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RESUME 
 

Palm oil has the potential to provide a huge new and renewable energy source. This potential needs to be maximally 
utilized by Indonesia, given Indonesia's large dependence on fossil fuel originating from imports. Palm oil's carbon chain 
structure is similar to that of fossil fuel. Although, the fatty acids contained in palm oil are "contaminated" with carbon 
dioxide at one end of the molecule. To produce biofuels that resemble the hydrocarbon composition of fossil fuels, its needed 
catalysts for removing carbon dioxide and replacing oxygen with hydrogen. 

So that processing palm oil into biohydrocarbon products can substitute fossil fuels, such as green diesel can 
substituting fossil diesel, green gasoline substituting fossil gasoline and palm avtur substituting fossil avtur. In contrast to 
biodiesel/FAME which is also palm oil based, biohydrocarbon products are drop-in which can be directly used in vehicle 
engines and have many advantages over fossil oil such higher cetane number and octane numer, lower sulfur content in 
green diesel, and lower freezing point and better thermal stability in green avtur. 

To produce palm oil biohydrocarbons, a catalyst is needed in the chemical process. ITB’s Researchers have been since 
1982, but collaborated between ITB-Pertamina just started since 2004. The catalyst given the name PITN 100-2T or the first 
Katalis Merah Putih was test in 2010, showed the resukt that have better performance and are more stable than imported 
catalysts. So that, Pertamina officially decided to use a catalyst in the Hydrotreating process for both naphtha, kerosene, and 
diesel in 2012. Furthermore, ITB researchers have also further developed catalysts for Pertamina's refineries throughout 
Indonesia. 

In mid-July 2020, Pertamina has also conducted tests on green diesel using Katalis Merah Putih. The test results also 
show good performance on palm diesel. This year, the production of Katalis Merah Putih on a commercial scale was carried 
out at the holding of BUMN PIHC. And then the catalyst will be used to produce biohydrocarbons at Pertamina's refineries 
(Co-processing and Stand-Alone). 

Thus, the development of biohydrocarbons as a new and renewable energy source in Indonesia not only contributes to 
the achievement of national energy security, but also brings other benefits such as reducing emissions, increasing the price of 
FFB and CPO so as to improve the welfare of producers (especially smallholders), strengthen smallholder oil palm up to 
reducing the intensity of competition and trade barriers (including black campaigns) imposed by other vegetable oil 
producing countries. 
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INTRODUCTION 

On various occasions, Joko Widodo, the 
President of the Republic of Indonesia and 
government officials have shown their 
strong commitment to the development of 
palm oil-based bioenergy alternatives. Not 
only with the development of biodiesel 
through the mandatory B30 policy that has 
been running this year and the B40 which 
has already been tested, but the 
development of other palm oil-based 
alternative bioenergy known as 
biohydrocarbons or greenfuel in the form of 
green diesel (D100), green gasoline (G100) 
and green avtur (J100). And in the middle of 
2020, the development of biohydrocarbon 
products, especially green diesel, has begun 
by the entering the performance test at the 
Dumai Refinery. 

Palm oil-based bioenergy is expected to 
be a substitute for the use of fossil energy so 
that it can reduce Indonesia's dependence on 
the use of fossil energy. Especially at this 
time, fossil energy production in Indonesia 
has decreasing, even Pertamina has 
predicted that Pertamina's oil reserves will 
only be able to last nine years, if there is no 
new exploration. This means that in order to 
fulfill the demand for fuel, Indonesia will 
become increasingly dependent on imports, 
causing more foreign exchange to be 
sacrificed to import fossil energy. This 
condition will have negative implications for 
Indonesia's trade balance which is 
increasingly unhealthy and will further 
become other macroeconomic problems. 

In addition to causing foreign exchange 
to drain, implication of Indonesia's high 
dependence on fossil fuels is the increase in 
the contribution of CO2 emissions as the 
main emitter of GHG. In fact, Indonesia is one 
of the countries that has ratified the Paris 
Agreement and the National Determined 
Contribution (NDC), which should be 
contribute to reducing carbon emissions. 

The development of palm oil-based 
biohydrocarbons is suitable as a problem 
solving faced by Indonesia, especially related 
to the large dependence on imports of fossil 
energy as well as real actions in fulfilling 
commitments to reduce emissions 
contributions. The development bio 

hydrocarbon in order to achieve national 
energy security is also not only a dream and 
hope, but a vision that will soon be realized. 
This is inseparable from the discovery of the 
Katalis Merah Putih by ITB researchers. 

Therefore, this paper will inform about 
the potential of palm oil as a biohydrocarbon 
product and the innovation of the Katalis 
Merah Putih which has become a hero in 
igniting the spirit of realizing ideals, namely 
national energy independence and security. 
 
 

BIOHYDROCARBON FROM PALM OIL 

Oil palm tree can be considered a 
"incredible tree”. The nickname is 
considered suitable to be embedded in oil 
palm all parts of the plant it can be utilized. 
One of the “incredible” characteristic has in 
oil palm is oil content in both Crude Palm Oil 
(CPO) and Crude Palm Kernel Oil (CPKO)  
contains carbon elements that resemble 
fossil oil.  

The fatty acids contained in palm oil 
have very similar characteristics to the 
hydrocarbons in fossil oil. The difference in 
the arrangement of hydrocarbons with fossil 
oil is that the medium-chain fatty acid 
hydrocarbons of palm oil are "contaminated" 
with carbon dioxide at one end of the 
molecule. To produce biofuels that resemble 
the hydrocarbon composition of fossil fuels, 
it is necessary to remove carbon dioxide at 
the ends of the molecules. 

Palm oil contains palmitic acid through 
a catalytic cracking process which will result 
in palm oil being converted into 
Pentadekana (diesel), it means palm oil 
processing can produce palm oil as a 
substitute for diesel (Figure 1). Palm kernel 
oil also contains laurate acid which can also 
be converted into Undekana, so that its 
processing can produce palm oil-based avtur 
which can replace fossil avtur. In addition, 
oleic acid in palm oil can also be converted 
into palm oil-based gasoline by a 
decarboxylation and cracking process in its 
hydrocarbon composition, so that it can 
substitute fossil fuels and even produce 
gasoline with a high octane number (PASPI, 
2018).
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Figure 1. The Structure of Palm Oil Fatty Acid as a Source of Biohydrocarbons (Source: 

Soerawidjaja in Subagjo's presentation, 2019) 
 
To change the compounds contained in 

palm oil so that it can produce hydrocarbon 
compounds that have the same function as 
fossil oil, a catalyst is needed. Catalysts are 
key to chemical processes such as removing 
carbon dioxide and replacing oxygen with 
hydrogen. 

The biohydrocarbon products produced 
are different from biodiesel/FAME, because 
biohydrocarbons (green diesel/palm oil 
diesel, green gasoline/palm oil gasoline and 
green avtur/palm oil avtur) are drop-in or 
can be used in machines directly without 
having to mix with fossil fuels. So that the 
use of this biohydrocarbon product can 
directly reduce the amount of fossil oil 
consumption in Indonesia. 

Apart from being a source of renewable 
energy which is low in emissions, 
biohydrocarbon products also have 
advantages over fossil fuel. The oxygen 
content in palm diesel is the same as fossil 
diesel, so that palm diesel is superior to 
biodiesel/FAME which contains 11 percent 
oxygen. The cetane number of palm oil 
diesel, which is 80, is relatively higher than 
fossil diesel (48) and biodiesel/FAME (> 50). 
In addition, the sulfur content in palm diesel 
is the same as FAME biodiesel, which is less 
than 2 ppm, while fossil diesel contains 
sulfur of more than 10 ppm.  

In the green diesel (D100) performance 
test conducted at the Dumai Refinery in July 
2020, it showed that the cetane number was 

very high, reaching 79 or higher than the 
cetane number Pertamina Dex (53) or 
Dexlite (51) and far above the cetane 
number diesel/fossil diesel (48). Other 
advantages of palm oil diesel or green diesel 
are lower sulfur content, better oxidation 
stability and clearer color. The results also 
show that green diesel diesel is considered 
satisfactory and shows a number of 
advantages compared to fossil diesel (PASPI, 
2020a). 

The octane number in green gasoline is 
also higher than that of fossil gasoline. Green 
avtur also has advantages compared to fossil 
aviation fuel, which is associated with a 
lower freezing point of -70 degrees Celsius, 
better thermal stability and low aromatic 
content (PASPI, 2018). 

 
 

DEVELOPMENT OF KATALIS MERAH 
PUTIH 

Catalysts are substances that can 
accelerate and direct chemical reactions and 
are able to provide opportunities to carry 
out reactions in softer conditions (low 
temperature and pressure) with high rates 
and selectivity. This material is the key to 
chemical processes to produce chemical and 
energy products, including bioenergy. 
Currently, the use of catalysts by industries 
in Indonesia mostly comes from other 

Palm oil 
Palm kernel oil 
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countries (imports). Therefore, domestic 
catalyst production must be developed more 
to substitute imported catalysts. 

Researchers at ITB have been since 
1982 to find a catalyst for producing 
renewable energy to replace fossil oil. The 
catalyst is used in the cracking process of 
stearin, which is the residue from the palm 
cooking oil industry to creating fuel oil, 
especially gasoline. However, the 
development of gasoline from stearin could 
not be developed because the industry 
rejected the proposal to manufacture the 
catalyst because it was considered 
economically unprofitable. 

Then in 1996, PT. PIM (Pupuk Iskandar 
Muda) and ITB through a cooperation 
scheme to develop H2S adsorbent in natural 
gas. Through the research process until 
1999, ITB researchers succeeded in 
obtaining an adsorbent formula that had an 
adsorption capacity of twice the adsorbent 
capacity imported by PT. PIM. The adsorbent 
was then given the name PIMIT-B1, which 
stands for the first PIM-ITB. 

In 2004, Pertamina collaborated with 
ITB for research and development of the 
Hydrotreating Naphtha catalyst and the 

catalyst formula was discovered in 2007. 
The catalyst test was carried out in 2010 
using a pilot scale reactor and the test 
results showed that the catalyst had a higher 
activity than the catalyst commercial. This 
catalyst was then given the name PITN 100-
2T, namely the Pertamina-ITB catalyst, and 
was dubbed the first Katalis Merah Putih in 
Indonesia. This catalyst also stated to have 
better performance and are more stable than 
imported catalysts. So that, Pertamina 
officially decided to use a catalyst in the 
Hydrotreating process for both naphtha, 
kerosene, and diesel in 2012. 

Furthermore, ITB researchers have also 
further developed PITN 100-2T catalysts, 
such as PITD 120-1.3T for Treating Diesel 
(PITD) at Pertamina. Other studies have also 
produced PIDO 130-1.3T catalyst, which is a 
catalyst that converts vegetable oil into 
paraffinic hydrocarbons. Currently, various 
types of catalysts and more than 170 tons 
have been refined at Pertamina to replace 
imported catalysts. Starting from the 
refinary unit (RU) II Dumai, TPPI, RU IV 
Cilacap, RU VI Balongan to RU V Balikpapan 
(Figure 2). 

 

 
Figure 2. Katalis Merah Putih Fluttering in Indonesia (Source: Makertihartha, 2019) 

 
Katalis Merah Putih are required in 

chemical processes such as cracking and 
hydrodeoxygenation (HDO). To produce 
palm oil diesel, needed palm oil and PIDO 
130-1.3 T catalyst in the 
hydrodeoxygenation (HDO) process. Palm 

oil and BIPN 308-1T catalyst needed in the 
cracking process, so can produce palm 
gasoline. Meanwhile, to produce avtur palm 
oil, palm kernel oil and 130-1.3 T PIDO 
catalyst are needed (Figure 3). 
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Figure 3.  Catalyst Innovation for Biohydrocarbon Fuel Production (Source: Makertihartha, 

2019) 
 
 
In the process of producing 

biohydrocarbons from palm oil and palm 
kernel oil, theres is gasses or similar with 
Liquid Petroleum Gas (LPG) also produces 
(Sinaga, 2019). Every 1 ton of palm oil will 
produce palm oil diesel (85 percent) and 
LPG (15 percent), or will produce palm oil 
gasoline (44-55 percent) and LPG (10-20 
percent) and every 1 ton palm kernel oil will 
produce palm oil avtur (84 percent). The 
potential for LPG production, which is 
produced as a by-product, can also be used 
to substitute natural gas. 

 The Katalis Merah Putih was produced 
by ITB researchers to produce 
biohydrocarbon products have the 
advantages sts, namely (1) reliable catalyst 
performance, conversion and stability 
beyond standard (2) longer catalyst life (3) 
competitive prices and (4) catalysts are 
designed accordingly operating 
requirements (tailor-made). 
 
 

BIOHYDROCARBON DEVELOPMENT 
PROJECT 

Production of palm oil-based 
biohydrocarbons (diesel and gasoline) using 

Katalis Merah Putih on a pilot scale was 
completed in 2019. The next stage is the 
produce it biohydrocarbon products in 
commercialization scale. Therefore, the 
production of this catalysts will be produced 
by the BUMN fertilizer industry (PIHC). 

Production of palm oil biohydrocarbons 
using Katalis Merah Putih will be carried out 
at Pertamina's refineries, both at the Co-
processing refinery and the Stand-Alone 
refinery. Co-processing refineries with 
method by mixing biohydrocarbon with 
fossil fuel, while the Stand-Alone refinery 
can produce biohydrocarbon products 
without going through the mixing process. 

Based on the five-year plan (2020-
2025), Pertamina's Co-processing refineries 
will be located in five locations, namely: 
Plaju (1 unit), Cilacap (3 units), Balongan (2 
units), Balikpapan (1 unit) and Dumai (1 
unit). ). Meanwhile, the Stand-Alone 
refineries for green gasoline production are 
in Pelawan (1 unit), Subang (1 unit) and 
Muba (1 unit) and the Stand-Alone refineries 
for green diesel production are in Aceh (1 
unit), North Sumatra. (1 unit), Dumai (1 
unit), Plaju (1 unit), South Kalimantan (1 
unit) and Jayapura (1 unit) (Figure 4). 



188  Palm Oil Journal, Vol I No. 27/09/2020 

@PASPI2020 

 
Figure 4.  Planned Location of Co-Processing and Stand Alone Refineries (Source: Material 

Exposure to Indonesian Biohydrocarbons Society, 2019) 
 
To fulfilling the needs of palm oil and 

palm kernel oil at Pertamina's refineries, the 
distribution channels for suppliers of raw 
materials for palm biohydrocarbon products 
also comes from smallholder farmers which 
are coordinated into a local institution 
equipped with a biohidrocarbon mill (PASPI, 
2020b). 

The production of palm oil 
biohydrocarbons in Indonesia also reflects 
downstream developments that can increase 
the absorption of palm oil. With the 
increased absorption of palm oil, it is hoped 
that it will be able to stabilize and increase 
the price of palm oil and FFB so that it will 
benefit producers, especially smallholder oil 
palm planters, as suppliers. In addition of 
realize national energy security, the 
downstream development in 
biohydrocarbons sectors, also has the 
potential to minimize competition and trade 
barriers by other vegetable oil producers in 
the world. 

 
 
 
 
 
 

CONCLUSION 

Palm oil has the potential to provide a 
huge new and renewable energy source. This 
potential needs to be maximally utilized by 
Indonesia, given Indonesia's large 
dependence on fossil fuel originating from 
imports. Palm oil's carbon chain structure is 
similar to that of fossil fuel. So that 
processing palm oil into biohydrocarbon 
products can substitute fossil fuels, such as 
green diesel can substituting fossil diesel, 
green gasoline substituting fossil gasoline 
and palm avtur substituting fossil avtur. In 
contrast to biodiesel/FAME which is also 
palm oil based, biohydrocarbon products are 
drop-in which can be directly used in vehicle 
engines and have many advantages over 
fossil oil. 

To produce palm oil biohydrocarbons, a 
catalyst is needed in the chemical process. 
The research team from ITB was able to 
formulate a catalyst called Katalis Merah 
Putih to produce palm oil biohydrocarbons. 
The next stage is the commercialization of 
catalysts that will be produced at the holding 
of BUMN fertilizer Indonesia and the 
construction of Pertamina refineries (Co-
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processing and Stand-Alone) to produce 
palm biohydrocarbons. 

Thus, the development of 
biohydrocarbons as a new and renewable 
energy source in Indonesia not only 
contributes to the achievement of national 
energy security, but also brings other 
benefits such as reducing emissions, 
increasing the price of FFB and CPO so as to 
improve the welfare of producers (especially 
smallholders), strengthen smallholder oil 
palm up to reducing the intensity of 
competition and trade barriers (including 
black campaigns) imposed by other 
vegetable oil producing countries. 
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