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Trabajo colaborativo entre Cenipalma y las plantas de
beneficio.

Haciéndolo juntos!

Conociendo la historia, para repetirla y mejorarla!




S L gy -
it CONTENIDO Scenipaima

1. Introduccion
2. Impactos en la eficiencia de extraccion de aceite
3. Impactos en aspectos ambientales y temas de sostenibilidad

4. Impactos en la calidad de aceite, usos, y aspectos de salud y

nutricion humana




g Unificacion de criterios para
GREPALMA T w¥, determinacion de pérdidas de aceite
almendra y practicas de laboratorio.

#“‘

* Diferencias en la determinacion de acidos
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* Balance de pérdidas de aceite en plantas de beneficio de las zonas
palmeras colombianas Norte y Central
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Procedimientos para la evaluacion
de calidad y pérdidas de aceite de palma, almendra
y aceite de palmiste en plantas de beneficio

Manual de procedimientos de
laboratorio en plantas de beneficio

Silvia L. Cala A. - Edgar E. Yafiez A. - Jesiis A. Garcia N
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Investigacion e Innovacion Tecnologica
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| | |
- Comite de‘plﬁﬁtﬁs‘dgm‘eﬁdfcfo‘de15 Zona -
‘Oriental fija meta de reduccion de pérdida de

| aceite para 2010 |

| |

. La meta es de 1,58% Aceite/Racimo de fruta fresca (%AC/RFF). Los promedios de |

|las pérdidas de aceite de esta zona, en los rtil{imos tres anos, han sido de 1,47%, 1,60 %|
vy 1,64%, respectivamente. En 2009 se {0 ro una participacion de 12 plantas en

| el intercambio de informacion, con las Cf;a?es se procesa mds del 70% de fruto de la |

| an |
| n larcunion del Comité Asesorde Cenipalmal  [En la Zona Central, por e¢jemplo, la informacion
de Plantas de Beneficio de la Zona Oriental,  compartida semanalmente abarca indices de aceite,
llevada a cabo el pasado 22 de enero en las| como de almendras, y ha trascendido la entrega de

nstalaciones de Palmallano S.A., se fijo una meta datos de produccion, calidad y porcentaje de com-
L N . ro.at3a_ 1. 1 ronsl [ T T L L —_—
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Una sedimentacién gravitacional 3 2
ofrece economia, simplificacidn y ‘ crudo de nalma e aceite -

confiabilidad, siendo quizas el (ni-
co método efectivo para las sepa-
raciones soélido-liquida con altos
volimenes de flujo. En las plantas
de beneficio este procedimiento es
cominmente utilizada para la re-
cuperacion del aceite en el licor cru-
do de prensas por media de los equi-
pos clarificadores. Uno de los
pardmetros de operacién de mayor
importancia en estos guipos, es la
relacidn volumétrica aceitefagua
(ol aceite%vol agua) téericamen-
te llamada dilucion, que puede 0s-
cila entre 1.0/1.0 a 1.4/1.0, cuya
eficacia est4 directamente relacio-
nada con el potencial de aceits de
los racimos, y de las condiciones
de operacién en la planta.

| proceso de clarificacion del aceite de pal-  peran alrededor del 85% del volumen total de acei-
ma corresponde a un conjunto de opera-  te presente en el licor crudo a bajos costos. La
ciones unitarias gue tienen como objetivo  eficiencia del proceso de la clarificacion estatica
separar y purificar |a fase aceitosa del li-  se ve limitada por factores como el tamaiio de las
cor crudo. Este licor se genera exactamen-  gotas de aceite, la viscosidad de la mezcla, Ia dife-

Probeta

En este Ceniavances se describe la te durante el pransado mecénico del fruto, rencia de densidad entre las fases, la concentra-
metodologia utilizada en los tra- en donde se extrae el aceite del mesocarpio (fase conti-  cidn de los sélidos en suspension y el régimen de
bajos de investigacion del progra- nua} con cantidades variables de impureza vegetal que  flujo de la mezula previa a |a separacion, factores
ma de Plantas de Beneficio para la se presentan como sdlidos insolubles (fase dispersa), los  tales que emulsifican los lodos con el aceite, evi-
evaluacidn de la velocidad de sedi- cuales a través del proceso de decantacion son retirados  tando que desciendan facilmente y se realice la
mentacidn de lodos y eficiencia de del sistema. Para ello se realiza una adicion de agua que  separacidn.

recuperaciin del aceite en |a etapa diluye el licor de prensa con el fin de incrementar las

https://publicaciones.fedepalma.org/index.ph
ceniavances/article/view/10312/10302
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~~= ol g Preclarificador y dilucidn

Determinacion del nivel de dilucién
apropiado en el proceso de clarificacién y
diserfio de un sistema de control automatico

Efficient Dilution Levels of Diluted Press Liquor
in the Palm-Qil Clarification Process and the
Design of an Automated Control System to Maintain

80

Eficiencia separ. (%)

José F. Granades . T . - )
Ciractor g2 13 Flants os Acsitzs SA, en &l proceso de extraccién de aceite significa menores volimenes en los equipos de
de efluentes del proceso. Se realizd un andlisis reclégico de las muestras de LPD, los 3‘2 ! ! . .
cuales permitieron clasificar el tipo de fluido como MNo-newtoniano-Seudopldstico y dllucu}n
anterior se disefid y evalud un sistema de contrel que permite garantizar una dilucion D | I u Glé n a ce |te;a g u a
adecuada (1.4 %wol_ /fwvol ) yajustada a las condiciones reales de procesarmiento,

c,d
b,c
5% da
Resumen L 5 40 1 e
Froprama e <. En este wrabajo se evaluaron ocho niveles de dilucion del licor de prensa (LF) en el
. . a - proceso de clarificacidn del aceite en un rango entre 0,8 ¥ 1.4, medidos en &l licor
= g;z:;‘m ;I—Inai 'Frf_ de prensa diluido (LPD) como %volumen aceite | Evolurnen agua. Esta evaluacion -
mestigador Auxlilar. Cenigalma. permitid establecer, dentro del rango indicado, una relacidn dptima de dilucién de 20
odiazgioenipalma.arg 14 [%w‘o]m‘{-'%ml‘q;), que en telacidn con el nivel de dilucidn comvencional de 1.0
Jesis A. Garcia M. (Gwol_, /fwvol ), incrementd la eficiencia de separacion en 50%. Este valor permite
Investigacor Titular, Dractar d2 13 reducir el consumo de agua en el proceso de clarificacion en aproxdimadarmente 29%,
; ¥ UsgE. lo cual significa casiun 10% menos en &l consumo total de agua por tonelada de aceite
nipa -rg de palma. Un menor consumo de agua en &l proceso de cladficacion v en general D T T T v T T 1
clarificacién y mayores tismpos de residencia, asl como una reduccién en la generacién 0 8 D g 1 1 1 1 1 3 1 4 S i n
. i L]
analizar €l efecto de la dilucidn sobre la viscosidad del licor de prensas diluido. Conlo
que permite una rapida separacidn de aceite, un incremento global en la eficiencia

‘dalockiad de sedimentacian,

Reciogs, Snenes g2 del proceso v la reduccion del impacto ambiental por disminucion en el consumo de

s Figura 2. Eficiencia de separacion por tratamiento de
niveles de dilucion. *Método LSD, P<0.05.

https://publicaciones.fedepalma.org/index.ph
p/palmas/article/view/1361/1361

2008
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N 5 Preclarificador y dilucién

GREPALMA
Dilucidon de Licor de prensas

80
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80%

70%

La mayor separacion
ocurre antes de los 10
minutos.

60%
50%
40%

Eficiencia

Mejores diluciones
1:3, 1:4 ac/ag

30%

20%
10%

0%
0 10 20 30 40 50 60 70
tiempo(min)
=41 ac/ag 13ac/lag =—4®=—14aclag ~—®—12aclag = testigo

Figura 4. Curva caracteristica de eficiencia de separacion respecto al tiempo.
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Preclarificador de aceite crudo de palma:
disefio y operacion
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boletines/article/view/10503/10493
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Preclarificador y dilucion
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GREPALMA ﬁ f e Mayor cantidad de aceite en menor tiempo
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Tl et comparado con un clarificador convencional.

e Optimiza el proceso de clarificacion

e Mejora la calidad de aceite




an\p/{ o . Determinacion potencial de aceite y
M . .
i Calidad de racimos

e Metodologia alterna de analisis de racimos (2000)
* Medicion de potencial de aceite a través de vertedero

e Medicion del potencial de aceite en linea, primera patente del sector
palmero colombiano

e Influencia de la PC en el potencial de aceite (1999)

e Determinacion de la influencia de la calidad de RFF en el potencial
del aceite

e Metodologia MPD (masa que pasa por el digestor) para la

determinacion del potencial de aceite




Incidencia de la PC en el
potencial del aceite
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GREMIAL DE PALMICULTORES DE GUATEMALA

Valoracion economica de las péerdidas en aceite generadas por la Pudricion
de Cogollo en los Llanos Orientales de Colombia

* https://publicaciones.fedepalma.org/index.php/palmas/article/view/734/734
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N DL Factores que afectan el
“=:  potencial de aceite
Parametro % Ac /RFF TEA
Potencial Ideal 27% 27%
Pérdida de aceite en campo 0.5% 26.5%
Pérdidas por plagas y enfermedades 2.0% 24.5%
Pérdida por Impurezas 0.5% 24.0%
Pérdida por pedunculo largo 0.3% 23.7%
Pérdidas en calidad de fruto (madurez) 1.2% 22.5%
Pérdidas en planta de beneficio 1.7%

Tasa de Extraccidn de Aceite final obtenido en planta
barcia-Nirez, 2017

b.Z puntos perdidos
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Tabla 5. Impacto economico asociado a las mejores practicas

Esterilizacion- Desfrutado 270 6,20
Digestion - Prensado 231 5,30
Clarificacion 287 6,80
Calidad aceite 20,2 485
Total ahorro asociado a practicas 2295

2006

https://publicaciones.fedepalma.org/index.ph
p/boletines/article/view/10512/10502
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gl Q Masa que pasa por el
"= digestor (MPD)

GREMIAL DE PALMICULTORES DE GUATEMALA
Comparativo TEA Vs MPD

2022 - o

Medicion del potencial industrial de aceite 30
en racimos de fruta fresca utilizando la metodologia

masa que pasa al digestor (MPD) ,

(02}

Paso a paso para su implementacién en planta de beneficio

N
o

Ac/REF, %

o

v

R ‘-: “ - 7 7 A f \
: ; - Kennyher Caballero Blando
. Mabel Ospina Gallo
Proqrama de Procesamiento ingrid Liliana Cortés Barrero 1
Jesus Alberto Garcia Nufiez
Desarrollo de Competencias Laborales en la Agroindustria
de la Palma de Aceite en Colombia
@
cenipalma
https://repositorio.fedepalma.org/bitstream/handl

e/123456789/141464/Medicion%20potencial%20i 10 11 12 13 14 15 16 17 18 19 20 21 22 2
ndustrial%20racimos%20fruta%20freca%20metodo Observaciones
logia%20mpd.pdf?sequence=1&isAllowed=y

o
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Consumo de servicios industriales
en planta de beneficio
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Figura 14. Tendencia de consumo y produccion en el tiempo
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Biomass and Bioenergy =
< Resources, Conservation and Recycling
ELSEVIER journal homepage: hitp://www.alsevier.com/locate/biombioe ==
journal homepage: www _elsevier.com/locate/resconrec
Research paper
Evaluation of alternatives for the evolution of palm oil mills into @ S Review
biorefineries Evolution of palm oil mills into bio-refineries: Literature review on @m_m
. ) . . . . current and potential uses of residual biomass and effluents
Jesus Alberto Garcia-Nunez *°, Deisy Tatiana Rodriguez ¢, Carlos Andrés Fontanilla ?, P
+ 32 N * a - o E b . T . R
Nidia _EllZElefh EBITIIFEZ , Electo E%uardn Silva Lora %, Crm% Stuart Frear °, Jesus Alberto Garcia-Nunez -, Nidia Elizabeth Ramirez-Contreras?,
Claudio Stockle °, James Amonette “, Manuel Garcia-Perez ™ Deisy Tatiana Rodriguez?, Electo Silva-Lora®, Craig Stuart Frear®, Claudio Stockle®,
* Colombian Ol Palm Research Centre, Cenipalma, Bogotd, Colombia Manuel Garcia-Perez
" Biglogical and Agricultural Engineering Department, Washington State University, Pullma, WA, LS4 R . - .
¢ Becellence Group in Thermal Power and Distributed Generarian — NEST, Federal University of leqjubd, ltajubd, MG, Brazil » Colombian Gil Palm Research Centre. Cenipalma. Bogord. Colombia
4 Pacific Northwest National Laboratory, PO Box 599, Richk WA 99352 LIS Jn.snm.!a chE\fhﬂmmJ_Engi_neanng_ Federal Umve]_'sr!]ro_fha_jubu. Emm
" i " ¢ Biological Systems Engineering Department, Washington State University, Puliman, WA, US4

ARTICLE INFO ABSTRACT ARTICLE INFO ABSTRACT
Article history: Six alternatives for the conversion of an average Colombian palm oil mill (30t h=" of fresh fruit bunches Article Ristary: - N o

. . . X X d . . . ! ¥ The palm oil agroindustry not only produces the most consumed vegetable oil in the world, but also
m:g :rizf?m”?::n?ls (FFB) into biorefineries were evaluated. Thealternatives studied were: (C1) Production a-fbm-g..is from the Received 7 July 2015 a significant quantity of residual biomass. This waste represents real opportunity to create a variety
14 May 2016 Palm Oil Mill Efluents (POME]), (C2) Composting of empty fruit bunches (EFB) and fiber, (C3) Biomass Received in revised form 4 March 2016 of products, In the context of sustainable oil production, the use of biomass to generate value-added
Accepted 17 May 2016 combustion for high pressure steam combined heat and power, (C4) Pellets production, (C5) Biochar Accepted 23 March 2016 products can be addressed through the evolution of existing palm oil mills (POMs) into biorefineries. In
Ailable anline 26 May 2016 produdion ‘“f‘i (C6) Biochar and h_“:'*:"l produdion. The available bu:ma.s_s could resultin up to 125 KWh - this manuscript, the authors present a literature review of potential uses for biomass generated in palm

of electricity, 207 kg of compost, 125_5‘3 of pellet, 44 kg of biochar and 63 kg of bio-oil per metric ton of Keywords: plantations and at the POM, including the main properties, quantities, and current practices. After this, a

Kepwards: FFB. The global warming potential (GWFP), eutrophication potential (EP), net energy ratio (NER), capital E:E z;: ;:tl[ﬁﬂlﬁ review of novel, less traditional is made. Finally, strategies for the synthesis and analysis of POM biore-
Palm oil mill (POM) expenditures (CAPEX), operational costs (OPEX), net present value (NPV) and internal rate of return (IRR) Riorefinery finery concepts are discussed, This review highlights the need for development of high-value products
Biorefinery comparison were calculated for all the alternatives. GHG reductions of more than 33% could be achieved. Anaerobic Empty fruit bunches (EFE) from POM waste and the urgency to incubate these emerging technologies for gradual transition into
Empty fruit bunches (EFB) diges L'u:.ln and u:-papostilng contributed to 306 redudion of the EP. The CAPF_X_ﬂ:-r all of the biorefinery Palm kernel shell (PKS) biorefineries. Based on short term economic performance, biomass pelletization and anaerobic digestion
Shell alternatives sthudied varies between 0.7 St Tand 2.8 § o' of FFE. The OPEX varies between 165 © ! and Fiber of POME are the most promising technologies. Furthermore, the production of biochar has great potential
F1_ber_ i 7.38 - of FFB. The NPV for viable scenarios ranged between 2.5 million and 13.9 million US dollars. The when the environmental performance is taken into account. More work is needed to evaluate the long
Life Cycle Assessment (LCA] IRR calculated varied between 3% and 56% and the payback periods were between 3 and 8 years, The term economic, social, and environmental impact of other new technologies both now and in the future,
Eutrophication potential (EP) total extra incomes reached values up to 15,28 ¢ of FFB, Overall the pellets production biorefinery was © 2016 Elsevier BV, All rights reserved,

Economic assessment the preferred alternative,

© 2016 Elsevier Lud. All rights reserved.
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Convirtiendo una planta de beneficio en una biorrefineria:
paso de tecnologias por el valle de la muerte®

Turning an il Palm Mill into a Biorefinery:
The Passage of Technologies through the Valley of Death

auToacs: kesiis Aberts Garda Mifer, Darls Vartn Cirdenas y han Camila
Eanera Herrdnder. Corporackin Centra de immstigacon en Falma de Aceite,
Conipala

CITACHS: Garcla, ). A, Vargn, D, & Barrera, ). C (2019, Comdrtienda wa
plarita de bemeficks on wa bicrrefinenia: paso de iecnologias por o valle de 2
rrosorte. Paimis, 40 {Espechl, Toms 1}, 75-102.

PALASRAS CLAVE: biceronomia, biomasa de acoiie de paima, blomedinerias, nhol
de rmaduwres becroibgica, sistomas de Innovackin beonoibglca.

s rwoEns: Boeconony, paim ol biomass, biorefineres, kvl of bechnological
rraberity, technological Inncvation sysiem.
*Aathcuba original eecbido en espatfol.

Resumen

la agroindusiria del aceite de palma, ademis de producir o aciie vegelal mis consumido en o
mando, esld compromelida con 2l cumplimicnle de estindares de sostemibilidad. Para esbo es ne
wsario d ajuste de praciics de mansjo de los subprodedos generados en las planias de beneficio.
Uno de los wsos acluales de la btomasa es la gencradon de energia léermbca y dédrica. 5in embargo,
su ulilizacion en una plinia de benelico de acelle de palma debe abordarse como wna béorrefineria
que genere valor agregado. Para lograrlo, £s predso identtficar los producios promisorios que puc
dan ser desarrollados con rulas de conversion y nivel de madurer Lecnolagica (TLR, por su sigh
om Inglés), que superen la elapa de comerclalizackin en el merado nadomal & Inlernadonal. Cada
uma de dichas clapas indeye l aplicackin y seguimiento de Indicadores que envuchven lemas como
mmibios de uso de seelo (LUC, por su sigh en inglés), biodiversidad, emisiones de gases de efecio
Invernadero {CEL y empleo del agua, exire olros.

https://publicaciones.fedepalma.org/index.
php/palmas/article/view/13089/12904
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Historical Developments of Pyrolysis Reactors: A Review

J. A Garcia-Nunez,’ M. R Pelaez-Samaniego,” M. E Garcia-Perez,” 1 Fonts,' J. Abrego,”
R ] M Westerhof” and M. Garda-Perez® ' @

"Colombian 04l Palm Research Centre, Cenipalma, Bogotd, Colombia

'tFacu]tym' Chemical Sdences, Universidad de Cuenca, Cuenca, Ecuador

*Facultad de Quimico Famacobiologia, Universidad Michoscana de San Nicols de Hidalgo, 58030 Morelia, MICH, Mexico
FCentro Universtario de la Defenss-AGM, 50090 Zaragora, Spain

J‘f‘:mpo de Procesos Termoguindees, Univesidad de Zampoza, 50018 Zaragora, Spain

*Sugtainable Process Tedmaology Group, University of Twente, 7500 AE Enschede, The Nethedands

I;rll'lel:nm-tmemt of Biologeal Systems Engineering, Washington State Universty, Pullman, Washington 99 164, United States

ABSTRACT: This paper provides a review of pyrolyss technologies, focmsing on reactor designs and companies
commerdaltdng these technologes. The renewed interest in pyrolyds & driven by the potential to convent lignocelulosic
matertals into bio-oil and biochar and the use of these intermediates for the production of biofuel, biochemicals, and engineered
biochars for environmental services. This review presents slow, intermediate, fast, and microwave pyrolysis as complemen tary
technologies that share some commonalities in their desdgrs. While slow pyrolysis technologies (traditional carbonization kilns)
use wood trunks to produce char chunks for cooking, fxst pyrolysis systems process small pasticdes to madmize bio-oil Weld
The realzation of the environmental isses sssoctated with the use of carbontzation technologes and the technical dificulties of
operating fast pyrolysis reactors wsing sand a5 the heating medium and large volumes of carder gas, a5 well a5 the problems with
refining the resulting highly cxygernated oils, are forcing the themo chemical conversion community to rethink the design and use
af these reactors. Intermediste pyrolyss resctors (ako known as converters) offer opportunities for the lrgescale balinced
production of char and bio-oil The capacity of these reactors to process forest and agrcultural wastes without much prepro-
ceming & aclear advantage. Microwave pyrolysis is an option for modular small sutonomous devices for solid waste management.
Herein, the evolution of pyrolyss technology is presented from a historcal perspective; thus, old and new innovative desigrs are
discussed together.

https://pubs.acs.org/
fuels.7b00641
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Contents lists available at ScienceDirect B Cleaner
Production Contents lists available at ScienceDirect
ournal of Cleaner Production P .
J ~ Journal of Environmental Management / an d
FILSEVIER journal homepage: www.elsevier.com/locate/jclepro e T . . Aride
- GHG Balance of Agricultural Intensification & Bioenergy
o . ) ) ) ) ) = Production in the Orinoquia Region, Colombia
The GHG emissions and economic performance of the Colombian ) Integral analysis of environmental and economic performance of combined %= q gion,
palm oil sector; current status and long-term perspectives i agricultural intensification & bioenergy production in the Orinoquia region Nidia Elizabeth Ramirez-Contreras °%*(), David Munar-Florez 2(7, Floor van der Hilst >, Juan Carlos Espinosa %,

Alvaro Ocampo-Duran 5, ]ona!han Rui: 40, Diego L. Molina-Lopez 2, Birka Wicke ¥
Jesiis Alberto Garcia-Nunez 2 and André P.C. Faaij ¢

Nidia Elizabeth Ramirez-Contreras “* , Carlos A. Fontanilla-Diaz, Lain E. Pardo®,
Tulia Delgado ", David Munar-Florez ", Birka Wicke °, Jonathan Ruiz-Delgado,
Floor van der Hilst*, Jestis Alberto Garcia-Nuiiez °, Mauricio Mosquera-Montoya ", André P.

* Energy Sustainability Research hustitute Groningen. University of Groningen. Njenbargh 6, 9747 AG. Groningen, the Netheriands C. Faaij “*
* Colombian Ol Palm Research Centre, Cenipalma. Bogotd. Colombia

Nidia Elizabeth Ramirez-Contreras * ™ °, David Arturo Munar-Florez ®
Jestis Alberto Garcia-Nuiez ”, Mauricio Mosquera-Montoya ”, André P.C. Faaij

Energy Sustainability Research Institute, Faculty of Science and Engineering, University of Groningen,
Nijenborgh 6§, 9747 AG Groningen, The Netherlands; a p.c fasij@nugnl

Colombian Oil Palm Research Centre, Cenipalma, Bogota 252171, Colombia;

dmunar@cenipalma org (D.M-F); dimolinal311@gmail.com (D.LM-L ); jgarcisenipalma org (A G-N.)
Copernicus Institute of Sustzinable Development, Utrecht University, 3584 CB Utmecht, The Netherlands;
£vanderhilss@uu ol (Fv.d H); BWicke@uu.nl (BW.)

* Energy Sustainabilty Rescarch Instinste, Faculty of Science and Engincering, Universicy of Groningen, Nijenbargh 6, 9747 AG, Graningen, the Metherlarnds
* Colombian Ol Palm Research Cenre, Cenipaima, Bogaid Colombia

© Departiment of Agricuiural Economics, Purde University, United States

# Depariment of Nature Conservarian Management, Faculty of Science, Nelson Manuela University, George, 6530, South Africa

* Copernicus Instisure of Sustainable Development, Utrechs Universit, the Nethertands

 Mational Federation of Oil Puiin Growers, Fedepuiima, Bogotd, Colombia

ARTICLE INFO ABSTRACT

Article history:

Received 19 July 2019

Received in revised form

20 November 2019

Accepted 24 February 2020
Available online 28 February 2020

Handling Editor. Giowanni Baiocchi

Increasing oil palm plantations, both for obtaining crude palm oil {CPO) and for the production of bio-
based products, have generated growing ncern about the impact of greenhouse gas (GHG) emissions
on the environment Colombia has the potential o produce sustainable biobased products from oil palm.
Nevertheless, national GHG emissions have not yet been reported by this sector. Achieving the collection
of the total primary data from the oil palm sector, in Colombia, entails a tremendous challenge.
Notwithstanding, for this study, the data collection of 70% of the production of fresh fruit bunches (FFB)
was am ieved. Therefore, current situation of CPO production in Colombia is analyzed, induding 1) GHG

Keywands:
Biomass

Carbon footprint
Carbon stock

2) net energy ratio (NER), and 3) economic performance. Moreover, the analysu
includes two future scenarios, where the CPO ion chain is optimi to reduce GHG emi
Fumire scenario A produces biodiesel (BD), biogas, mgeneration, and compost; while future scenario B
produces BD, biogas, cogeneration, and pellets. The methodology, for all the scenarios, includes life-cyele
assessment and economic analysis evaluation. The results show a significant potential for improving the
«current palm oil production, including a 55% reduction in GHG emissions. The impact of land-use change
must be mitigated to reduce GHG emissi Therefore, a i oil palm ion should be in
areas with low carbon stock or areas suitable favailable to the crop (e.g, cropland, pastureland). Avoiding
the deforestation of natural forests is required. Besides, crop yield should be increased v minimize the
land use, using biomass o produce biobased products, and capture biogas o reduce methane emissions.
In the biodiesel production life-cycle, the NER analysis 3h0w5 the fossil energy consumed is lower than
the renewable energy produced. ing the it shows that in an optimized
production chain, the capital and i di will decrease by approximately
205,

© 2020 Elsevier Lrd. All rights reserved.

* TNO Energy Transition, Utrech, the Netherlands.

ARTICLE INFO

ABSTRACT

Keywords:
Land-use change

Prafitability

Agricultueal intensification s a key strategy o help meet inereasing demand for food and bivenergy. It has the
potential to reduce direct and indirect land use change (LUC) and associated environmental impacts while
contributing to & favorable ecanomic performance of the agriculture sector. We conduct an integral analysis of
environmental and economic impacts of LUC from projected agricultural intensification and. bioenergy pro-
duction in the Orinoguia region in 2030. We compare three agricultural intensification scenarios (low, medium,
high) and a reference scenario, which assumes  business-as-usual development of agriculrural production. The
results show that with current inefficient management or with anly very little intensification between 26% and
93% of the existing narural vegeration areas will be converted to agricultural land to meet increasing food de-
‘mand._ This results in the loss of biodiversity by 53% and increased water consumption by 111%. In the medium.
and high scenarios, the intensification allows meeting increased food demand within current agricultural lands.
and even generating surplus land which can be used to produce bioenergy erops. This results in the reduction of
biodiversity loss by 8-13% with medium and high levels of intensification compared to the situation in 2018,
Also, a positive economic performance is observed, stemming primarily from intensification of cattle production.
and additional energy erop production. Despite increasing irrigation effieiency in more intensive production
systens, the water demand for perennial craps and cattle production over the dry season increases significantly,
thus sustainable management practices that target efficient water use are needed. Agricultural productivity
improvements, particularly for catile production, are erucial for reducing the pressure on natural areas from
increasing demand for both food products and bioenergy. This implies targeted investments in the agricultural
sector and integrated planning of land use. Our results showed that production intensification in the Orinoquia
region is a mechanism that could reduce the pressure on natural land and its associated environmental and
economic impacts.
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Abstract Energy crop expansion can increase land demand and generate displacement of food
m;ps whn.h m\pam greenhouse gas (GHG) emissions mainly through land-use change (LUC).
il ivity could P for this. Our study aims to evaluate the
e gional combi ‘C"‘" issions of 1 agricultural yields for food crop and beef production
and using the generated surplus land for biomass production to replace fossil fuels in the Orinoquia
eegion of Colombia until 2030. The sesults show that surplus land for biomass production is obtained
only when strong measunes ane applied to increase agmuuum productivity. In the mediuam and high
scenario, a land surplus of 0.6 and 2.4 Mha, respectively, could be d. Such ifi
rnsulls in up to 83% emission reduction in Orinoquia’s agricultural sectog largely coming from
ductivity of cattle production and improving degraded pastunss. Biofuel potential
from the su!plus land is pﬂ)’ed:d at 36 to 368 PJ per year, with a low risk of causing indisect LUC,
and results in GHG emussion reductions of more than 100% compared to its fossil fuel equivalent.
Ani d e of the agnicultural land use enables sustainable production of both food

and bioenergy.

Keywords land-use change; biomass; cattle; sustainable intensification; biofuels; bicelectricity; palm
oil; sugarcane; acacia

1. Introduction
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Biocarbon como producto de la
biomasa residual de palma de aceite

en un concepto de economia circular
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‘ Buenas practicas en la agroindustria de la

palma de aceite para la disminuciéon de
contaminantes en los aceites refinados

Las siguientes practicas en campo y planta de beneficio ayudan a la disminucién
de precursores de contaminantes en productos refinados de los aceites de palma
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Buenas practicas en la agroindustria de la

palma de aceite para la disminuciéon de
contaminantes en los aceites refinados

Las siguientes practicas en campo y planta de beneficio ayudan a la disminucion
de precursores de contaminantes en productos refinados de los aceites de palma

CULTIVO
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Separar los racimosy frutos

Implementar criterios

Reducir el uso de

plaguicidas y aguas de corte de Establecer ciclos de Evitar |a presencia de en el punto de acopio.
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de cloro Z
z optimo de cosecha cultivar la cosecha para la recoleccion de frutos

Practicas para minimizar el contenido de precursores clorados y la formacion de acidos grasos fibres
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Introduction

The food safety of crude palm oil (CPO) is key for both industry and consumers as . ! ) ==
more than 80% of CPO is used in food and related applications (Lakshmanan & Yung, —
2021). Currently, an issue of concern in refined palm oil products is the content of 3- i NI

monochloropropane-1,2-diol esters (MCPDE's) and glycidol (EG) (Lakshmanan & = 3'MC'.°D‘ 2-MCPD, glycidol esters
Yung, 2021; Tiong et al., 2021). The International Agency for Research on Cancer ~ * Peroxides Processing-
belonging to the World Health Organization has classified MCPDE as a possibly ~ * Chlorine SfhodiRa
carcinogenic contaminant (Group 2B) and EG as a probable carcinogenic contaminant S
(Group 2A) for humans (IARC, 2021). In this respect, chlorine is potentially associated
with the formation of these compounds in refined palm oil, then a chlorine
concentration of less than 2 ppm is suggested. However, it is also influenced by other
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* Heavy Metals (Arsenic, Lead)
* Phosphorus, Dioxins
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