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I.ower processing temperatures for
higher recoveries of natural gas lig-
uids (NGL) leads to increasingly com-
plex and expensive refrigeration tech-
niques

Recovering 90% and higher of the
propane and over 70% of the ethane
in natural gas streams typically re-
quires temperatures in the —125 to
—150° F. region and lower.

Two technologies can achieve these
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temperatures: turbo-expanders and
mixed component refrigeration. In-
stallation and operation of a process
based on mixed refrigerant technology
has verified predictions that the mixed
refrigerant cryogenic plant can, in
fact, compete with if not replace the
turbo-expander process in many ap-
plications.

Turbo-expanders are favored in ap-
plications where the pressure drop
required for process operation is
readily available or where recompres-
sion costs are of secondary economic
importance. Mixed component refrig-
eration systems have been primarily
used in applications such as LNG
terminals and peak-shaving plants.
Here, the overall compression horse-
power requirements are of primary
concern due to operating cost.

NGL recovery applications have
tended to favor the turbo-expander,

primarily because recompression cost
was not significant and relatively little
was known about mixed refrigerants.
Recently, development of high pres-
sure, brazed aluminum plate/fin ex-
changers and increasing compression
costs, have made economic potential
of the mixed refrigerant alternative
apparent,

Process requirements. A process
and cost study was conducted to de-
termine the best method to extract
NGL from Port Maitland Management
Ltd.’s NGL extraction plant at Dunn-
ville, Ont. Port Maitland Management
owned the rights to liquids contained
in the natural gas streams being com-
pressed at that location. Liquids could
be extracted down to a minimum
gross heating value of
1,000 BTU/scf in the residue gas. The
preferred liquid product was a pro-
pane-plus-NGL mix with an ethane to
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propane ratio of 2%.

The gas stream could be expected
to vary from 500 to 720 psia during
normal operation. Flow variations
from 7 to 15 MMscfd were possible.

Normal operating pressure was 510
psia. A pressure drop through the
NGL straddle plant had to be paid for
either by the capital cost of installing
recompression to pipeline pressure or
by compression fees payable to Pem-
bina Resources.

The alternatives considered includ-
ed turbo-expander, mixed component
refrigeration, and cascade refrigera-
tion. The cascade refrigeration system
was eliminated early in the study due
to excessive horsepower demand. In-

let gas analyses for the remaining
plant alternatives are given in Tables 1
and 2.

Turbo-expander process. In a tur-
bo-expander system which accom-
plishes the required process objectives
(Fig. 1), the inlet gas would be pre-
cooled to —51° F. by heat exchange
with the cold residue gas. Liquids
which form would be collected in an
expander feed separator

Gas from the separator takes a pres-
sure drop from 510 psia across the
expander which drops the tempera-
ture of the stream to ~119° F. and
liquifies 4.1% of the expander feed
stream. These liquids are collected in
the low pressure cold separator.

Gas from this separator is used to
cool the deethanizer overhead stream.
Cold deethanizer overhead and cold
separator gas is then mixed. The resul-
tant residue gas stream is used to
precool the inlet gas.

Residue gas exits at a temperature
of 110° F. It is compressed to 265 psia
by the tandem compressor of the tur-
bo-expander. This gas must then be
further recompressed to a sales gas
pressure of 510 psia, which requires
one stage of compression and after-
cooling

Liquids from both separators are
level controlled to the deethanizer
which operates at a pressure level as
close as possible to the low pressure
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separator so that the overhead and
residue gas streams can be combined.
A gas/liquids exchanger is used to
preheat the expander feed separator
liquids before level controling the lig-
uids to the deethanizer. Only a 6%
slipstream of the inlet gas is used for
this preheat,

Mixed refrigerant process. The
mixed refrigerant design (Fig. 2) has
the inlet gas chilled to —100° F. in a
three-stream, brazed aluminum heat
exchanger. Heat is exchanged with
the cold residue gas from the low
temperature separator.

A stream of light component refrig-
erant is also vaporized in this ex-
changer. Liquids are collected and
level controlled to the deethanizer
feed flash drum.

The liquids from the feed flash drum
are level controlled through a second
heat exchanger before being intro-
duced into the deethanizer. The cool-
ing available in the flash drum vapor
is also extracted in this exchanger. A
stream of heavy component refriger-
ant liquid from the refrigerant separa-
tor is subcooled, then flashed to low
pressure to provide another sources of
cooling.

The main purpose of this second
exchanger is to condense the light
component refrigerant vapor from the
top of the refrigerant separator. The
condensed light component refriger-
ant is then used as the low tempera-
ture refrigerant in the first exchanger.

It is worthwhile to investigate the
refrigerant loop in more detail, start-
ing at the refrigerant compressor suc-
tion. Refrigerant vapor from the vari-
ous exchangers is compressed to high
pressure and cooled in an air cooled
condenser. The mixed refrigerant com-
position is such that only partial con-
densation occurs. The resultant vapor
and liquid are separated. The liquid
portion has a higher proportion of
heavy components. These heavy com-

ponents, such as propane, are used as
a refrigerant in the exchangers.

The vapor from the top of the sepa-
rator has a high proportion of light
components, such as methane and
ethane. This vapor is further cooled
and condensed to liquid then used as
the low-temperature refrigerant in the
first exchanger. In passing through the
exchangers, both light and heavy
component refrigerant fluids are
flashed to refrigerant compressor suc-
tion pressure. This completes the re-
frigerant cycle,

A brazed aluminum heat exchanger
is also used for the deethanizer reflux
condenser. Otherwise, the distillation
column and its associated equipment
are standard. The deethanizers used
for both process alternatives perform
the same function but operate at the
different pressures and temperatures
characteristic of each system.

Process comparison. The advan-
tages of the turbo-expander are well
known. It is a polytropic expansion
and has a reasonably high reliability
factor because the expander/compres-
sor combination is mechanically very
simple.

However, many expanders require
auxiliary equipment such as a lube oil
system. This equipment is not shown

on a flow diagram but does increase
the complexity of the overall installa-
tion.

The turbo-expander does not re-
quire a fluid to produce refrigeration
so there is no potential problem due to
refrigerant leakage. Refrigerant stor-
age is not required.

The mixed-refrigerant system has
some advantages as well. The major
reason mixed refrigerants are used in
LNG plants is because of the lower
horsepower consumption.

For the Port Maitland design, the
turbo-expander plant required 715 hp
for recompression. The mixed refriger-
ant system required 550 hp in refrig-
eration service plus another 60 hp for
overhead compression. The 15% net
horsepower savings proved to be an
important economic factor for the Port
Maitland plant

In addition, the amount of low tem-
perature piping required is less in the
mixed refrigerant system, compared to
the turbo-expander where a large
number of sizable lines are operating
at fow temperatures. In the mixed
component system, refrigeration is de-
livered to the heat exchangers through
relatively small lines, the majority of
which are standard materials.

Maintenance of a suitable refriger-
ant mixture would be considered the
major disadvantage of the mixed re-
frigerant system, both during start-up
and subsequent operation. For exam-
ple, if the mixture could be partially
lost due to leakage, maintenance, or
improper adjustment.

Port Maitland project. Either design
could have produced virtually the
same product specification. A cost
study showed (Table 3) that the mixed
refrigerant system was approximately
15% less costly on an initial cost
basis. It also had a long-term operat-
ing cost advantage due to the lower
hotsepower requirements.

The major difference in initial cost




Mixed refrigerant process package at Port Maitland plant has proven a viable alternative to a turboexpander
(Fig. 3).

was the fact that a smaller compressor
could be used. The size was such that
an electric drive could be used which
had an additional initial cost savings.

Also, in the project’s location, it
was more attractive to purchase elec-
tric power and sell the natural gas
than to use the gas as fuel.

In the final design, an inlet mole
seive unit, consisting of two mole
seive towers, regeneration gas heater,
and outlet filter, was mounted on the
refrigeration process module. The
deethanizer and associated equip-
ment were also mounted on this mod-
ule for ease of field installation.

Refrigerant compression and over-
head compression were combined in
a one compressor package with elec-
tric drive. The compressor was
housed in a building 75 ft from the
process module From contract award
to project completion took 25 weeks.
The brazed aluminum exchangers, the
critical delivery items, were delivered
according to the vendor’s promise of
17 weeks.

This time schedule is relatively
short considering the limited availabil-
ity of some of the control valves and
low temperature materials. We feel it
was proven that the delivery time

required for a mixed component re-
frigeration system is comparable or
perhaps better than packaged turbo-
expander facilities

Start-up. Various instruments and
accessories were commissioned and
the mole seive and utility systems
operated. The mixed refrigerant sys-
tem was then ready for its first start,

The initial refrigerant charge con-
sists of commercial propane which
was charged into the refrigerant sepa-
rator. The refrigerant compressor was
run temporarily using pure propane
Methane from the natural gas was
then used to pressure the refrigeration
system to design operating pressure.

After the unit had run for approxi-
mately 2 hr, the temperature of the
low pressure separator dropped below
~70° F. and natural gas liquids were
produced to the deethanizer. The
deethanizer reflux liquids are used to
make up the ethane portion of the
refrigerant mixture,

By observing the flow rates of light
and heavy refrigerant and the com-
pressor suction and discharge pres-
sure, it is relatively easy to tell wheth-
er light components or heavy compo-
nents must be added to the refrigerant
mixture. We found, after a couple of

trial attempts, that the refrigerant
charge could be balanced within a 6-
hr period when starting from a com-
pletely empty system. In general, the
system has been remarkably easy to
start.

Operations. Personnel received on-
the-job instruction and have found the
plant relatively easy to operate. The
main problem has been excessive re-
frigerant leakage past some compres-
sor rod packing. This means that some
refrigerant has to be made up on an
alternate-day basis.

Since only one of the four compres-
sor rods seems to be leaking exces-
sively, repairs to the packing should
reduce the make-up to a bi-weekly
operation. However, the make-up op-
eration is simple and repairs have not
been undertaken.

The deethanizer is used as a source
of ethane refrigerant. The propane
mixture available from the deethan-
izer trays contains too many heavy
components to be used effectively as a
refrigerant make-up. A commercial
propane tank was found to be the best
method of adding propane to the sys-
tem.

Recommendations. When consid-
ering a mixed refrigerant plant, be




sure that the mole seive is a conserva-
tive design which effectively removes
water from the gas. Also, the water
content should be automatically mon-
itored.

Several analyses of the inlet gas
should be taken prior to process de-
sign to ensure that the heat exchange
equipment and refrigeration system
are properly sized. The refrigerant
mixture can compensate for relatively
large variations.

The refrigerant system should be
constructed of all-welded fittings to
prevent leakage. In cold services,
block and bypass valves around con-
trol valves should be avoided. They
are a source of potential leakage due
to temperature variations. A piping
stress analysis is a necessary precau-
tion for all low temperature and re-
generation gas lines.

Instrumentation should be electron-

ic, with control and readout on a
central control panel. Less than a doz-
en controllers are required and the
ease of operation and monitoring are
significantly enhanced.

Valve and piping design must allow
for dehydration of the system at initial
start up, as well as every two years or
so thereafter. Dehydration consists of
purging the piping and exchangers
with warm dry gas from the mole
seive unit.

This procedure takes much less
time if nitrogen pressure testing of the
vessels and piping is employed during
the initial fabrication and construc-
tion. Also, it is worth the extra effort
during transportation and construction
to keep a 2-3 psi nitrogen charge in
the equipment and piping. This will
ensure that freezing water will not
damage any equipment during the
initial start-up.

A compressor lube oil filter-coa-
lescer was installed as part of the
refrigerant compressor package. This
is required to stop any lube oil fouling
of the plate fin exchanger surface. To
date, no fouling has been observed.
This protection is recommended in all
mixed refrigerant systems.

Observations. As a result of the
design and operating experience
gained at the Port Maitland plant (Fig.
3), it has been determined that mixed
refrigerant systems can be a viable
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alternative to a turbo-expander plant.
The economic advantage lies with the
mixed refrigerant system when the
recompression costs for the turbo-ex-
pander are significant.

If the residue gas must be com-
pressed to the same pressure as the
plant inlet using the turbo-expander
design, the mixed refrigerant system
will require approximately 15% less
horsepower for the same liquids pro-
duction. Studies have also shown
that, for richer gas streams, the horse-
power advantage of the mixed refrig-
erant process may be as high as 30%.
If pressure drop is available, a combi-
nation of mixed refrigerant and Joule-
Thomson effect could also be exploit-
ed as an alternative to a turbo-expan-
der process. .




