estimates for 2030 double the Year

—4-=FFB =—@—=EFB ~=®=MF ===PKS =#=POME ~®=Frond =Trunk

amount of residual biomass

Hambali, E., Rivai, M. The Potential of Palm Oil Waste Biomass in Indonesia in 2020 and 2030, 2017 IOP Conf. Ser.: Earth Environ.
Sci. 65 012050
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EL PODER TRANSFORMADOR DE LA PALMA DE ACEITE

CHEMICAL CONSTITUENTS

“f— CELLULOSE
~$4— HEMICELLULOSE
=1 LIGNIN

PRIMARY WALL

SECONDARY WALL
OUTER LAYER (S1)
MIDDLE LAYER (Sp)

INNER LAYER (S3)

MIDDLE LAMELLA

Nature’s hierarchical materials Peter Fratzl,
Richard Weinkamer, Progress in Materials
Science 52 (2007) 1263-1334
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MICROFIBRIL
MODEL

Biomass structure and composition
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Dusselier, M.; Mascal, M.; Sels, B.F. Top Top Chemical Opportunities from Carbohydrate Biomass: A Chemist’s View of the

Biorefinery, Curr Chem (2014) 353: 1-40, DOI: 10.1007/128 2014 544
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Biomass transformation

MICROBIAL ﬁ BIOMASS ) CHEMICAL

Fermentative yal Chemocatalytical
Biocatalytical Mechanochemical,

_ . Sonochemical
(Alcohols, acids) THERMAL (Targeted)

Thermochemical
(Gasification, bio-gas, bio-oil)

(J l(:torrr31°ererw<:ic1 DE ACEITE
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Biomass transformation

MICROBIAL ﬁ BIONIASS B CHEMICAL

(‘ &3@&%&3@@2 DE ACEITE

MATURE [_)EVELOPING |
Bioenergy Catalytic hydroprocessing
Bioethanol | CO, Reduction-reuse

Resource recovery-

Anagrobic digestion THERMAL functional products

Sadhukhan, J.; et al.Role of bioenergy, biorefinery and
bioeconomy in sustainable development: Strategic pathways DEVEL O PED
for Malaysia, Renewable and Sustainable Energy Reviews 81 Pyro |yS IS-Bio-o0il

(2018) 1966-1987

Gasification-Syn Gas
Hydrothermal liguefaction-Fuel
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Chemical biomass conversion strate
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Dusselier, M.; Mascal, M.; Sels, B.F. Top Top Chemical Opportunities from Carbohydrate Biomass: A Chemist’s View of the
Biorefinery, Curr Chem (2014) 353: 1-40, DOI: 10.1007/128_2014 544
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Why not?

Fermentative/thermal Chemical

Commercialinterest

Method development, capital
expenses on start up

Potential for cheap, short, and
mild processes to transform
biomass into platform molecules

Dusselier, M.; Mascal, M.; Sels, B.F. Top Top Chemical Opportunities from Carbohydrate Biomass: A Chemist’s View of the
Biorefinery, Curr Chem (2014) 353: 1-40, DOI: 10.1007/128 2014 544
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Biomass transformation

MICROBIAL ﬁ BIONIASS B CHEMICAL

(‘ &3@&%&3@@2 DE ACEITE

MATURE [_)EVELOPING |
Bioenergy Catalytic hydroprocessing
Bioethanol | CO, Reduction-reuse

Resource recovery-

Anagrobic digestion THERMAL functional products

Sadhukhan, J.; et al.Role of bioenergy, biorefinery and
bioeconomy in sustainable development: Strategic pathways DEVEL O PED
for Malaysia, Renewable and Sustainable Energy Reviews 81 Pyro |yS IS-Bio-o0il

(2018) 1966-1987

Gasification-Syn Gas
Hydrothermal liguefaction-Fuel
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EL PODER TRANSFORMADOR DE LA PALMA DE ACEITE
DE ACEITE : ) )
First steps: integrated biogas/compost technology

. - . . 3 @ > 4 ’
Sertlng Hilir Palm Oil Mill: PALM OIL MILL Gas
Flowmeter GAS STORAGE TANK ENGINE ROOM vy ;
54 t FFB/h == ShrEeFd:ed - 1200 KW Transmission Grid
300,000 t FFB/Y = lﬂf“: ﬁiﬂ'l P
EFB RAW

Energy: 15 - 17 kWh elect/t FFB  streooer POME overetow | 1
Water: 300,000 - 450,000 t l oy

| ANAEROBIC LAGOON
CPO: 60,000 - il S - -
PKO: 18,000 t ‘ ‘
- HOLDING TANK NEROR
EFB: 69,000 t (incineration, e
EFB: 69,000 i | —£X e —Y
mulching, nutrient recycling) Pump Pump —
POME: 150,000 - 225,000 t POME

Dump Truck Front End Loader Ar;fsggglc
Windrow Turner
.\ N

Empty Fruit Bunch (EFB) Transportation

WINDROW COMPOSTING

Yoshizaki, T., Shirali, Y., Hassan, M.A., Baharuddin, A.S., Abdullah, N.M.R., Sulaiman, A., Busu, Z., 2013. Improved economic
viability of integrated biogas energy and compost production for sustainable palm oil mill management. J. Cleaner Produc. 44, 1-7.
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EL PODER TRANSFORMADOR DE LA PALMA DE ACEITE
First steps: integrated biogas/compost technology

Input Process Output
Chemical 40 -
1.0 Fertilizer
135t Pesﬁcides Plantation 30 -
1.200.0004 Diesel
N: 579t ;
Organic
P 151t 7 20
K 761t Fertilizer
300,000t
_ 10
60.000t B
300.000t | Water | Kernel | o
palm oil mill —> 18000t g O
PKS =
T 7.500t _10 _
POME 47.100t 120,000t EFB
Shredded V207,000t [ Fiber | [ Steam | 57.430t
EFB Closed [ Electricity | Steam 220 -
11.570t anaerobic 0.7GWh exhausting
digester [ PkS | |Electricity| Water
7.500t 51GWh vapor -30 -
1.340t 183.000t
11.570t Boiler _40 i
Steam turbines
1 2 3 4 5 6 7 8 9 10
- Biogas
Aerobic plant >| Electricity Year
ponds
. 7.5GWh : :
40.000L Com:;:tmg < e — —o—Integrated technology with CDM  —#—Integrated technology without CDM
Treated
POME

Yoshizaki, T., Shirali, Y., Hassan, M.A., Baharuddin, A.S., Abdullah, N.M.R., Sulaiman, A., Busu, Z., 2013. Improved economic
viability of integrated biogas energy and compost production for sustainable palm oil mill management. J. Cleaner Produc. 44, 1-7.
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gl First steps: integrated bioenergy/compost technology

Torta de
palmiste

Bioenergy (biodiesel,
bioethanol, and bioelectricity)

Composting (nutrient Generacién Plantads

) ) d..mtglﬂ ! beneficio
recycling, carbon sink) — eléctrica

Cuesco

Sistema de
tratamiento de
aguas residuales

Efluentes iodi comestibles
(POME)

La paima de aceite en Colombia, comprometida con la sostenibilidad |

Pérez-Marulanda, N.; Balance 2021 y perspectivas 2022 de la agroindustria de la palma de aceite, CENIPALMA, FEDEPALMA, 2022.
https://web.fedepalma.org/sites/default/files/04032022_Balance2021 y perspectivas_2022delaagroindustria_de la_palma_de_ aceite CMG.pdf
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First steps: Biogas energy and compost

MICROBIAL ﬁ BIOMASS B

CHEMICAL

7B
MATURE | DEVELOPING |
Bioenergy & Catalytic hydrc_)processmg
Bioethanol CO, Reduction-reuse

Resource recovery-

Anasrobic digestion THERMAL functional products

B ¢ TRL
DEVELOPED
Pyrolysis-Bio-oll
Gasification _Syn Gas Sadhukhan, J.; et al.Role of bioenergy, biorefinery and

bioeconomy in sustainable development: Strategic pathways

" ‘ HydrOthermal ”quefaCtion'FU el for Malaysia, Renewable and Sustainable Energy Reviews 81
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Present and future: high- value marketable biochemicals

EL PODER TRANSFORMADOR DE LA PALMA DE ACEITE

Bio-fuels Bio-oils |
B|o-monomers
/ Ze ro -Wa Ste (?{ganllc acli;.l)s Single Cell Oil E
actic ac 1
| | Bioalcohols W :
v' Sustainability . = L it T
(O] I
s Fermentation w |
T | o
- - S Fermentation ) Enzymes Fermentation !
v’ Bio-based chemicals for energy, el Bio-catalysts| e ;
8 F tati ) — & F tati :
© ermentation ermentation l
. < = k.

fo o d V4 p 0 Iy m e r’ a n d co S m Et I cs ( r Fermentation m Ana(;:ziiizsi;::ion W E
EFB OPT — :
v 1 I _Polymers E
Decrease environmenta e, [ Eolmers ,
k _________________________________________ Il

impacts Soneosnglo i o

as phosphate and irrigation water

\ minerals )

Kahar, P.; Rachmadona, N.; Pangestu, R.; Palar, R.;Adi, D.T.N.; Juanssilfero, A.B.; Yopi; Manurung, I.; Hama, S.; Ogino, C. Review
An integrated biorefinery strategy for the utilization of palm-oil wastes, Bioresource Technology 344 (2022) 126266

7 %
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EL PODER TRANSFORMADOR DE LA PALMA DE ACEITE

Present and future: high- value marketable biochemicals

BIOMASS COMPQOSI

DEFINES ITS USES

@gfedepalmaé,o | @%cenipalma

* LOCATION AND ABUNDANCE ALSO MATTER

JON*
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EFB Composition: Hybrid E. oleifera x E. guineensis

Moisture 4.5 +0.15 NREL-TP-510 42621
Ash 2.2+0.11 NREL-TP-510 42622
Waxes, fats, resins, and oils 4.2 +0.04 ASTM-D1107
. NREL-TP-510 42618; TAPPI
Lignin 24.5 +0.09 22

Cellulose 52.1+0.05 Kurscher & Hoffer
Hemicellulose 15.2 £0.04 Jayme-Wise
KZO 1.30 X-ray fluorescence
SiO, 1.95
Cl 0.27
CaO 0.30
MgO 0.29
SO3 0.27
P,0s 0.24
Al,O3 0.03

Fe,03 0.02

"
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EFB Composition: Hybrid E. oleifera x E. guineensis

u T [ §% | EFB fibers thermal
) LR ey stability < 200 °C

Intensity (a.u)
30000

25000

Silica bodies: defensive 20000
barrier against bacterial
and fungal attacks

15000

10000

i i a
e P

Si

0 T e

1200 1000 800 600 400
Binding Energy (eV)

Atom Si 2p C1s Ca 2p

.
¥oh

e N N e 2.10 84.65 1.32

= HV |mag O] det |mode | HFW | WD 400 pm percentage [%]
30.00 kV| 200x |BSED |Z Cont|1.49 mm|10.1 mm| __ QUANTA FEG 650

=
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EFB Comp05|t|on Hybrld E. oleifera x E. guineensis

NaOH/HCL NN e Alkaline
treatment N 2 e NS i treatment

f‘f, E ] mag O0| det mode HF N WL, 00 pm - W WD un
QUANTA G 650 30 Wu 800 x |BSED |Z Cont| 373 ym [10.1 r QUANTA FEG 65 30.00 kV 03 ESE\J 7”0 3 pm 2 mn FEG 650

Ovalle Serrano, S.; Blanco- Tlrado C,; Combarlza M. Explorlng the composition of raw and dellgnlfled Colomblan fique fibers,
tow and pulp. Cellulose 2018 , 25, 151-165.

.
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Internacional sobre

EFB Fibers applications Natural Fibers = Nanostructured materials Biocomposites

A P
=) =

-
o

i

Rk R et B R e v s
-Z-

iy Tk

“Se 30

>

*Functional materials (dye &
*Raw: High oxygen *Noble metals: Ag, Au phenol degradation, sulfur
density *Transition Metal oxides: Fe, Mn, Cu, compound removal)
*Modified: Cationic, Zn *Environmentally friendly
anionic *Metal Organic Frameworks: MOFs *Improved thermal and
mechanical properties

.
@ﬁedepalmaé.,o | a€ceninalma 26 al 30 de septiembre de 2022 | Centro de Convenciones Cartagena de Indias



6 ?Z(o)n(ferenciq PALMA EL PODER TRANSFORMADOR DE LA PALMA DE ACEITE
EFB : Hybrid E. oleifera x E. guineensis

Internacional sobre DE ACE ' TE

Chemical and sonochemical :
NP deposition EFB fiber/Fe,O, NPs composite

f
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e EFB : Hybrid E. oleifera x E. guineensis

EFB Fibers applications

POME treatment with EFB fiber/Fe,O, NPs composite

POME - raw 94% Color 6 h
436, 525,620 60% COD
nm

POME — w/o SS 72 % Color 2 h

.
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EFB Composition: Hybrid E. oleifera x E. guineensis

i i icro- Cellulose
— Crystalline domain Cellulose micro- and
l nanofibers nanocrystals

"R

»
H o HO. OH
o —HO OH o~ 0 — 4
TN Rx %
" HO Heeee TTUHO H---0 ol
H / H

':"' ' H : A |
0y g HO on----?%\;g_/..--l-lo pH_ B 5
4] o 0
Cellulose Hemicellulose  § ° 0SO,H
OH OH
\ _k_looc%/ ) o]
Amorphous region HO OHO\% HO N ¢
OH n n
OH
Chemical, sonochemical, Acid hydrolysis

mechanical

; W
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TOP NEWS IN THE LAB HEALTH TECHNOLOGY PHARMA ACADEMIA FEATURES VIDEO NEWS BY COUN;

Nanocellulose Fibers Block Fat Uptake By Half

( pA I M A Nanocellulose fibers prevented the absorption of dietary fat from the guts of mice, researchers say.

Internacional sobre

ACS Publications C&EN CAS Hi, Marianny! of]

LMA DE ACEITE

n TOPICS~  MAGAZINE~  COLLECTIONS~  VIDEOS JOBS Q i

CHEMICAL & ENGINEERING NEWS
2 FOIR NOMINATIONS/”
‘“Researchers of Korean heritage are eligible ‘ L

World’s strongest biomaterial now comes from a
tree

A new method creates superstrong fibers out of cellulose

BIOMATERIALS

by Katharine Gammon
June 19, 2018

4/
@Borregaard Product Areas  Markets Company  Sustainability Career Investors

# > Product Areas > Cellulose Fibrils

Borr‘egaard Product Areas  Markets  Company  Sustainability — Care

=
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EL PODER TRANSFORMADOR DE LA PALMA DE ACEITE

EFB Composition: Hybrid E. oleifera x E. guineensis

Nanocellulose isolation from EFB

CHZOH

Delignified EFB NaOCI

NaBr
fibers
7 $ i\ COOH
) ) & | NaCl NaOBr +
7 N

[o}

ﬂ

TEMPO Oxidation
60% efficiency

@réfedepalmaé,o l agcenipalma

EFB
o. nanocellulose

L_::: |||ﬁ - Tmag O] det |mode| HFW | WD | -—100 um—-'

5000 kV| 600x |BSED |Z Cont| 497 pm [10.5mm|  QUANTA FEG 650 |
Ovalle-Serrano, S.; Blanco-Tirado, C.; Combariza, M. Exploring the composition of raw and delignified Colomblan fique fibers,
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EFB : Hybrid E. oleifera x E. guineensis

EFB Nanocellulose applications

Zn(OH), = ZnO + H,0
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Water washing

EFB nanocellulose

EFB nanocellulose/Ag NPs hydrogel
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EFB cellulose applications
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CONCLUSIONS

Carbohydrate chemistry depends on biomass composition.

Biopolymeric functional materials require sustainable and cheap biomass fractionation strategies (cellulose,
hemicellulose, lignin).

Research in biopolymer isolation and functional material synthesis from Palm Oil residual biomass is steadily
growing.

Widely distributed in Colombia, Palm Oil Mills have readily access to abundant lignocellulosic biomass. We have
the what and the where, we need the when and the how... Chemistry can help!
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