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Introduction
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A fertilizer or fertiliser  is any material of natural or 

synthetic origin (other than limimng material) that is 

applied to soil or to plant tissues to supply one or more 

plant nutrient essential to the growth of plants. Many 

sources of fertilizer exist, both natural and industrially 

produced.

In the later half of the 20th century, increased use of 

nitrogen fertilizers (800% increase between 1961 and 

2019) have been a crucial component of the increased 

productivity of conventional food system (more than 30% 

per capita). According to the IPCC Special Report on 

Climate Change and Land, these practices are key drivers 

of global warming
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Fertilizers enhance the growth of plants. This goal is met in two 

ways, the traditional one being additives that provide nutrients. The 

second mode by which some fertilizers act is to enhance the 

effectiveness of the soil by modifying its water retention and aeration. 

This article, like many on fertilizers, emphasises the nutritional 

aspect. Fertilizers typically provide, in varying proportions: 

three main macronutrients: 

 Nitrogen (N): leaf growth

 Phosporus (P): Development of roots, flowers, seeds, fruit;

 Potassium (K): Strong stem growth, movement of water in plants, 

promotion of flowering and fruiting;

three secondary macronutrients: Calcium (Ca), Magensium (Mg), and 

Sulfur (S);

micronutrients: Copper (Cu), Iron (Fe), Manganese (Mn), Molybdenum 

(Mo), Zinc (Zn), Boron (B). Of occasional significance are Silicon (Si), 

Cobalt (Co), and Vanadium (V).
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The nutrients required for healthy plant life are classified according 

to the elements, but the elements are not used as fertilizers. Instead 

compound containing these elements are the basis of fertilizers. The 

macro-nutrients are consumed in larger quantities and are present in 

plant tissue in quantities from 0.15% to 6.0% on a dry matter (DM) (0% 

moisture) basis. Plants are made up of four main elements: hydrogen, 

oxygen, carbon, and nitrogen. Carbon, hydrogen and oxygen are 

widely available as water and carbon dioxide. Although nitrogen makes 

up most of the atmosphere, it is in a form that is unavailable to plants. 

Nitrogen is the most important fertilizer since nitrogen is present in 

protein, DNA and other components (e.g., chlorophyll). To be 

nutritious to plants, nitrogen must be made available in a "fixed" form. 

Only some bacteria and their host plants (notably legumes) can fix 

atmospheric nitrogen (N2) by converting it to Ammonia. Phosphate is 

required for the production of DNA and  ATP, the main energy carrier in 

cells, as well as certain lipids.. 
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Micronutrients are consumed in smaller quantities and 

are present in plant tissue on the order of part per million 

(ppm), ranging from 0.15 to 400 ppm or less than 0.04% 

dry matter. These elements are often present at the active 

sites of enzymes that carry out the plant's metabolism. 

Because these elements enable catalysts (enzymes) their 

impact far exceeds their weight percentage. 
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Classification of Fertilizer:

1. Single nutrient ("straight") fertilizers

2. Multinutrient fertilizers

3. Binary (NP, NK, PK) fertilizers

4. NPK fertilizers

5. Micronutrients
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Production of Fertilizer:

1. Nitrogen fertilizers

2. Phosphate fertilizers

3. Potassium fertilizers

4. Compound fertilizers

5. Organic fertilizers
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Asia is an agrarian country that has enormous potential in 

agriculture. Therefore, the development of agricultural 

sector became the main priority of each Government. In 

order to achieve food availability, there have been various 

efforts to increase agricultural production. 

The methods applied are the extensibility and 

intensification of agriculture. Agricultural extensibility 

methods are increasingly difficult to do because of the 

increasingly expensive land and land use competition for 

settlements. Intensification of agriculture in the form of 

fertilizer provision as a source of nutrients for plants 

becomes a method to be implemented. 

Method to 

increase Farm

ekstensifikasi pertanian

intensifikasi pertanian
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Fertilizer is a material that is added to the planting media 

or crops to meet the needs of the nutrients that plants 

need to produce well. Fertilizer material can be either 

organic or non-organic material (mineral). Fertilizer differs 

from the supplement. Fertilizers contain raw materials 

necessary for the growth and development of plants, while 

supplements such as growth hormone are to help smooth 

the metabolic process. Nonetheless, a number of 

supplement materials can be added to fertilizers, 

especially artificial fertilizers (anonymous, 2014).  

Fertilizer Suplement Synthetic 

Fertilizer

Fertilizer

Suplement
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Domestic fertilizer production is varied but with a 

tendency to increase from year to year. As an example of 

the production of urea fertilizer in the period 1999-2006 

about 5.97-7.34 million tonnes with an increase of 3.52% 

th-1. The production of urea fertilizer in 2001 and 2003 

decreased from the previous year, respectively, in order 

of-16.1% and-4.6% 

(Gunarto, 2007). The use of fertilizer also fluctuates as 

presented in Figure 1.1. 
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Figure 1.1 Fertilizer use of agricultural sector, Indonesia (Sudaryanto, 

2008) 
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In general, there are two kinds of fertilizer, namely 

artificial fertilizer (mineral) and natural fertilizer (organic 

fertilizer). Artificial fertilizer is a mineral fertilizer that is 

issued by fertilizer factory. This artificial fertilizer there 

are various kinds, depending on the content of the 

Unsurnya, namely single fertilizer and compound fertilizer. 

Single fertilizer contains only one element whereas 

compound fertilizer contains more than one element 

(agrarian action Kanisius, 2007). 

Fertilizer

Synthetic 

Fertilizer

Organic

Fertilizer

Synthetic Single 

Component Fertilizer

Synthetic Multi

Component Fertilizer
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Urea is the main source of nitrogen because of its high 

content of Nitrogen, high solubility and polar. However, 

urea is easily lost through several processes, such as 

ammonium volatillation, alkylation, grinding and 

denitrification. Ammonium released urea after application 

to the farm, will contribute to the acid rain, while the 

alkylated nitrate causes soil pollution, and the nitrogen 

dioxide emissions resulting from the denitrification process 

will cause ozone damage. Due to the increase in food 

demand in line with the increasing population, the need 

for urea fertilizer may be increased several times in the 

21st century. 
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Urea:

 High Nitrogen Content

 High Solubility

 Polar Properties. 

Alkilated

Nitrate Process

Ozon Damage

Loss of Urea because

Volatillation of ammonium

Alkylation

Grinding and denitrifikasi

Acid Rain

Soil pollution and de-

nitrification process which 

form Nitogen Dioxide

Ammonia Nitogen Dioxide

de- nitrification 

process 
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The process of urea fertilizer production requires raw 

materials 

 Ammonia and 

 Carbon dioxide. 

In general, ammonia is obtained by establishing an 

ammonia factory around the urea plant. The results of the 

Ammoniac plant in the form of carbon dioxide are also 

used as raw material in urea section. However, there are 

some problems that often arise during the production 

process, among them is currently the use of absorbent in 

the desulfurization unit tends to be less effective in use, 

because the absorbent life time is only 1 year and the 

power absorb Sulfurnya still low, which is 8% (kg sulfur/kg 

absorbent). 
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In addition, the utilization of heat in some plant units is still not 

utilized to the fullest, often 

 Exposure of ammoniac in the Recovery Unit ammonia plant, 

 Hydrogen is wasted quite a lot of purging processes in the 

Ammonia unit cause so it is needed a tool that can be used to 

take back hydrogen to recycle into the converter, 

 Replacement of Benfield solution with a lower-toxic solution, 

 Hydrogen content in carbon dioxide is still high enough to harm 

the process in the urea unit, and every day there is a spill of 1 

ton urea in the packaging that causes harm to the fertilizer 

industry. 

To be able to solve these problems, apply some principles of green 

chemistry in the production process of ammonia and urea. 



2. Production Process

Eko Handoko



Eko Handoko

2.1.a. Feed Gas Supply 

2.1.b. Desulfurization 

2.1.c. Primary Reforming 

2.1.d. Air Compression Process 

2.1.e. Secondary Reforming 

2.1.f. Carbon Dioxide Removal 

 2.1.g. Methanation 

2.1.h. Cryogenic Purification 

2.1 Production Process of Ammonia 

2.1.i. Synthesis Gas Compression 

2.1.j. Ammonia Synthesis 

2.2.Proses 

Produksi

Unit Urea 
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Ammonia production process 

Ammonia production is done before the Urea production 

unit. One of the important ingredients for making urea is 

ammonia. The following is a diagram of the production 

process of the ammonia displayed in Figure 2.1. 



Flow Diagram 
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2.1 Images ammoniated Process Diagram exposure the ammonia production 

process is as follows
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Feed Gas Supply 

The raw materials and fuels in the form of natural gas 

supplied from the Oil and Gas Company are streamed 

through pipes at 14 kg/cm2 G and-30 oC and stored in 

knock out drums where pressure is maintained and 

controlled. Based on its needs, the gas is divided into two, 

namely as a process gas and as a burner gas. 

Oil and 

Gas Company 

knock out 

drum

Natural

Gas

Process Gas

Burner Gas
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Desulfurization 

The purpose of this unit is to remove sulfur content in 

the feed gas H2S that can cause toxins in the catalyst so it 

needs to be minimised. Natural gas as the process gas 

contains total sulfur in H2S by 15 ppmv and an average of 8 

ppmv. Here is an image of 2.2 desulfurization unit.

Urea Plant

Natural 

Gas

Desulfurization

Unit Step 1

Natural Gas 

without H2S

H2S

Desulfurization

Unit Step 2
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2.2 Desulfurizer Images 

The process of desulfurization is achieved in two phases. In the first 

phase, remove organic sulfur by preheater first and reacted gas feed 

with hydrogen-rich recycle gas (H2) from the purge of clean gas 

First phase

Dihydrotreater with cobalt or molybdenum catalyst (Como). 

The presence of organic sulfur in feed gas will be hydrogenated into 

hydrogen sulfide as follows: 

 COS + H2  CO + H2 

 RSH + H2  RH + H2S 
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Figure 2.2 Desulfurizer 

In the second stage, hydrogen sulphide is eliminated 

using the zinc oxide adsorbent which will bind the sulfur 

and produce water until the outlet reaches < 0.1 ppm

H2S + ZnO  ZnS + H2O + Q 

Feed Gas

Desulfurization Unit Step 1

Natural Gas 

without H2S

H2S

Desulfurization Unit Step 2
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Primary Reforming 

The purpose of this unit is to produce H2 and produce side products 

in the form of CO, CO2, CH4. The gas Mix is mixed with steam to give 

the molar a steam to carbon ratio, distribute it to a tube-shaped 

primary reforming with a nickel catalyst. The gas Mix is heated first in 

a feed coil then distributed to a catalyst tube containing a nickel 

catalyst. This reaction is an endoteric reaction that requires heat 

supplied from natural gas (burnt gas). This Unit can be viewed in 2.3 
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2.1.c. Primary Reforming 
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Reaction happen in this Process:

CH4 +H2O + heat  CO + 3 H2

CO + H2O  CO2 + H2 + heat
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2.1.d. Air Compression Process 
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Air Compression Process

Air process obtained from compressed environment to 

44.5 kg/cm2 in four stages of Centrifugal Air Compressor. 

Then distributed into secondary reformer. 

C
e
n
tr

if
u
g
a
l 
A

ir
 

C
o
m

p
re

ss
o
r 

2

C
e
n
tr

if
u
g
a
l 
A

ir
 

C
o
m

p
re

ss
o
r 

3

C
e
n
tr

if
u
g
a
l 
A

ir
 

C
o
m

p
re

ss
o
r 

1

C
e
n
tr

if
u
g
a
l 
A

ir
 

C
o
m

p
re

ss
o
r 

4

S
e
c
o
n
d
a
ry

 R
e
fo

rm
e
r

Air 



2. Production Process
2.1 Production Process of Ammonia

2.1.e. Secondary Reforming 

Eko Handoko



2.1.e. Secondary Reforming 

Eko Handoko

Secondary Reforming 

The purpose of this unit is to produce H2 and produce side 

products in the form of CO, CO2 and CH4. Gas process exits 

from primary reformer through primary reformer effluent 

and enters the combustion chamber secondary reformer. 

Gases mix with compressed air. In the combustion chamber, 

there is a spontaneous combustion resulting in a high 

temperature of about 1349 ° C. 

Hot gas flows down through a nickel-based bed catalyst 

reformer, where the reforming and water gas shift reaction 

occurs. Since the reaction is endotheric as a whole, the gas 

temperature leaves the combustion chamber reduced to 

about 898 °c. There are few methane that do not react in 

gas outlets. This Unit is viewable in Figure 2.4

.
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The purpose of this unit is to convert CO into CO2. In the shift 

converter step, carbon monoxide reacts with the steam to form 

hydrogen and CO2. The reaction is a reversible and extermis reaction. 

This Unit is viewable in Figure 2.5. 
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2.1.e. Figure of Secondary Reforming 

Gambar 2.5 Shift Converter dan Purification
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2.1.f. Carbon Dioxide Removal 
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f. Carbon Dioxide Removal 

The purpose of this unit is to eliminate CO2.

This Unit is viewable in Figure 2.6.
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2.1.f. Carbon Dioxide Removal 

Eko HandokoFigure 2.6 Carbon Dioxide Removal



2.1.f. Carbon Dioxide Removal 
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The absorption of CO2 takes place in the absorber at 

relatively high pressures and low temperatures. 

Regeneration of the solution takes place in the stripper at 

relatively low pressures and high temperatures. 

The Gas process goes into the bottom absorber, where 

most of the CO2akan are absorbed by a benfield solution. 

To remove the Benfield solution, the gas is streamed to 

the stripper. The gas Mix that still contains CO2akan 

enters the unit of Methanation, while the clean CO2 from 

Benfield will be distributed to the Urea Factory unit as 

the raw material. 
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f. Carbon Dioxide Removal 

The purpose of this unit is to eliminate CO2.

This Unit is viewable in Figure 2.6
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2.1.g. Methanation 
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Methanation

The purpose of this unit is to eliminate the rest of CO and CO2. This 

Unit is viewable in Figure 2.7. 



2.1.g. Methanation 
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The process gases from the heated absorber (preheater) 

in Methanator. CO2 & CO reacts with hydrogen with a 

nickel catalyst to form methane and water. The 

methanation reaction is an exotermis reaction. 

I. Drying 

This Unit aims to eliminate H2O and residual CO2 as 

shown in Figure 2.8. 

Feed the incoming gas flows into the molecular sieve 

dryer to remove water and CO2 to less than 1 ppmv total 

for a 24-hour period. This Unit is equipped with a 

desiccant (drying agent) in the form of Zeolite 13x. 



preheater

2.1.f. Carbon Dioxide Removal 
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f. Carbon Dioxide Removal 

The purpose of this unit is to eliminate CO2.

This Unit is viewable in Figure 2.6
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2.1.g. Methanation 

Eko HandokoFigure 2.8 Drying
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2.1.h. Carbon Dioxide Removal Eko Handoko

Cryogenic Purification 

This Unit aims to separate N2 and H2 as shown



2.1.f. Carbon Dioxide Removal 
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Syngas is dried from a refrigerated molecular dryer filter 

and condensed in the Purifier. A clean fluid from the 

impurities will be compressed in the compressor. 

While the impurities fluid will be distributed as fuel in 

the primary reformer. 
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2.1.i. Synthesis Gas Compression  
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Synthesis Gas Compression 

The purpose of this unit is to raise the gas pressure as 

shown in Figure 2.10. Syngas is compressed in the 

synthesis of gas compressor. 
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2.1.j. Ammonia Synthesis 
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Ammonia Synthesis

The purpose of this unit is to produce NH3 of N2 and H2 

as shown in Figure 2.11. Synthesis of ammonia performed 

at low temperatures and pressures of about 150-165 

kg/cm2 

3 H2 + N2  2 NH3 + heat 

With an exotheric reaction and limited by chemical 

equilibrium, the reaction cannot occur easily. The 

converter contains removable basketball, which includes 

four fixed beds catalysts and two heat exchangers. The gas 

flow pattern is arranged so that all synthesis gases pass 

through all promoted iron catalysts. It can increase the 

conversion of ammonia. 
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Figure 2.11 Ammonia Synthesis
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Urea Production Process Unit

Eko HandokoFigure 2.12 Diagram Process Production of Urea 



Urea Production Process Unit
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The production process begins with the trearment 

process of ammonia and carbon dioxide raw materials. The 

liquid-besed ammonia will then be raised 2 times, from 15 

bars, 25 bars to 200 bars. While carbon dioxide is 

compressed until the pressure of 155 bar. Both of these 

raw materials are inserted into the reactor urea so that 

there are 2 reactions as follows: 

2NH3 + CO2   NH4CO2NH2 

NH4CO2NH2  NH2CONH2 (urea) + H2O 
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2NH3 + CO2   NH4CO2NH2 
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The first reaction is the reaction between ammonia and 

carbon dioxide that converts 100% to ammonium 

carbamat. Meanwhile, the second reaction is dehydration 

of ammonium carbamat into urea and water with 

conversion of 60-63%. The reaction of a reactor that is a 

solution of urea, water, ammonia, and carbamate 

ammonium is flowed into a stripper to separate the urea 

and dissolved gas, ammonia and carbon dioxide solutions. 

The result of this gas stripper is then channeled into the 

carbamat condenser to reacted ammonia and carbon 

dioxide into a carbamat solution and fed back into the urea 

reactor. 
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Reaction1: ammonia and CO2

2NH3 + CO2   NH4CO2NH2     100% amonium carbamat

Reaction 2: dehydration ammonium carbamat to urea & H2O 

NH4CO2NH2  NH2CONH2 (urea) + H2O 60-63% urea solution, 

water, ammonia, ammonium carbamat
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2NH3 + CO2   NH4CO2NH2 

NH4CO2NH2  NH2CONH2 (urea) + H2O
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While the result under the stripper which is a solution of 

urea, water, a little ammonia and Carbamat is supplied into 

the HP and LP decomposer to separate ammonia and 

carbamat in the urea solution by lowering the pressure 

gradually. The resulting decomposition Gas is then 

channeled into the carbamat condenser to be reacted into 

a carbamat and returned to reactor. Meanwhile, a dissolved 

gas-free urea solution is fed into the evaporator to 

vaporize the water content in a vacuum until the urea 

consetration becomes 99.7%. 
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Urea Production Process Unit

Urea solution is then fed into the Prilling tower and is 

concozed with cold air to form urea grain which is then 

packaged and stored in warehouse. While evaporated 

water vapor is flowing into the stripper and Hydrolizer to 

separate the content of ammonia and carbamat in it. The 

result of this process is then channeled back into the 

carbamat condenser and fed into the urea reactor.
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Clean production strategy 

Here are some clean production strategies on the 

ammonia plant and the urea fertilizer plant applied based 

on the green chemistry principle. 

1. Prevention with membrane technology in PGRU 

Purge Gas Recovery Unit (PGRU is one of the process 

units in Company Plant IV Ammonia factory that serves to 

take back the ammonia and hydrogen contained in the 

purge gas (synthesis gas purging) issued  
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Clean production strategy 

Pusri Company Plant II Ammonia Factory, Pusri III and 

Pusri IV. This Unit has been installed since 1981, and 

currently has experienced quite significant performance 

degradation. Operational decrease of PGRU performance is 

marked by the increase of the temperature of the Cold box 

up to-165 oC (Design-183 oC). To maintain the temperature 

of Cold box, hydrogen injection is raised, this will decrease 

the production of hydrogen and increase the production of 

gas tail so that the hydrogen recovery is low. Various 

efforts have been made to restore the performance of 

PGRU, but not achieved maximum results. The result of 

improvement is only able to maintain operational 

continuity without significant performance improvement.

4. Clean Production Strategy

4.1. Prevention with Membrane Technology in PGRU 
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Decreased PGRU performance will cause the disruption of 

the production target of Ammonia Pusri Company Plant II, 

III and IV factories and result in considerable financial loss. 

This is because PGRU Pusri IV is an operating unit that 

processes purge gas from Pusri II, III and IV Ammonia 

factory. 

Besides, the high production of gas tail (if) can not be 

exploited properly will cause problems related to 

environmental aspects. Based on this it is done evaluation 

to know the performance of PGRU and determine the 

feasibility of replacing PGRU Pusri Company Plant IV with 

new unit. 

4. Clean Production Strategy
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The selection of hydrogen recovery technology for 

replacement PGRU Pusri IV with the new unit is based on 

the aspect of reliability and ease of operation, recovery 

efficiency and economic aspects. There are several 

hydrogen recovery technology that can be a substitute 

alternative to PGRU Pusri IV, namely PSA process, 

membrane process. PGRU units in the field can be seen in 

Figure 3.1. 

4. Clean Production Strategy

4.1. Prevention with Membrane Technology in PGRU 



4. Clean Production Strategy

Eko HandokoFigure 3.1. PGRU Unit



Eko Handoko

The Purge gas from the Synloop area contains hydrogen, 

nitrogen, methane, argon and ammoniac gases. Purging 

some of the synthesis gases from the Synloop area will 

keep the level inert (methane gas and argon) at the 

specified concentration. PGRU the Pusri IV ammonic 

Factory uses a cryogenic process for the uptake of the 

Hydrogen. The working principle of cryogenic processes is 

the utilization of personal energy of bait gases based on 

the effects of Joule Thomson. This cryogenic process takes 

place in a tool called Cold box. The Cold box contains a 

heat exchanger and a separator that is isolated with 

perlite. One of the benchmarks of PGRU's performance is 

the ability to take back the hydrogen gas contained in the 

purge gas. For cryogenic processes, hydrogen retrieval 

capabilities 
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For cryogenic processes, hydrogen retrieval capability is 

influenced by the following things: 

1. Gas tail pressure 

 The low gas tail pressure will give the maximum Joule 

Thomson effect. 

2. Inert level 

 The high inert concentration in purge gas, especially 

the methane concentration will increase the 

effectiveness of cooling, namely the stability of bait 

gas flow rate, changes in gas tail pressure and 

hydrogen injection rate. 

3. Continue to next Slide............ 
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For cryogenic processes, hydrogen retrieval capability is 

influenced by the following things: 

3. Level in Feed Gas Separator 

 The high Level of Feed Gas Separator will provide a 

good cold bank in cold box. 

4. Cold spot. 

 Speed of motion controller level in Feed Gas 

Separator. The low speed of motion will keep Feed 

Gas Separator not to lose the level at the time of 

change over molecular sieve dryer. 

4. Clean Production Strategy
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The main problem causing decreased PGRU performance 

is the condition of cold box operation that has not been 

suitable for design. Cold box temperature, which is initially 

designed-183 oC, has been increased to-165 oC. In normal 

conditions, where the temperature rises due to blockage 

due to ice and solids, the problem can be solved by doing 

tawing and blowing out the cold box. Saatini, thawing and 

blowing out the cold box is not able to solve the problem. 

The cold box output gas blanketing nitrogen Monitoring 

also does not indicate a gas leak in the cold box. 

4. Clean Production Strategy
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This indicates that a decrease in recovery efficiency due 

to decreased performance of the system in the cold box 

generally consists of heat exchanger-heat exchanger, Turbo 

expander and distillation column. Various improvement 

efforts have been made to improve the performance of 

PGRU of year 1990, made improvements by bringing 

vendors Costain and year 2004, performed a total 

improvement, but not successful.  

4. Clean Production Strategy

4.1. Prevention with Membrane Technology in PGRU 
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The choice of process technology for the separation of 

hydrogen should be done considering the technology 

currently used, namely cryogenic technology is a 

conventional technology, where one of the weaknesses of 

this technology is the amount of energy needed). Amid 

global issues of energy crisis in which all types of industries 

are competing to conserve energy, this condition is 

certainly not expected. There are 2 (two) types of process 

technology that can be used as a substitute for old 

technology, namely membrane technology and PSA. The 

main criterion for technology selection is the reliability 

and ease of operation can be seen in table 3.1. 
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Factors PSA Membrane Cryogenik 

Minimum 

feed,H2,% 50  15  
15 

Feed pressure,psig 150-1000 200-2000 200-1200 

H2 purity, %  99,9  98 max  97max 

H2 recovery,%  Up to 90 Up to 97  Up to 98 

CO+CO2 removal  YES  NO  NO 

Product Pressure  
Approximately 

feed

Much less 

than needed

Approximately 

feed 

4. Clean Production Strategy
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Tabel 3.2. Purification Technology Selection Considerations 

Factors PSA MEMBRANE CRYOGENIK 

Feed Pretreatment NO YES YES 

Flexibility VERY HIGH HIGH AVERAGE 

Reliability HIGH HIGH AVERAGE 

By-Product recovery NO POSSIBLE YES 

Ease of expansion AVERAGE HIGH LOW 

4. Clean Production Strategy
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PSA technology is the process of hydrogen purification 

with pressure swing. PSA Technology works based on the 

difference in volatility and the polarity of components in a 

mixture. Gas Adsorbent used is usually a molecular sieve, 

silica gel or activated carbon. 

There are 5 (five) basic stages of hydrogen separation 

process with PSA technology, 

 adsorption, 

 cocurrent 

 depressurezation, 

 current depressurization, 

 purge at low pressure and repressurization. 

4. Clean Production Strategy

4.1. Prevention with Membrane Technology in PGRU 



Eko Handoko

PSA (pressure swing adsorption) technology is a good 

enough technology for hydrogen recovery and has been 

widely used in this area. Constraint or main problem of the 

operation of the PSA unit is the valve workload to change 

the pressure is high enough, the adsorbent used is 

susceptible to toxins, when poisoning and can not be 

cleaned, there will be a significant decrease in 

performance, recertification of the vessel every 10 years, 

and vessel design for the use of adsorbent that is not 

equipped with a change out facility Adsor Some of these 

operational constraints, especially the problem of high 

valve workload to change pressure will be the main 

problem when applied in Pusri considering the high 

pressure purge gas feed, which is + 130 kg/cm. 

4. Clean Production Strategy
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Membrane technology has undergone a very rapid 

development with a relatively economical price so that it 

can be used widely in various process applications, no 

exception in the process of separation gas (gas separation). 

When compared with cryogenic technology, the 

Purification (separation) of gas using the membrane is 

more practical, economical, safe, and easy to do. Early 

development of membrane technology began with the 

discovery of Graham's diffusion law. The process of 

separating gas with the first membrane is the separation of 

hydrogen gases. The hydrogen gas, which is very small in 

size compared to other gases, causes hydrogen gas to be 

sufficiently high in quality and permeability. In addition, 

hydrogen gas also has properties not easily condense. 

4. Clean Production Strategy

4.1. Prevention with Membrane Technology in PGRU 
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. Less Hazardous Solvent CO2 Removal 

 The purpose of the CO2 removal process in the industry is to 

separate the carbon dioxide gas components (CO2) from the gas 

mixture. CO2 gases can damage the piping and utility parts of 

the plant due to its corrosive properties. The corrosive 

properties of CO2 will appear in areas where there is a decrease 

in temperature and pressure, as in the pipe elbow, tubing, 

cooler, and turbine injectors. In addition, gas 

CO2 can also reduce the heat value of natural gas. Where in 

the turbine facility, CO2 will result in a reduction of hot heat 

value due to CO2 and H2O is the product of combustion. In the 

ammonia industry, CO2 is a toxin in the ammoniac synthesis 

catalysts, therefore the CO2 must be separated before entering 

the Ammonia synthesis unit. 
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Seeing the magnitude of the loss that can be inflicted by 

CO2 gas, it is important to process CO2 gas separation from 

gas flow, one of which is the absorption process. The 

process of chemical absorption is a process of separation of 

gases using solvents with reactants that can react with 

dissolved gas components. The use of chemical solvents is 

intended to increase the solvent in absorbing CO2 gases. 
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One of the processes used to separate acidic gases from 

natural gas is by the process of absorption using Benfield. 

The Benfield system is a thermal solvent regeneration 

cycle that uses activators. Benfield is a solution of K2CO3 

that can eliminate CO2, H2S and other acid gas impurities 

components. The Benfield process uses low-cost chemicals 

and high CO2 absorption in natural gas. The absorption 

system in the absorber takes place on a counter-current, 

natural gas enters through the bottom of the absorber 

while the Benfield solution enters the top of the absorber. 

Natural Gas that has been separated from CO2 will come 

out through the peak of the absorber, whereas a benfield 

solution that is rich in CO2 will be regenerated in the 

stripper CO2 unit and restored to the CO2 absorber. This 

Unit is viewable in Figure 3.2 
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Use of Benfield is less safe to use because it has a high 

level of danger, so the need for clean production based on 

one of the principles of green Chemwife is less hazardous 

chemical synthesis. One of the safe compounds used for 

the CO2 separation process from natural gas is 

Methyldiethanolamine (MDEA). Next table 3.3. Comparison 

of Benfield and MDEA 
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Parameter Benfield MDEA

Biaya cheap expensive

Korosif pada logam Rp. 102.034,00/kg Rp. 474.383,00/L  

Selektivitas terhadap H2 low NO

Terbentuk Foam  high NO

LD50 (ratt) 1870 mg/kg 4680 mg/kg

Konsumsi Energi (reboiler) 45.000 -20.000 lb/hr 

Temperatur feed gas 105 C - 70 C 
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Benfield has corrosive properties in Mg and CaO metals, 

while absorbent mdea is corrosive to metals. MDEA does 

not require heavy metal pacifizers or corrosion inhibitors. 

The activator system does not form a high corrosion 

degradation product, so it will prevent problems such as 

corrosion, erosion, crust formation and foaming. Judging 

from MSDS, Benfield has a LD50 of 1870 mg/kg (Ratt) 

whereas MDEA 4680 mg/kg (Ratt), it is explained that 

Benfield is more toxic than MDEA. MDEA gas feed 

temperature is lower than the Benfield of 70 C while 

Benfield 105 C. 
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Low gas feed temperature requirements affect the low 

energy consumption of the reboiler, which is only 20,000 

lb/hour while the Benfield is 45,000 lb/hr. If viewed from 

hazard symbols, Benfield has a higher hazard level 

compared to MDEA. Benfield belongs to a dangerous 

category because it has corrosive properties of metal, 

carcinogenic, cell mutagen, acute toxic which can result in 

respiratory distress, eye damage, and harmful to the 

aquatic environment. While MDEA belongs to the category 

of warning is only acute toxic (oral, skin, breathing), 

irritant in the eyes and skin. In terms of price, Benfield is 

cheaper Rp. 102.034, 00/kg while MDEA Rp. 474.383, 

00/L. However, the more expensive price is not a big 

problem compared with the impact caused by the 

replacement of absorbent. 
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Inherently Safer Chemistry for Accident Prevention: 

Application of Dehydrogenator for carbondioxide

 The installation of a Dehydrogenator reactor is intended 

to convert hydrogen content in carbon dioxide by the way 

it is air using a platinum or palladium catalyst so that the 

following reactions occur: 

2H2 + O2  2H2O
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By converting hydrogen into water, hydrogen 

accumulation in the urea unit can be eliminated, because 

if it is not eliminated there will be a big explosion either 

when the tools work or when the release gas from the 

control device. 

Results of this dehydrogenator bias reduced urea content 

from 56% to less than 0.8%. Here is a figure 3.4 that shows 

dehydrogenator. 
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Prevention: Installation of Dissolving tanks to dissolve the buried 

Urea 

Packaging process is the last stage of urea unit. Granular urea from 

Prilling Tower then supplied with conveyor to be ready in the 

packaging. Here is the picture 3.5 process packaging urea. 

 In the process of packaging, there are many details of urea that has 

been caused by the fault of workers and tools. Each day there is an 

estimated 1 ton of urea. In order for the plant to not suffer losses, the 

urea fluid is cleaned from the dust that is stuck and dissolved in the 

dissolving tank with water solvent. After forming a urea solution, the 

urea solution is in the recycle to the evaporator to be concentrated 

and fed into the back prilling tower 
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Catalyst: The addition of Dehydrogenator with Catalyst Pt 

One of the principles of green chemistry that can be 

applied in fertilizer plants is the use of catalysts. According 

to Purnami, et al. (2015), catalysts are a substance that 

accelerates the rate of chemical reactions at certain 

temperatures, without experiencing changes or being used 

by the reaction itself. A catalyst plays a role in the reaction 

but not as a reagent or product. Catalysts allow the 

reaction to take place faster or allow a reaction at a lower 

temperature due to changes made to the reagent. Catalysts 

provide an optional path with lower activation energy. 

4. Clean Production Strategy: 
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Catalyst: The addition of Dehydrogenator with Catalyst Pt 

Catalysts allow the reaction to take place faster or allow 

a reaction at a lower temperature due to changes made to 

the reagent. Catalysts provide an optional path with lower 

activation energy. Catalysts reduce the energy needed for 

the ongoing reaction. At the fertilizer plant, after NH3 

produced from the process ammonia synthesis will enter 

into reactor in the Urea Plant to be performed process of 

CO2 removal. On this CO2 removal process, used 

compressor. The CO2 purity resulting from this process 

should be high so that the product conversion is also high. 

To prevent the decline in the purity of CO2 can be done by 

adding a platinum catalyst (Pt) to the Dehydrogenator. 

Dehydrogenator added to the CO2 process 
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From the picture 3.5 can be explained that in urea plant, 

the addition of Dehydrogenator is placed among NH3 

container reactors from ammonia plant and CO2 removal. 

With the addition of the Dehydrogenator with the Platinum 

catalyst it serves to reduce the H2 formed. The smaller the 

H2 value then the higher the purity of the CO2 generated. 

With the higher purity of CO2, the conversion of the 

formed product will be higher.  
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Prevention: Installation of scrubber in Amonia Recovery  

Installation of Scrubber in the exhaust gas flow in the 

ammonia recovery unit before disposal into the 

environment. The installation of Scrubber is installed to 

prevent the occurrence of annomali caused by heat 

exchanger in the previous flow does not work well in the 

heating of ammonia so that the exhaust gas ammonia to 

the environment has a quantity of 2x folding.  

4. Clean Production Strategy: 
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Scrubber installation prevents the occurrence of 

pollution and destruction of the environment by 

minimizing waste, this can be demonstrated by reducing 

the ammonia gas levels thrown into the environment 

because it can be used as a feed again on the urea unit 

process. The benefits of installing scrubber can improve 

the environmental quality indicated by low vent steam 

containing contaminants of ammonia  

4. Clean Production Strategy: 
4.6. Prevention : Installation of scrubber in Ammonia Recovery
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Design For Energy Efficiency in Reformer Unit 

Do hot integration on the requires unit by leveraging the 

heat that is produced on the requires unit that reaches the 

temperature of 1000 C with hot-blurred to another unit for 

heat, so it is hot-thrown discarded. In addition, efficiency 

the use of energy on the reformer unit. In addition, 

efficiency the use of energy on the reformer unit. This is 

derived from the steam arching from overheat generated 

unit requires to heat other equipment. The production 

costs used for the treatment of the heating process will 

also be reduced. This is seen in the heat of the reformer 

unit. 

4. Clean Production Strategy: 
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Thermal integration was realized with heat exchanger 

installation. Heat integration can be analyzed by pinch 

analysis. Here's the procedure:  

 Set up 2 reference data i.e. Flowsheet (to know the 

thorough process description) and thermal data (the 

data of a heat exchanger network)  

 Identify process connections 

 Processing thermodynamics Data 

 Selection of the minimum heat exchange temperature 

between hot and cold fluids 

 Manufacture of cascade diagrams 

 Manufacturing of composite and grand composite 

curves 

4. Clean Production Strategy: 
4.6. Prevention : Installation of scrubber in Ammonia Recovery
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5. Conclusion

Based on the proposed cleaner production strategy, it can 

be concluded that:  

 All production cleaner is worth applying  

 The need for further design planning for each cleaner 

production strategy in order to be considered both in 

technical and economic aspects.  
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