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Saleh M. Al-Shahrani
Saudi Aramco
Yanhi

Yuv R. Mehra
Saudi Aramco
Dhahran

Saudi Aramco re-
cently converted its semi-regenerative
platformer unit in its Yanbii refinery to
a UOP-

licensed

Saudi Aramco installs new LPG | e

catalytic

recovery unit at Yanbu refinery | i

process.
To recover
valuable gases from the CCR net gas,
Saudi Aramco installed an LPG-recovery
unit that uses a technology unfamiliar
to the refiner.

The new unit (Fig. 1) was installed
to maximize LPG recovery and increase

1\%‘ Previous Page | Contents | Zoom In || Zoom Out | Front Cover | Search Issue | Next Page qMags

hydrogen purity of the net gas for use
in a new diesel hydrotreater unit.

This article describes how the
enhanced absorption process was
incorporated at the Yanb refinery to
complement the existing saturate-gas-
conditioning unit and shares the expe-
rience with the start-up and operations
of the LPG-recovery unit.

The recovered, higher-value LPG is
separated in an existing debutanizer
column. A new three-stage propane
refrigeration system is used to chill the
CCR net gas to maximize LPG recovery.

Yanbi reformer

The original fixed-bed platformer
unit had operated in the Yanbi refinery
since 1983. Saudi Aramco elected to
revamp the 38,000-b/d UOP fixed-bed

Based on a presentation to the 2007 American
Institute of Chemical Engineers Spring National
Meeting, Apr. 22-27, 2007, Houston.

Oil & Cas Journal / June 4, 2007

Previous Page | Contents | Zoom In| Zoom Out | Front Cover | Search Issue | Next Page | qMags



pladormer into a
40,000-b/d CCR
platformer system
Lo:

* Increase

AET LPG RECOVERY UNIT

Ca refrigerant

- Fuel gas
/‘L

AP =20 psi

D' ‘_/}

unleaded gasoline
production by
8,000 b/d.

* Increase
refinery-product
values by allow-
ing the option
of blending light
straight-run naph-
tha and butanes
into the gasoline
pool.

* Reduce
requirements for
expensive methyl tertiary butyl ether
purchases.

« Improve reliability, safety, and ef-
ficiency by reducing unit downtime.

As part of the reforming process,
the CCR systemn produces a net gas
that is rich in C, LPG and hydrogen.
To maximize propane recovery from
excess net gas and existing saturated gas
debutanizer overhead, Saudi Aramco
chose a licensed LPG-recovery system
from Advanced Extraction Technologies
Inc. (AET) because of its effectiveness
in achieving high propane recoveries
(96+%) from about 151 psig offgases
without requiring feed-gas compres-
sion,

This article describes the incorpora-
tion of new-to-Saudi Aramco technol-
ogy and shares the experiences with the

Inlet gas

Ii this photo of the new LPG-i¢

the absorber column
and on top of the

unit,
§ Eil {
nearby pij the propane
refrigerant condenser The two
columns in the lower Hn_|l?f-|l|\r!1f
side are the existing saturated gas

butanizer (on the left) and

nizer (on the fl}['ll with the
red Hag), The debutanizer column
fractionates the LPG absorber
hottoms und sends a part of its bot-
torms 1o the top of the LPG absorber

as the lean solvent f|i§;, 1)
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LPG
absorber

\

'
Rich
solvent

Lean solvent

Salvent
regenerator

AFET LPG-recovery unit that started up
during June-July 2006.

LPG-recovery technology

A typical AET LPG-tecovery unit (Fig.
2) uses a C,, solvent for absorbing the
C,, LPG components from a refin-
ery offgas stream. C,_ solvent is used
because it has low molecular weight,
which reduces solvent circulation, and
a low vapor pressure, which reduces
solvent loss.

In the AET process, absorption effec-
tiveness is further enhanced when the
lean C__ solvent is presaturated with the
“undesired” hydrogen and methane in
the inlet refinery offgas (fuel gas). This
is available at the LPG absorber overhead
because the propane and butanes are
removed from the offgas inlet gas in the
absorber column.

The presaturated solvent at about
25° E, separated from the fuel gas, is
pumped to the top of the absorber. This
hydrogen-methane presaturated solvent,
upon entering the absorber, absorbs
only the propane and butanes.

The LPG absorber is reboiled to
ensure that recovered C,_ LPG meets
the specification content for all light
ends in the inlet refinery offgas. Rich
solvent from the LPG absorber bottom
is fractionated in the solvent regenera-
tor to separate absorbed C.-C, LPG as an
overhead product and a C,, lean solvent

as the bottoms, The solvent regenerator
operation is similar to that of a debuta-
nizer column, Any new AET process fa-
cility therefore requires an LPG absorber
column and a debutanizer-regenerator
column.

LPG recovery at Yanbu

Because the refinery already had
a debutanizer column as part of its
saturated gas concentration unit, Saudi
Aramco considered alternatives to elim-
inate the need for a new debutanizer
column just for the new LPG absorber.

Instead of securing a new segregated
C,_ stream as the lean solvent, Saudi Ar-
amco considered stabilized platformate,
which is a C,_ product available from
the existing debutanizer column, as the
preferred lean solvent. Unfortunately,
the required solvent circulation rate of
stabilized platformate as lean solvent
was large enough to require a larger-di-
ameter debutanizer column.

In order to use the existing debuta-
nizer column, some of the unstabilized
platformate feed to the debutanizer was
redirected to the new LPG absorber to
absorb some of the LPG from the CCR
net gases.

Circulating some of the stabilized
platformate from the bottom of the
existing debutanizer as lean solvent for
the LPG unit absorbed the remaining
LPG in the CCR gases. This essentially

61
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LPG ABSORBER CONFIGURATION

ethane. It is mixed

Fig. 3 i
with overhead

Debutanizer + De-sthanizer overhead gas

gases from the

K-0101

Cs refrigerant  E-0108

Net gas from compressor
suction drum

A

Cs refrigerant

Presaturator LPG absorber and
Shilier chilled to about
20°F —20° F. Chilled

gases are separated
from the chilled

Presaturator .
solvent stream in

separator

D-0110 .
Light ends to net gas 20°F P iy AN a pre-saturation
Guane eI G-0108 A/B separator, The pre-
C, refrigerant ﬂE-Um * :EsGorber saturated lean sol-
i vent is pumped to
the top of the LPG
5510 absorber column.
T Unstabilized
Rich solvent to
debutanizer feed (bulk solvent) and
< stabilized debu-
E-0109 - Ko
Unstabilized platformate Absorber bottoms tanizer bottorms
from debutanizer feed pumps G-0108 A/B (lean solve_nt) p]a[_
Debutarizer bottoms formate streams
are precooled with
a cold stream from
he absorber bot-
MIODIFIED DEBUTANIZER CONFIGURATION rgq  theabsorD
” toms stream and
" Debutanizer + De-athanizer A~ De-sthanizer then chilled with
overhead gas to LPG absorber overhead

Stabilized platformate
to LPG absorber

Platformate
to storage

Platformate
to isomerate

rvp control E-0102

Seawater d

Unstabilized platformate
to LPG absorber

Platformate feed

Rich solvent from LPG absorber T

split the total C,solvent requirement
for the desired high-propane recov-

ery. We solved the problem of using
unstabilized platformate feed, which is
essentially saturated with propane and
butanes, as a bulk solvent for part of
PG absorption by chilling the unstabi-
lized platformate to a significanty lower

A
R |

3¢ Previous Page |

VA

Contents

Debutanizer

Condenser

Seawater

propane refriger-
ant to—20° E CCR
net gas combines
with the recycled
overhead gases
from the debuta-
nizer and de-etha-
nizer to form the
combined feed to
the LPG absorber.

Debutanizer
receiver

Reboilar

temperature of 20° E

Fig. 3 shows the LPG absorber con-
figuration.

To minimize platformate loss from
the absorber overhead and to increase
LPG absorption efficiency, the stabilized
platformate solvent stream is presatu-
rated with hydrogen, methane, and

Zoom In| Zoom Out | Front Cover | Search Issue | Next Page 'qMags

The combined
gas stream is pre-
cooled with cold
energy from pro-
pane free, light-
end gases and then
chilled to 20° E.
before entering
the LPG absorber
near the bottom.
The upward-flow-
ing chilled gases counter-currently con-
tact the downward-flowing presaturated
lean solvent, which absorbs C, com-
ponents. Cold, rich solvent from the
LPG absorber battom is pumped and
warmed against the unstabilized and
stabilized platformate solvent streams. It

C3-Ca LPG product
to de-athanizer

Oil & Gas Journal / June 4, 2007




then joins the unsta-
bilized platformate
feed streamn to the
existing debutanizer
downstream of the
take-off point for the
unstabilized solvent.

Comparing Figs.
2 and 3 shows that
the LPG absorber at
Yanbi does not have
a reboiler. The sim-
pler absorber design
takes advantage of
a de-ethanizer in
the saturated gas
concentration unit,
which takes feed
from the debutanizer
overhead to meet the
ethane specification
of the C,-C, product.

Fig. 4 shows that,
at the debutanizer
overhead, uncon-
densed light-ends
are separated from
the condensable
C,-C, mixture.
Overhead liquid
C,-C, product is
further fractionated
in a de-ethanizer and
depropanizer, which
produce C, and
mixed C, products.

Separated light
ends from the
debutanizer over-
head, along with
the separated ethane
and lighter from the
overhead of de-etha-
nizer, are recycled

back to the LPG absorber to recover any

C,, hydrocarbons,

OVERALL MATERIAL PERFORMANCE Taie
Combined gasas from CCR Product gas to diesel
— and saturated plant —  — hydrotreater and fuel gas — Yields
Flow, mponents, low, Comg nts, Gas products ———

Component 1,000 mole/hr mole % 1,000 mole/hr mole % Recovery, %  Flow, cu m/hr
Hydrogen 2,170.20 73,82 2,168.31 88.63 99.9 48,601
Methang 10715 3.63 104.21 4.26 —— Liquids products
Ethane 24538 8.32 165.84 6.78 Recovery, % Flow, b/d
Propane 239.75 813 337 0.14 98.6 3,277
Isobutane 52.04 177 0.22 0.01 89.6 853
n-Butana 62.28 2.1 0.79 0.03 88.7 851
Isopentane 22.91 0.78 2.29 0.09 90.0 380
r-Pentane 12.82 0.43 0.70 0.03 94.5 217
C,. 3541 120 0.84 0.03 88.2 718
Total 294775 100.00 2,446.37 100.00 6,398
Flow, cu m/hr 69,700 57845

PROPANE COMPRESSOR START-UP TRIPS Tale2

Trip | Trip type or symptom

Lesson leamed or follow-up action taken

1 High vibration

Bypass trip setting during initial start-up.

2 High amperage load

Watch amperage indication to prevent overloading the comprassor motor.

3 High-high level, first-stage suction drum

Fix and calibrate level transmitters and flow transmitters for accurate
display on DCS screen.

High discharge temperature

1. Bypass current trip setting of 95° C. and watch discharga tamperature
to not exceed vendor recommerided limit of about 150° C,

2. Change stari-up procedure to introduce chiller vapors into the
compressor as quickly as possible,

g | Loss of lavel indication in suction drums
and trip from high-high leval

Hef:ll with glycol and place plugs to prevent loss of fluid in level transmit-
ter legs.

& Loss'of suction pressura

Da not start compressor with isolation valves open on dischargs and
three suction stages:

High discharge pressure from cas-
7 cading discharge temperature with
discharge pressure

Avoid cascading discharge pressure and temperature until unit is stabilized
am %Ioesg in desired sattings and the cascading configuration is checked
and fix

Low suction pressure

Ayoid imbalance from ogenlng 5% of suction pressure valve when
compared 1o opening 30% discharge pressure valve. Increase suction and
discharge openings in equal increments.

Amperage overload from low-pressure
9 | economizer g:essura valve opening 10
33% from 5

Avoid rapid opening of low-pressure and high-pressure sconomizer pres-
sure valves.

10 Third-stage suction drum high-high level

Urireliable level transmitter operation. Avoid compressor aperation until
leval indication is reliably displayed on DCS screen.

First-staga suction high-high level due
to stuck first-stage antisurge valve and
11 loss of suction pressure rip

1. Check. fix, and recalibrate the first-stage antisurge valve and assure its
operation.

2, Do not open drain valve 1o quickly. _

3. Assure flow from 2-in. hot sparger gas line in suction drums 1o assure
imbalanced quench liquid is vaporized.

1. Third-stage antisurge valve stuck
12 Third-stage suction high-high level
2. First stage antisurge valve stayed
open throughout

1. Fix solenoid and recalibrate the third-stage antisurgs valve functianality.
2. Reco&nize that the am‘lsur?e valves will remain oper at inlet gas fiow
from CCR less than 88% of design fiow to the LPG recovery unit.

seawater cooler.

ter trim condenser.

« Addition of a new overhead seawa-

cooler was replaced with a larger heat
exchanger.

To handle increased processing load
in the existing debutanizer, modifica-
tions to existing equipment included:

« Addition of series heat-transfer
surface to the feed-bottoms exchanger.

» Addition of parallel heat-trans-
fer surface to the bottoms product

Previous Page | Contents

» Replacement of overhead product
and reflux pump.

Feed pumps were replaced in the
existing de-ethanizer system. In the
depropanizer system, the overhead
air-cooled condenser was replaced with
a seawater shell-and-tube condenser
and the overhead net propane product

Zoom In| Zoom Out | Front Cover | Search Issue | Next Page gMmags

Propane refrigeration cycle

To provide the required chilling,

a propane refrigeration system was
required.

Fig. 5 shows the closed loop, three-
stage propane refrigeration cycle, which
provided the necessary chilling for the
unstabilized and stabilized platformate

Oil & Gas Journal / June 4, 2007




solvent streams and

CChnet g feed to PROPANEREFRIGERATIONSYSTEM . . s
the LPG absorber. BLEF A BOE ' 125.6° F
All of the three 1.85 psig First TP E—
214°F | sage E-0105 A-M

process servic-
es—the feed gas
chiller E-0107,
platformate chiller

E-0111, and pre- . &

K-0104

saturation chiller
E-0108—=cool the " pomz
respective process 5.4 psig <4 —
streams to about -26.2° F Make-up
20° F. using 27° ot g
F. propane refrig- £0107
erant. Vaporizec < e
propane from the —
chillers enters pro-
pane compressor < N‘—
K-0104 through E-0M
the first-stage suc-
tion drum D-0112. -21"F
The low-pres-
sure eCOnomizer
D-0115 and high-pressure economizer ~ 63° E, respectively. Compressed pro- returned to the propane accumulator
D-0116 reduce the refrigerant com- pane refrigerant vapors are condensed ~ D-0111.
pressor horsepower by separating the in the air-cooled condenser E-0105 and The dotted line in Fig. 5 shows that

second-stage side
load flashed vapors
at 15° E and third-
stage side load
flashed vapors at

Here is the DCS system
screen for the LPG-
TECOVETY Nl OVErview
after start-up of the
refrigeration system
(Fig. 6).
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the refrigerant compressor’s antisurge
system controls the flow of hot dis-
charge propane and quench liquid pro-
pane to the first, second, and third-stage
suction drums, D-0112, D-0113, and
D-0114, respectively.

Overall design performance

Because the LPG absorber was inte-
grated with the debutanizer, de-etha-
nizer, and depropanizer in the saturated
gas concentration unit, it is quite cum-
bersome to ascertain the material recov-
ery performance of the LPG absorber
system. By drawing an envelope around
the integrated system, we determined
LPG recovery by analyzing the two gas
streams (Table 1),

Precommissioning activities

The unit was constructed as part of
a platformer revamp project. When the
mechanical construction was complet-
ed, Saudi Aramco had performed these
precommissioning activities:

* 120 hydrotests were done.

+ 280 instrurmnentation loops were
checked.

* Eight refrig-
eration loops were
chemically cleaned.

* Propane
compressor lube oil

Here is the DCS system
screen for the propane
refrigeration compressor
circuit after start-up of
the refrigeration system
(Fig. 7).

Previous Pa

system was flushed.

* 31 pieces of equipment were
boxed up.

* 72 motors were unclipped and run
for 4 hr.

* The instrumentation connections
were completed and reinstated.

After completion of the precommis-
sioning activities, additional start-up
precommissioning activities included
purging, evacuating, and drying out
the refrigerant and lube-oil circula-
tion system with nitrogen to a 40° F.
dewpoint; purging and drying out the
absorber system with nitrogen to a 40°
F. dewpoint; stroking and functionally
testing all control valves; commission-
ing all pressure isolation valves; filling
the refrigeration loop with propane and
collecting samples to confirm that the
systemn dewpoint was <—40° E.

LPG-recovery process start-up
After completing all the commis-
sioning activities and with the debu-
tanizer producing a C,_platformate
product meeting the C, and lighter con-

tent specification, we determined that
the available initial CCR net gas flow on
June 18, 2006, was about 29.6 MMscfd.
First, therefore, we initiated the flow of
unstabilized platformate (bulk solvent)
from the feed to the debutanizer at
about 167 gpm.

Once the level in the bottom of the
LPG absorber C-0101 was established
at about 60% level transmitter (LT)
range, we started the absorber bottoms
pump G-109B to circulate bulk solvent
through the two solvent cross-exchang-
ers back to the debutanizer column
feed.

After about an hour of established
circulation for the bulk solvent, we ini-
tiated flow of the debutanizer bottoms
(lean solvent) stream at about 150 gpm.
After filling the piping and exchangers,
the lean solvent level began to increase
in the presaturation separator D-0110.

When the level was established at
about 60% of the LT range, we started
the presaturation pump G-0108A to
transfer solvent to the absorber col-
umn's top. Within 20 min of starting

Oil & Cas journal / June 4, 2007

Contents | Zoom In| Zoom Out | Front Cover | Search Issue | Next Page [qMags



G-0108A, level in the absorber bottom
started to increase, which indicated that
the two solvent circulation loops were
completed. The LT controlling flow
from the discharge of the absorber bot-
toms pump G-0109B was switched to
auto control.

With no gas flow through the ab-
sorber system, and after establishing
lean solvent circulation, the column
pressure started to decrease to about
122 psig from an initial pressure of
about 142 psig This indicated slight ab-
sorption of hydrocarbons even at warm
solvent temperatures (98° E).

To reestablish the pressure in the
column to the CCR net gas compressor-
suction drum pressure without flowing
gas through the LPG-recovery unit, we
reopened the inlet isolation valve. The
isolation valve blocking flow from the
LPG absorber overhead to the fuel-
gas system remained closed. With the
circulating warm solvent, the pressure
increased and stabilized at about 139
psig.

When establishing the aforemen-
toned two solvent circulation drcuits,
we identified several level and flow
instrumentation calibration issues:

» First circuit. Berween the debuta-
nizer feed, cross-exchanger E-0110,
platformate chiller E-0111, LPG ab-
sorber C-0101, absorber bottoms pump
G-0109B, cross-exchangers E-0110 and
E-0109, and debutanizer feed.

« Second circuit. Cool debutanizer
bottoms from E-0102, cross-exchanger
E-0109, mixer K-0101, presaturation
chiller E-0108, presaturation separator
D-0110, presaturation pump G-0108A,
LPG absorber C-0101, absorber bot-
toms pump G-0109B, cross-exchang-
ers E-0110 and E-0109, debutanizer
feed

Before attemnpting to start the pro-
pane refrigeration system, we fixed all
the instrumentation calibration issues
during the next 24 hr. We subsequently
initiated the flow of CCR net gas
through the LPG-recovery process by
opening the isolation valve at the outlet
of the absorption system and closing

6
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the bypass isolation valve around the
LPG-recovery unit.

Propane refrigeration start-up

With the established cooling load
through the tube side of three chill-
ers, we could start up the refrigeration
system. Unfamiliarity of the refrigera-
tion cycle within the refining industry
as a whole was a significant obstacle for
the aperations team in developing the
feel for starting and controlling a three
stage, clased-loop propane refrigeration
system.

Table 2 summarizes the 12 compres-
sor trips and respective lessons learned
that eventually resulted in a successful
start-up of the three-stage centrifugal
compressor and closed loop refrigera-
tion cycle.

Although comparable quench-based
suction drum configurations are quite
extensively used at Saudi Aramco's gas
processing facilities, a recurring prob-
lemn in the start-up at Yanbti was manag-
ing and controlling liquid levels in the
various suction drums.

The hydrocarbon processing in-
dustry uses large refrigeration systems
without needing to add quench liquid
into the compressor suction drums
by simply routing the antisurge hot
gas from the compressor discharge
through a sparger line below the tube
bundle in kettle chillers and in econo-
mizer drums where liquid refriger-
ant is normally present. This avoids
the potential imbalance between the
antisurge gas flows and quench-liquid
temperature control valves, and also
ensures that the compressor suction
drums remain dry, which prevents
compressor trips from high liquid
level. This type of system at the Yanbt
refinery would have simplified signifi-
cantly the start-up of the refrigerant
COMPressor.

When attempting to start up the
compressor, we emphasized starting
flow of refrigerant vapors as quickly as
possible into the refrigerant compres-
sor to keep the discharge temperature
within limits and trying to close the
antisurge gas and liquid quench flows

Front Cover

to reduce overloading the compressor
motor.

We realized after the twelfth trip that
the inlet feed gas from the CCR unit
was only about a third of the design gas
flow. Also, an analysis of the compressor
surge flows revealed that as long as the
inlet gas flow from the CCR unit was
less than 88% of the design flow for the
LPG-recovery unit, the installed refrig-
eration compressor will always have its
antisurge valve open,

This allowed us to change the
start-up focus from trying to close the
antisurge valve to managing the intro-
duction of available refrigerant vapors
generated from the process streams
through the chillers. This was the final
factor that led to the successful start-
up of the refrigeration system. Within
about 5 hr of continued integrated
operation of the process-refrigeration
systems, all temperatures reached their
expected settings.

Fig. 6 shows a representative DCS
display snapshot of the process flow.
Fig. 7 shows a display snapshot of the
refrigeration system.
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Further operations

Operation of the integrated I.PG-re-

covery facility is easy, stable, and flexible

o oas f
O gas a

If the

rand composition changes.

frigeration compressor acci-

dentally

trips, the LPG-recovery process

can continue to operate stably and await

restart of the !m:i';e *TAllON COMPpPressaor,

Operation of the Yanbu refinery unit

has successfully demonstrated turn-

down to 30% of the design inlet gas
flow capacity, With this start-up, Yanbii
refinery has successfully pioneered the
incorporation of colder temperatures
within a refining environment to maxi-
mize recovery of value from its hydro-
carbon resources.

The unit has operated continuously
and smoothly since starting up in July
2006. #+

NELSON-FARRAR COST INDEXES

Refinery construction (1946 Basis)
(Explained on p. 145 of the Dac. 30, 1985, issue)

1962 1980 2004

Feb. Jan. Feb.
2005 2006 2006 2007 2007

222.6 7773 1,5815 1,

189.5 3947 516.9
183.4 & 919.4
B7.3 1,0876 1

o

12.6

2148 £

o

5 1,758 1.7368 1.799.2 182956
513.6 520.2 508.1 5277 5268
8311 869.7 9831 969.5 969.5

,108.0 1,166.0 1.115.:6 1,238:8 1,246.8

’ 183.6 B818.7 B8E63.8 1,072.3 1,162.7 1,079.2 1,1794 1,179.4

198.8 578.1 8938 1,

2058 6292 1m27 1,

062.1 1,193.3 1.0788 11,1432 1,180.4
179.8 1.2735 1,216.1 1,310.0 13352

258.8 89518 23142 24118 2,4978 24765 25688 25588

2376 B22.8 1,833.8 -

Refinery operating (1956 Basis)

{Explained on p, 145 of the Dec. 30, 1965, issus)

g18.8 20081 1,871.3 2,088.1 2,089.2

Feb, Jan. Feb,
2005 2006 2008 2007 2007

i 1962 1980 2004
1008 8105 9719 L
939 2005 1918
1239 4399 %840 1
1318 2268 5133
1217 3248 6867

98.7 229.2 268.2

Operating indexes

103.7 312.7 488.7
1038 4575 8381

360.2 1,668.0 16080 13862 18356
2.8 2042 2018 2181 2222

0074 1,.016.4 982.1 1,065.6 1,088.2

5011 4975 486.5 4885 476.2
716.0 3.7 7301 769.8 763.5
3105 36564 3679 363.4 3|71

542.1 §579.0 574.9 574.7 600.6
7872 870.7 878.9 816.6 906.4
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Thase indexas are published in the
first issue of sach month. They are
complied by Gary Farar, Journal
Contnbuting Editor.

Indexas of selsctad individual jftems
of equipment and mateliels are also
published on the Costimating page
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January, Aprii, July. and October.
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