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OPTIMIZACION DEL USO DE ENERGIA RENOVABLE DE RECURSOS DE

BIOMASA EN LA INDUSTRIA DE ACEITE DE PALMA

CAMPO DE LA INVENCION

La presente invencién se refiere a una disposicién para el
sistema de energia de funcionamiento de una planta de
extraccién de aceite de palma crudo y de procedimiento del

mismo.

ANTECEDENTES DE LA INVENCION

Las consideraciones ambientales estén aumentando el interés
econémico en tecnologias, que permiten 1la produccidén de
energia eficiente y el wuso de energia junto con Dbajas
emisiones. El1 uso eficiente de biomasa es una forma
comprobada para disminuir los dafios al medio ambiente
natural, desplazando el uso de combustibles fésiles. Sin
embargo, la biomasa es también una fuente de energia escasa y
por lo tanto, es imperativo que el uso mas frecuente se
encuentre por su potencial de energia para desplazar la mayor
cantidad de combustibles fésiles y de revertir los efectos
nocivos de la quema de combustibles fésiles en el medio

ambiente.

En la industria de molienda de Aceite de Palma, la energia
eléctrica necesaria para el incremento de un molino de aceite
de palma se ha incrementado debido a 1la maquinaria de

accionamiento eléctrico adicional instalado en los ultimos



afios por diversas necesidades, tales como la mejora del
- proceso de la planta, control de la contaminacién dél medio
ambiente o de satisfacer la demanda siempre creciente de
electricidad residencial. Para atender esta creciente
necesidad de energia eléctrica progresivamente, se
introdujeron calderas de mds y mas presion de vapor vy
temperatura y una n@yor eficiencia de vapor méquiné motriz
impulsada por generadores eléctricos. Las calderas de baja
presién existentes no pueden ser modificadas para operar a
una presién mas alta debido a su disefio y por lo tanto la
sustitucidén de nuevas caldéras con presidén de disefio mas alto
y temperaturas fue necesaria. Varios molinos de aceite de
palma existentes han evitado la ~instalacién de nuevas
calderas, recurriendo a la operacién del motor diésel
impulsado por generadores para complementar la capacidad del
generador de turbina de vapor. Otros han recurrido a la

compra de electricidad de la red.

Con referencia a cualquier medio termodindmico como un
portador de energia térmica, en.particular'vapor de agua, la
entalpia de condensacién proporciona el calor de proceso,
mientras que la entalpia de 1ligquido en el condenéado es

descargada desde el sistema de calentamiento local.

Las temperaturas de proceso de la unidad son deliberadamente
mantenidas relativamente bajas para evitar el deterioro del
aceite de palma y la calidad de los granos. Las temperaturas

mas altas son conocidas por causar oxidacién del aceite de
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palma y 1la decoloracién de los granos que afectan la

capacidad de blanqueo subsiguiente de los aceites.

Una fuente de calor para los procesos de 1las fébricas de
aceite de palma es el vapor que escapa del primer motor de
vapor, que se distribuye a través de conductos de la fuente
para transmitir su energia térmica a varios procesos

unitarios.

En la técnica anterior, las temperaturas de proceso de la
unidad deseada se alcanzan mediante el uso de fuente de vapor
de agua a una presién de cerca de 4 bares de presidén de
saturacidn correspondiente a 144 ° C. La fuente de vapor de
agua que se transporta a las proximidades de los procesos de
la unidad en el molino se utiliza como se describe a

continuacidn:

I. La fuente de vapor baja en presidén a través de dos
valvulas de control en serie y de-sobrecalentamiento
por pulverizacién de aguas antes de gque se introduzca
dentro de la céamara esterilizadora continua, que se
mantiene a una presidén atmosférica. E1 condensado de
la camara se drena por la accidén de sifén con el

sello de vapor y se vierten a los residuos;

II. La fuente de vapor es introducida en el esterilizador
de lote presurizado a través de una valvula de
aislamiento en un ciclo de presurizacién %

despresurizacién a pico en aproximadamente 2 bares de



IIT.

Iv.

presién. La eficiente desaireacién del recipiente se
lleva a cabo durante el ciclo de calentamiento a
través de la admisidén de wvapor lento utilizando la
vidlvula de desaireacidén y aire expulsado a través de
las tuberias laterales a ambos lados a lo largo de la
longitud del buque. La gran cantidad de condensado
durante el calentamiento se drena répidamente para
evitar inundaciones de la embarcacién y se vierten a

ios residuos;

La fuente de vapor de agua es de-sobrecalentada
mediante chorro de agua y directamente inyectada a
través de boquillas en un recipiente de post
calentamiento para el calentamiento de las frutas a

presidén atmosférica.

La fuente de vapor de agua se inyecta directamente a

. través de boquillas dentro del digestor para calentar

la "“Masa que pasa a través del Digestor”, MPD a

presién atmosférica. Cuando se emplea el

calentamiento de sobrecubierta el condensado es

drenado a través de una trampa de vapor y se vierten

a los residuocs;

La fuente de vapor es introducida en la sobrecubierta
de calentamiento y mantenida a plena presidén para
calentar y facilitar la eliminacién de la humedad de
la masa prensada que pasa a través de la

transportadora interruptora de masa El1 condensado es



drenado a través de una trampa de vapor y se vierten

a los residuos;

VI. La fuente de vapor es introducida en el depésito de
agua caliente a través de una valvula de control vy
burbujeado para calentar el agua para la dilucién del

proceso.

VII. La fuente de vapor es admitida dentro de 1los
serpentines de vapor a presidén completa para mantener
la temperatura en varios tanques para clarificar vy
purificar él aceite de palma. El condensado es
drenado a través de trampas de vapor y se vierten a

los residuos;

VIII. La fuente de vapor es admitida a través de un
control de valvulas y mantenida aproximadamente a una
presidén completa en serpentines de vapor a aire de
ventilacién de calor para la tuerca y el secado del
nucleo y el condensado se recupera en el ciclo e

calentamiento.

SUMARIO DE LA INVENCION

Un objeto de 1la invencidén es proporcionar una disposiciédn
mejorada para el sistema de energia de funcionamiento de una
planta de extraccién de aceite de palma crudo y método
mejorado del mismo. La disposicidén mejorada para el sistema

de energia de funcionamiento de una planta de extraccidén de



aceite de palma crudo élcanza el objetivo de una mayor
eficiencia de utilizacién de la energia mediante el uso de
una fuente de calor de baja temperatura Yy que‘ tiene el
sistema de energia disefiado para funcionar en un punto de
operacién de disefio para la baja temperatura de la fuente de
calor para entregar el rendimiento mejorado de punto de
operacién de disefio y la eficiencia manteniendo al mismo
tiempo las necesidades de energia térmica del proceso de

extracciédn de aceite de palma.

Los sistemas de energia del molino de aceite de palma se han
disefiado convencionalmente para operar en un punto de
operacién de disefio para la temperatura de la fuente de calor
de alrededor de 144°C para entregar el disefio de la operacién
punto de salida de potencia mecénica y las necesidades de
energia térmica del proceso de extraccidén de aceite de palma.
Por consiguiente, los subsistemas, componentes, y controles
se estructuran para satisfacer el punto de operacidén de
disefio para la temperatura de la fuente de calor que entrega
el disefio de 1la operacién del punto de salida de potencia

mecanica y las necesidades de energia térmica.

Los motores de calor incorporados dentro de los sistemas de
energia de adiciones anteriores para generar la salida de
potencia mecanica estidn diseflados y configurados para operar
a un punto de operacidén de disefio para pasar temperatura de
aproximadamentevunos 144°C. En la situacién de extraccién de
aceite de palma, la observacidén de los diferentes procesos

unitarios afirma que los requisitos de temperatura del

9



proceso son relativamente bajos, es decir, sobre todo no mas
de aproximadamente 100°C, salvo que se utilicen
esterilizadores de proceso por lotes en el que la temperatura

mas alta requerida puede ir hasta aproximadamente 110°C.

En consecuencia, la invencién estd dirigida a un sistema de
energia disefiado para funcionar en un punto de operacidn de
diserfio para temperatura baja de la fuente de calor para
entregar el punto de operacién de disefioc mejorado el
rendimiento y la eficiencia manteniendo al mismo tiempo las
necesidades de energia térmica del proceso de extraccidn de
aceite de palma. Como opcidén adicional, el sistema de
energia, al mismo tiempo por la comunicacién de energia
térmica significa, proporcionar un disparador de calor de la
temperatura baja correspondiente para un ciclo de potencia
diseriado para operar y descargar su calor gastado en la
temperatura del disipador bajo. Por lo tanto, una mejora
adicional en ei rendimiento y la eficiencia del sistema de
energia es alcanzable con todo o parte del calor rechazado
del ciclo de potencia que suministra al menos una porcidn de
la demanda de calor de la fuente de calor a la temperatura

mas baja.

En consecuencia, la presente invencidén, proporciona, entre
otros, dos esquemas para mejorar la eficiencia de la
utilizacidén de energia en los molinos de aceite de palma, a

saber:

\Q



(i) El1 uso o6ptimo de la energia térmica inherente en la
fuente de energia del proceso para el proceso de

molino del aceite de palma; y

(ii) La produccién o6ptima de la energia eléctrica o
mecanica mediante un motor de calor en el ciclo de
potencia a través de la expansidén por medio
termodindmico a una temperatura de Potencia de
disipador de calor suministrado por la demanda de

calor en el proceso de molino del aceite de palma.

Estos objetos se consiguen mediante un método incipiente
caracterizado por el uso de una fuente de calor de baja
temperatura factible con las temperaturas requeridas para los
procesos de la unidad de extraccidén de aceite de palma para
impartir su energia térmica al proceso mediante un sistema de
energia diseriado para operar a un punto de operacién de
disefioc para la baja temperatura de la fuente de calor para
entregar el punto de operacidén de disefio mejorado en
rendimiento y eficiencia. Dado que la temperatura del proceso
en el molino de aceite de palma es no més de aproximadamente
100°C o aproximadamente 110°C, 1la fuente de calor de
‘aproximadamente 120°C, comc un ejemplo, presenta suficiente
diferencial de temperatura para conducir la transferencia de
calor y satisfacer las temperaturas de funcionamiento del
proceso. Por consiguiente, seria beneficioso proporcionar un
sistema de energia para la planta de extraccién de aceite de
palma que ‘ha mejorado el rendimiento y la eficiencia en

comparacién con los sistemas de anuncios anteriores.



Una mejora en la recuperacidn de energla mecanica a partir de
un motor térmico se consigue haciendo que el motor de calor
disefiado y configurado amplie un medio termodindmico a través
de la maguina de calor en un punto de operacidén de disefio
para una temperatura de salida de calor para enviar su
rendimiento mejorado de punto de operacidén de disefio vy

eficiencia.

La utilizacién de la energia de biomasa total en el molino de
aceite de palma se optimiza mediante la incorporacidédn de
motor térmico Optimamente diseriado vy configufado para operar
y descargar su calor consumido en un punto de operacién de
disefioc para un disipador de calor correspondientemente de
baja temperatura gue estd en comunicacién con la energia
térmica con la temperatura de la fuente de calor de baja
temperatura provocada por el uso de una disposicién de baja
temperatura de la fuente de calor en un sistema de energila
diseflado para funcionar en un punto de operacidédn de disefio
para la baja temperatura de la fuente de calor para entregar
su punto de operacién de disefio mejorado, el rendimiento y la
eficiencia, manteniendo al mismo tiempo las necesidades de

energia térmica del proceso de extraccidén de aceite de palma.

La mejora en la recuperacidén de energia mecdnica en el motor
de calor aumenta con la divergencia hacia abajo de 1la
temperatura de disipacién de calor de funcionamiento de

disefio que se incluye a través de la temperatura de la fuente



de calor con el sistema de puntos de operacidén de diserio de

energia.

La salida de potencia mecanica puede ser incrementada al
tiempo qﬁe conserva la caldera existenté, mediante la mejora
de la temperatura de sobrecalentamiento de la caldera de
vapor, la incorporacién del generador de turbina de vapor
optimizado para la nueva presién de salida baja, instalando
mecanismos para controlar la presidén del recipiente de
contrapresién en el nuevo valor e implementando los cambios
de distribucidén de vapor para hacer frente a la presidn de la

fuente de vapor del proceso inferior.

En consecuencia, la presente invencidédn proporciona una
disposicién para el funcionamiento del sistema de energia de
una planta de extraccidén de aceite de palma crudo, que
incluye al menos una fuente de calor y al menos un medio para
comunicar el calor de al menos una fuente de calor a una
unidad de proceso que requiere energia de calor en el que el
sistema de energia estd disefiado y configurado para operar en
un punto de operacién de disefio de al menos una fuente de
calor y en el que al menos una fuente de calor de temperatura

estd entre 115°C y 141°C.

Ademé&s, esta invencidén también proporciona un método para
hacer funcionar el sistema de energia de wuna planta de
extraccién de aceite de palma crudo, que incluye al menos una
fuente de calor y al menos un medio para comunicar el calor

de al menos una fuente de calor a un proceso unitario que
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requiere energia de calor en el que el método incluye la
operacidén del sistema de energia disefiado y configurado para
operar a un punto de operacidén de disefio para la temperatura
de al menos una fuente de calor y en donde al menos una

fuente de calor de temperatura esta entre 115°C y 141°C.

En el modo preferido, un motor de calor para sSu uso en una
disposicién para el funcionamiento de un sistema de energia
de una planta de extraccién de aceite de palma crudo que
suministra el calor gastado gue sale para al menos una parte
de las necesidades de calefaccidén de la planta de extracciédn
de aceite de palma crudo en el que el motor de calor esta
disefiado y configurado para operar a un punto de operacidén de
diéeﬁo para la temperatura de calor gastado en el que la

temperatura de calor gastado es entre 115°C y 141°C.

El motor térmico es una turbina de vapor y en el que el calor
gastado que sale se descarga en forma de vapor a una presidn
de operacién de disefio no mayor que la presidén de saturaciédn
correspondiente a la temperatura de operacién de disefio del

calor gastado de salida.
DESCRIPCION DETALLADA DE LA INVENCION

La temperatura requerida para los diversos procescs de la
unidad del proceso de extraccién de aceite de palma es como
maximo de alrededor de 110°C, es decir, donde se utilizan los
esterilizadores de lote presurizados. Cuando se utilizan los

esterilizadores continuos, la temperatura requerida maxima es

11



de alrededor de 100°C. Lo anterior proporciona oportunidades
para utilizar una fuente de calor de temperatura inferior
para satisfacer 1las necesidades de calefaccién de los

procesos de extraccidén de aceite de palma.

El sistema de energia de una planta de extraccidén de aceite
de palma ahora puede estar disefiado para funcionar en un
punto de operacidén de disefio para una temperatura baja de la
fuente de calor para enviar el punto de operacidén de disefio
mejorado, el rendimiento vy eficiencia, manteniendo las
necesidades de energia térmica del proceso de extraccidn de
aceite de _palma. En consecuencia, los subsistemas,
componentes y controles, estan estructurados para satisfacer
el punto de operacidén de disefio para la temperatura fuente de

pocas calorias que entrega el punto de operacidén de disertio,

rendimiento mejorado, y eficiencia energética.

La energia térmica de la fuente de calor puede
preferiblemente ser transportada por el vapor a través de los
conductos a los procesos unitarios para proporcionar el calor
requerido para tales procesos. El ©proceso completo del
sistema de calor que comprende, los pardmetros de control de
presién del recipiente de distribucién de vapor del proceso,
los conductos ‘para el transporte de vapor de procesos
adecuados a los diversos procesos de la unidad desde la
fuente, valvulas de controll de flujo, trampas de vapor,
serpentines de calefaccidn de wvapor y boquillas de dispersidn
de vapor seran disefiados en base a este punto de operacidén de

disefio .para la temperatura de 1la fuente termal 1lenta. Un

12



motor térmico (por ejemplo, una turbina de vapor) que tiene
un punto de funcionamiento de disefio de una temperatura de
calor gastada de salida inferior correspondiente puede ser

agregado para suministrar la energla térmica para el proceso.

En esta descripcidén, el término “fuente de calor” se refiere
a una fuente de calor del cual cualquier medio obtiene un
aumento de temperatura. II puede referirse a un lugar, una
estructura o medio desde el cual el calor puede ser extraido.
En el contexto de 1la presente especificacidn “fuente de
calor” se refiere al origen de la energia térmica primaria
para la calefaccidén del proceso de extraccién de aceite de
palma. En el anuncio anterior el origen referido es el
recipiente de contraprestacidén en el que un vapor de fuente
de calor a una presién de aproximadamente 4 bares y una
temperatura de 144°C se origina y este recurso primario de
calor se reduce entonces en presidn y temperatura cuando sea
necesario para suministrar la demanda de <calor de 1los
procesos unitarios individuales a través de diversos medios
que comprenden, reduccién de la presién, de -
sobrecalentamiento con agua % agua de proceso de

calentamiento.

El regipiente de contraprestacién recibe calor por medio de
dos suministroé de aguas arriba. El suministro principal de
calor es el vapor saliente de una mdgquina motriz de vapor y
en el caso de un déficit, el calor de un valor dé presidén més
alto disponible en la planta, por ejemplo, de una caldera, se

reduce de manera adecuada en la presién y temperatura
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suministrada desde un acuerdo de suministro de wvapor de
composicién. También hay casos de calor residual vertido a
bajas temperaturas desde los procesos unitarios del proceso
de extraccidén de aceite de palma que son recuperados a través
de medios de ahorro de energia y reutilizados en otros
procesos unitarios. Sin embargo, ya que esta fuente de calor
residual es en realidad una reutilizacidén de la energia
calorifica, suministrada, aunque a una temperatura inferior,
no deberia por lo tanto ser considerada como una fuente de

calor para los fines de esta especificacidn.

Un “disipador de calor” se refiere a una entidad que absorbe

calor sin un aumento significativo de temperatura.

El término “demanda de calor de 1la fuente de calor” se
refiere a 1la démanda de carga de calor de la fuente de calor
impuesta sobre el disipador de calor que estd en comunicacidn
con la energia térmica con la fuente de calor en respuesta a
la fuente de calor que tiene que atender la demanda de carga
de calor de un proceso unitario del proceso de extraccidn de

aceite de palma.

El término “disefio del punto de operacidén” se refiere a una
condicién de operacién de disefio predeterminada que comprende
uno © mas parémetros en diversas etapas que pueden tener un
efecto en un sistema dado. Estos pardmetros pueden incluir,
temperatura, presién y flujo: Estos parémetros se establecen
en tiempo de disefio para un rendimiento éptimo del sistema

global para una planta en particular. En consecuencia, los
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subsistemas, los componentes \% los controles son
estructurados para satisfacer un punto de operacién de disefio

para uno o mas parédmetros para enviar el rendimiento del

punto de operacién de disefio del sistema.

Por ejemplo, los sistemas de energia térmica, y en particular
los sistemas de generacidén de energia estén tipicamente

configurados para operar a un punto de operacidén de disefio

para una eficiencia méxima. Los sistemas de energia térmica

para el beneficio de uso de calefaccién en la utilizacidén de
energia térmica a una mayor eficiencia en la fuente de calor
son de baja temperatura en consonancia con el requisito de la

temperatura del proceso. Una magquina de <calor, como un

aumento de la turbina de vapor en la tasa mds baja de calor
en el que se ha disefiado para funcionar con la temperatura de
calor gastada de salida. Un sistema de energia, por ejemplo,

un sistema de cogeneracidén, por lo tanto, puede alcanzar el

objetivo de una mayor eficiencia de energia térmica y una
mayor salida de potencia mecanica cuando se estructure para
operar en el punto de operacién de diserio para la temperatura

de fuente de calor mads bajo y el motor térmico inferior

gastado de temperatura de calor (temperatura de calor gastada

coherente con la temperatura de fuente de calor) al operar en

un modo de calor y electricidad combinados.

A 1los efectos de esta especificacidén, 1los términos de

“temperatura del punto de operacién de disefio”, “presiones

del punto de operacidén de diserio” y “flujo de energia del

punto de operacién de disefic” se refieren a temperatura,
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presién y flujo de energia de calor respectivamente de un
punto de operacién de disefio para la Optima eficiencia del
sistema de energia teniendo en cuenta sobre todo la
rélevancia de la temperatura fuente de calor y la temperatura

de calor gastada en la maguina de calor.

El valor de presién descrito en unidades de bares en la
presente especificacién se refiere a la presidn absoluta,

donde la presién atmosférica es aproximadamente de una bar.

A modo de ejemplo, pero no de limitacién, una realizacidén de
la invencién se describe en este documento utilizando una
temperatura fuente de calor de 12Q°C y la temperatura con el
punto de operacién de disefio del sistema de energia de 60
toneladas por hora de molino de capacidad de racimos de fruta
fresca. (FFB) .Una fuente de calor de vapor a aproximadamente 2
bares de presién de saturacién que corresponde a una
temperatura fuente de calor de 120°C debe ser adecuada para
proporcionar las necesidades de calefaccidén del esterilizador
por lotes a presién. Cuando se utiliza un esterilizador
continuo, las condiciones de vapor de origen aln mas bajas
pueden ser consideradas para atender su temperatura maxima
requerida de alrededor 100°C. En vista de esto, se recomienda
un punto de operacidén de diserio a una temperatura fuenté de
calor de 120°C para un funcionamiento eficiente. En este
caso, para hacer frente a la capacidad del molino, la fuente
de vapor de aproximadamente 2 bares de presién y 27.000kg/h
de caudal proporcionando aproximadamente 19 MW de capacidad

de calor se requiere en este diserio. El1 uso eficiente de
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energia térmica en el vapor de agua a la presidén mas baja en
el proceso de extraccién del molino de aceite de palma,
proporciona un ahorro conservativo sobre el uso de vapor de

agua de 10% sobre la técnica anterior.

Ademas, una fuente de vapor de aproximadamente 2 bares de
presién correspondiente a la presidn de saturacién a 120°C,
ofrece un disefio econdémico del sistema de distribucidén de
vapor para transportar el vapor fuente como un portador de
calor desde la fuente hasta el punto de procesos unitarios.
Usando una fuente de vapor a la presién mas baja, mejora la
utilizacién de vapor manteniendo las temperaturas del proceso

requeridas.

Como una comparacién, en la técnica anterior, para una planta
de extraccién de aceite de palma, los sistemas de energia
convencional han sido disefiados con un punto de operacién de
diserio para - una temperatura fuente de calor de
aproximadamente 144°C. El1 vapor fuente de aproximadaﬁente 4
bares de presién y 30.000 kg/h de caudal proporcionando 21 MW
de capacidad de calor se pone a disposicién en el disefio para

los procesos de calentamiento.

Las Figuras 1.2.1 y 2.2 muestran secciones del sistema de
energia disefiado para operar un punto de operacidén de disefio
para una temperatura fuenfe de calor de aproximadamente
144°C. La temperatura de la técnica anterior proporciona las
necesidades de energia térmica del proceso de extraccién de

aceite de palma. La energia de calor de la fuente de calor se
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suministra como fuente de vapor en el Que se utiliza la
fuente de vapor como el medio para el transporte de la
energia calorifica a los procesos. La presidn correspondiente
del vapor fuente es de aproximadamente 4 bares, que es la
presién de vapor de saturacidén y, algunas veces el vapor
fuente esté& en ﬁn ligero recalentamiento. Un tamafio atipico
del conducto de transporte del vapor fuente a 4 bares de

presién a los procesos unitarios se muestra en las figuras.

La invencidén se caracteriza en el uso de una fuente de calor
de una temperatura inferior a aproximadamente 144°C de la
técnica anterior y que tiene el sistema de energia disefnado
para funcionar en un punto de operacidén de disefio para la
baja temperatura de la fuente de calor para suministrar el
punto de operacidén de disefio mejorado, rendimiento vy
eficiencia, manteniendo al mismo tiempo las necesidades de
energia térmica de al menos una parte del proceso de
extraccién de aceite de palma. En consecuencia, el sistema de
energia esta disefiado para operar en un punto de operacidn de
diserio para la temperatura de la fuente de calor entre 115°C
y 141°C. Preferiblemente, el sistema de energia estd disefiado
para operar a un punto de operacidén de disefio para la
temperatura de fuente de calcr entre 115°C y 138°C. El
sistema de energia disefiado para funcionar a un punto de
operacién de disefio para una temperatura fuente de calor
entre 115°C a 130°C es mas preferido, y el sistema de energia
disefiado para funcionar a un punto de operacién de disefio
para una temperatura fuente de calor entre mayor que 100°C vy

menos que 115°C es mas preferido para proporcionar las
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necesidades de energia térmica de al menos una parte del

proceso de extraccién de aceite de palma. Las temperaturas

del punto de operacién de disefio de fuente de calor son

suficientes para permitir la transferencia de calor a los

procesos unitarios que reciben la energia térmica.

Un objeto de la presente invencidén es conservar la energia de
calor al tiempo que se proporcionan las temperaturas del
proceso requeridas del proceso de extraccidén de aceite de
palma. A modo de ejemplo, pero no de limitacién, las Figuras
3.1, 3.2, 4.1, 4.2, 4.3, 4.4 y 4.5 muestran las formas de
realizacién de la invencién utilizando una temperatura fuente
de calor de 120°C y el sistema de energia diseriado para
operar a un punto de operacidén de disefic para la temperatura
fuente de calor de 120°C para entregar el punto de operacidn
de disefio de rendimiento mejorado y eficiencia, manteniendo
al mismo tiempo las necesidades de energla térmica del

proceso de extraccidén de aceite de palma.

La energia de calor de la fuente se transmite directamente
por vapor a través de conductos a los procesoé de unidad para
proporcionar el calor. El vapor fuente es de aproximadamente
2 bares de presién correspondiente a la presidén de saturacidn

a temperatura fuente de calor.

Los conductos para transmitir la cantidad requerida del vapor
fuente a una presién baja a los procesos unitarios estéan
dimensionados de tal manera que la velocidad de flujb no

exceda de 40 m/s y la caida de presién a lo 1largo del
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conducto satisfaga la presién requerida en el punto de
aplicacién en cuanto a su temperatura de saturacién. A la
presién de vapor baja, el volumen especifico del vapor es
alto y este conduce a un aumento de la velocidad de flujo de
vapor, pero este puede ser limitado mediante el uso de
conductos de un &rea de la seccién transversal mas grande. La
longitud de ruta de conductos en un molino de aceite de palma
es relativamente corto, de dentro de aproximadamente 100
metros y por lo tanto la velocidad de flujo es el factor
limitante, en lugar de la caida de presiodn, en el
dimensionamiento de conductos de flujo de vapor. Las véalvulas
de control de flujo en los circuitos son de tamafio similar
para el mayor volumen especifico del vapor. Las trampas de
vapor en los circuitos se seleccionan sobre la base de la
presién de elevaciédn inferior ejercida sobre el condensado
por la presién de vapor mds baja en los serpentines de vapor.
La velocidad de flujo ‘de vapor se mantiene dentro de los
limites para asegurar los niveles de ruido y la erosidén se

encuentra dentro de los estéandares aceptables de la

industria.

Para transmitir el vapor fuente a 2 bares a un esterilizador
cohtinuo gue tiene capacidad de coccién de 30 toneladas/hora
de racimos de fruta fresca, que funciona a ©presidn
atmosférica y el consumo de vapor de agua a un aproximado de
11.500 kg/h requiere un didmetro nominal de tuberia de 300
mm, para mantener la velocidad de flujo de vapor por debajo
de 40 m/s. Tomando la ruta de tuberia equivalente a la

longitud a 100 metros, la caida de presién es pequefia,
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alrededor de 0.05 bares. El1 flujo critico (calzas a una
velocidad sénica) se produce a una presidén naguas debajo de
aproximadamente 1.07 bares. Por consiguiente, un dispositivo
de limitacién de flujo como una placa de orificios con un
tamafio de orificio de aproximadamente 135 mm de diadmetro se
coloca en las aguas abajo para limitar la capacidad de flujo
de vapor y por lo tanto la velocidad en el conducto de
distribucién. Como solucidén alternativa, dos numeros de
tuberias de didmetro nominal de 200 mm son proporcionadas en
paralelo, manteniendo la velocidad de flujo de vapor por

debajo de 40 m/s.

Para transmitir el vapor fuente a 2 bares a un esterilizador
por lot¢ con capacidad de coccién de 30 toneladas/hora de'
racimos de fruta fresca, que funciona a un minimo de 1.5
bares de presidén de vapor méxima y .el consumo de vapor de
agua a un aproximado de 15.000 kg/h, requiere dos numeros de
tuberia de didmetro nominal de 250 mm en paralelo, cada
conducto de transporta 7.500 kg/h de vapor y mantiene la
velocidad del flujo de vapor por debajo de 40 m/s. Tomando la
longitud equivalente de ruta de tuberia a 100mm, la caida de
presidén es pequena en alrededor de 0.05 bares. E1 flujo
critico (calzas a una velocidad sbdnica) se produce a la
presién de aguas abajo de aproximadamente 1.07 bares. Por
consiguiente, un dispositivo de limitacidén de flujo como una
placa de orificios con un tamario de orificio de
aproximadamente 115 mm de diametro se coloca en las aguas
abajo para limitar la capacidad de fldjo de vapor y por lo

tanto la velocidad en el conducto de distribucidén. A medida
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que la presién en el recipiente esterilizador se eleva
gradualmente hasta aproximadamente 1.5 bares correspondiente
a 110°C de temperatura de vapor saturada, la capacidad de
flujo de vapor a través del orificio se reduce a 6.000 kg/h y
este es aceptable porque en esta etapa del ciclo del proceso
el consumo de vapor por el esterilizador es muy reducido. La
de-aireacién y la facilidad de eliminacién de condensado esta
disefiado adecuadamente para expulsar cantidades copiosas de

aire y condensado desde el recipiente.

Para transmitir el vapor fuente a 2 bares para secadores de
tuerca y ntucleo que- funcionan a una presién de vapor de 1.5
bares en los serpentines de calefaccidén y el consumo de vapor
a aproximadamente 2.500 kg/h, requiere wuna tuberia de
didmetro nominal de 150 mm para mantener la velocidad del
flujo de vapor por debajo de 40 m/s. Tomando la longitud
equivalente de ruta de tuberia a 100m, la caida de presidn es
pequenia, alrededor de 0.08 bares. Una asignacidén de 0.4 bares
se proporciona para la caida de presién a través de la

valvula de control de flujo.

Principios similares se aplican para el dimensionamiento de
los conductos que transportan el vapor fuente a los diversos
procesos unitarios. Donde la transferencia de calor al
proceso es por medio de serpentines de calefaccién de vapor,
el disefio de los serpentines de calefaccidn de vapor tiene en
cuenta el Area de calentamiento y el tamafio de la tuberia

para atender a la mas baja temperatura de saturacidén de vapor
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y mayor volumen especifico de vapor correspondiente a la

presién de vapor reducida.

Otro objeto de la presente invencidén, es aumentar la salida
de potencia mecédnica y la eficiencia mediante la expaﬁsién de
todo o parte del medio termodinamico a través de un motor
térmico como el primer motor a un disipador de calor de baja
temperatura que estd en comunicacién con la energia de calor
con la fuente de calor para suministrar al menos una porcién
del requisito de calor del proceso de extraccidén de aceite de
palma. La comuﬁicacién de la energia térmica puede ser por
medio de una comunicacién fluida o comunicacidén @ de

intercambio de calor.

Una forma de realizacidén para realizar la operacidén de la
madquina motriz en la mayor potencia de salida mecanica y la
eficiencia mediante la expansién de vapor como medio de
termodindmica a un disipador de calor a una temperatura mas
baja que 144°C que ofrece el disefio de punto de operacidn del
sistema de energia se muestra en las Figuras 5.2 y 6, y es

aqui descrita.

La Figura 5.1 muestra un diagrama de flujo esquematico de la
disposicién tipica técnica anterior para la distribucidn del
vapor que sale del motor primario, como motor de calor como
fuente de vapor a al menos una parte del proceso de
extraccién de aceite de palma a través del recipiente de

contraprestacién de acuerdo con la presente invencidn.
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La Figura 5.2 muestra un diagrama de flujo esquematico de la
disposicién para la distribucién del vapor saliente del motor
primario como motor de calor como a al menos una parte del
proceso de extraccién de aceite de palma a través del
recipiente de contrapresién de acuerdo con la presente

invencién.

Una diferencia en la Figura 5.2, en comparacién con la Figura
5.1 de la técnica anterior es el valor de la temperatura del
punto de operacién de disefio de la fuente de calor, que es
inferior a la de la técnica de disefio de la temperatura del
punto de operacién de 144°C. Otra diferencia es la de presidn
inferior de la composicién de vapor e instalaciones de alivio
y todavia otra diferencia es el aumento en el tamano de los
conductos de transporte de vapor para proporcionar el mayor

volumen especifico del vapor de agua a la presidn mas baja.

A modo de ejemplo, pero no de limitacidén, la Figura 6 muestra
un diagrama de flujo esquemdtico de una disposicidén que
comprende un motor de calor, tal como turbina de vapor de

acuerdo con la presente invencién.

Un sistema de energia, incluyendo un motor de calor, tal como
se representa en la Figura 6, puede estar disefiado para
funcionar en un punto de operacién de diserio para la
temperatura de fuente férmica, temperatura gastada saliente
de la maquina térmica, o ambas (temperatura térmica gastada
coherente con la temperatura fuente térmica y disefio de motor

de <calor optimizado). Por consiguiente, los subsistemas,
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componentes y controles estdn estructurados para satisfacer
la temperatura fuente térmica del punto de operacidn de
diserfio, la temperatura de calor gastada saliente del motor de
calor, o ambas  (temperatura térmica gastada coherente con la
temperatura fuente térmica y el disefio de motor de calor
optimizado) que ofrece el punto de operaciédn de diseno de

rendimiento mejorado y eficiencia.

El vapor a partir de una fuente térmica primaria a presidn
alta y temperatura entra en la turbina de vapor (2) a través
del conducto (1) y se expande para generar energia mecanica,
que se convierté por el generador (12) en energia eléctrica.
El vapor que sale de la turbina de vapor a través del puerto
de salida (3) estd a baja presién y se transporta a través
del conducto (4) a un recipiente de contrapresién de
distribucién de vapor del proceso (5) donde se utiliza como
fuente de vapor. para al menos una parte de los procesos de
extraccidédn de aceite de palma. La condicidén de entrada de
vapor a la turbina es de aproximadamente 22 bares de presidn
y temperatura sobre 300°C. La forma de realizacidén muestra el
sistema de energia disefiado para- funcionar a un punto de
operacién de disefio para una temperatura fuente de calor de
120°C para entregar el punto de operacién de disefio de
rendimiento mejorado y eficiencia. La fuente de vapor para el
proceso en el recipiente de contrapresién esta en la
temperatura del punto de operacidn de diserio de

aproximadamente 120°C y 2 bares de presién.
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El conducto (4) que transporta el vapor de escape del puerto
de salida de 1la turbina de vapor hasta el recipiente de
contrapresién (5) estd dimensionado para el aumento del
volumen especifico de vapor de agua a la presién de trabajo
mas baja con el fin de limitar la velocidad de flujo de vapor
a 25 m/s. Asi, para una salida de turbina de vapor
aproximadamente 27.000 kg/h de vapor, el conducto de escape
es de 600 mm de didmetro nominal para mantener la velocidad

de flujo de vapor dentro de los limites. Tomando la longitud

equivalente del conducto a 20m, la caida de presidén es

depreciable.

La forma de realizacién consiste en una turbina de vapor
diserfiada para funcionar en un puntd de operacién de diserio
para el motor de calor saliente a una temperatura de 120°C
para entregar el punto de operacidén disefiado con rendimiento
mejorado y eficiencia. Una turbina de vapor esta disenada y
suministrada por el fabricante para su incorporacién dentro
de un sistema de energia a las especificaciones de su punto
de operacidén de diserio para la temperatura de salida de calor
gastado y la presiédn, y ei flujo de vapor entre otros, segun
lo determinado por los requisitos del sistema de energia. En
este caso, la turbina de vapor tiene un caudal de vapor de
alrededor 27.000 kg/h para atender la capacidad del molino.
La condicidédn del vapor de entrada en el punto de operacidén de
disefic se optd por producir vapor saturado seco a la salida
de la turbina. La expansién de vapor de agua a presidédn més
baja en el escape de la turbina y una mayor eficiencia

interna de la turbina de vapor requiere una temperatura de
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vapor de entrada mds alta para mantener la salida de vapor
seco saturado. Cuando el generador de turbina de vapor

funciona como se describe en el punto de operacidén de diserio

con una temperatura de calor gastada saliente a una .

Q

temperatura de 120°C, esta ofrece alrededor del 40% el
consumc de vapor especifico mds bajo sobre la disposicién de
la técnica anterior. Esto resulta en aproximadamente un 40%
mas de potencia, que es alrededor de 640 KW en la presente

forma de realizacién.

En esta forma vde realizacidén, el generador de turbina de
vapor (STG) es un control de frecuencia automatica para
mantener una frecuencia eléctrica constante de su generador
acoplado y bajo este esquema de control de la turbina de
vapor se permite que la presién de vapor flote, mientras se
mantiene la frecuencia constante. El vapor de salida de la
turbina de vapor proporciona el vapor fuente para el proceso
en la configuracidén de cogeneracidédn de la planta. En el caso
de desviacidén del punto de operacidén de disenio, el
desequilibrio entre el flujo de vapor que sale de la turbina
de vapor y el consumo de vapor fuente por el proceso de
extraccién de aceite de palma puede ocurrir que se manifieste
en la desviacién de la presidn del vapor en el recipiente de
contrapresién. Con el fin de mantener la presidén de vapor de
salida al punto de operacidén de disefio para una operaciédn
eficiente de la turbina de vapcor, un medio externo de vapor
se abastece para equilibrar 1la diferencia. También es

importante mantener la presién de vapor en el punto de
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operacién de disefilo para proporcionar las temperaturas de

proceso estables.

Los medios externos para mantener la presidén del punto de
operacién de diserio operan én el caso de disminucidén de la
presién de vapor de origen, para admitir vapor de alta
presién de una fuente de calor primaria a través del conducto
(6) a través de la composicidén de vapor con la facilidad de
de-sobrecalentamiento (7).En el caso de un incremento en la
presién de vapor fuente durante la operacidn, el exceso de
vapor puede ser liberado a través de la instalacidén de alivio
de vapor (8). La disposicién de valvula (7) y el control de
presién de vapor del recipiente de contrapresién se efectla
mediante wuna unidad de control de automatizacidén, que
controla las posiciones de las valvulas de la disposicidn de
valvula (7) en dependencia de 1la presidén, especialmente
durante 1los procesos de arranque. Ademas, la unidad de
control, controla la posicidén de purga de valvula (8). Con 1la
automatizacidén eficiente, la presién de wvapor en el
recipiente de contrapresidén, puede ser controlada dentro de
un intervalo predeterminado de valores de ajuste. En
consecuencia, en la realizacidn, con la presidén de salida del
punto de operacidén de disefio de aproximadamente 2 bares, la
presidén de vapor puede ser facilmente mantenida dentro del
rango de aproximadamente 1.85 bares a 2.15 bares
proporcionando una turbina de vapor satisfactoria y
operaciones de proceso. No se espera que las instalaciones de
control de presidn de la disposicién de véilvula (7) y de

purga e valvula (8) entren en accioédn durante el
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funcionamiento normal de la plante después de haber
configurado el rendimiento de la turbina de salida de vapor
en equilibrio con la demanda de vapor en el proceso en el

punto de operacién de diserio.

En otro modo de operacién, el control de la turbina de vapor
puede ser ajustado para la contrapresidén mediante el ajuste
de la potencia de salida para que coincida con el requisito
de flujo de vapor, en el que no se requiere control de
presién separada en el recipiente de contrapresidén. Este modo
de operacidén es termodindmicamente eficiente, ya que el vapor
de alta presidén o vapor de socorro no entra en accidén, sin
embargo, un sistema que permita este tipo de operacién
tomande la salida de potencia variable, debe estar en su
lugar como el generador de turbina de vapor atada

eléctricamente en paralelo con la red u otro motor primario.

El. recipiente de contrapresién (5) estd equipado con un
dispositivo de alivio de presién de seguridad (9) para
proteger el sistema <contra la presidén en caso de mal
funcionamientc de las instalaciones de control de presién de

la disposicién de valvula (7) y purga de valvula (8).

Es otro objeto de la invencién, que con el dispositivo de
alivio de presidén de seguridad provisto en la fuente de
vapor, los recipientes de presién vy los dispositivos
instalados aguas abajo en el sistema de calefaccidén de
proceso pueden diseflarse péra la presién de trabajo bajo para

efectuar ahorros de costes. El recipiente de contrapresién
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tiene una presidén de trabajo de aproximadamente 2 bares vy

estd diseriado para soportar alrededor de 2.5 bares.

La fuente de vapor de agua desde el recipiente de
contrapresién (5) se transporta a por lo menos una parte del
proceso de extraccién de aceite de palma a través de

conductos (10).

Las figuras 7.1, 7.2, 7.3, 7.4, 7.5, 7.6 y 7.7 representan
las formas de realizacién de las variaciones del vapor de
motor primario para su uso en el proceso de extraccidén de
aceite de palma. Todas las formas de realizacién representan
todo o parte del vapor que sale de un motor de calor disefiado
para funcionar.en un punto de operacidén de disefio para una
temperatura de calor gastado saliente de 120°C para entregar
el punto de operacién de disefio con mejora del rendimiento vy
la eficiencia al tiempo que imparte energia térmica para al
menos una parte del proceso de molino de aceite de palma para

mejorar la eficiencia general de utilizacidén de la energia.

La representacién de la turbina de vapor (2) estd muy
simplificada y podria en algunos casos comprender mas de un
puerto de entrada y salida que opera a diferentes presiones
de entrada y salida de vapor de temperaturas. La turbina de
vapor en algunos casos comprende en algunos casos mads de un
cilindro acoplados entre si. lLa turbina de vapor en algunos
casos puede ser de una sola etapa o multiples etapas. E1
motor térmico, en algunos casos €s uha méquina de vapor de

vaivén. De acuerdo con la invencién, la turbina de vapor (2)
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disefiada para funcionar en un punto de operacién de disefo
para una temperatura de calor gastada saliente de 120°C para
entregar el punto de operacién de disefio mejorado en
rendimiento y eficiencia imparte energia térmica a por 1lo
menos una parte de las necesidades de calefaccién de proceso

de extraccidédn de aceite de palma.

En la mayoria de modo preferido, la presente invencidn
proporciona una disposicién para el sistema de energia de
funcionamiento de una planta de extraccién de aceite de palma
crudo que incluye al menos una fuente de calor y al menos un
medio para comunicar el calor de al menos una fuente de calor
a un proceso unitario que requiere energia de calor en el que
sistema de energia esta diseflado y configurado para operar en
un punto de operacién de disefio para la temperatura de al
menos una fuente de calor y en el que al menos una
temperatura de fuente de calor se encuentra entre 115°C vy

141°cC.

Preferiblemente, el sistema de energia estd disefiado vy
configurado para operar a un punto de operacién de disefio
para la temperatura de al menos una fuente de calor y en el
que al menos una temperatura de fuente de calor se encuentra
entre 115°C vy 138°C, y el sistema de energia diseriado vy
configurado para operar en un punto de operacidén para la
temperatura de al menos una fuente de calor y en el que al
menos la temperatura fuente de calor se encuentra entre 115QC
y 130°Ces mé&s preferible. La més preferida es donde el

sistema de energia estd disefilado y configurado para operar a
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un punto de operacién de disefio para la temperatura de al
menos una fuente de calor y en el que al menos una
temperatura fuente de calor es mayor que entre 100°C y menos

que 115°C.

En la disposicién preferida, un disipador de calor esta en
comunicacién de energia térmica con la fuente de calor para
suministrar la demanda de calor de la fuente de calor y en el
que el disipador de calor es capaz de recibir energia de
calor aplicado externamente. Las descargas de calor del motor
en su totalidad o en parte de su energia térmica gastada para
el motor disipador de calor. En consecuencia, el motor de
calor se una turbina de vapor, y en el que, todo o parte del
calor de salida de la turbina de vapor es comunicado con la
fuente de calor a través del vapor saliente mediante la

comunicacién de fluido a un recipiente de contrapresiodn.

Se apreciard que, en coherencia con la temperatura del
disipador de calor del motor el motor, el motor térmico es
operado con el motor térmico y estd diseriado y configurado
para operar en un punto de operacidén de disefio para la
temperatura del calor consumido en el que la temperatura de
calor se encuentra entre 115°C y 141°C. Preferiblemente, el
motor térmico es operado con el motor térmico y esta disenado
y configurado para operar a un punto de operacidén de disefio
para la temperatura de calor gastada en el que la temperatura
de calor gastada se encuentra entre 115°C y 138°C. La més
preferida es cuando, el motor térmico es operado con el motor

de calor y estd disefiado y configurado para operar a un punto
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de operacién de disefio para la temperatura de calor gastado

en el que la temperatura de calor gastado se encuentra entre

115°C y 130°C. Méas preferido es cuando el motor térmico es

operado con el motor de calor y estd diseriado y configurado

para operar a un punto de operacién de disenio para la

temperatura de calor gastada en el que la temperatura de

calor gastada es mayor que entre 100°C y menos que 115°C.

En el modo preferido, uno de los procesos unitarios es la

esterilizacidén de los racimos de fruta fresca (FFB) por un

esterilizador continuo o esterilizador de lote presurizado.

Un dispositivo de alivio de presidén se proporciona en la

turbina de vapor de escape para proteger cualquier equipo
contra un aumento de la presién de no mas del 25% por encima

de la presién de funcionamiento pre disefiado de la turbina de

vapor de escape de vapor.

Ademas, la presente invencién también proporciona un método

para el sistema de energia de funcionamiento de una planta de

extraccién de aceite de palma de crudo, que incluye al menos

una fuente de calor y al menos un medio para comunicar el
calor de al menos una fuente de calor a una unidad de proceso
que requiefe energia de calor en el que el método incluye el
funcionamiento del sistema de energia disefiado y configurado
para operar en un punto de operacidédn de disefio de al menos un

fuente de calor y en el que el menos una temperatura de la

fuente de calor se encuentra entre 115°C y 141°C.

33

246



Preferiblemente, el método incluye la operacidén del sistema
de energia disefiado y configurado para operar a un punto de
operacidén de disefio para la temperatura de al menos una
fuente de calor y en el que al menos una fuente de calor de
temperatura se encuentra entre 115°C y 138°C, y el método més
preferido incluye el funcionamiento del sistema de energia
disefiado y configurado para operar en un punto de operacidn
de diserio para la temperatura de al menos una fuente de calor
vy en el que al menos una fuente de calor de temperatura se
encuentra entre 115°C vy 130°C. El1 método mas preferido
incluye el funcionamiento del sistema de energia disefiado vy
configurado para operar en un punto de operacidn de diseno
para la temperatura de al menos uﬁa fuente de calor y en el
que al menos una temperatura de fuente de calor es mayor que

entre 100°C y menos que 115°C.

En el método preferido, un disipador de calor esta comunicado
con una fuente de calor para suministrar la demanda de calor
de la fuente de calor y en el que el disipador de calor
recibe energia de calor aplicada externamente. Un motor de
calor descarga su totalidad o en parte de su energia térmica
gastada en el disipador de calor. En consecuencia, el motor
térmico es una turbina de vapor, y en el que tcdo o parte del
calor que sale de 1la turbina de vapor se comunica con la

fuente de calor por la comunicacidén de fluido a un recipiente

de contrapresidn.

Se apreciard que, en coherencia con 1la temperatura del

disipador de calor, el motor térmico estd en funcionamiento
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con el motor de calor disefiado y configurado para operar a un
punto de operacién de disefio para la temperatura de calor
gastado en el que la temperatura de <calor gastado se
encuentra entre 115°C y 141°C. Preferiblemente, el motor
térmico estd en funcionamiento con el motor de calor disefiado
y configurado para operar a un punto de operacidn de disefio
para la temperatura de calor gastado en el que la temperatura
de calor gastado se encuentra entre 115°C y 138°C. En el modo
mas preferido, el motor térmico estd en funcionamiento
estando el motor de calor disefiado y configurado para operar
a un punto de operacién de diseno para la temperafura de
calor gastado en el que la temperatura de calor gastado se
encuentra entre 115°C y 130°C. en el método mas preferido, el
motor térmico estd en funcionamiento con el motor de calor
disefiado y configurado para operar a un punto de operacidén de
disefio para la temperatura de calor gastado en el que la
temperatura de calor gastado es mayor que entre 100°C y menos

que 115°C.

En el modo preferido, uno de los procesos de unidad es la
esterilizacién de los racimos de fruta fresca (FFB) por un
esterilizador continuo o esteriiizador por lotes a presidn.
Un dispositivo de alivio de presidén suministrado en el escape
de la turbina de vapor protege cualquier equipo en contra de
un aumento de presién de no mas del 25% por encima de la
presién de funcionamiento pre-disefiado de la presidén de

operacién del vapor de escape de la turbina de vapor.
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En el modo preferido, un motor de calor para su uso en la
disposicién'del funcionamiento de un sistema de energia de la
planta de extraccién de aceite de palma crudo gque suministra
la salida de calor gastado para al menos una parte de las
necesidades de calefaccién de <crudo de 1la planta de
extraccién de aceite de palma en el que el motor de calor
estd disefiado y configurado para operar a un punto de
operacién de disefio, para , la temperatura de calor gastado
en el que la temperatura de calor gastado se encuentra entre

115°C y l41°C.

Preferiblemente, el motor térmico estd disefiado y configurado
para operar a un punto de operacién de disefio para la
temperatura de calor gastado en el que la temperatura de
calor gastado es la temperatura de al menos una fuente de
calor y en el que al menos la temperatura de la fuenfe de
calor es mayor que entre 100°C y menos que 115°C. En el
método més preferido el motor de calor estd disefado y
configurado pafa operar en un punto de operacién de disefo
para la temperatura de calor gastado en donde la temperatura

de calor gastado estd entre mas de 100°C y menos de 115°C.

Por consiguiente, el motor de calor es una turbina de vapor y
en donde el calor gastado es descargadov como Vvapor a una
presién de operacidén de disefio no mayor que la presidédn de
saturacién correspondiente a la temperatura de operacidén de

disefio del calor gastado existente.
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Aunque el presente invento ha sido descrito como un disefio
preferido, este puede ser adicionalmente modificado dentro
del espiritu y alcance de divulgacién. Esta solicitud por
consiguiente estd dirigida para cubrir cualquier variacién,
uso o adaptacidén dél invento wutilizado sus principios
generales. Ademds, esta solicitud estd dirigida para cubrir
dichas variaciones de la presente divulgacién segun como las
pueda realizar un conocedor o usuario practicante de la

técnica a la cual pertenece este invento.

Ya que las representaciones preferidas del presente invento
han sido mostradas y descritas en el presente documento, es
obvio que dichas representaciones son proporcionadas
Unicamente por medio de ejemplos. Ocurriran numerosas
variaciones, cambios y sustituciones para aquellos
habilidosos en la técnica sin partir del invento aqui
descrito. Por consiguiente se pretende que el presente
invento esté limitado uUnicamente al espiritu y alcance de las

reivindicaciones anexas.
Reivindicaciones

1. Un mecanismo para la operacidén del sistema de energia
de una planta de extraccién de aceite de palma el cual
incluye al menos una fuente de calor y al menos un
medio para comunicar el calor de al menos una fuente de
calor a una unidad de proceso que requiera energia
térmica en donde el sistema de energia estd diseniado y

configurado para operar en punto de operacidén de disefio
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y configurado para operar en punto de operacidn de
disefio para la temperatura de al menos una fuente de
calor y donde al menos la temperatura de una fuente de
calor esté entre los 115°C y los 141°C.

Un mecanismo para operar el sistema de energia de una
planta de extraccidén de aceite de palma el cual incluye
al menos una fuente de calor y al menos un medio para
comunicar calor de al menos una fuente de calor a una
unidad de proceso que requiera calor en donde el
sistema de energia estd disefiado y configurado para
operar en un punto de operacién de disefio para la
temperatura de al menos una fuente de calor y en donde
al menos la temperatura de una fuente de calor esta

entre los 115°C y los 138°C.

Un mecanismo para operar el sistema de energia de una
planta de extraccidén de aceite de palma el cual incluye
al menos una fuente de calor y al menos un medio para
comunicar calor de al menos una fuente de calor a una
unidad de proceso que requiera calor en donde el
sistema de energia estd disefiado y configurado para
operar en un punto de operacidén de disefio para la
temperatura de al menos una fuente de calor y en donde
al menos la temperatura de una fuente de calor esta

entre los 115°C y los 130°C.

Un mecanismo para operar el sistema de energia de una

planta de extraccién de aceite de palma el cual incluye
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al menos una fuente de calor y al menos un medio para
comunicar calor de al menos una fuente de calor a una
unidad de proceso que requiera <calor en donde el
sistema de energia estd disefiado y configurado para
operar en un punto de operacién de diserio para la
temperatura de al menos una fuente de calor y en donde
al menos la temperatura de una fuente de calor es mayor

de 100°C y menor que 115°C.

Una disposicién para el funcionamiento del sistema de

energia de una planta de extraccidédn de aceite de palma

como se reivindica en cualquiera de las
Reivindicaciones 1, 2,3 o 4, en el que el disipador de
calor se encuentra en comunicacién de energia termal
con la fuente de calor y en el que el disipador de
calor es capaz de recibir energia de calor aplicada

externamente.

Un mecanismo para el funcionamiento del sistema de
energia de una planta de extraccidn de aceite de palma
crudo como el reivindicado en la Reivindicacién 5, en
el que el motor de calor descarga su totalidad o parte

de su energia térmica gastada al disipador de calor.

Un mecanismo para el funcionamiento del sistema de
energia de una planta de extraccidén de aceite de palma
crudo como el Reivindicado en la Reivindicacidén 6, en
el que el motor de calor se una turbina de vapor, y en

el que todo o parte del vapor de salida de la turbina
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10.

de salida se comunica con la fuente de calor a -través
de la turbina de salida, mediante el fluido,

comunicacién a un recipiente de contrapresiédn.

Un mecanismo para el funcionamiento del sistema de
energia de una planta de extréccién de aceite de palma
crudo como se reivindica en cualquiera de 1las
Reivindicaciones 1, 2, 3 o 4, en el que uno de los
procesos de la unidad es la esterilizacidén de racimos
de fruta fresca (FFB) por un esterilizador continuo o

discontinuo o un esterilizador de lote presurizado.

Un mecanismo para el funcionamiento del sistema de
energia de una planta de extraccidén de aceite de palma
crudo como el reivindicado en la Reivindicacién7, en el
que un dispositivo de alivio de presidédn se proporciona
en 1la tﬁrbina de wvapor de escape para proteger
cualquier equipo contra un aumento de la presidn de no
mas de 25% por encima .de la presién de operacidn

predisefiada del vapor de escape de la turbina de vapor.

Un método para la operacidén del sistema de energia de
una planta de extraccién de aceite de palma crudo que
incluye al menos una fuente de calor y al menos un
medio para comunicar el calor de al menos una fuente de
calor a un proceso unitario que requiere energia
térmica eh el que el método incluye el uso de operacidn
de un sistema de energia disefiado y configurado para

operar en un punto de operacidén de disefio para una
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11.

12.

temperatura de al menos una fuente de calor y en el que
al menos una fuente de calor de temperatura se

encuentra entre 115°C y 141°C.

Un método para el sistema de energia de funcionamiento
de una planta de extraccién de aceite de palma crudo
gue incluye al menos una fuente de calor y al menos un
medio de ﬁomunicacién de calor de al menos una fuente
de calor a un proceso unitario gue requiere energia
térmica en el que el método incluye la operacién del
sistema de energia diséﬁado y configurado para operar a
un punto de operacidén de disefio para la temperatura de
al menos una fuente de calor y en el que al menos una
temperatura de fuente de calor se encuentra entre 115°C

y 138°C.

Un método para el sistema de energia de funcionamiento
de una planta de extraccién de aceite de palma que
incluye al menos una fuente de calor y al menos un
medio para comunicar el calor de al menos una fuente de
calor a un proceso Uunitario que requiere energia
térmica en el que el métddo incluye el funcionamiento
del sistema de energia disefiado y configurado para
operar a un punto de operacién de diserio para la
temperatura de al menos una fuente de calor y en el que
al menos una temperatura de fuente térmica se encuentra

entre 115°C y 130°C.
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13.

14.

15.

le6.

Uﬁ método para el sistema de energia de funcionamiento
de una planta de extraccién de aceite de palma que
incluye al menos una fuente de calor y al menos un
medio para comunicar el calor de al menos una fuente de
calor a un proceso unitario que requiere energia
térmica en el que el método incluye el funcionamiento
del sistema de energia diseflado y configurado para
operar a un punto de operacidén de disefio para la
temperatura de al menos una fuente de calor y en el que
al menos una temperatura de fuente térmica es mayor que

entre 100°C y menos que 110°C.

Un método para el funcionamiento del sistema de energia
de una planta de extraccién de aceite de palma crudo
como el reivindicado en cualquiera de las
Reivindicaciones 10, 11, 12 o 13, en el que el
disipador de calor se encuentra en comunicacidén de
energia térmica con la fuente de calor y en el que el
disipador' de calor recibe energia de calor aplicada

externamente.

Un método para operar el sistema de energia de una
planta de extraccidédn de aceite de palma crudo como se
reivindica en la Reivindicacidén 14, en el gue un motor
térmico descarga todo o parte de su energia de calor

gastado al disipador de calor.

Un método para operar el sistema de energia de una

planta de extraccién de aceite de palma tal como se
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17.

18.

19.

reivindica en la Reivindicacién 15, en el que el motor
térmico es una turbina de vapor, y en el que todo o
parte del vapor de salida de la turbina de vapor se
comunica con la fuente de calor a través del vapor de
salida por el fluido, y la comunicacién al recipiente

de contrapresién.

Un método de operacidén del sistema de energia de una
planta de extraccién de aceite de palma como se
reivindica en cualquiera de 1las Reivindicaciones 10,
11, 12, o 13, en el que uno de los procesos unitarios
es la esterilizacidén de racimos de fruta fresca (FFB)
por un esterilizador continuo o esterilizador por lote

de presidn.

Un método de operacidén del sistema de energia de
extraccién de aceite de palma crudo como se reivindica
en la Reivindicacidén 16, en el que un dispositivo de
alivio de presidén gque proporciona el escape de la
turbina de vapor estd protegiendo cualgquier equipo en
contra de un aumento de presién de no mas del 25% por
encima de la presién de funcionamiento pre-disefiada del

vapor de escape de la turbina de vapor.

Un motor de calor para su uso en una disposiciédn pafa
el funcionamiento de un sistema de energia de la planta
de extraccidén de aceite de palma crudo, que suministra
el calor de salida gastado a al menos una porcidn de

las necesidades de calefaccidén de la planta de

43



20.

21.

extraccién de aceite de palma en el gque el motor de
calor esta disefiado y configurado para operar a un
punto de operacién de disefio para la temperatura de
calor gastado en el que la temperatura de calor gastado

se encuentra entre 115°C y 141°C. -

Un motor de calor para su uso en una disposicién para
el funcionamiento de un sistema de energia de la planta
de extraccién de aceite de palma crudo, gque suministra
el calor de salida gastado a al menos una porcidn de
las necesidades de <calefaccién de la planta de
extraccién de aceite de palma en el que el motor de
calor estd disefiado y configurado para operar a un
punto de operaciédn de disefio para la temperatura de
calor gastado en el que la temperatura de calor gastado

se encuentra entre 115°C y 138°C.

Un motor de calor para su uso en una disposicidén para
el funcionamiento de un sistema de energia de la planta
de extraccidén de aceite de palma crudo, gque suministra
el calor de salida gastado a al menos una porcidén de
las necesidades de <calefaccidén de la planta de
extraccién de_aceite de palma en el que el motor de
calor estéd disefiado y configurado para operar a un
punto de operacién de disefio para la températura de
calor gastado en el que la temperatura de calor gastado

se encuentra entre 115°C y 130°C.
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22.

23.

24.

Un motor de calor para su uso en una disposicién para
el funcionamiento de un sistema de energia de la planta
de extraccién de aceite de palma crudo, que suministra
el calor de salida gastado a al menos una porcidn de
las necesidades de <calefaccién de la planta 'de
extraccién de aceite de palma en el que el motor de
calor estd disefiado y configurado para operar a un
punto de operacién de disefio para la temperatura de
calor gastado en el que la temperatura de calor gastado

es mayor que entre 100°C y menos que 115°C.

Un motor de calor para su uso en una disposicidén para
el funcionamiento del sistema de energia de una planta
de extracciédn de aceite de palma crudo como el
reivindicador en cualquiera de las Reivindicaciones 19,
20, 21 o 22, en el que el motor de calor es una turbina
de vapor y en el que el calor de salida gastado se
descarta como vapor a una presidén igual o menor gque la
presién de saturacidén correspondiente a la temperatura

del calor de salida gastado.

Una disposicién para el funcionamiento del sistema de
energia de una planta de extraccidén de aceite de palma
crudo coﬁo el reivindicado en la Reivindicacidén 6, en
el que el motor térmico es operado y el motor de calor
disefiado vy configurado para operar en un punto de
operacidén de disefio para la temperatura de calor gue se

encuentra entre 115°C y 141°C.
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25.Una disposicidn para el funcionamiento del sistema de
energia de una planta de extraccién de aceite de palma
crudo como el reivindicado en la Reivindicacidén 6, en
el que el motor térmico es operado y el motor de calor
disefiado y configurado para operar en un punto de

operacién de disefio para la temperatura de calor que se

encuentra entre 115°C y 138°C.

26.Una disposicién para el funcionamiento del sistema de
energia ‘de una planta de extraccidén de aceite de palma
crudo como el reivindicado en la Reivindicacién 6, en
el que el motor térmico es operado y el motor de calor
disefiado y configurado para operar en un punto de

operacién de disefio para la temperatura de calor que se

encuentra entre 115°C y 130°C.

27.Una disposicidn para el funcionamiento del sistema de
energia de una planta de extraccidén de aceite de palma
crudo como el reivindicado en la Reivindicacidén 6, en
el que el motor térmico es operado y el motor de calor
disefiado y <configurado para operar en un punto de
operacidén de diserio para la temperatura de éalor que en
el que la temperatura de calor gastado es mayor que

entre 100°C y menos que 115°C.

28.Un método para el sistema de energia de funcionamiento
de una planta de extraccidén de aceite de palma tal como
se reivindica en la Reivindicacién 15, en la que el

motor de calor es operado con el motor térmico diseriado
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y configurado para operar a un punto de operacidn de
disefio para la temperatura de calor gastada en el que

la temperatura de calor gastada se encuentra entre

115°C y 141 °c.

29.Un métcdo para el sistema de energia de funcionamiento
de una planta de extraccidén de aceite de palma tal como

se reivindica en la Reivindicacién 15, en la que el

motor de calor es operado con el motor térmico diseriado
y configurado para operar a un punto de operacidén de
disefio para la temperatura de calor gastada en el que
‘la temperafura de calor gastada se -encuentra entre

115°C y 138 °C.

30.Un método para el sistema de energia de funcionamiento
de una planta de extraccidén de aceite de palma tal como

se reivindica en la Reivindicacidén 15, en la que el

motor de calor es operado con el motor térmico disefiado
y configurado para operar a un punto de operacidn de
disefio para la temperatura de calor gastada en el que

la temperatura de calor gastada se encuentra entre

115°C y 130°C.

31.Un método‘para el sistema de eﬁergia de funcionamiento
de una planta de extraccidn de aceite de palma tal como
se reivindica en la Reivindicacidén 15, en la que el
motor de calor es operado con el motor térmico diserfiado

y configurado para operar a un punto de operacidn de

disefio para la temperatura de calor gastada en el que
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32.

33.

la temperatura de calor gastada es mayor dque entre

100°C y menos que 115°C.

Una disposicién para el funcionamiento del sistema de
energia de la planta de extraccién de aceite de palma
crudo tal‘como se reivindica en la Reivindicacidén 7, en
el que el calor de salida gastado de la turbina de
vapor se descarga como vapor a una presidn no mayor que
la presidén de saturacidén correspondiente a la

temperatura del calor de salida gastado.

Un método para el funcionamiento del sistema de energia
de una planta de extraccidén de aceite de palma crudo
como se reivindica en la Reivindicacién 16, en la que
el calor de salida gastado de la turbina de vapor se
descarga como vapor a una presién no mayor que la
presién de saturacidédn correspondiente a la temperatura

del calor de salida gastado.
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BREVE DESCRIPCION DE LOS DIBUJOS

Los atributos mencionados anteriormente y otras

caracteristicas y ventajas de esta invencidén y la manera de

alcanzarlos, se hardn mas evidentes y la propia invencidn se

entenderd mejor por referencia a la siguiente descripcidn de

formas de realizacién de la invencidén tomada conjuntamente

con los dibujos que se acomparian, en los cuales:

La Figura 1 muestra la informacién de la temperatura del

punto de disefio de la operacidén de la fuente de calor de la

técnica anterior. También se indican las temperaturas de

funcionamiento de 1los diversos procesos de la unidad del

proceso de extraccién de aceite de palma y sus respectivos

usos de vapor. Lo anterior, es de un tipico molino con

capacidad de racimos de fruta fresca de 60 toneladas por

hora. Las longitudes vy tamarfios de los conductos de

distribucién de vapor para transmitir el vapor fuente a los

procesos unitarios se indican. El vapor fuente como se indica

es de aproximadamente 4 bares de presidn.

Las Figuras 2.1 y 2.2 muestran una disposicidén general de la
técnica mediante la fuente de vapor de agua de alrededor 4
bares de presidén de disefio de punto de funcionamiento de la

técnica para la calefaccidén en los esterilizadores de lote

continuos y presurizados respectivamente.

Las Figuras 3.1 y 3.2 muestran una forma de realizacidén de la

disposicidén general mediante la fuente de vapor de agua a
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aproximadamente 2 bares de presién de diserio de punto de

funcionamiento como

en la presente invencién para la

calefaccién en los esterilizadores de 1lote continuocs vy

presurizados respectivamente.

Las figuras 4.1, 4.2, 4.3

y 4.4 muestran una forma de

realizacién de la disposicién general mediante la fuente de
vapor de agua a aproximadamente 2 bares de presién de disefio
de punto de funcionamiento como en la presente invencidén para

los diferentes procesos unitarios respectivamente.

La Figura 5.1 muestra una forma de realizacién de la técnica

de disposicién general del colector de

vapor fuente o

recipiente de contraprestacidén para el uso de la fuente de

vapor de agua a aproximadamente 4 bares para el disefio de

para la presidn

presién del punto de funcionamiento proporcionando calor al

proceso de extraccidédn de aceite de palma.

La Figura 5.2 muestra una forma de realizacién de la

disposicién general del colector de vapor fuente o recipiente

de contraprestacidédn para el uso de fuente de vapor de agua a

aproximadamente 2

bares para la presién del punto de

funcionamiento como en la presente invencidn, suministrando

calor a los procesos de extraccidn de aceite de palma.

La Figura 6 muestra una realizacidén de la disposicidn general

que consta del motor térmico o una turbina de vapor con

salida de vapor de agua a aproximadamente 2 bares de presidn

del punto de funcionamiento de disefio
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transmitido al recipiente de contraprestacién en forma de
vapor de origen para los procesos de extraccién de aceite de

palma.

Las figuras 7.1, 7.2, 7.3, 7.4, 7.5, 7.6 y 7.7 muestran las
formas de realizacién de una disposicidén de una turbina de
vapor de salida “SGT” a partir de uno o mas puertos de escape
donde todo o parte del vapor que sale a una presién de la
presente invencién es transportado como fuente de vapor para
impartir su enérgia térmica a por lo menos una parte del

proceso de molino de aceite de palma.

Una forma de realizacién preferida de la presente invencién
es detallada con referencia en los dibujos que se acompafian.
Se pretende, sin embargo, que salvo que se especifique
particularmente, las dimensiones, materiales, posiciones
relativas y asi sucesivamente de los pares de constituyentes
en las realizaciones se interpretarédn como ilustrativos y no

como limitativos del alcance de la presente invencidn.

RESUMEN

La invencién proporciona una disposicidn para el
funcionamiento del sistema de energia de una planta de
extraccién de aceite de palma crudo y el método de la misma.
La disposicién para el funcionamiento del sistema de energia

de la extraccidén de aceite de palma crudo alcanza el objetivo

de una mayor eficiencia de utilizacidén de la energia mediante

el uso de una fuente de calor a una temperatura baja que
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ofrece en el punto de operacién de disefio del sistema de
energia que proporciona energia térmica para el proceso de
extracciédn del aceite de palma. En consecuencia, la presente
invencién proporciona una disposicién para el funcionamiento
del sistema de energia de una planta de extraccidén de aceite
de palma crudo, que incluye al menos una fuente de calor y al
menos un medio para comunicar el calor a una unidad de
proceso que requiere enérgia de calor en el que el sistema de
energia estd disefiado y configurado para operar en un punto
de operacién de disefio para la temperatura de al menos una
fuente de calor y en el que al menos una temperatura de la
fuente de calor es entre 115°C y 141°C. Preferiblemente, la
temperatura de al menos una fuente de calor entre 115° C y
138°C y una temperatura de al menos una fuente de calor entre
115°C y 130°C es més preferida. Mas preferida es cuando la
temperatura de al menos una fuente de calor es mayor dque

entre 100°C y menor que 115°C.
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OPTIMISING THE UTILISATION OF RENEWABLE ENERGY FROM BIOMASS
RESOURCES IN THE ?ALM OIL INDUSTRY

FIELD OF THE INVENTION
5
The present invention relates to an arrangement for operating énergy system of a crude
palm oil extraction plant and method thereof.
BACKGROUND OF THE INVENTION
10

Environmental considerations are increasing the economic interest in technologies
which enable efficient energy production and energy usage coupled with Idw emission.
Efficient use of biomass is a proven way to abate damage to the natural environment
by displacing the use of fossil fuel. Buf biomass is also a scarce energy resource and
15 therefore it is imperative that the most efficient use be found for its energy potential to
displace the maximum amount of fossil fuel and to reverse the harmful effects of fossil

" fuel burning on the environment.

In the Qil Paim milling industry, the electrical power required to operate a palm oil mill

20 has steadily increased due to the additional electrically-operated machinery installed
over the years for various needs, such as improving the mill process, controlling
environmental pollution or meeting the demand for ever increasing residential electricity
supply. To cat'er for this progressively growing electrical power need, boilers‘ of higher
and higher steam pressure and temperature and higher efficiency steam prime mover

25 driven electrical generators were introduced. Existing low pressure boilers cannot be
modified for operation at higher pressure due to design constrains and therefore

replacement with new boilers with higher design pressure and temperatures were
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necessary. Several existing palm oil mills have circumvented installation of new boilers

by resorting to operating diesel engine driven generators to supplement the steam

turbine generator capacity. Others have resorted to purchasing electricity from the grid.

With reference to any thermodynamic medium as a carrier of heat energy, in particular
steém, the enthalpy of condensation provides the process heat, while the liquid

enthalpy in the condensate is discharged from the local heating system.

Unit process temperatures are deliberately maintained relatively low to prevent
deterioration of paim oil and kernel quality. Higher temperatures are known to cause
oxidation of the palm oil and discolouration of kernels that affect subsequent bleach

ability of the oils. -

A source of heat for palm oil mill processes is steam exhausted from the steam prime
mover which is distributed through conduits from the source to impart its thermal

energy to various unit processes.

tn prior art, the desired unit process temperatures are attained by using source steam
at a pressure of about 4 bar the saturation pressure corresponding to 144 °C. The

source steam that is conveyed to the vicinity of the unit processes in the mill is utilised

as described below:

s

i. The source steam is let down in pressure through two control valves in series
and de-superheated by spray of water before it is intrqduced into the continuous
sterilizer chamber, which is maintained at atmospheric pressure. The
condensate from the chamber is drained by siphon action with steam seal and

discharged to waste;

PCT/MY2012/000021
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i, The source steam is let into the pressurised batch sterilizer through an isolating
valve in a.cycle of pressurising and depressurising to peak at abbut 2 bar
pressure. Efficient de-aeration of the vessel is effected during warm-up cycle
through slow steam admission using the de-aeration valve and air expelled

5 through the lateral pipes on either side along the length of the vessel. The large
quantity of condensate during warm-up is drained quickly to prevent flooding of

the vessel and discharged to waste;

iii. The source steam is de-superheated by spray of water and directly injected
10 through nozzles into a post heating vessel for heating the fruits at atmospheric

pressure,;

iv. The source steam is directly injected through nozzles into the digester to heat
the "Mass passing through Digester”, MPD at atmospheric pressure. Where
15 jacket heating is employed condensate is drained through a steam trap and

discharged to waste;

V. The source steam is let into the concentric heating jacket and maintained at full

pressure to heat and facilitate moisture removal from the pressed cake passing

20 through the cake breaker conveyor. Condensate is drained through a steam

trap and discharged to waste;

Vi. The source steam is let into the hot water tank through by means of control
valve and sparger to heat water for process dilution;

25
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The source steam is admitted into steam coils at full pressure to maintain

temperature in several tanks to clarify and purify the palm oil. Condensate is

drained through steam traps and discharged to waste;

The source steam is admitted through control valves and maintained at about

full pressure in steam coils to heat ventilation air for the nut and kernel drying

and condensate is recovered in the heating cycle.

~Q
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SUMMARY OF THE INVENTION

It is an object of the invention to provide an improved arrangement for operating energy
system of a crude palm oil extraction plant and improved method thereof. The improved
5 arrangement for operating energy system of a crude palm oil extraction plant achieves
the target of higher efficiency of energy utilisation by using heat source of a low
temperature and having the energy system designed to operate at a design operation

point for the low temperature of the heat source to deliver the design operation point

improved performance and efficiency while sustaining the thermal energy needs of the

10 palm oil extraction process.

Palm oil mill energy systems are conventionally designed to operate at a design
operation point for heat source temperamre of about 144 °C to deliver the design
loperation point mechanical.- power output and thermal energy needs of the palm oil
15  extraction process. Accordingly, subsystems, components, and controls are structured
to meet the design operation point for the heat source temperature that deliver the

design' operation point mechanical power output and thermal energy needs.

Heat engines incorporated into prior art energy systems to generate the mechanical

20 power output are designed and configured to operate at a design operation point for

spent heat temperature at about 144 °C.

In the palm oil extraction situation, observation of the various unit processes affirms
that the process temperature requirements are relatively low, i.e., mostly no more than
25 about 100 'C, except where batch sterilizers are used wherein the highest temperature

required may go up to about 110 C.
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Accordingly, the invention is directed to an energy systerri designed to operate at a
design operation point for the low temperatﬁre of the heat source to deliver the design
operation point improved performance and efficiency while sustaining the thermal
energy needs of the palm oil extraction process. As an added option the energy
system, concurrently by thermal energy communication means, provides a heat sink of
correspondingly I:ow temperature for a power cycle designed to operate and discharge
its spent heat at the, low sink temperature. Thus a further improvement in performance
and efficiency of the energy system is attainable with whole or part of the spent heat
rejected from the power cycle supplying at least a portion of the heat demand of the

heat source at the lower temperature.

Accordingly, the present invention provides, amongst others, two schemes to improve

the efficiency of energy utilisation in palm oil mills, namely:

(f)] the optimum utilisation of the heat energy inherent in the process heat source

for the palm oil mill process; and

(i) the optimal production of mechanical or electrical energy by a heat engine in the
power cycle through expanding down the thermodynamic medium to a lower

temperéture heat sink provided by the heat demand of the palm oil mill process.

These objects are achieved by an incipient method éharqcterized by using heat source
of a_Iow temperature feasible with the temperatures required for the palm oil extraction
unit processes to impart its thermal energy to the process by an energy system
designed to operate at a design operation point for the low temperature of the heat
source to deliver the design operation point improved performance and efficiency.

Since the process temperature in the palm oil mill is no more than about 100 °C or

PCT/MY2012/000021
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about 110 'C, a heat source of about 120 ‘C, as an example, presents sufficient
temperature differential to drive heat transfer and satisfy the operating temperatures of
the process. Accordingly, it would be beneficial to provide an energy system for the
palm oil extraction plant that has improved performance and efficiency as compared to

5  prior art systems.

An improvement in mechanical energy recovery from a heat engine is achieved by

having the heat engine designed and configured to expand a thermodynamic medium

through the heat engine at a design operation point for a low exiting spent heat

10 temperature to deliver its design operation point improved performance and efficiency.

Overall biomass energy utilisation in the palm oil mill is thus optimised by incorporating
heat engine optimally designed and configured to operate and discharge it'.s spent heat
at a design operation point for a correspondingly low temperature heat sink that is in

15 thermal energy communication with the low heat source temperature brought about by
an arrangement‘ of using low heat source temperature in an energy system designed to
operate at a design operation point for the low temperature of the heat source to deliver
its design operation point improved performance and efficie'ncy while sustaining the
thermal energy needs of the palm cil extraction 'pro'cess,

20

The improvement in mechanical energy recovery in the heat engine increases with the
downward divergence of the design operating point heat sink temperature which is
induced by the temperature of the heat source featuring in the energy system design
operation point. ’

25
Mechanical power outht can be increased while rétaining the existing boiler, by

improving the boiler steam superheat temperature, incorporating steam turbine
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generator optimised for the new low exit pressure, installing devices to control the back
pressure vessel pressure at the new value and implementing steam distribution

changes to cater for the lower process steam source pressure.

5  Accordingly, the present invention provides an arrangement for operating energy
system of a crude palm oil extraction plant which includes at least one heat source and
at least one means to communicate heat from the at least one heat source to a unit
process requiring heat energy wherein the energy system is designed and configured
to operate at a design operation point for the temperature of the at least one heat

10  source and wherein the at least one heat source temperature is between 115 C and

141 9C.

Furthermore, the present invention also provides a method for operating energy system
of a crude palm oil extraction plant which includes at least one heat source and at least
15 one means to communicate heat from thé at least one heat source to a unit process
requiring heat energy wherein the method includes operating the energy system
designed and configured to operate at a design operation point for the temperature of
the at feast one heat source and wherein the at least one heat source temperature is
between 115 °C and 141 C.
20 |
In the preferred mode, a heat engine for use in an arrangement for operating energy
system of a crude palm oil extraction plant which supplies exiting spent heat to at least
a pbrtion of heating needs of crude palm oil extraction plant wherein the heat engine is
designed and configured to operate at a design operatibn point for the spemt heat

25 temperature wherein spent heat temperature is between 115 ¢C and 141 °C.
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The heat engine is a steam turbine and wherein the exiting spent heat is discharged as
steam at a design operation pressure not greater than the saturation pressure

corresponding to the design operation temperature of the exiting spent heat.
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BRIEF DESCRIPTION OF THE DRAWINGS

The above mentioned attributes and other features and advantages of this invention
and the manner of attaining them, will become more apparent and the invention itself
will be better pnderstood by reference to the following description of embodiments of

the invention taken in conjunction with the accompanying drawings, wherein:

Figure 1 shows prior art information of design operation point temperature of the heat
source. The operating temperatures of the various unit processes of the palm oil
extraction process and their respective steam usage are also indicated. The foregoing
is for a typical 60 tonnes per hour fresh fruit bunches capacity mill. The typical route
lengths and éizes of ihe steam distribution conduits to convey the source steam to the

unit processes are indicated. Source steam as indicated is at about 4 bar pressure. .

Figures 2.1 and 2.2 show a prior art general arrangement using source steam at about
4 bar design operating point pressure of prior art for heating in the continuous and

pressurised batch sterilizers respectively.

Figures 3.1 and 3.2 show an embodiment of general arrangement using source steam
at about 2 bar design operating point pressure as in the present invention for heating in

the continuous and pressurised batch sterilizers respectively.

Figures 4.1, 4.2, 4.3 and 4.4 show an embodiment of general arrangement using

source steam at about 2 bar design operating point pressure as in the present invention

for the various unit processes respectively.

PCT/MY2012/000021

O



WO 2012/108756 PCT/MY2012/000021
11

Figure 5.1 shows a prior art embodiment of general arrangement of the source steam
header or back pressure vessel for using source steam at about 4 bar for design

operating point pressure supplying heat to the palm oil extraction processes.

5 Figure 5.2 shows an embodiment of general arrangement of the source steam header
or back pressure vessel for using source steam at about 2 bar for design operating
point pressure as in the present invention supplying heat to the palm oil extraction

processes.

10  Figure 6 shows an embodiment of general arrangement consisting of heat engine or
.steam turbine with exiting steam at about 2 bar for design operating point pressure
conveyed to the back pressure vessel as source steam for the palm oil extraction

processes.

15  Figures 7.1,7.2,7.3, 7.4, 7.5, 7.6 and 7.7 show embodiments of an arrangement of a
steam turbine “STG" exiting steam from one or more exhaust ports where whole or part
of the exiting steam at a pressure of the present invention is conveyed as source steam

to impart its thermal energy to at least a portion of the palm oil mill process.

20 A preferred embodiment of the present invention is detailed with reference to the
accompanying drawings. It is intended, however, thét unless particularly specified,
dimensions, material, relative positions and so forth of the constituent parts in the
embodiments shél! be interpreted as illustrative only andv not as limitative of the scope
of the present invention. |

25
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DETAILED DESCRIPTION OF THE INVENTION

The temperature required for the various unit processes of the palm oil extraction
process is at most about 110°C, that is, where pressurised batch sterilizers are used.
5  Where continuous sterilizers are used, the maximum required temperature falls to
about 100°C. The foregoing provides opportunities to use low temperature heat source

to meet the heating requirements of the palm oil extraction processes.

The energy system of a palm oil extraction plant can now be designed to operate at a
10  design operation point for a low temperature of the heat source to deliver the design
operation .point improved performance and efficiency while sustaining the thermal
énergy needs of the palm oil extraction process. Accordingly, subsystems,
components, and controls are structured to meet the design operation point for the low
heat source temperature that deliver the design operation point improved performance

15  and energy efficiency.

The thermal energy from the heat source can preferably be conveyed by steam through
conduits to the unit processes to provide the heat required for the said processes. The .
whole process heating system comprising, the process steam distribution vessel
20  pressure control settings, the conduits for conveyihg adequate process steam to the
various unit processes from the source, flow control valves, steam traps, steam heating
coils and‘steam dispersion nozzles will be designed based upon this design operation
point for the low heat source temperature. A heat engine (for example, a steam turbine)
having a design operating point of a corresponding low exiting spent heat temperature

25  can be added to supply the required thermal energy for the process.
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In this description the term ‘heat source' refers to a source of heat from which any
medium gets an increase in temperature. It can refer o a place, a structure or media
from which heat can be extracted. In the context of the present specification ‘heat
source' refers to the origin of the primary thermal energy for the palm oil extraction
S process heating. In prior art the origin referred to is the back pressure vessel wherein a
heat source steam at a pressure of approximately 4 bar and a temperature of 144°C
originates and this primary source of heat is then reduced in pressure and temperature

where necessary for supplying the heat demand of individual unit processes by way of

various means comprising, pressure reduction, de-superheating with water and heating

10  process water.

The back pressure vessel itself receives heat by means of two upstream supplies. The
main supply of heat is steam exiting from a steam prime mover and in the event of a
shortfall, heat from a higher pressure steam available in the plant, for e.g. from a boiler,
15 s suitably reduced in pressure and temperature and supplied from a make-up steam
supply -arrangement. There are also instances of waste heat discharged at low
temperatures from unit processes of the palm oil extraction process that are recovered
by way of energy-saving means angd reused in other unit processes. But since this

wasle heat source is ac'tually a reuse of the heat energy supplied, albeit at a lower

20 temperature, it should therefore not be considered as a heat source for the purposes of

this specification.

A ‘heat sink' refers to an entity that absorbs heat without significant temperature
increase. '

25
The term ‘heat demand of the heat source’ refers to the heat load demand the heat

source imposes onto the heat sink that is in thermal energy communication with the
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heat source in response to the heat source having o supply the heat load demand of a

unit process of the palm oil extraction process. -

The term ‘design operation point’ refers to a predetermined design operation condition
comprising one or more parameters at various stages that can have an affect on a
given system. These parameters can include temperature, pressure and flow. These
parameters are established at design time for obtimal performance of the overall
system for a particular plant. Accordingly, subsystems, components and controls are
structured to meet a design operation point for the one or more parameters to deliver

the design operation point performance of the system.

For example, thermal energy systems, and in particular power generation systems are
typically configured to operate at a designvoperation point for maximum efficiency.
Thermal energy systems for heating use benefit in utilising thermal energy at higher
efficiency where its heat source is of low temperature consistent with the process
temperature requirement. A heat engine, like a steam turbine gain in lower heat rate
where it is designed for operation with low exiting spent heat temperature. An energy
sysiem. for instance, a cogeneration system, can therefore achieve the target of higher
thermal energy efficiencies and higher mechanical power output when structured to
operate at design operation point for the lower heat source temperature and lower heat
engine spent heat temperature (spent heat temperature being consistent with the heat

source temperature) when operating in a combined heat and power mode.

For purposés of this specification, the terms ‘design operation point temperature’,
‘design operation point pressures’ and ‘design operation point energy flow’ refer to

temperature, pressure and heat energy flow respectively of such a design operation
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point for optimal efficiency of the energy system bearing in mind especially the

relevance of heat source temperature and heat engine spent heat temperature.

The pressure value described in units of bar in the present specification refers to

5  absolute pressure, where the atmospheric pressure is approximately one bar.

By way of example, but not iimitation, an embodiment of the invention is described

herein using heat source temperature of 120 °C and the temperature featuring in the

design operation point of the energy system for a 60 tonnes per hour fresh fruit
10  bunches (FFB) capacity mill. A heat source steam at about 2 bar saturation pressure
that corresponds to a heat source temperature of 120°C should be adequate to provide
the heating needs of the pressurised batch sterilizer. Where continuous' sterilizer is
used, even lower source steam conditions can be considered to cater for its maximum
required temperature of about 100°C. In view of this, a design operation point for 120°C
15 heat source temperature is recommended for efficient operation. In this instance to
cater for the mill capacity, source steam of about 2 bar pressure and 27,000 kg/h flow
providing approximately 19 MW heaf capacity is required in the design. The efficient
use of thermal energy in the steam at the lower pressure in the palm oil mill extraction

process provides a conservative savings of about 10% steam usage over prior art.

20
Further, a source steam of about 2 bar pressure corresponding to the saturation
pressure at 120 °C, offers an economic design of the steam distribution system for
conveying the source steam as a carrier of heat from the source to the point of unit
prodesses. Using source steam at thé lower pressure improves heat utilization while

25  maintaining the required process temperatures.
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As a compafison, in prior art, for a similar capacity crude palm oil extraction plant,
conventional energy systems have been designed with a design operation point for a
heat source temperature of about 144 °C. Source steam of about 4 bar pressure and
30,000 kg/h flow providing 21 MW heat capacity is made available in the design for

5 process heating.

Figures 1, 2.1 and 2.2 show sections of the energy system designed to operate at
design operation point for a heat source temperature of about 144 °C i.e temperature of
the prior art fdr providing the thermal energy needs of the palm oil exiraction process.
10  The heat energy from the heat source is supplied as source steam wherein the source
steam is used as the medium for conveying the heat energy to the processes. The
corresponding pressure of the source steam is about 4 bar, which is the saturation
steam pressure and sometimes the source steam is at a slight superheat. A typical size
of the conduit conveying the source steam at 4 bar pressure to the unit processes is

15  shown in figures.

The invention is characterised in using a heat source of a temperature lower than
about 144> °C of the prior art and having the energy system designed to operate ét a
design operation point for the low temperature of the heat source to deliver the design
20 operation point improved performance and efficiency while sustaining the thermal
energy needs of at least a portion of the palm oil extraction process. Accordingly, the -
energy system is-designed to operate at a design operation point for the heat source
temperature between 115 °C and 141 °C. Preferably, the energy system is designed to
6perate at a design operation point for a heat source temperature between 115 2C and
25 138 *C. The energy system designed to operate at a design'operation point for a heat
source temperature between 115 C t§ 130 °C is more preferred, and the energy

system designed to operate at a design opération point for a heat source temperature
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between greater than 100 °C and less than 115 ®C is most preferred to provide the
thermal energy needs of at least a portion of the palm oil extraction process. The heat
source design operation point temperatures are sufficient to permit the transfer of heat

to the unit processes receiving the thermal energy.

An object of the present invention is to conserve heat energy while providing the
required process temperatures of the palm oil extraction process. By way of example,

but not limitation, Figures 3.1, 3.2, 4.1, 4.2, 4.3, 4.4 and 4.5 show the embodiments of

the invention using heat source temperature of 120 °C and the energy system designed
10 to operate at a design operation point for the heat source temperature of 120 °C to
deliver the design operation point improved performance and efficiency while sustaining

the thermal energy needs of the palm oil extraction process.

The heat energy from the source is directly conveyed by steam through conduits to the
15 unit processes to provide the heat. The source steam is at about 2 bar pressure

corresponding to the saturation pressure at the heat source temperature.

The conduits to convey the required amount of source steam at a low pressure to the

unit processes are sized such that the velocity of flow does not exceed 40 m/s and the

20 pressure drop along the conduit satisfies the pressure required at the pbint of
application as regards its saturation temperature. At low steam pressure the specific
volume of the steam is high and this leads to increased steam flow velocity in the
conduit, but this can be limited by using conduits of a larger cross sectional area. The
route length of conduits in a palm oil mill is relatively short, of within about 100 metres

25  and therefore the velocity of flow is the limiting factor, rather than the pressure drop, in
sizing steam flow conduits. The flow control valves on the circuits are similarly sized for

the higher specific volume of the steam. The steam traps in the circuits are selected
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based on the lower lifting pressure exerted on the condensate by the lower steam
pressure in the steam coils. The steam flow velocity is kept within limits to ensure noise

levels and erosion is within acceptable industry standards.

5  To convey the source steam at 2 bar to a continuous sterilizer having cooking capacity
of 30 tonnes/ hour fresh fruit bunches, operating at atmospheric pressure and
consuming steam at an approximate 11,500 kg/h requires a 300 mm nominal diameter
pipe, to keep the steam flow velocity below 40 m/s. Taking the pipe route equivalent
length at 100m, the pressure drop is small at about 0.05 bar. Critical flow (chocking at

10 sonic velocity) occurs at a downstream pressure of approximately 1.07 bar. A flow
limiting device like an orifice plate with an orifice size of approximately 135 mm
diameter is therefore fitted at the downstream to limit the steam flow capacity and thus
the velocity in the distribution conduit. As an alternate solution two numbers of 200 mm
nominal diameter pipes are provided in parallel, keeping the steam flow velocity below

15  40m/s.

To convey source steam at 2 bar to a batch sterilizer having cooking capacity of 30
tonnes/ hour fresh fruit bunches, operating at minimum at about 1.5 bar peak steam
pressure and consuming steam at an approximate 15,000 kg/h, requires two numbers
20  of 250 mm nominal diameter pipe in pérallel, each condqit conveying 7,500 kg/h steam
and keeping the steam flow‘ velocity below 40 m/s. Taking the pipe route equivalent
length at 100m, the pressure drop is small at about 0.05 bar. Critical fl{ow (chocking at
sonic velocity) occurs at downstream pressure of approximately 1.07 bar. A flow limiting
device like an orifice plate with an orifice size of approximately 115 mm diameter is’
25 therefore fitted at the downstream to limit the steam flow capacity and thus the velocity
in‘the distribution conduit. As the pressure in the sterilizer vessel gradually rises to

about 1.5 bar corresponding to 110°C saturated steam temperature, the steam flow



WO 2012/108756 PCT/MY2012/000021
19

capacity across the orifice reduces to 6,000 kg/h and this is acceptable because at this
stage of the process cycle the steam consumption by the sterilizer is much reduced.
De-aeration and condensate removal facility is adequately designed to expel copious

amount of air and condensate from the vessel.

To convey source steam at 2 bar to nut and kernel dryers operating at about 1.5 bar
steam pressure in the heating coils and consuming steam at an approximate 2,500

kg/h, requires 150 mm nominal diameter pipe to keep the steam flow velocity below 40

m/s. Taking the pipe route equivalent length at 100m, the pressure drop is smali at
10 about 0.08 bar. An allowance of about 0.4 bar is provided for pressure drop across flow

control valve.

Similar principles apply for sizing all conduits that convey source steam to the various

unit processes.

15
Where heat transfer to the process is by means of steam heating coils, tﬁe design of
the steam heating coils takes into consideration the heating surface area and tube size
to cater for the lower steam saturation temperature and higher steam specific volume
corresponding to the reduced steam pressure.

20

Another object of the present invention is to increase the mechanical power output and
efficiency by expanding whole 6r part of thermodynamic medium through a heat engine
as the prime mover to a low temperature heat sink that is in heat energy
communication means with the heat source for supplying at least a portion of process
25 heating requirement of the palm oil extraction process. The heat energy communication

may be by means of fluid communication or heat exchange communication.
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An embodiment to realise the operation of the prime mover at higher mechanicat:power
output and efficiency by expanding steam as the thermodynamic medium to a heat sink
at temperature lower than 144 °C featuring in design operation point of the energy

system is shown in Figures 5.2 and 6, and herein described.

Figure 5.1 shows a schematic flow diagram of prior art typical arrangement for
distribution of the steam exiting from a prime mover as source steam for process use to

the palm oil extraction process through the back pressure vessel..

Figure 5.2 shows a schematic flow diagram of the arrangement for distribution of the
steam exiting from prime mover such as heat engine as source steam to at least a
portion of the palm oil extraction process through the back pressure vessel according to

the present invention.

A difference in Figure 5.2 when compared to Figure 5.1 of the prior art is the value of
the design.operation point temperaﬁure of the heat source, which is lower than the prior
art design operation point temperature of 144 °C. Another difference is the lower
pressure settings of the steam make-up and relief facilities and yet another difference is
the increase in the size of conduits conveying steam to provide for the higher specific

volume of the steam at the lower pressure.

By way of example but not limitation, Figure 6 shows a schematic flow diagram of an
arrangement comprising a heat engine such as steam turbine according to the present

invention.

An energy system, including a heat engine, as depicted in Figure 6, may be designed

to operate at a design operation point for the temperature of heat source, temperature
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of heat engine exiting spent heat, or both (spent heat temperature being consistent with
the heat source temperature and heat engine design optimised). Accordingly,
subsystems, components, and controls are structured to meet the design operation
point heat source temperature, heat engine exiting spent heat temperature, or both
5 (spent heat temperature being consistent with the heat source temperature and heat
engine design optimised) that deliver the design operation point improved performance

and efficiency.

Steam from a primary heat source at high pressure and temperature enters steam
10 turbine (2) through conduit (1) and is expanded to generate mechanical energy, which
is converted by generator (12) into electrical energy. The steam exiting the steam
turbine via exit port (3) is at low pressure and is conveyed through conduit (4) to a
process steam distribution back pressure vessel (5) where it is used as source steam
for at least a portion of the palm oil exiraction processes. The inlet steam condition to
15 the turbine is about 22 bar pressure and about 300°C temperature. The embodiment
shows the energy system designed to operate at a design operation point for a heat
source temperature of 120 °C to deliver the design operation' point improved
performance and efficiency. The source steam for the process in the back pressure

vessel is at design operation point temperature of about 120 °C and 2 bar pressure.

20
The conduit (4) conveying the exhaust steam from the steam turbine exit port to the
back pressure vessel (5) is sized for the increased steam spgciﬁc ‘volume at the lower
working pressure in order to limit the steam flow velocity to 25 m/s. Thus for a steam
turbine exiting approximately 27,000 kg/h steam, the exhaust conduit is 600 mm
25 nominal diameter to keep the steam flow velocity within limits. Taking the conduit

equivalent length at 20m, the pressure drop is negligible.
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The embodiment consists of a steam turbine designed to operate at a design operation
point for the heat engine exiting spent heat temperature of 120 °C to deliver the design
operation point improved peﬁormance and efficiency. A steam turbine is designed and
supplied by the manufacturer for incorporation into an energy system to specifications
of its design operation point for exiting spent heat temperature and pressure, and
steam flow among others, as determined by energy system requirement. In this
instance the steam turbine has a steam throughput about 27,000 kg/h to cater for the
mill capacity. The inlet steam condition at design operation point is opted to provide dry
saturated steam at the turbine exhaust. The expansion of steam to lower pressure at
the turbine exhaust and higher internal efficiency of the steam turbine require a higher
inlet steam temperature to maintain exit steam dry saturated. When the steam turbine
gene.ra_\tor is operated as described at the design operation point with an exiting spent

heat temperature of 120 °C, it offers about 40% lower specific steam consumption over

the prior art arrangement. This results in about 40% more power, which is about 640

kW in the present embodiment.

in this embodiment the steam turbine generator (STG) is on automatic frequency
control to maintain a constant electrical frequency from its coupled generator and under
this scheme of steam turbine control the exiting steam pressure is allowed to float while
maintaining the constant frequency. The steam turbine exiting steam provides the
source steam for the process in the cogeneration conﬁgurationlof the plant. In thé event
of deviation from the design operation point, imbalance between the flow of steam
exiting from the steam turbine and source steam consumption by the palm oil extraction
process may occur that manifests in deviation of the steam pressure in the back
pressure vessel. In order to maintain the exit steam pressure at the design operation

point for efficient operation of the steam turbine, an external means of steam flow
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caters to balance the difference. it is also important to maintain the steam pressure at

the design operation point to provide stable process temperatures.

The external means to maintain design operation point pressure operates in the event
5 of decreasing source steam pressure, to admit high pressure steam from a primary
heét source through conduit (6) through the steam make-up with de-superheating
facility (7). In the event of increasing source steam pressure during operation, excess

steam can be released through the steam relief facility (8). The valve arrangement (7)

and the control of the back pressure vessel steam pressure is effected by an
10 automation control unit, which controls the positions of the vaives of the valve
arrangement (7) in dependency on the pressure, especially during start-up processés.
Further, the control unit controls the position of a blow-off-valve (8). With efficient
automation the steam pressure in the back pressure vessel can be controlled within a
predetermined range of set values. Accordingly in the embodiment, with the design
15 operation point exiting pressure of about 2 bar, the steam pressure can be easily
maintained within a range of about 1.85 bar to 2.15 bar providing satisfactory steam
turbine and process operations. The pressure control facilities of valve arrangement (7)
and. blow-off-valve (8) are not expected to come into action during normal plant

operation having configured the steam turbine exit steam throughput in balance with

20 the process steam demand at the design operation point.

In another mode of operation, the steam turbine control can be set to maintain the back
pressure by adjusting the power output to match the steam flow requirement, in which
instance separate pressure control at the back pressure vessel is not required. This
25  mode of operation is efficient thermodynamically, because high pressure steam or relief

steam does not come into action, however, a system o enable such an operation by
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taking up the varying power output must be in place like the steam turbine generator

electrically tied in parallel operation with the grid or other prime mover.

The back pressure vessel (5) is fitted with a safety pressure relief device (9) to protect
the system against over pressure in the event of maloperation of the pressure control

facilities of valve arrangement (7) and blow-off-valve (8).

It is another object of the invention that with the safety pressure relief device fitted at
the steam source, pressure vessels and devices fitted downstream on the process
heating system can be designed for the low working pressure to effect cost savings.
The back pressure vessel has a working pressure of about 2 bar and designed to

withstand about 2.5 bar.

The source steam from the back pressure vessel (5) is conveyed to at least a portion of

the palm oil extraction process via conduits (10).

The figures 7.1, 7.2, 7.3, 7.4, 7.5, 7.6 and 7.7 depict the embodiments of variations of
the steam prime mover exhaﬁsting steam for use by the palm oil extraciion process. All
embodiments depict whole or part of steam exiting from a heat engine designed to
operate at a design operation point for a exiting spent heat temperature 61‘ 120 °C to
deliver the design operation point improved performance and efficiency while imparting
thermal energy to at least a portion of a palm oil mill process to enhance overall

efficiency of energy utilisation.

The depictiori of the steam turbine (2) is highly simplified and would in some cases
comprise more than one .inlet and outlet ports operating at different inlet and outlet

steam pressures and temperatures. The steam turbine in some cases comprises more
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than one cylinder coupled together. The steam turbine in some cases may be single

stage or multi-stage. The heat engine in some cases is a reciprocating steam engine.

According to the invention, the steam turbine (2) designed to operate at a design
5 operation point for a exiting spent heat temperature of 120 °C to deliver the design
operation point improved performance and efficiency imparts thermal energy to at least

a portion of the process heating requirements of the palm oil extraction process.

In most preferred mode, the present invention provides an arrangement for operating
10 energy system of a crude palm oil extraction plant which includes at least one heat
source and at least one means to communicate heat from the at least 6ne heat source
to a unit process \requiring heat energy wherein the energy system is designed and
configured to. operate at a design operation point for the temperature of the at least one
heat source and wherein the at least one heat source temperature is between 115 2C

15 and 141 ¢C.

- Preferably, the energy system is designed and configured to operate at a design
opéralion point for the temperature of the at least one heat source and wherein the at

least one heat source temperature is between 115 °C and 138 °C, and the energy

20 system designed and configured to operate at a design operation point for the
temperature of the at least one heat source and wherein the at least one heat source
temperature is between 115 °C and 130 2C is more preferred. Most preferred is where
the energy system is designed and configured to operate at a design operation point for
the temperature of the at least one heat source and wherein the at least one heat

25  source temperature is between greater than 100 °C and less than 115 °C.
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In the preferred arrangement, a heat sink is in heat energy communication with the heat

source for supplying the heat demand of the heat source and wherein the heat sink is

. capable of receiving externally applied heat energy. A heat engine discharges its whole

or part of its spent heat energy to the heat sink. Accordingly, the heat engine is a steam
turbine, and wherein whole or part of exiting heat from the steam turbine is
communicated to the heat source through the exiting steam by fluid communication to a

back pressure vessel.

It will be appreciated that in consistency with the heat sink temperature the heat engine
is operated having the heat engine is designed and configured to operate at a design
operation point for the spent heat temperature wherein spent heat temperature is
between 115 2C and 141 9C. Preferably, the heat engine is operated having the heat
engine is designed aﬁd configured to operate at a design operation point for the spent
heat temperature wherein spent heat temperature is between 115 °C and 138 °C. More
preferred is where, the heat engine is operated having the heat engine is designed and
configured to operate at a design operation point for the spent heat temperature
wherein spent heat temperature is between 115 2C and 130 °C. Most p{'eferred is
where the heat engine is operated having the heat engine is designed and configured
to operate at a design operation point for the spent heat temperature wherein spent

heat temperature is between greater than 100 °C and less than 115 °C.

In the preferred mode, one of the unit processes is sterilization of fresh fruit bunches
(FFB) by a continuous sterilizer or pressurised baich sterilizer. A pressure rel.ief device
is provided on the steam turbine exhaust to protect any equipment against a rise of
pressure of not more than 25% above the pre-designed operating pressure of the

steam turbine exhaust steam.

PCT/MY2012/000021
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Furthermore, the present invention also provides a method for operating energy system
of a crude palm oil extraction plant which includes at least one heat source and at least
one means to communicate heat from the at least one heat source o a unit process
requiring heat energy wherein the method includes operating the energy system
5 designed and configured to operate at a design operation point for the temperature of
the at least one heat source and wherein the at least one heat source temperature is

between 115 2C and 141 2C.

Preferably, the method includes operating the energy system designed and configured
10 to operate at a design operation point for the temperature of the at.least one heat
source and wherein the at least one heat source temperature is between 115 °C and
138 °C, and the more preferred method includes operating the energy system designed
and configured to operate at a design operation point for the temperature of the at least
one heat source and wherein the at least one heat source temperature is between 115
15 *C and 130 °C. Most preferred method includes oper_ating the energy system desigﬁed
and configured to operate at a design operation point for the temperature of the at least
one heat source and wherein the at least one heat source lémperature is between

greater than 100 °C and less than 115 °C.

20 In the preferred method, a heat sink is in heat energy communi.cation with the heat
source for supplying the heat demand of the heat source and wherein the heat sink
receives externally applied heat energy. A heat engine discharges its whole or part of
its spent heat energy. to the heat sink. Accordingly, the heat engine is a steam turbine,
and wherein whole or part of the exiting heat from the steam turbine communicates with

25  the heat source by fluid communication to a back pressure vessel.
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It will be appreciated that in consistency with the heat sink temperature the heat engine
is operating having the heat engine designed and configured to operate at a design
operation point for the spent heat temperature wherein spent heat temperature is
between 115 2C and 141 °C. Preferably, the heat engine is operating having the heat
engine designed and configured to operate at a design operation point for the spent
heat temperature wherein spent heat temperature is between 115 °C and 138 °C. In
more preferred mode, the heat engine is operating having the heat eng'ine designed

and configured to operate at a design operation point for the spent heat temperature

. wherein spent heat temperature is between 115 ¢C and 130 °C. In the most preferred

method the heat engine is operating having the heat engine designed and configured to
operate at a design operation point for the spent heat temperature wherein spent heat

temperature is between greater than 100 °C and less than 115 °C.

In the preferred mode,. one of the unit processes is sterilization of fresh fruit bunches
(FFB) by_ a continuous sterilizer or pressurised batch sterilizer. A pressure relief device
provided on the steam iurbine exhaust protects any equipment against a rise of
pressure of not more thaﬁ 25% above the pre-designed operating pressure of the

steam turbine exhaust steam.

In the preferred mode, a heat engine for use in an arrangement for operating energy
system of a crude palm oil extraction plant‘which supplies exiting spent heat 16 gt least
a portion of heating needs of crude paim oil extraction plant wherein the heat engine is
designed and configured to operate at a design operation point for the spent heat

temperature wherein spent heat temperature is between 115 ¢C and 141 ¢C.

Preferably, the heat engine is designed and configured to operate at a design

operation point for the spent heat temperature wherein spent heat temperature is
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between 115 °C and 138 °C and in the more preferred mode the heat engine is
designed and configured to operate at a design operation point for the spent heat
temperature wherein spent heat temperature is between.115°C to 130°C. In the most
preferred method the heat engine is designed and configured to operate at a design
operation point for the spent heat temperature wherein spent heat temperature is

between greater than 100 °C and less than 115 °C

Accordingly, the heat engine is steam turbine and wherein the exiting spent heat is
discharged as steam at a design operation pressure not greater than the saturation

pressure corresponding to the design operation temperature of the exiting spent heat.

While the present invention has been described as having a preferred design, it can be
further modified within the spirit and the scope of this disclosure. This application is
therefore intended to cover any variations, uses or adaptations of the invention using its
general principles. Further, this application is intended .to covef such departures from
the present disclosure as come with a known or customer practice in the art to which

this invention pertains.

While the preferred embodiments of the present invention have been shown and
described herein, it will be obvious that such embodiments are provided by way of
examples only. Numerous variations, changes and substitutions will occur to those of
skill in the art without departing from the invention herein. Accordingly it is intended that

the invention be limited only by the spirit and scope of the appended claims.
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CLAIMS:

1. An arrangement for operating energy system of a crude palm oil extraction plant
which includes at least one heat source and at least one means to communicate

5 heat from the at least one heat source to a unit process requiring heat energy
wherein the energy system is designed and configured to operate at a design

operation point for the temperature of the at least one heat source and wherein

the at least one heat source temperature is between 115 2C and 141 °C.

10 2. An arrangement for operating energy system of a crude palm oil extraction plant
which includés at least one heat source and at least one means to communicate
heat from the at least one heat source to a unit process requiring heat wherein /
the energy system is designed and configured to operate at a design operation
point for the temperature of the at least one heat source and wherein the at least

15 one heat source temperature is between 115 2C and 138 °C.

3. An arrangement for operating energy system of a crude palm oil extraction plant
which includes at least one heat source and at one means to communicate heat
from the at one heat source to a unit process requiring wherein the energy system

20 is designed and configured to operate at a design operation point for the
temperature of the at least one heat source and wherein the at least one heat

source temperature is between 115 °C and 130 °C.

4. An arrangement for operating energy system of a crude palm oil extraction plant
25 which includes at least one heat source and at one means to communicate heat
from the at one heat source to a unit process requiring wherein the energy system

is designed and configured to operate at a design operation point for the
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temperature of the at least one heat source and wherein the at least one heat

source temperature is between greater than 100 C and less than 115 ¢C.

5. An arrangement for operating energy system of a crude palm oil extraction plant
5 as claimed in any of Claims 1, 2, 3 or 4, wherein a heat sink is in thermal energy
communication with the heat source and wherein the heat sink is capable of

receiving externally applied heat energy.

6. An arrangement for operating energy system of a crude palm oil extraction plant
10 as claimed in Claim 5, wherein a heat engine discharges its whole or part of its

spent heat energy to the heat sink.

7. An arrangement for operating energy system of a crude palm oil extraction plant

as claimed in Claim 6, wherein the heat engine is a steam turbine, and wherein

15 whole or part of exiting steam from the steam turbine is commun.icated to the heat
source through the exiting steam by fluid communication to a back pressure

vessel.

8. An arrangement for operating energy system of a crude palm oil extraction plant

20 as claimed in any of Claims 1, 2, 3, or 4, wherein one of the unit processes is

sterilization of fresh fruit bunches (FFB) by a continuous sterilizer or pressurised

batch sterilizer,

9. An arrangement for operating energy system of a crude palm oil extraction plant
25 as claimed in Claim 7, wherein a pressure relief device is provided on the steam

turbine exhaust to protect any equipment against a rise of pressure of not more



WO 2012/108756 PCT/MY2012/000021
32

than 25% above the pre-designed operating pressure of the steam turbine

exhaust steam.

10. A method for operating energy system of a crude palm oil extraction plant which

5 includes at least one heat source and at least one means to communicate heat
from the at least one heat source to a unit process requiring heat energy wherein

the method includes using operating a energy system designed and configured to

operate at a design operation point for a t.emperature of the at least one heat

source and wherein the at least one heat éource temperature is between 115 #C

10 and 141 ¢C.

11. A method for operating energy system of a crude palm oil extraction plant which
includes at least one heat source and at least one means to communicate heat
from the at least one heat source to a unit process requiring heat energy wherein

15 the method includes operating the energy System designed and configured to
operate at a design operation point for the temperature of the at least one heat
source and wherein the at ieast one heat source temperature is between 115 2C

and 138 °C.

20 12. A method for operating energy system of a crude palm oil extractiqn plant which
includes at least one heat source and at least one means to communicate heat
from the at least orie heat source to a unit process requiring heat energy wherein
the method includes operating the energy system deéigned and configured to
operate at a design operation point for the temperature of the at least one heat

25 source and wherein the at least one heat source temperature is between 115 °C

and 130 °C.
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13. A method for operating energy system of a crude palm oil extraction plant which
includes at least one heat source and at least one means to communicate heat
from the at least one heat source to a unit process requiring heat energy wherein
the method includes operating the energy system designed and configured to

5 operate at a design operation point for the temperature of the at least one heat
source and wherein the at least one heat source temperature is between greater

than 100 °C and less than 115 ¢C.

14. A method for operating energy system of a crude palm oil extraction plant as
10 claimed in any of Claims 10, 11, 12 or 13, wherein a heat sink is in thermal
energy communication with the heat source and wherein the heat sink receives

externally applied heat energy.

15. A method for operating energy system of a crude palm oil extraction plant as
15 claimed in Claim 14, wherein a heat engine is discharging its whole or part of its

spent heat energy to the heat sink.

16. A method for operating energy system of a crude paim oil extraction plant as

claimed in Claim 15, wherein the heat engine is a steam turbine, and wherein

20 whole or part of exiting steam from the steam turbine is communicating with the
heat source through the exiting steam by fluid communication to a back pressure

vessel.

17. A method for operating energy system of a crude palm oil exiraction plant as
25 claimed in any of Claims 10, 11, 12, or 13, wherein one of the unit processes is
sterilization of fresh fruit bunches (FFB) by a continuous sterilizer or pressurised

batch sterilizer.
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An method for operating energy system of a crude palm oil extraction plant as
¢claimed in Claim 16, wherein a pressure relief device provided on the steam
turbine exhaust is protecting any equipment against a rise of pressure of not more
than 25% above the pre-designed operating pressure of the steam turbine exhaust

steam.

A heat engine for use in an arrangement for operating energy system of a crude
palm oil extraction plant which supplies spent exiting heat to at least a portion of
heating needs of crude palm oil extraction plant wherein the heat engine is
designed and configured to operate at a design operation point for the spent heat

temperature wherein spent heat temperature is between 115 2C and 141 ?C.

A heat engine for use in an arrangement for operating energy system of a crude
palm oil extraction plant which supplies spent exiting .heat to at least a portion of
heating needs of crude palm oil extraction planf wherein the heat engine is
designed and configured to operate at a design operation point for the spent heat

temperature wherein spent heat temperature is between 115 2C and 138 °C.

A heat engine for use in an arrangement for operating energy system of a crude
palm oil extraction plant which supblies spent exiting heat to at least a portion of
heating needs of crude palm oil extraction plant wherein the heat engine is
designed and configured to operate at a design operation point for the spent heat

temperature wherein spent heat temperature is between 115°C and 130°C.

A heat engine for use in an arrangement for operating energy system of a crude
palm oil extraction plant which supplies spent exiting heat to at least a portion of

heating needs of crude palm oil extraction plant wherein the heat engine is

PCT/MY2012/000021
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designed and configured to operate at a design operation point for the spent heat
temperature wherein spent heat temperature is between greater than 100°C and

less than 1152C.

5 23. A heat engine for use in an arrangement for operating energy system of a crude
palm oil extraction plant as claimed in any of Claims 19, 20, 21 or 22, wherein the
heat engine is steam turbine and wherein the spent exiting heat is discharged as

steam at a pressure equal to or lower than the saturation pressure corresponding

to the temperature of t'he spent exiting heat.
10
24. An arrangement for operating energy system of a crude paim oil extraction plant as
claimed in Claim 6, wherein the heat engine is operated having the heat engine
designed and configured to operate at a design operation point for the sperﬁ heat
temperature wherein spent heat temperature is between 115 9C and 141 °C.
15
25. An arrangement for operating.energy system of a crude palm oil extraction plant as
claimed in Claim 6, wherein the heat engine is operated having the heat engine
designed and configured to operate at a design opefation point for (he spent heat
temperature wherein spent heat temperature is between 115 2C and 138 °C.

20

26. An arrangement for operating energy system of a crude palm oil extraction plant as
claimed in Claim 6, wherein the heat engine is operated having the heat engine
designed and configured to operate at a design operation point for the spent heat
temperature wherein spent heat temperature is between 115 2C and 130 °C.

25
27. An arrangement for operating energy system of a crude palm oil extraction plant as

claimed in Claim 6, wherein the heat engine is operated having the heat engine



WO 2012/108756

10

15

20

25

28.

29,

30.

31.

32.

36

designed and configured to operate at a design operation point for the spent heat
temperature wherein spent heat temperature is between greater than 100 2C and

less than 115 ¢C,

A method for operating energy system of a crude paim oil extraction plant as
claimed in Claim 15, wherein the heat engine is operated having the heat engine
designed and configured to operate at a design operation point for the spent heat

temperature wherein spent heat temperature is between 115 °C and 141 °C

A method for operating energy system of a crude palm oil extraction plant as
claimed in Claim 15, wherein the heat engine operated having the heat engine
designed and configured to operate at a design operation paint for the spent heat

temperature wherein spent heat temperature is between 115 °C and 138 C.

A method for operating energy system of a crude palm oil eitraction plant as
claimed in Claim 15, wherein the heat engine is operated having the heat engine
designed and corifigured to operate at a design operafion point for the spent heat

temperature wherein spent heat temperature is between 115 2C and 130 °C

A method for operating energy system of a crude palm oil extraction plant as
claimed in Claim 15, wherein the heat engine is operated having the heat engine
designed and configured to operate at a design operation point for the spent heat
temperature wherein spent heat temperature is between greater than 100 °C and

less than 115 2C.

An arrangement for operating energy system of a crude palm oil extraction plant as

claimed in Claim 7, wherein the steam turbine spent exiting heat is discharged as

PCT/MY2012/000021
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steam at a pressure not greater than the saturation pressure corresponding to the

temperature of the spent exiting heat.

33. A method for operating energy system of a crude palm oil extraction plant as
5 claimed in Claim 16, wherein the steam turbine spent exiting heat is discharged as
steam at a pressure not greater than the saturation pressure corresponding to the

temperature of the spent exiting heat.
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Figure 5.1 Back Pressure Vessel (Prior Art}

Pressure Relief Control Valve
set to open at 2.15 bar

Safety Valve
setto open at

2.5 bar ]
Main Stéam \ 600 mm @
Steam from Prime Mover
t | 120:C, 2 bar

High Pressure

Make-up Pressure Design Operation = 120°C, 2 bar
Reducing Valve
& De-superheating
Set to open at 1.85 bar ?

Figure 5.2 Back Pressure Vessel

8/
9SL8OT/TIOT OM

1T0000/TTOTAN/LDd

5



PCT/MY2012/000021

WO 2012/108756

6/8

g aunbiy

b~ 2

aeq Z ‘00021 = uonesadp ubiseqg

A

1]

\i

auiuny weajg

Y



Process
2 bar
Figure 7.1
Process
2 bar
Condenser
Figure 7.3

5L

Figure 7.2

&

Figure 7.4

Process
2 bar

Process
> 2 bar

Process
2 bar

Process
2 bar

8L
9SLSOT/TTOT OM

120000/TTOTAN/LDOd

"



PCT/MY2012/000021

WO 2012/108756

8/8

L'23.nBiy4
.qz
SRR
raz 92 2anBig gL ainbig
®
13S() Weals lewaxy e wegxé |<eu131x3
—
rqZ
ssso0ly @ —————— éggae g

ais




INTERNATIONAL SEARCH REPORT

international application No

PCT/MY2012/000021

A. CLASSIFICATION OF SUBJECT MATTER

INV. C11B1/16 FO1D17/14
ADD.

According to Internationa! Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

C11B FO1D

Minimum dooumentation searched (classification system foliowed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronio data base consulted during the intemational searsh (name of data base and, where practioable, search terms used)

EPO-Internal, BIOSIS, COMPENDEX, FSTA, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X MODH.HALIM SHAH, I. ET AL.:
MILL",

XP002679119,
SEYCHELLES

ISSN: 1450-216X

page 629, paragraph 2

paragraph 1; figure 1

“RESEARCH
WORK ON STEAM ACCUMULATOR IN PALM OIL

EUROPEAN JOURNAL OF SCIENITIFIC RESEARCH,
vol. 37, no. 4, 2009, pages 628-640,

page 631, paragraph 2 - page 633,

1,5-10,
14-19,
23,24,
28,32,33

-/--

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the art which is not considered
to be of particular relevance

*E" earlier application or patent but pubtished on or after the international
filing date

*L® document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
speocial reason (as specified)

*0O* document referring to an oral disclosure, use, exhbition or other
means

*P* document published prior to the intemational filing date but later than
the priority date olaimed

*T" later document published after the intemational filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

- *X* document of particular relevance; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive
atep when the document is taken alone

*Y* doosument of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

*&" document member of the same patent family

Date of the actual completion of the intemational search

17 July 2012

Date of mailing of the intemnational search report

36/07/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk

Tel. {(+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Rooney, Kevin

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2

6



INTERNATIONAL SEARCH REPORT .

International application No

PCT/MY2012/000021

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X BABATUNDE, 0.0., IGE, M.T.., MAKANJUOLA, _ 1-33
G.E.: "FFECT OF STERILIZATION ON FRUIT
RECOVERY IN OIL PALM FRUIT PROCESSING",
JOURNAL OF AGRICULTURAL ENGINEERING
RESEARCH. ,

vol. 41, 1988, pages 75-79, XP002679120,
ACADEMIC PRESS, LONDON.

ISSN: 0021-8634

the whole document

A SHAHRAKBAH YACOB: "PROGRESS AND 1-33
CHALLENGES IN UTILIZATION OF PALM
BIOMASS",

2007, XP002679121,

AA Research

Retrieved from the Internet:
URL:http://www.jst.go.jp/asts/asts_j/files
/ppt/15_ppt.pdf

[retrieved on 2012-07-02]

page 5 - page 6

A DATABASE FSTA [Online] 1-33
INTERNATIONAL FOOD INFORMATION SERVICE )
(IF1S), FRANKFURT-MAIN, DE;

1979,

HAYES C W: "Steam turbine alternator sets
for the palm oil industry.",

XP002679122,

Database accession no. FS-1979-07-N-0314
abstract

A ARRIETA ET AL: "Cogeneration potential in 1-33
the Columbian palm oil industry: Three
case studies",

BIOMASS AND BIOENERGY, PERGAMON,
AMSTERDAM, NL,

vol. 31, no. 7, 1 May 2007 (2007-05-01),
pages 503-511, XP022053558,

ISSN: 0961-9534, DOI:
10.1016/J.BIOMBIOE.2007.01.016

the whole document

Fom PCT/ISA/210 {continuation of second sheet) (April 2005)

page 2 of 2



PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter ll of the Patent Cooperation Treaty)

(PCT Article 36 and Rule 70)

Applicant's or agent's file reference

P3343-KM-PCT FOR FURTHER ACTION See Form PCTAPEA/416
Intemational application No. International filing date (dayfmonthiear) Priority date (day/nonth4ear)
PCTMY2012000021 03.02.2012 07.02.2011

International Patent Classification (IPC) or national classification and IPC

INV. C11B1A46

Applicant

Palanisamy, Krishna Moorthy

1.

2.
3.

This report is the international preliminary examination repon, established by this International Preliminary Examining
Authority under Article 35 and transmitted to the applicant according to Article 36.

This REPORT consists of a total of 4 sheets, including this cover sheet.

This report is also accompanied by ANNEXES, comprising: :

a. B (sent to the applicant and to the International Bureau) a total of 15 sheets, as follows:

& sheets of the description, claims and/or drawings which have been amended and/or sheets containing
rectifications authorized by this Authority, unless those sheets were superseded or cancelled, and any
accompanying letters (see Rules 46.5, 66.8, 70.16, 91.2, and Section 607 of the Administrative
Instructions).

O sheets containing rectifications, where the decision was made by this Authority not to take them into account
because they were not authorized by or notified to this Authority at the time when this Authority began to.
draw up this report, and any accompanying letters (Rules 66.4bis, 70.2(e), 70.16 and 91.2).

O superseded sheets and any accompanying letters, where this Authority either considers that the
superseding sheets contain an amendment that goes beyond the disclosure in the international application
as filed, or the superseding sheets were not accompanied by a letter indicating the basis for the
amendments in the application as filed, as indicated in item 4 of Box No. | and the Supplemental Box (see
Rule 70.16(b)).

b. 0 (sent to the Intemational Bureau only) a total of (indicate type and number of electronic carrier(s)) , containing a
sequence listing, in electronic form only, as indicated in the Supplemental Box Relating to Sequence Listing (see
paragraph 3bis of Annex C of the Administrative Instructions).

This report contains indications relating to the following items:

Box No. | Basis of the report

Box No. Il Priority

Box No. i Non-establishment of opinion with regard to noveity, inventive step and industrial applicability

Box No. IV Lack of unity of invention

Box No.V  Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Box No. VI Certain documents cited

Box No. VIl Certain defects in the international application

Box No. VIlf Certain observations on the international application

000 ROOOK

Date of submission of the demand Date of completion of this report

29.11.2012 14.05.2013

Name and mailing address of the international Autharized officer

preliminary examining authority:

Pale;
gty

N
European Patent Office P.B. 5818 Patentlaan 2 g
_-@) NL-2280 HV Rijswijk - Pays Bas De Jong, Ellen p)

aueren

O

Tel. +31 70 340 - 2040 .
Fax: +31 70 340 - 3016 Telephone No. +31 70 340-3849 “Soong g

g enss™

Form PCTAPEA/409 (Cover Sheet) (July 2011)

(

5T




INTERNATIONAL PRELIMINARY REPORT International application No.
ON PATENTABILITY . . PCTMY2012/000021

Box No.1 Basis of the report

1. With regard to the language, this report is based on
X the international application in the tanguage in which it was filed
0 atranslation of the international application into , which is the language

of a translation furnished for the purposes of:

O international search (under Rules 12.3(a) and 23.1(b))
{J publication of the international application (under Rule 12.4(a))
O international preliminary examination (under Rules 55.2(a) and/or 55.3(a) and (b))

2. With regard 1o the elements” of the international application, this report is based on (replacement sheets which
have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this
report as "originally filed" and are not annexed to this report): ‘

Description, Pages
1-29 as originally filed

Claims, Numbers
1-30 filed with the letter of 12-04-2013

Drawings, Sheets
18-88 as originally filed

a sequence listing - see Supplemental Box Relating to Sequence Listing.
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had not been made, since either they are considered to go beyond the disclosure as filed, or they were not
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O the description, pages

O the claims, Nos.

O the drawings, sheetsfigs

0O the sequence listing (specify):
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Box No.V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-30
No: Claims-

Inventive step (IS) Yes: Claims 1-30
No: Claims

Industrial applicability (1A) Yes: Claims 1-30
No: Claims
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AdV

The subject-matter of claim 1-30 is novel and involves an inventive step (Article 33(2)
and (3) PCT):

1. The document D1 describes a plant for the extraction of crude palm oil which
includes heat sources such as steam turbines which may then be connected to a unit
process requiring energy such as sterilization. The steam in the turbine is held at the
optimum steaming pressure of 40-45 psig, which corresponds (via steam tables) to a
temperature of 141.5-144.7°C (see D1: as cited in the search report and applicant's
letter of 29.11.2012).

The document D2 describes steam treatment of palm fruit in order to effect
sterilization thereof. The steam is used at temperatures of 100°C and 130°C (see D2:
as cited in the search report). However, the disclosure in d2 does not refer to all the
features of the apparatus according to present claim 1, nor to the method steps
according to present claim 16.

2. D1 is considered to be the closest prior art.

The problem to be solve vis-a-vis D1 is considered as providing an improved, more
efficient apparatus or method.

This problem is solved by using steam deriving from a turbine as a sterilizing agent.
As described in the description on page 17 lines 6-7, page 19 lines 21-22 and page 24
lines 17-23, the object of the invention was to provide a more efficient thermal energy
transfer in terms of energy utilisation. The whole system contains a prime mover / heat
engine (i.e. steam turbine or reciprocating steam engine, see p.24 1.25-p.25 1.2), a
primary heat source delivering high pressure steam through a (pressure-reducing)
valve arrangement and a back pressure vessel fitted with a blow-off vaive and with a
pressure relief device, see figures 5.2 and 6, which allow for the source steam, which
is used for the crude palm oil extraction, to be at lower temperature and pressure
(120°C and 2 bar versus 144°C and 4 bar).

As applicant has explained (see letter of 12.04.2013, page 6-9, these features were
not indicated in the cited prior art.

Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 2005)




GRUNECKER
PATENT- UND RECHTSANWALTE
EPQ - Munich
64

12 April 2013 -

Granecker (eopokistr. 4 80802 Minchen Germany

European Patent Office

Erhardtstrale 27
80298 Muinchen
Ihr Zaichen / Your Ref. Unser Zeichen / Our Ret. Datum/Date
PCT87313JK192dol April 12, 2013

International Patent A.pplication PCT/MY2012/000021
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Response to a Written Opinion of the International Preliminary Examining
Authority

In accordance with Article 34(2)(b) PCT, a new set of amended claims, 1 to 30, is
respectfully submitted herewith in order to replace, at least for the time being, the
previously filed set of claims, 1 to 28. The International Preliminary Examining
Authority is respectfully requested to base further preliminary examination on this
new set of amended claims whilst taking the following comments into account.

1. Amendments

New independent claim 1 is based upon previously filed independent claim 1 and
has been amended so as to more accurately reflect the general concept behind
the present invention, without introducing extended subject matter. In this regard,
the amendments to said new claim 1 are generally based upon the detailed
description of the embodiment depicted within Figures 5.2 and 6 (see pages 20
to 23 of the description of the pending application), such that said new claim 1
now includes: '

* a primary heat source configured to provide heat energy in the form of
high pressure and temperature steam; .
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¢ a steam prime mover configured to receive high pressure and temperature steam
from the primary heat source; and '

e a back pressure vessel configured to receive heat energy in the form of steam
exiting from the steam prime mover.

In addition, the previously referred to “steam source” (originally referred to as °“heat
source”) has been more accurately defined as being “source steam of the back pressure
vessel”. Such amendments are particularly supported by lines 9 to 14 on page 21 of the
description of the pending application.

New dependent claim 2 now refers to a “valve arrangement configured to reduce the
pressure and temperature of steam received from the primary heat source, wherein the
back pressure vessel is further configured to receive heat energy in the form of steam
from the valve arrangement”. Such an amendment is supported by lines 8 to 11 on page
23 of the description of the pending application. In this regard, it is respectfully submitted
that it is allowable to omit such a feature from new independent claim 1, because it is
clear from lines 22 to 24 on page 23 of the description of the pending application that the
external pressure control of said valve arrangement is not essential to the present
invention, as the steam prime mover can be controlled to maintain the back pressure of
the source steam in the back pressure vessel without the need for the valve arrangement.

"New dependent claims 3 to § correspond to the previously filed dependent claims 4 to 6,
respectively, wherein said new dependent claims have been amended to reflect the
amendments carried out to new claim 1.

New dependent claims 6 to B correspond to the previously filed dependent claim 7,
wherein the individual temperature ranges of said previously filed claim 7 have been
separated into individual claims. In this regard, said new claims 6 to 8 have also been
amended so as to reflect the amendments carried out to new independent claim 1.

New dependent ciaims 9 to 11 comprise the features of previously filed dependent claim
8, wherein the individual temperature ranges of said previously filed claim 8 have been
separated into individual claims. In this regard, said new claims 9 to 11 have been
amended so as to reflect the amendments carried out to new independent claim 1.




New dependent ctaims 12 to 15 comprise the features of previously filed dependent
claims 9 to 12, respectively, wherein said new claims have been amended so as to reflect
the amendments carmried out to new independent claim 1.

New claims 16 to 30 are the method equivalents of new claims 1 to 15, respectively. In
other words, the amendments carried out to the new apparatus claims 1 to 15 have been
carried out mutatis mutandis to the new method claims 16 to 30, respectively.

Previously filed claims 25 to 28 are now no longer present within the new set of amended

claims.
iu. Subject of the invention

The invention now refers to an arrangement for operating energy system of a crude paim
oil extraction plant which includes:

“a primary heat source configured to provide heat energy in the form
of high pressure and temperature steam;
a steam prime mover configured to receive high pressure and
temperature steam from the primary heat source;
a back pressure vessel configured to receive heat energy in the form
of steam exiting from the steam prime mover;
at least one unit process of the crude palm oil extraction plant
requiring heat energy; and
at least one means configured to convey heat energy from the back
pressure vessel as source steam to the unit process;
wherein the energy system is designed and configured to operate at a
design operation point for the temperature of the source steam of the back
pressure vessel.”

Such an arrangement is known from D1 as cited within the International Search Report.

{t is an object of the present invention to provide such an arrangement which can improve
the efficiency of energy utilization by conserving heat energy while providing the required
process temperatures of the palm oil extraction process.




Such an object is achieved by an arrangement according to the preamble of new
independent claim 1, characterized in that:

‘the temperature of the source steam of the back pressure vessel is
between greater than 100 °C and 141 °C at saturation pressure.”

The invention now further refers to a method for operating energy system of a crude palm
oil extraction plant which includes:

“providing heat energy in the form of high pressure and temperature
steam from a primary heat source;
reducing the pressure and temperature of steam provided by the.
primary heat source with a steam prime mover, '
providing a back pressure vessel with heat energy in the form of
steam exiting from the steam prime mover; and
conveying heat energy from the back pressureA vessel as source
steam to a unit process;
wherein the method includes operating an energy system designed and
configured to operate at a design operation point for a temperature of the
source steam of the back pressure vessel.”

Such a method is known from D1.
It is an object of the present invention to provide such a method which improves the
efficiency of energy utilization by conserving heat energy while providing the required

process temperatures of the palm oil extraction process.

Such an object is achieved by a method according to the preamble of new independent
claim 16, characterized in that:

‘the temperature of the source steam of the back pressure vessel is
between greater than 100 °C and 141 °C at saturation pressure.”




in. Clarity

As discussed above, new independent claims 1 and 16 have been amended so as to
more accurately reflect the general concept behind the present invention. In this regard,
said new independent claims have been amended so as to more closely correspond to
the specific embodiment defined within the description of the pending application, and
accordingly, it is respectfully submitted that the scope of the new set of amended claims
should not be considered as broader than justified. Specifically, said new independent
claims 1 and 16 now define the invention in terms of the functional and structural features
used to describe the embodiment within the description of the pending application, and
thus the claims no longer use vague and unclear terminology. Moreover, the inclusion of
these additional functional and structural features results in the claims containing all the
features essential for carrying out the present invention.

Accordingly, it is respectfully submitted that the new set of amended claims should be
considered as satisfying the clarity requirements of Article 6 PCT.

Iv. Cited prior art

The prior art document cited within the international search report as D1 (“Research Work
on Steam Accumulator in Palm Qil Mill") is a study on variations in energy availability and
steam distribution to various parts in the mill which was aimed at identifying steam losses
and fluctuation problems. - As can be taken from Chapter 2 and Fig. 1 of D1, the palm oil
mill in question utilizes steam generated in a boiler (having an output of “about 230 to 260
psig”) to drive a steam turbine which can transform the high pressure steam into electrical
energy. The rated design output of said steam turbine is for an input steam pressure of
250 psig and a back pressure of 40 psig (see Chapter 4.2). The exhaust steam is
temporarily stored in a back pressure vessel before being utilized for the mill processing,
which has an actual steam pressure requirement of “about 40 to 45 psig”.

Accordingly, although D1 does not specify the exact pressure in the back pressure vessel,
as the pressure of the sterilizer (unit process) is defined as being 40 psig, and as the
actual steam pressure requirements for the mill processing are defined as being “about 40
to 45 psig”, it can thus be concluded that the pressure in the back pressure vessel must
be greater than 40 psig in order to allow for the pressure drop along the steam supply
conduits. Hence, as the steam in the back pressure vessel of D1 can be considered as



the source steam of the back pressure vessel as claimed within new independent claims 1
and 13, and as the steam pressure of 40 psig (3.77 bar abs in metric units) in the sterilizer
has been acknowledged as corresponding to a saturation temperature of 141.5° C, it can
thus bé concluded that D1 does not anticipate the temperature range of the source steam
of the back pressure vessel as defined within new independent claims 1 and 16,

Regarding the prior art document cited within the international search report as D2 (“Effect
of Sterilization on Fruit Recovery in Qil Palm Fruit Processing"), it can be seen that said
document concerns poor oit palm fruit recovery from freshly harvested fruit bunches that
has been a major problem at the palm oil mills in Nigeria. In Nigerian industrial scale palm
oil mills, the processing of spikelets chopped from the freshly harvested fruit bunch were
found to increase the mass of material carried down the process line after sterilization and
fruit recovery. The study was done to understand the effects of sterilization on fruit
recovery in paim oil fruit processing to reduce oil loss and reduce the material flow
through the process line while processing spikelets. The document merely teaches that
the sterilization of oil palm fruit bunches can be achieved at saturated steam temperatures
of 100° C and 130° C. As can be taken from Section I, the objective of the study reported
within D2 was to investigate ‘the response of oil palm fruit to stripping when the freshly
harvested fruit bunches and spikelets were sterilized in saturated steam at 100° C at
atmospheric pressure or 130° C at 2.66 atmospheres”. There is no reference to the
efficient use of thermal energy within an entire palm oil mill, and the experimental methods
used can clearly only be considered as simulating the sterilization process of a palm oil
mill and not the whole system.

V. Patentability

New. independent claims 1 and 16 are distinguished over the closest prior art document
D1 by the fact that the source steam of the back pressure vessel has a temperature range
lower than in the paim oil mill of D1. By this reduction in the temperature of the source
steam of the back pressure vessel at saturation pressure, consumption .of process steam
is reduced due to enthalpy. effects in process heating, as well as due to the reduction of -
heat loss in the steam distribution which occurs through: conduction and convection to the
environment, leaking steam traps, leaking valve spindles, etc. Hence, it can be seen that
the objective technical problem solved by the present invention in light of the palm oil mill
of D1 is the lowering of the consumption of process steam.




As discussed above, prior art document D1 cannot be considered as disclosing source
steam of the back pressure vessel having a temperature between greater than 100° C and
141° C at saturation pressure. Accordingly, it can thus be concluded that the subject-
matter of new independent claims 1 and 16 satisfies the novelty requirement of Article
33(2) PCT.

In addition, it is respectfully submitted that the subject-matter of new independent claims 1
and 16 is not obvious to the person skilled in the art, because:

= there is no teaching within the closest prior art document D1 that would lead the
skilled person to consider the objective of lowering the consumption of process
steam which the present invention achieves with respect to the palm oil mill of D1
by utilizing source steam of the back pressure vessel having a lower temperature

range at saturation pressure;

» even if said skilled person were to consider such an objective, there is nothing that
would lead them to consider the teachings of D2, as they aré more likely to
consider the known means of improving the efficiency of a palm oil mill, e.g. using
flash steam from the condensate that is discharged from a batch sterilizer for
pracess heating, using blow off steam from a batch sterilizer for de-aerating and/or
preheating the next sterilizer coming into operation, using automation for optimum
sequencing of multiple sterilizers in operation, etc.; and

. eveh if said skilled person were to turn to the teachings of D2, said document
merely teaches that the sterilization process can be carried out at 100° C or 130°
C, and thus the skilled person would not apply the teachings of D2 to the palm oil
mill of D1 to achieve an arrangement according to new independent claim 1 or a
method according to new independent claim 16. without carrying out some form of
inventive step.

In this regard, a direct application of the teachings of D2 to the palm oil mill of D1 would
merely result in the skilled person contemplating a reduction in the temperature of the
process steam being used in the sterilizer. Such a combination of teachings would resuit
in a palm oil mill similar to that already depicted Within Figs. 2.1 and 2.2 of the pending
application. Nevertheless, D2 does not teach the skilled person to reduce the
temperature of the source steam of the back pressure vessel at saturation pressure, as



this temperature is optimized for the heat engine utilized within the palm oil mill, as well as
the other mill processes that require a steam pressure of “about 40 to 45 psig".

Moreover, the non-obviousness of the characterizing features of new independent claims
1 and 16 is further evidenced by the fact that there has been a longstanding, but hitherto
unresolved, need to improve the efficiency of energy use and maximise the use of
renewable energy in palm oil mills. This is clear from several calls for improved energy
efficiency in the palm oil industry, e.g. the Roundtable on Sustainable Paim Qil (RSPQ),
under the Principles and Criteria for Sustainable Palm Oil Production, has called upon the
industry to improve efficiency of energy use and maximise use of renewable energy in the
palm oil mills since 2005. Nevertheless, although D2 was published in 1988, continuous
sterilisers have been in use since 1998, and improved methods for de-aeration of batch
sterilisers have been known since 1980, the solution provided by new independent claims
1 and 16 is still not known within the prior art.

Furthermore, the non-obviousness of the subject matter of new independent claims 1 and
16 is further evidenced by the prior art teaching away from the solution provided by the
present invention. It has been put forward in the prior art that efficiency of an energy
system of a palm oil extraction plant can be improved by reducing consumption of process
steam and directing the saved process steam to a condensing steam turbine to generate
additional power. See for example, the ISR cited document “Cogeneration Potential in the
Columbian Palm Oil Industry”. In contrast, the solution provided by the:'present invention
of reducing the source steam temperature within the back pressure vesssel at saturation
pressure to the claimed range is not an adjustment of process parameter for perfformance
~ improvement, but a complete divergence in the concept and way of improving energy
efficiency. Hence, the present invention offers a superior overall efficiency in the ’use of
renewable energy from biomass, in the palm oil extraction process, as a 10% decrease in
process steam consumption is achievable which translates to an equal reduction in the
burning of biomass and this is a surprising result that has not been achieved in the prior
art.

Accordingly, as the subject-matter of new independent claims 1 and 16 should not be
considered as obvious to the person skilled in the ar, it can thus be concluded that said
subject-matter also satisfies the inventive step requirements of Article 33(3) PCT.




The International Preliminary Examining Authority is respectfully requested to
acknowledge the novelty and inventiveness of the application as now amended. In case
the International Preliminary Examining Authority has further reservations, it is respectfuily
requested to issue a further preliminary Written Opinion under Rule 66.2 PCT.

Encl.
New set of amended ciaims 1 to 30 (both clean and working copies)

)
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PCT/MY 2012/000 021 - 12-04-2013

CLEAN COPY
PCT Application No.: PCT/MY2012/000021
Applicant: Krishna Moorthy Palanisamy
Our Ref.: PCT87313JK192
Date: April 12, 2013
NEW CLAIMS 1 TO 30
1. An arrangement for operating energy system of a crude palm oit extraction plant which

includes:
a primary heat source configured to provide heat energy in the form of high
pressure and temperature steam,

a steam prime mover configured to receive high pressure and temperature steam
from the primary heat source; _
a back pressure vessel configured to receive heat energy in the form of steam
exiting from the steam prime maver;
at least one unit process of the crude paim oil extraction plant requiring heat
energy; and
at least one means configured to convey heat energy from the back pressure
vessel as source steam to the unit process; |
wherein the energy system is designed and configured to operate at a design operation
point for the temperature of the source steam of the back pressure vessel;

characterized in that

the temperature of the source steam of the back pressure vessel is between greater than
100 °C and 141 °C at saturation pressure.

2. An arrangement for operating energy system of a c¢rude palm oil extraction plant as
claimed in Claim 1 further including a valve arrangement configured to reduce the
pressure and temperature of steam received from the primary heat source, wherein the
back pressure vessel is further configured to receive heat energy in the form of steam
from the valve arrangement.

3. An arrangement for operating energy system of a crude palm oil extraction plant as
claimed in Claim 1 or 2, wherein the steam prime mover is a steam turbine having all or
part of its spent heat energy communicated to the back pressure vessel by exiting steam
from the steam turbine.

AMENDED SHEET



10.
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An arrangement for operating energy system of a crude palm oil extraction plant as
claimed in Claim 3, wherein a pressure relief device is provided on the steam turbine
exhaust to protect any equipment against a rise of pressure of not more than 25% above
the pre-designed operating pressure of the steam turbine exhaust steam.

An arrangement for operating energy system of a crude palm oil extraction plant as
claimed in Claim 3 or 4, wherein the steam turbine exiting steam is discharged at a
pressure not greater than the saturation pressure corresponding to the temperature of
the exitlng steam.

An arrangement for operating energy system of a crude palm oil extraction plant as
claimed in any one of Claims 1 to 5, wherein the temperature of the source steam of the
back pressure vessel is between 115 ?C and 141 9C at saturation pressure.

An arrangement for operating energy system of a crude palm oil extraction plant as
claimed in any one of Claims 1 to 5, wherein the temperature of the source steam of the
back pressure vessel is between 115 2C and 138 2C at saturation pressure.

An arrangemént for operating energy system of a crude palm oil extraction plant as
claimed in any one of Claims 1 to 5, wherein the temperature of the source steam of the
back pressure vessel is between 115 2C and 130 *C at saturation pressure.

An arrangement for operating energy system of a crude palm oil extraction plant as
claimed in any one of Claims 3 to 5, or as claimed in Claim 6 when dependent on any
one of Claims 3 to 5, wherein the steam turbine is designed and configured to operate at
a design operation point for the temperature of the exiling steam, and wherein the
temperature of the exiting steam is between 115 ?C and 141 2C at saturation pressure.

An arrangement for operating energy system of a crude palm qil extraction piant as
claimed in any one of Claims 3 to 5, or as claimed in Claim 7 when dependent on any
one of Claims 3 to 5, wherein the steam turbine is designed and configured to operate at
a design operation point for the temperature of the exiting steam, and wherein the
temperature of the exiting steam is between 115 %C and 138 2C at saturation pressure.

AMENDED SHEET

g
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An arrangement for operating energy system of a crude palm oil extraction plant as
claimed in any one of Claims 3 to 5, or as claimed in Claim 8 when dependent on any
one of Claims 3 to 5, wherein the steam turbine is designed and configured to operate at
a design operation point for the temperature of the exiting steam, and wherein the
temperature of the exiting steam is between 115 2C and 130 °C at saturation pressure.

An arrangement for operaling energy system of a crude palm oil extraction plant as
claimed in any one of Claims 6 to 11, wherein ane of the unit processes is sterilization of
fresh fruit bunches (FFB) by a pressurised batch sterilizer.

An arrangement for operating energy system of a crude palm oil extraction plant as
claimed in any one of Claims 1 to 5, wherein the temperature of the source steam of the
back pressure vessel is between greater than 100 2C and less than 115 2C at saturation
pressure.

An arrangement for operating energy system of a crude palm oil extraction piant as
claimed in any one of Claims 3 to 5, or as claimed in Claim 13 when dependent on any
one of Claims 3 to 5, wherein the steam turbine is designed and configured to operate at
a design operation point for the temperature of the exiting .steam, and wherein the
temperature of the exiting steam is between greater than 100 °C and less than 115 °C at
saturation pressure.

An arrangement for operating energy system of a crude palm oil extraction plant as
claimed in any one of Claims 6 to 11, 13 or 14, wherein one of the unit processes is
sterilization of fresh fruit bunches (FFB) by a continuous sterilizer. '

A method for operating energy system of a crude palm oil extraction plant which includes:
providing heat energy in the form of high pressure and temperature steam from a .
primary heat source;
reducing the pressure and temperature of steam provided by the primary heat
source with a steam prime mover, ‘ _
providing a back pressure vessel with heat energy in the form of steam exiting
from the steam prime mover; and
conveying heat energy from the back pressure vessel as source steam to a unit
process;

AMENDED SHEET
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21.

22.
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wherein the method includes operating the energy system designed and configured to
operate at a design operation point for the temperature of the source steam of the back

pressure vessel;
characterized in that

the temperature of the source steam of the back pressure vessel is between greater than
100 °C and 141 °C at saturation pressure.

A method for -operating energy system of a crude palm oil extraction plant as claimed in
Claim 16, wherein the step of reducing the pressure and temperature of steam provided
by the primary heat source also utilises a valve arrangement reducing the pressure and
temperature of steam received from the primary heat source

A method for operating energy system of a crude palm oil extraction plant as claimed in
Claim 16 or 17, wherein the steam prime mover is a steam turbine having all or part of its
spent heat energy communicated to the back pressure vessel by receiving the exiting
steam from the steam turbine.

A method for operating energy system of a crude palm oil extraction plant as claimed in
Claim 18, wherein a pressure relief device provided on the steam turbine exhaust
protects any equipment against a rise of pressure of not more than 25% above the pre-
designed operating pressure of the steam turbine exhaust steam.

A method for operating energy system of a crude palm oil extraction plant as claimed in
Claim 18 or 19, wherein the steam turbine exiting steam Is discharged at a pressure not
greater than the saturation pressure corresponding to the temperature of the exiting
steam.

A method for operating energy system of a crude palm oil extraction plant as claimed in
any one of Claims 16 to 20, wherein the temperature of the source steam of the back
pressure vessel is between 115 2C and 141.9C at saturation pressure.

A method for operating energy system of a crude paim oil extraction plant as claimed in

any one of Claims 16 to 20, wherein the temperature of the source steam of the back
pressure vessel is between 115 *C and 138 °C at saturation pressure.

AMENDED SHEET
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A method for operating energy system of a crude palm oil extraction plant as claimed in
any one of Claims 16 to 20, wherein the temperature of the source steam of the back
pressure vessel is between 115 *C and 130 °C at saturation pressure.

A method for operating energy system of a crude palm oil extraction plant as claimed in
any one of Claims 18 to 20, or as claimed in Claim 21 when dependent on any one of
Claims 18 to 20, wherein the steam turbine is operated having the steam turbine
designed and configured to operate at a design operation point for the temperature of the
exiting steam, and wherein the temperature of the exiting steam is between 115 °C and
141 °C at saturation pressure.

A method for operating energy system of a crude palm oil extraction plant as claimed in
any one of Claims 18 to 20, or as claimed in Claim 22 when dependent on any one of
Claims 18 to 20, wherein the steam turbine is operated having the steam turbine
designed and configured to operate at a design operation point for the temperature of the
exiting steam, and wherein the temperature of the exiting steam is between 115 2C and
138 2C at saturation pressure.

A method for operating energy system of a crude palm il extraction plant as claimed in

any one of Claims 18 to 20, or as claimed in Claim 23 when dependent on any one of
Claims 18 to 20, wherein the steam turbine is operated having the steam turbine
designed and configured to operate at a design operation point for the temperature of the
exiting steam, and wherein the temperature of the exiting steam is between 115 2C and
130 °C at saturation pressure.

A method for operating energy system of a crude palm oil extraction plant as claimed in
any one of Claims 21 to 26, wherein one of the unit processes is sterilization of fresh fruit
bunches (FFB) by a pressurised batch sterilizer.

A method for operating energy system of a crude palm ail extraction plant as claimed in
any one of Claims 16 {0 20, wherein the temperature of the source steam of the back
pressure vessel is between greater than 100 °C and less than 115 *C at saturation
pressure.

AMENDED SHEET
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A method for operating energy system of a crude palm oll extraction plant as claimed in
any one of Claims 18 to 20, or as claimed in Claim 28 when dependent on any one of
Claims 18 to 20, wherein the steam turbine is operated having the steam turbine
designed and configured to operate at a design operation point for the temperature of the
exiting steam, and wherein thé tefnperature of the exiting steam is between greatér than
100 ?C and less than 115 ?C at saturation pressure,

A method for operating energy system of a crude palm oil extraction plant as claimed in

any one of Claims 21 to 26, 28 or 29, wherein one of the unit processes is sterilization of
fresh fruit bunches (FFB) by a continuous sterilizer.

AMENDED SHEET
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1. El presente informe es el informe de examen preliminar internacional,

establecido por esta Autoridad Internacional de Examen Preliminar

ay



conforme al Articulo 35 y transmitido al solicitante de acuerdo con el

Articulo 36.

. El presente INFORME consta de un total de 4 hojas, incluyendo esta hoja

de portada

. El presente informe también viene acompafiado de ANEXOS, que

contienen:

a. [X] (Enviado al solicitante y a la Oficina Internacional) un total de 15

hojas, asi:

[X] hojas de la descripcion, reivindicaciones y/o planos las cuales
han sido modificadas y/o hojas que contienen rectificaciones
autorizadas por esta Autoridad, a menos que esas hojas hayan sido
sustituidas o canceladas, y cualesquiera cartas acompafiantes (ver
Reglas 46.5, 66.8, 70.16, 91.2, y la Seccion 607 de las Instrucciones
Administrativas).

[ ] hojas que contienen rectificaciones donde la decisién fue tomada
por esta Autoridad y que no se toman en cuenta porque no fueron
autorizadas por o notificadas a esta Autoridad cuando esta Autoridad
comenz6 a elaborar este informe, vy cualesquiera cartas

acompafnantes (Reglas 66.4bis, 70.2 (e), 70.16 y 91.2).



[ ] hojas sustituidas y cualesquiera cartas acompanantes, en donde
esta Autoridad o bien considera que las hojas sustituidas contienen
una modificacibn que sobrepasa la declaracién en la solicitud
internacional tal como fue radicada, o que las hojas sustituidas no
estaban acompafiadas de un carta que indicara la base para las
modificaciones en la solicitud tal como fue radicada, segun se indica
en el punto 4 de la Casilla N° | y la Casilla Suplementaria (ver Regla

70.16(b)).

. [1(Enviado unicamente a la Oficina Internacional) un total de (indique

el tipo y nimero de portadores electrénicos) que contienen un listado
de secuencia, en formato electronico Gnicamente, tal como se indica
en la Casilla Suplementaria Relacionada con el Listado de
Secuencia (ver paragrafo 3bis del Anexo C de las Instrucciones

Administrativas).

4. El presente informe contiene indicaciones relacionadas con los siguientes

puntos:

[X] Casilla N° | Base del Informe
[ 1 Casilla N° i Prioridad
[ ] Casilla N° llI No se establece opinion con relacién a la novedad, la

actividad inventiva y la aplicabilidad industrial

[]1Casilla N° IV Falta de Unicidad del Invento
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[]CasillaN°V Declaracion razonada conforme al Articulo 35(2) con
relacion a la novedad, la actividad inventiva o la aplicabilidad industrial;

citas y explicaciones que apoyan tal declaracion

[ ] Casilla N° VI Ciertos documentos citados
[ ] Casilla N° VI Ciertos defectos en Ia solicitud internacional
[ ] Casilla N° VIII  Ciertas observaciones sobre la solicitud internacional

Fecha de presentacion de la solicitud
29.11.2012
Fecha de culminacion de este informe

14.05.2013

Nombre y direccién de correo de la Autoridad Internacional de Examen Preliminar
Oficina Europea de Patentes P.B. 5818 Patentlaan 2

NL-2280 HV Rijswijk - Pays Bas

Teléfono: + 31 70 340 — 2040

Fax: + 31 70 340 - 3016

Funcionario Autorizado
De Jong, Ellen
Teléfono N°: + 31 70 340 — 3849

[Sello]
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INFORME PRELIMINAR INTERNACIONAL Solicitud Internacional N°
SOBRE LA PATENTABILIDAD PCT/MY2012/000021

Casilla N°1 Base del Informe

1. Con respecto al idioma, este informe se basa en

[X] la solicitud internacional en el idioma en el cual fue radicado

[ ] una traduccién de la solicitud internacional a | el cual es el idioma de la

traducciéon suministrada para propésitos de:

[1 busqueda internacional (bajo las Reglas 12.3(a) y 23.1(b))

[1 publicacién de la solicitud internacional (bajo la Regla 12.4(a))

[] examen preliminar internacional (bajo las Reglas 55.2(a) y/o 55.3(a) y (b))

2. Con respecto a los elementos de la solicitud internacional, este informe se
basa en (las hojas de reemplazo que han sido suministradas a la Oficina
receptora en respuesta a una invitacion conforme al Articulo 14 son
denominadas en este informe como ‘radicadas originalmente” y no se

encuentran anexas a este informe):

Descripcion, Paginas

1-29 como fueron radicadas originaimente
Reivindicaciones, Nimeros

1-30 radicadas con la carta de fecha 12-04-2013
Planos, Hojas

1/8-8/8 como fueron radicadas originalmente



[ ] un Listado de Secuencia — ver Casilla Suplementaria Relacionada con el

Listado de Secuencia

3. [} Las modificaciones han dado lugar a la cancelacion de:
[l la Descripcion, Paginas

[} las Reivindicaciones, Numeros

[] los Planos, Hojas

[I el Listado de Secuencia (especifique):

[1 cualquier tabla relacionada con el listado de secuencia(especifique):

4. ] el presente informe ha sido establecido como si (algunas de) las
modificaciones anexas a este informe y relacionadas a continuacién no se
hubieran realizado, ya que cualquiera de éstas sobrepasa la declaracion tal
como fue radicada, o no estaban acompanadas de un carta que indicara la
base para las modificaciones en la solicitud tal como fue radicada, segun

se indica en la Casilla Suplementaria (Reglas 70.2(c) y (c-bis)).

[] la Descripcion, Paginas
[] las Reivindicaciones, Numeros
[] los Planos, Hojas

[ el Listado de Secuencia (especifique):
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5. [] El presente informe ha sido establecido:

[] tomando en cuenta la rectificacién de un error obvio autorizada por o

notificada a esta Autoridad segln la Regla 91 (Reglas 66.1 (d-bis) y

70.2(e))

[I sin tomar en cuenta la rectificacion de un error obvio autorizada por o

notificada a esta Autoridad segun la Regla 91 (Reglas 66.4bis y 70.2(e)).

INFORME PRELIMINAR INTERNACIONAL Solicitud Internacional N°

SOBRE LA PATENTABILIDAD PCT/MY2012/000021

6. [] el (los) informe (s) de busqueda internacional suplementaria de la(s)
Autoridad(es) ha(n) sido recibido(s) y tomado(s) en cuenta para establecer

este Informe (Regla 45bis.8(b) y(c)).

CasillaN°V  Declaracion razonada conforme al Articulo 35(2) con relacion
a la novedad, la actividad inventiva y la aplicabilidad industrial; citas y

explicaciones que apoyan tal declaracion

1. Declaracion

Novedad (N) Si: Reivindicaciones 1-3

No: Reivindicaciones



Actividad Inventiva (IS) Si: Reivindicaciones 1-30

No: Reivindicaciones

Aplicabilidad Industrial (IA) Si: Reivindicaciones 1-30

No: Reivindicaciones

2. Citas y Explicaciones (Regla 70.7):

Ver hoja aparte

INFORME PRELIMINAR INTERNACIONAL Solicitud Internacional N°
SOBRE LA PATENTABILIDAD PCT/MY2012/000021
(HOJA APARTE)

AdV

El tema de la reivindicacion 1-30 es novedoso e involucra actividad inventiva

(Articulo 33(2) y (3) TCP):

oy



1. El documento D1 describe una planta para la extraccion de aceite crudo de
palma que incluye fuentes de calor tales como turbinas de vapor las cuales
pueden ser luego conectadas a un proceso unitario que requiere energia tal
como la esterilizaciéon. El Vapor en la turbina se mantiene a la presion de
vapor 6ptima de 40-45 psig, la cual corresponde (via tablas de vapor) a una
temperatura de 141.5 — 144.7 °C (ver D1: tal como se cita en el informe de

busqueda y la carta del solicitante de fecha 29.11.2012).

El documento D2 describe el tratamiento con vapor de la fruta de la palma
con el fin de efectuar la esterilizacién de la misma. El Vapor se usa a
temperaturas de 100 °C y 130°C (ver D2: tal como se cita en el informe de
busqueda). Sin embargo, la declaracién en d2 no se refiere a todas las
caracteristicas del aparato segun la presente reivindicacién 1, ni a los pasos

del método segun la presente reivindicacion 16.

2. Se considera que D1 es el estado anterior de la técnica mas cercano
Se considera que el problema a ser resulto con respecto a D1 es proveer un

aparato o método mas eficiente y mejorado.

Este problema se resuelve mediante Ia utilizacion de vapor proveniente de una
turbina como agente esterilizador. Tal como se detalla en la descripcion de la
pagina 17 renglones 6-7, pagina 19 renglones 21-22 y pagina 25 renglones 17-

23, el objetivo del invento fue proveer una transferencia de energia térmica

[ oS



mas eficiente en términos de utilizacion de energia. El sistema completo
contiene un impulsor / motor térmico (es decir una turbina de vapor o motor de
vapor reciprocante, ver p.24 1.25 — p.25 1.2), una fuente primaria de calor que
produce vapor a alta presiéon a través de un arreglo de valvulas (reductoras de
presion) y un recipiente a contrapresion equipado con una valvula de alivio y
un dispositivo de alivio de presion, ver figura 5.2 y 6, el cual permite que el
vapor de la fuente que se utiliza para la extraccion del aceite crudo de palma,

reduzca su temperatura y presion (120°C y 2 bar versus 144 °C y 4 bar)

Tal como lo ha explicado el solicitante (ver carta de fecha 12.04.2013, pagina
6-9), estas caracteristicas no fueron indicadas en el estado anterior de Ia

técnica mencionado.

%
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