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ABSTRACT

Compressed Natural Gas (CNG) has been used to fuel vehicles in many countries, including in Indonesia.
However, there are many difficulties to overcome in CNG public acceptance. In Indonesia, one of these may be
CNG consumer's preference for certain CNG refueling stations over others. Finding causes of this may help in-
crease acceptance of CNG by Indonesian motorists and enable CNG to make a better contribution to achieving the
country's energy diversification policy.

1t is hypothesized that the variation in intake pressures at CNG station to be a cause for preference by CNG
consumers. This hypothesis is based on the variation in total energy of CNG delivered at the point of sale as a re-
sult of CNG compressor capacity.

It is found that, when the gas system pressure was less than CNG station inlet design pressure, the CNG pro-
duced in the fuel tank would not reach its design pressure. Consequently, its total energy per fuel tank and payback
period of compression facilities investment was affected.

The analysis of CNG acceptance and a correlation with CNG station inlet design pressure and gas composi-
tion from the consumers’ point of view will examine the following factors:

1. The effect of various inlet pressures at CNG stations on the performance of existing CNG compressors and
after-cooler.

2. The effect of CNG compressor discharge conditions and afier-cooler performance on the total energy of
CNG delivered to the fuel tank which in turn affects the heating value of the fuel to the vehicle engines.

3. Evaluation of CNG compressor discharge conditions effecting the payback period of CNG station invest-
ment and determination of potential significance to compression facilities acceptance.

I. INTRODUCTION that they preferred to fuel their cars at certain CNG sta-
tions over the others. These preferences, in turn, lead to
Compressed Natural Gas (CNG) has been used to a concentration of CNG vehicles fueling at certain CNG

fuel vehicles in many countries, including in Indonesia. stations and eventually will inhibit the advancement of
Recently, a pilot project has been completed to deter- CNG utilization programme in Indonesia.
mine the feasibility of using CNG to fuel taxi cabs and It was felt that finding reasons for CNG consumers
of qhmbuﬁng CI{G. However, there are still many diffi- preferences would help to increase acceptance of CNG
culties in the public acceptance of CNG in Indonesia. and enable CNG to make a better contribution to the In-
In a contribution to CNG utilization in Indonesia, a donesian energy diversification policy. It was hypothe-
CNG vehicle road test has been conducted to evaluate its sized that the variation in intake pressures at CNG
performance on the road. Moreover, CNG consumers stations could be a possible cause for CNG consumers
(mainly taxi drivers) were interviewed, and it was found preferences. This hypothesis was based on the variation
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in the total energy of CNG produced at the point of sale,
as a result of CNG compressor capacity.

It was found that, the total energy of CNG produced
per fuel tank was less when the gas system pressure was
lower than the CNG station inlet design pressure,. This
led to a reduction in sales and consequently resulted in a
higher payback period for CNG station investment.

In this paper one of the difficulties in CNG utiliza-
tion for Indonesia is identified, namely that CNG con-
sumers prefer to fuel their cars at certain CNG stations.
From the point of view of a CNG compressor con-
sumer, this is due to existing CNG compressor perform-
ance in which less energy is delivered to a CNG
consumer. If consumers demand for CNG compressor
performance is fulfilled, public acceptance to CNG sta-
tions is likely to increase. This will ensure both CNG
station investment and CNG consumer importance.

II. VARIATION OF CNG STATIONS
LOCATION AND INLET PRESSURES

The gas supply for CNG stations in Indonesia is de-
livered by gas transmission lines. This gas has the calcu-
lated hwlingj value of around 1022.47 BTU/SCF
(38100 KJ/m”). To form CNG, this gas is distributed to
CNG stations by the gas distribution system ,

To meet CNG consumers’ needs, each CNG station
has to be placed at locations which vary in distance from
the gas line. This has led CNG stations to be connected
at different points in the gas system which has resulted
in a variation of intake pressures. For example, CNG
Station-02 feeds gas from a medium pressure system
(pressure range from 300 mBar to 4 Bar). It is located at
about 6 m from main line with the average inlet pressure
of 2.9 Bar. CNG Station-07 takes in gas from the trans-
mission line (system pressure more than 16 Bar) at the
distance of around 685 m and at average inlet pressure
of 8 Bar. Other stations have been linked to high pres-
sure system (pressure range from 4 Bar to 16 Bar). They
are sited at locations between 25 m to 2100 m away
from the gas line within average inlet pressure intervals
from 3.9 Bar up to 5 Bar. The distances of CNG stations
from gas line and the average inlet pressures are tabu-
lated in Table 1.

Table 1
Typical CNG Stations Location and
Inlet Pressure

It is known that the system pressure fluctuates in
proportion to consumer charges. It goes down on peak
days when more consumers use gas but it leaps if there
are no consumers. These phenomena greatly influence
the gas system pressure at CNG station inlet point,
known as CNG station inlet pressure. They also instanta-
ncously change if the system pressure alters.

III. CNG STATION INLET PRESSURE
EFFECT ON ENERGY OF
CNG PRODUCED

One of the main factors to be considered by a CNG
compressor producer when designing a CNG compres-
sion facility is its suction pressure. This suction design
pressure is merely CNG station inlet pressure. There-
fore, the gas system pressure behaviour not only alters
CNG station inlet pressure, but also controls CNG com-
pressor output performance.

A typical CNG compressor with suction pressure is
designed to operate between 2 Bar and 4 Bar pressure.
The average CNG station inlet pressure is set for 2 Bar
to 8 Bar. CNG compressor output performance is esti-
mated in Table 2 and Figure 1.

LEMIGAS SCIENTIFIC CONTRIBUTIONS 1-98/99

11



YUSEP K. CARYANA

AN INDONESIAN EXPERIENCE

Table 2 shows that for CNG station inlet pressure
of around 2 or 3 Bar, which is lower than CNG com-
pressor suction design pressure 4 Bar, the output pres-
sure of the CNG compressor is about 100.4 or 152.2
Bar. This is lower than the fuel tank design pressure of
200 Bar. When CNG station inlet pressures are equal 10,
or greater than CNG compressor suction design pres-
sure, the discharge pressure of the CNG compressor is
the same as the fuel tank pressure. Morcover, an interpo-
lation on Figure 1 at the abcis inlet point of 4 Bar, will
get the ordinat point at the 204.7 Bar pressure. This indi-
cates, for this typical CNG compressor, if CNG station
inlet pressure is lower than the CNG compressor suction
design pressure, the fuel tank will never reach 200 Bar
pressure. This causes a decrease in the total energy of
CNG contained in the fuel tank due to sensitivity charac-
teristics of CNG to pressure and temperature.

The total energy of CNG per fuel tank produced at
various CNG station inlet pressures can be predicted
based on the calculated encrgy content of the feed gas,
and using a real gas equation of state. The results are
shown in Table 3 and in Figure 2.

Table 3 shows that the energy of CNG of approxi-
mately 266.8, 322.9, 375.6 and 421.2 thousand KJ is
produced from typical CNG compressor for inlet pres-
sures of 2.0, 2.5, 3.0 and 3.5 Bar, respectively. However,
when the inlet pressure at a CNG station is equal to the
suction design pressure of typical CNG compresor of 4
Bar or more, the energy of CNG resulted is equal to or
greater than 463.3 thousand KJ. Comparatively, the en-
ergy of CNG produced from typical CNG compressor
for various CNG station inlet pressures is pointed out in
Figure 2. The inlet pressure point of 4 Bar is used as ref-
erence, in which approximately 463.3 thousand KJ of

Table 2

Estimated CNG Station Inlet Pressure
Effect on CNG Compressor

Output Performance

Table 3
Estimated CNG Station Inlet Pressure Effect
on Energy of CNG per Fuel Tank Produced and
Annual Gross Sale Capacity
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Figure 1

Prediction of CNG Station Inlet Pressure Effect on CNG
Compressor Output Performance

Energy Of CNG/Fuel Tank
Produced, Thousand K.
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Figure 2

Companson of Estimated CNG Station Inlet Pressure
Effect on Energy of CNG per Fuel Tank Produced

2 3 4 5 & 7 L]

Averags CNG Station inlet Prassure, Bar

Figure 3

Contrast of Estimated CNG Station Inlet Pressure

Effect on Sale Capacity.

energy is received by CNG consumers, When CNG sta-
tion inlet pressures are lower than CNG compressor suc-
tion design pressure, i.e. less than 4 Bar, energy of CNG
obtained by CNG consumers is less than 463.3 thousand
KJ. However, their fuel tank will be full of approxi-
mately 463.3 thousand KJ of energy if CNG station inlet
pressures are equal to 4 Bar or more. Therefore, CNG
consumers in Indonesia prefer to fuel their cars at the
CNG station which give them more energy of CNG. In
other words, for getting a higher energy of CNG, the
consumers tend to fill their fuel tanks at the CNG station
with a CNG compressor in which the suction design
pressure is lower than the gas system pressure. Since
there are many existing CNG stations in Indonesia, these
pr>ferences have led to a concentration of CNG vehicles
fuelling at the CNG station which gives more energy.
Therefore, the higher the energy of CNG acquired by
CNG consumers, the more preferable the CNG station
and the more acceptance to CNG compressors,

IV. CNG STATION INLET PRESSURE
EFFECT ON SALE CAPACITY

Once a CNG station has been constructed fora CNG
station inlet pressure, based on existing gas system pres-
sure. CNG station sale capacity will mainly depend on
the gas system pressure, CNG station inlet pressure, and
CNG compressor capacity.

The gas system pressure fluctuates in accordance
with gas consumer demand. It declines when more con-
sumers use gas, but increases if there are no or fewer
consumers. Since a CNG station inlet point is part of the
gas system pressure, a decline in the gas system pressure
is instantaneously followed by the drop in CNG station
inlet pressure. Moreover, due to the limitation of CNG
compressor suction design pressure, or CNG compres-
sor capacity, a lower CNG station inlet pressure brings
about less energy of CNG obtained by CNG consumers
and inevitably results in a decrease in CNG sale capac-
ity. This is illustrated in Table 3. If the CNG station inlet
pressure is 4 Bar, the CNG station will be able to sell
around 463.3 thousand KJ of energy per car. Assuming
CNG station capacity is equal to 750 cars per day, CNG
sale capacity will be around 347,475 thousand KJ of en-
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ergy per day or approximately 120,921.3 million KJ of
energy per annum. However, if the gas system pressure
falls and causes CNG station inlet pressure to go down
to about 3 Bar, the CNG sale capacity will decrease to
about 281,700 thousand KJ of energy per day or to
98,031.6 million KJ of energy per annum. This is shown
in Figure 3, using the CNG station inlet pressure point of
4 Bar as reference. When the inlet pressures are 4 Bar or
more, the figures of annual CNG sale capacity are high
compared with the figures of the inlet pressures of less
than 4 Bar. These declines of CNG sale capacity reduces
CNG station revenue. Moreover, lower revenues result
in a prolonged payback period of CNG station invest-
ment.

V. CNG STATION INLET PRESSURE
EFFECT ON PAYBACK PERIOD

There is no doubt that a decrease in CNG sale ca-
pacity results from a deficient perfformance of the CNG
compressor. This causes a revenue reduction and eventu-
ally a payback period extention of a CNG station invest-
ment. These circumstances occur when CNG station
inlet pressure or gas system pressure is lower than CNG
compressor suction design pressure. The payback period
of the typical CNG compressor for various CNG station
inlet pressures is calculated in Table 4.

If the energy price is US $ 2.85 / million KJ, and the
Net Present Value of typical CNG compressor invest-
ment is approximately US $ 525 thousand, this invest-
ment will be equivalent to 184,210 million KJ of energy.
This means, the CNG compressor payback time will be
achieved if net cummulative CNG sale capacity of
around 184,210 million KJ of energy is attained.

CNG station net revenue is given by the subtraction
of maintenance and operating cost from CNG station
gross revenue. If the average maintenance and operaling
cost of typical CNG station is around eighty percent, the
net CNG station sale capacity will be twenty percent.
Using this figure, the net CNG station sale capacity in an
energy unit, KJ , is calculated. The results of the calcula-
tions are shown in Table 4 and in Figure 4.

It is indicated by Table 4 that, if CNG station inlet
pressures equal the CNG compressor suction design

Table 4
Predicted CNG Station Inlet Pressure
Effect on Net Annual Sale Capacity and
Payback Period.

Figure 4
Distinction of Predicted CNG Station Inlet
Pressure Effect on Payback Perlod

pressure of 4 Bar or more, the payback period will be
around 7.6 years. However, if inlet pressures are lower,
the payback period will be more than 7.6 years, that is
14.5 or 9.4 years for 2 or 3 Bar inlet pressure respec-
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tively. This extension is clarified by Figure 4. The pay-
back period for the average CNG station inlet pressure
of 2 or 3 Bar is high compared with the 4 Bar inlet pres-
sure. Moreover, the payback period of CNG station in-
vestment is not affected by inlet pressures of more than
4 Bar. Those payback periods remain steady and at 7.6
years. It is clear that, a high payback period of CNG sta-
tion investment is caused by low CNG station inlet pres-
sure compared with the CNG compessor design
pressure.

VI. CONSUMERS’ DEMAND FOR CNG
COMPRESSION FACILITIES
PERFORMANCE

It is found that a deficient performance of a CNG
compressor is a result of low CNG station inlet pressure.
This leads to a decrease in the total energy of CNG ob-
tained by CNG consumers. This underfilling condition,
which was a reason for CNG consumers preferences, has
caused a decline in CNG sale capacity and resulted in a
higher payback period of CNG station investment.
Therefore, improvements are needed to overcome the
deficient performance of CNG compression facilities.

Basically, a deficient of a CNG compressor per-
formance arises because of the drop in gas system pres-
sure to which the suction pressure was not designed to
anticipate. In other words, to avoid a deficient perform-
ance of a CNG compressor, consumers demand for
CNG compressor performance is pressure independency.
This means, CNG compressor performance is inde-
pendent of system pressure changes. Obviously, it is ex-
pected that the CNG compressor will un to specified
performance, whatever the gas system pressure or CNG
station inlet pressure. This could be accomplished by the
following alternatives :

1. Suction pressure is one of the main factors that
should be taken into account by a CNG compres-
sor producer when designing a CNG compression
facility. A decline in the gas system pressure, re-
sulting in a drop of CNG station inlet pressure,
causes a deficient performance of typical CNG

compressor due to the higher suction design pres-
sure. Therefore, anticipating the low gas system
pressure, an improvement to maintain the speci-
fied performance of CNG compression facilities
is low suction design pressure.

The suction design pressure correlates with other
components of a CNG compressor, particularly
its compression stages, to reach out the fuel tank
design pressure. Setting a suction pressure has no
effect without proper compression stages. For ex-
ample, typical CNG compressor is a three-stage
compressor. Its discharge pressure is less than the
fuel tank design pressure when the CNG station
inlet pressure is low compared with the CNG
compressor suction pressure. This can equal the
fuel tank design pressure, if the stages are prop-
erly designed to achicve an adequate perform-
ance. Another improvement to maintain the
specified performance of CNG compression fa-
cilities is proper compression stages.

Once a CNG station has been established a defi-
nite suction pressure of a CNG compressor is set,
based on a particular inlet pressure or gas system
pressure. A decrease in the gas system pressure
causes a deficient performance of CNG compres-
sor in which sale capacity is inevitably reduced.
This is eventually followed by a prolonged pay-
back period of CNG station investment. It is a
critical problem for a CNG station operator, be-
cause the lower the inlet pressure, the higher the
payback period. To reach the implemented pay-
back period, an improvement of CNG compressor
performance is required. However, this can only
be done by replacement of CNG compression fa-
cilities because the CNG compressor was not
flexibly designed for modification. In this case,
to attain the discharge pressure of 200 Bar, typical
CNG compressor cannot be modified to four
stages, but should be replaced by a new compres-
sor. The third improvement to maintain the speci-
fied performance of CNG compression facilities
is flexibility for modification.
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VII. CONCLUSIONS

Based on CNG utilization experience in Indonesia.

the following points can be concluded

L.

When the gas system pressure is lower than CNG
station inlet pressure, the fuel tank design pres-
sure can not be reached out by the pressure of
CNG produced from typical CNG compression
facilities.

A fall in the gas system pressure to which a CNG
compressor capacity was not designed to antici-
pate, causes :

* adeficient CNG compressor performance

® a decrease in the total energy of CNG obtained
by CNG consumers

* adecline of CNG station sale capacity

* a prolonged payback period of CNG station in-
vesment.

A decrease in the total energy of CNG received
by CNG consumers is a possible cause for CNG
consumers preferences in fueling their cars at cer-
tain CNG stations.

The higher the energy of CNG acquired by the
CNG consumers, the greater CNG com pressor ac-
ceptance and the most preferable of the CNG sta-
tion.

Consumers demand for CNG compression facili-
ties performance is pressure independency. This
means, CNG compressor performance is inde-
pendent of system pressure alteration. It is ex-
pected that a CNG compressor will run to
specified performance, regardless of the £as sys-
tem pressure or CNG station inlet pressure. This
may be achieved by improvements the design of
CNG compression facilities, such as :

¢ low suction pressure, subject to the lowest gas
system pressure

® proper compression stages
e flexibility for modification.
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