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ABSTRACT
fndenesia with a huge natural gas reserves distributed in variows islands and separated by sea has wilized the gas

for domestic energy sourvce and petrochemical feedstock purposes. Transportation of the gas te (15 consimers can be in
the form of either pipetine gas or Liguefied Natveal Gas (ENG) gehemies, Selection of the scheme chasen iz defermined
baved on ity economic eviluation and technical reliahilin

The dixtribution of gas reserves in variony isfamds segmented by sea in fodonesia in combimation with economic
acfivity concentration especially in Java ixland bring about difficulties in gas development due to the up-from massive
amvesimrend reipinired on gax pipe faviag or LNG plant constrisction

It is therefore requived te find a cheaper altermative to the scheme with an established saferv standard application, In
artler that the domestic gax urilization will be able to be enhanced and thux reducing petrafeum liguid tnmpart

An afltermative that can be significantly considered is micro-crvogenic techaology development in Indonesia for
consfricting a fow capaciny LNG plant so that @ small scale of LNG can be economically prodiuced. The LNG ix then
distribited 1o pay consimirs af regions which kar no existing and will noi be viable for new gav senwork installabion

Micro-cragenic feclnology application i thought to be developed considering o preliminary feaibiliog siudy revid s
e stuscdy fourd that micro-cryogenic technology is around US § 0,75 million { 68 2 26) cheaper than gas pipeline techuofogy
fix providde matural gas for Gas Demonstration Plant operation at B & D Centre for (il and Gas Technology “Lemigas™

L INTRODUCTION

Liguefied Natural Gas or LNG 15 natumal gas which is
stored in the form of hqud, The gos s liguefied at the
temperature, at least, of -120 Y'C and atmosphene pressure,
LNG technology is now established for the purposes of
storing and transporting the gas. To meet peak demand of
the gas during winter session, most subtropical countries
stored the gas in the form of LNG, duning summer session,
at an LNG peak shaving plant and Indonesia expons the
gas in the form of LNG 1o very long disance importer
couniries including Japan and Korea, LNG is the only
powerful techmie for storing natural gas since this can stored
of around 600 valumes of the gas.

Historically, Natural gas was first Liquefied on a
practical s¢ale by the United States Bureau of Mines in
1917. In this mstance the purpose of the liquefaction was

to separate helinm from natural gas 1o obtain helium for
airships and not 1o liquefy notural gas per se. The world's
first commereial hguefaction plant was an LNG Peakshoving
facilny built i Cleveland, Olio in 1941, v operated
succesfully until 1944 when a tank containing LNG failed
Although this accident was o set back for the LNG
industry, it of least ensured that major improvements in
materials, design, construction and operating technigues
were perfected and introduced

I OPERATIONAL BASE-LOAD LNG PLANT

The design of an LNG plant is umique reflecting
technological developmenis over time as well as different
feed gas compositions, local site conditions and the design
and process preferences of the plant owners. In addition,

20

LEANGAS SCIENTIFIC CONTRIBUTIONS 172000



h——

YUSEK K CARYAMNA

desiign and process selection have been and will continue Lo

be intuenced by differences and trade-offs between capital,

operating and maintenance costs, fuel efliciency

consideration and the like. However, a base load LNG plant

wil generally comprise the following components or units

which 15 collectively called as a * wam * ;

- Gas recenving and metenng

- Acid gas removal and [ or sulphur recovery
Dehydration

-  Merocury removal, if necessary

- Heavy hydrocarbon separation

- Fractionation

- Liguefaction

- NGL treatment

- LNG and NGL storage

- Loading facilitics

= Muin utilities,

Csms receiving and melering

In this unit the feed gas for the plant is regulated a1 a
satisfactory pressure for the later removal of heavy
hydrocarbans which would be otherwise cause problems in
the liquefaction, storage and transport of LNG. Metering
the quantity of gas supphed to the plant is obviously
necessary, espectaly if the gas suppliers are not the same as
the owner of the plant which is often the case.

Acid gas removal

Any carbondioxide, hydrogen sulphide and other sulphur
compounds present in the feed gos are removed at this stage
1y levels which are sufficiently low to avoid them freezing
out in the liguefaction unit. Typically this means reducing
the carbon dioxide content to about S0 ppm by volume and
sulphur compounds to less than 3 ppm.

Mercury remaval

In some instances notural gos can contain very small
amounts of mercury, of around 300 micrograms | Nm' or
even higher, usually inthe form of elemental mercury vapour.
All this mercury has to be removed which means in practice
down to about 0.1 micrograms | Nm' to prevent cormosion
of pipework and equipment made of alumunium or
alumunium alloys,

Dehvdration
The treated sweet gas leaving the acid gas removal unit
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15 saturated with water vapour as the swetenimg solvents
are genernlly agueous solutions. Before cooling the gos
below zero degrees centigrade it must be dried in order o,
avond icing up in the heavy hydrocarbon separation unil,

liquefacuon units, stormpe and ships.

Heavy hvdrocarbon separation

The design of this unit wall rely on the quantities of ethane
and other heavier hydrocasbons present in the natural gas,
by the need to extmet any heavy hydrocarbons that would
otherwise freeze out in the very low temperatures of the
liquefaction unit, and by the need o meet the LNG
specifications as agreed with the LNG buyer.

Fractionation

The liguitd mix from the heavy hydrocarbon separation
unit 1% fed typically 1o a succession of distillation columns
inchading the de-methanizer, de-ethanizer, de-propanizer and
de-butanizer, each stripping out one component from its lop
end, The boltom stream of each column s fed into 1lie next
e s that Troem the last column flows a de-butanised stream
of pentanes and heavier hvdrocarbons, sometimes referred
to as ‘gasoline’ or more usually as natural gas liquids

(MGL).

NCGL treatment

If despite the acid gas removal phase the products of the
fractionation unil do not satsly market specifications, the
pas should be “sweetened’ in an NGL treatment unit to
remove residual hydrogen sulphide, carbonyl sulphide
(COS5) and mercaptants which may have become

concentrated in these products.

Liguefaction

There are three main processes currently m use in
liquefaction cycles of a base-load plants. These melisde :

1. Pure refrigerant cascade process
The process, diagramatically shown in Figure |,
consists of o combination of three cooling systems each
COMPprising a compressor, 4 condenser. an expansion
valve and an evaparator (or heat exchanger), Typically,
propane, cthiylenc and methane are used in three cooling
cveles to provide at progressively lower temperature.

In the first eycle, the propane refrigerant 15 condensed
at high pressure by cooling water (or air). Then the
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pressure of the hguid propane 15 let-down through the
expansion valve, and 1t can vaporise at a lower
temperature by condensing the ethylene of the second
eycle, as well as coaling the natural gis down to some
30 VC, all in s senies of evaporators. Finally, the propane
vispours are recompressed 10 the initial high pressure at
which they can be condensed at ambient temperature.
Cyele two and three work on the same pattemn. Ethiylene
is condensed under pressure by the propane of cvele
one and, once depressured, vaporises by cooling the
natural gas down 1o about -100 T'C. In the last eycle,
miethane is condensed by the ethylene and, after pressure
let-down, is allowed to vaparise by cooling the natural
gas to s complete liquefaction temperature of about-
60 7C

2. Mived refrigerant process.

The process, schemed in Figure 2, is extremely sumple
but power consumption is substantially greater than for
the cascade process, Whereas with pure refrigerants a
sertes of separate cyeles are mvolved, with mixed
refngerants 1.¢. methane, ethane, propane and nitrogen,
sometimes butane and pentane as well, Condensation
and evaporation take place in one cvcle over a wide
temperature range down to around - [ 60 1C

After compression, the mixed refngerant is partially
condensed agamis cooling water and sent 1o a gas-liquid
separator, The liquid and vapour are distributed over
the tubes in the heat exchanger are condensed
completely, After pressure reduction, gradual
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evaparation provides refigeration to liquety the natural
BHs.
3, Precooled mixed refrigerant process

The schematic of this cycle is outlined in Figure 3. The
process is o combination of The Pure Refrigerant
Ciscade Process and The Mixed Refrigerant Cycle. This
proses also merges several discrete cyeles mto one evele,
and although propane pre-cooling is added. This is well
justified by increased efficiency.

Propane is first condensed by cooling water and then
with heat exchangers in three or four stages, cooling
the feed gas stream and mixed refrigerant 1o about -30
1C. After compression, the mixed refrigerant, which is
Multi-Component Refigerant { MCR ), is likewise first
cooled by water and by propane

At this stage, and before the MCR is fed mto the
cryogenic heat exchanger, it is separated into two
fractions, a light MCR and a heavy MCR, Natural gas,
already cooled 1o around -30 T'C | is fed into the botiom
of the crvogenic heat exchanger with both MCR
fractions and distributed through spirally-wound tube
bundles.

In the top part of the heat exchanger, the light MCR
fractions and natural gas are cooled to around - 160 TC
by spraying light MCR after pressure let-down over
the remaining bundles. A1 this point the natural gas is
liquefied and fed 1o storage. Low pressure of MCR
vapours are collected at the bottom of the heat
exchanger, compressed and recycled.

LN and NG storage

Matural gas can be stored m the form of LNG n above-
ground or im-ground tanks. However, only above-ground
tanks meet pressure vessel regulation in Indonesia

There are vanous types or design of above-ground
prestressed concrete tanks for LNG. Briefly, the principles
concept are as follows :

- An outer prestressed concrete wall with an inner
*stand alone’ metal tank with the annular space
filled with an insulation materal. The roof can be
either carbon steel or presiressed concrete sup-
ported by the outer concrete wall, with a sus-
pended insulated mner deck.
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the gas by decreasing its pressure.
o Uold separator which will separae liquid formed
from the gos
e LNG storage to collect LNG produced.
= Iniensifier, optiomally, to mcrease the inlet gas
pressure. This is instulled before the heat exchanger
il the LNG plant will be fed from low pressure
syRIE
Micro-cryogemc technology is around US § 0,75
million { 68,2 %) cheaper than gas pipeline rechnology
to provide natural gas for Gas Demonstration Plant
operation at B & [3Centre for Chl and Gas Technology
“Lermipgas™
A design of moveahle low capacity LNG plant 1s
resgubeted for the gas provision at B & D Centre for 04l
and Gias Technology “Lemigas™
Micro-cryogenic lechnology is feasible to be developed
to enhance domestic natural gas atilization particularly
at regions which has no existing and will not be viable
for new s network installstion.
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