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Abstract—This study introduces a new approach for the conceptual design of an offshore topside process, satisfying
environmental standards, saving utility consumption, and consequently, maximizing economic profit. Twelve individ-
ual processes are modeled as a case study, based on sets of combinations between four topside process configurations
and three individual production scenarios (i.e., peak oil, peak gas, and peak water) over the life cycle of an oil reser-
voir. Then, the simulation results of these models are analyzed based on economic profit. In particular, the simulation
program is integrated with a mixed-integer non-linear programming algorithm to optimize the design and operating
variables (e.g., operating pressures of the multi-stage separators) in order to maximize the economic profit of the plat-
form. Lastly, an economic feasibility study is performed for the design of a profitable and eco-friendly offshore platform.
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INTRODUCTION

Energy consumption using primary energy resources, such as
oil, coal, natural gas, and nuclear power, has increased with global
economic growth, and the consumption of crude oil has recently
grown by more than 30% [1]. Because of the steady increase in the
oil price and the exhaustion of the oil reserves from onshore reser-
voirs, the development of offshore reservoirs has received much
interest since the 1950s. Furthermore, the related industry has devel-
oped rapidly owing to the high oil price in the mid-2000s. How-
ever, under the new era of a low oil price, the high cost of oil and
gas production from offshore platforms has caused a deficit, which
has resulted in a significant decline in the offshore energy indus-
try. At the same time, according to the IEO 2016 report published
by the IEA [2], the oil price is expected to return to $80 per barrel
within the next decade. With an oil price over $80 per barrel, off-
shore oil will be economically competitive, and the development
of offshore oil wells is expected to be revitalized. In the meantime,
researchers and engineers in the offshore industry have been devel-
oping new strategies to reduce the breakeven price below $50 per
barrel [3]. Following this global trend, this study focuses on devel-
oping a new methodology for the design of the topside process to
maximize oil production, minimize the capital and operating costs
of a platform, and satisfy required product specifications.

Many researchers have modeled and optimized the topside pro-
cess of offshore platforms and evaluated their economic perfor-
mance over the past few decades. Bahadori et al. [4] analyzed the
effect of a phase separator on the operating cost, such as the horse
power of the compressor and the overall profit of the products in
the topside process of offshore plants. They adjusted the pressure
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of the separator to maximize the profit of the process. As a result,
they suggested an optimal pressure based on an analysis of the GOR
(gas-to-oil ratio) and the API (American Petroleum Institute)
specification that might change with variations in the pressure. How-
ever, the oil loss that is caused by gas stream in the middle of the
process was not taken into account in the study.

Rasheed [5] worked on the optimization of the process to max-
imize an annual net profit. Here, the operating variables in a flash
vaporization column, such as temperature and pressure, were opti-
mized, satisfying the specified constraints (e.g., number of separa-
tor stages, minimum and maximum pressure of the separator).
However, the RVP (Reid vapor pressure) and API specification
were ignored in this study, under the assumption that these specifi-
cations are adjusted by blending a portion of crude oil from another
oil field. For reference, the RVP is generally used as an index to
indicate the volatility of the hydrocarbon mixture. Crude oil with a
high value of RVP has a high potential for leakages of hydrocar-
bon from the process, causing environmental pollution. Therefore,
the RVP has to be restricted under global or local standard specifi-
cations.

A recent study by Kim et al. [6] illustrated the optimization pro-
cedure of a particular process of an offshore plant to maximize eco-
nomic profit, estimated based on multiple variables: oil and gas
product sales and utility consumption, among others. The research
conducted a simulation-based optimization, integrating two com-
mercial software packages: a commercial process simulator, and a
genetic optimization program. One of the advantages of this ap-
proach is that the vapor-liquid equilibrium and thermodynamic
properties can be calculated easily, based on the selected EOS (equa-
tion-of-state) package embedded in the simulation program. How-
ever, this study used only one base case to determine the effect of
the operating variables on profit, even though the feed conditions,
such as flowrate, composition, and so on, change over the produc-
tion period [7]. Normally, the oil or gas production rate is relatively
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Fig. 1. Vapor-liquid phase equilibrium diagram of the first oil separator (a) and the third oil separator (b), taken from Aspen HYSYS".

high in the early and middle stages. However, the water content in
the feed stream increases as the operation proceeds to the late pro-
duction stage, because increasing amounts of water are injected in
order to maximize oil recovery.

Nguyen et al. [8] developed a model of an offshore process based
on three production scenarios, and conducted an exergy analysis to
analyze the change in energy consumption over the wells life cycle.

In this work, four different process configurations are consid-
ered that vary depending on the number of separators and the
usage of condensate recycle streams. At the same time, three sepa-
rate production scenarios (i.e., peak oil, peak water, and peak gas)
are considered over the life cycle of the oil reservoir, because the
production profiles, including the flowrate, temperature, and com-
position of the feed stream to the topside process, keep changing
during the production periods. Therefore, 12 cases (3x4) are con-
sidered for the optimization of the process operating condition in
order to maximize the economic profit. In practice, the operation
strategy and economic profit are closely related, and always change
as the operation proceeds. Therefore, it is critical to consider vari-
ous production scenarios when developing a topside process con-
figuration. The new approach adopted in this study considers various
process configurations and representative production scenarios
together. This approach leads to a more rigorous and systematic
procedure for developing a conceptual topside process design, and
provides detailed operation guidelines for the process throughout
its life cycle.

To model the 12 cases, Aspen HYSYS" is used as a process sim-
ulator, integrated with Matlab using an ActiveX server to conduct
the optimization [9]. For the MINLP (mixed integer non-linear pro-
gramming) optimization algorithm, a GA (genetic algorithm) is
adopted in this work because it has been widely used in MINLP
simulation-based chemical process optimizations [10].

MODELING AND OPTIMIZATION

1. Modeling of Top-side Process

Oil FPSO (floating production storage and offloading) or off-
shore platforms for oil/gas production are mainly composed of two
separate parts: sub-sea and topside processes. The sub-sea produc-
tion system includes an oil or gas reservoir and submarine pipe-

lines that transport the oil or gas to the topside process located on
the platform. In the topside process, crude oil from the sub-sea
reservoir is separated into oil, gas, and water phases. Then, the oil
and gas products go through the treating unit to remove contami-
nants such as CO,, sulfur, and nitrogen compounds, heavy metals,
and so on. In this process, the operating conditions are controlled
to decrease the loss of oil and gas products. For example, operat-
ing variables such as the pressure of the phase separators, differen-
tial head of a gas compressor, and temperature of a condensate
scrubber affect the amounts of vapor and liquid products from the
topside production system. Therefore, they need to be adjusted prop-
erly within specified operation ranges, thus maximizing the over-
all economic profit [11].

Fig. 1 shows pressure-temperature diagram of a phase separator.
For example, the red dot indicates the vapor-liquid equilibrium
under a certain pressure and temperature inside a vessel [12]. The
equilibrium position is directly affected by the pressure and tem-
perature inside a vessel. For example, as the pressure increases under
a constant temperature, the vapor fraction of the oil decreases.
Similarly, as the temperature increases under a constant pressure,
the vapor fraction of the oil in the separator increases and, thus,
more hydrocarbon components flash to the gas stream [13]. There-
fore, the pressure and temperature inside a vessel are key factors
affecting the amounts of vapor and liquid products from the top-
side production system, and need to be adjusted to maximize the
economic profit.

Fig. 2 shows a series of phase separators that separate gas and
oil products and produce water as a byproduct. Note that the pres-
sure in the first separator is fixed, based on the oil well, and the
pressure of the remaining separators downstream becomes lower.
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Fig. 2. Process configuration without condensate recycle.
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Only light hydrocarbon components flash to the gas flow at the
highest pressure of the first separator;, and intermediate hydrocar-
bon components are vaporized at the lower pressure of the second
separator. In the last stage separator, relatively heavy hydrocarbon
components are normally vaporized. This multiple-stage separation
system allows the efficient separation of light hydrocarbons from
the heavy hydrocarbons, and prevents unnecessary loss of hydro-
carbons. As a result, one of the gas product specifications, such as
the RVP, can be satisfied by controlling the composition of the gas
product [14]. RVP is an index used to indicate the volatility of crude
oil, and the potential loss of hydrocarbons, causing environmental
pollution. As lighter hydrocarbons are included in the oil product,
the value of the RVP increases. In the refinery industry, an RVP
value of 10 psi is normally considered acceptable [15].

The other effective way to decrease hydrocarbon loss is to use a
condensate recycle stream for each compressor loop to recover
heavy components from the gas product, as shown in Fig. 3.

The process configurations in Figs. 2 and 3 are modeled using
the commercial process simulation software, Aspen HYSYS®. In
this work, the oil production process includes an oil separation
unit, gas compressing, and TEG dehydration units. To model the
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Fig. 3. Process configuration with condensate recycle.

system, two individual fluid packages are adopted: Peng-Robin-
son is used for the oil and gas process, and the glycol package is
used for the TEG (Triethylene Glycol) dehydration unit [11,16].
The completed models are shown in Fig. 4. The oil product pro-
duced through the oil separators has to satisfy the RVP specifica-
tion of 10 psi (maximum) and BS&W (basic sediment and water)
content of 0.2 vol% (maximum) [15,17]. The gas product from the
TEG dehydration has to be dry enough not to form a hydrate and
cause equipment corrosion. In this work, the water dew point is
used to indicate the water content of the gas product.
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Fig. 4. Model of oil production process using Aspen HYSYS"; (a) process without condensate recycle streams, (b) process with condensate

recycle streams.
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2. Optimization Algorithm

Aspen HYSYS" makes it possible to conduct simple and visible
simulations as a sequential modular simulator. However, for this
sequential approach, it is difficult to obtain the gradient informa-
tion required for a deterministic optimization. Therefore, for the
sequential process model, considered as a black box, a stochastic
algorithm is more appropriate than a deterministic algorithm, espe-
cially for a complicated process model [18]. The main advantage
of using a stochastic algorithm is that the black box model can be
used for optimization. Therefore, the unit operations of the sequen-
tial simulator, developed using rigorous thermodynamic pack-
ages, can be used for optimization. In this study, the GA (genetic
algorithm) in Matlab, which is commonly used for MINLP prob-
lems in stochastic algorithms, is integrated with Aspen HYSYS”
for the optimization [19].

An overall optimization procedure is depicted in Fig. 5. Initial
values of the optimization variables are sent from Matlab to Aspen
HYSYS", and the simulation results are sent back to Matlab. Then,
the objective value is estimated in Matlab based on the simulation
results, and compared with that from the previous run. If the dif-
ference between the objective values of the current and previous
runs is smaller than an allowable criterion, the optimization algo-
rithm terminates. Otherwise, the GA suggests new values for the
optimization variables, which Matlab sends to Aspen HYSYS" for
another simulation. This procedure iterates until either the maxi-
mum number of iterations is reached (as specified by the user), or
the difference in the objective values between runs satisfies the ter-
mination criterion, & [20].

Table 1. Product and utility prices [21-23]

Item Price

Gas product $2.75/MMBtu
Oil product $48.18/BBL
Steam (100 psig) $7.42/1,000 1b
Electricity $0.13/kWh

In this study, the overall profit of the process is estimated as an
objective function, as shown in Eq. (1). The function mainly con-
siders the sales prices of gas and oil, utility costs, and so on. For
reference, the price of cooling water is not considered in this work,
because its impact on the objective function is negligible. In addi-
tion, it should be noted that the capital cost is not considered during
optimization because estimation of the capital cost increases com-
putational burden for optimization. However, once the operating
condition is optimized, the capital cost is analyzed afterwards. The
unit prices of gas, oil, steam, and electricity are provided by the US.
Energy Information Administration, as shown in Table 1 [21-23].

Then, the GA optimization algorithm is adopted to maximize
the objective function, satisfying the product specifications described
in Egs. (2) and (3). For the optimization variables, the operating
conditions for the main equipment are shown below. In order to
increase the optimization efficiency, a penalty variable is added to
the objective function. For example, if the estimated RVP becomes
higher than required maximum value of 10psi, a significantly
high number is applied to the objective function as a penalty vari-
able, so that the profit become very low such as a negative value.
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Fig. 5. Optimization procedure with Aspen HYSYS" and Matlab.
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In such a way, input variables that leads to violation of product
specification are easily excluded for consideration during optimi-
zation. This approach leads to a more efficient optimization [24].

Objective: Maximize f,,4(x)

Constraints:

o f,n(x)=Sales,;(x)+Sales,, (x)— Cost,,(x)— Penalty(x) (1)
« RVP<10psi ®)
o BS&W contents<0.2 vol% (3)

Variables: Py, Pigcomp

PSrd compresson P4th compresson Tlsts::mbben Tan scrubben T3rd scrubben T4th scrubber

P2nd op PSrd oD P2ndu, 1P

TSth scrubber

CASE STUDY

In this study; 12 cases are considered, based on combinations of
four process configurations and three individual production sce-
narios (ie., peak oil, peak gas, and peak water) in the well life cycle,
as shown in Fig. 6. As described in the previous section, the pro-
cess configurations are classified by the number of phase separa-
tors (ie., three or four phase separators) and the usage of recycle
streams, as shown in Fig. 7. The processes in cases 1 and 2 do not
have recycle streams, while those in cases 3 and 4 do have recycle
streams. The processes in cases 1 and 3 use three separators, and
the processes in cases 2 and 4 have four separators.

In general, the process configuration with higher number of
separators shows more effective separation performance, because
it can achieve sharper separation under more subdivided tempera-
ture and pressure conditions. On the other hand, the capital and

operating costs increase accordingly. Therefore, it is important to
have the appropriate number of phase separators.

As shown in cases 3 and 4 in Fig. 7, heavy hydrocarbon com-
ponents in the gas stream are compressed, cooled, liquefied, and
finally recycled back to the oil separator through the condensate
recycle process. This enhances the separation efficiency, reduces the
oil and gas product loss, and helps the process to satisfy the prod-
uct specifications effectively, such as the RVP and hydrocarbon dew
point [25]. Once again, adding recycle streams increases the capi-
tal and operating costs and, thus, we need to consider carefully
whether the process should include recycle streams.

A typical production profile of an oil well over its life cycle is
shown in Fig. 8. The flow rate of oil and gas from the reservoir in-
creases rapidly at the start of production, and gradually decreases
after the maximum point. On the other hand, the water produc-
tion rate steadily increases, and exceeds the oil and gas flow rate
after a certain period. Therefore, if the topside process is designed
on the basis of a specific production period, the continuous changes
in the production rate and feed compositions to the topside pro-
cess might cause significant inefficiency in terms of the process
design (e.g., improper equipment sizing) and operating strategy.
Therefore, various process configurations and production scenar-
ios need to be considered together when designing the process
and preparing the operating strategy. In this study, three produc-
tion scenarios based on the condition of a feed stream from sub-
sea system to topside process are adopted: peak oil, peak gas, and
peak water production scenarios. The condition and composition
of each feed stream is summarized in Tables 2 and 3, respectively.
As shown in Fig. 8, the composition of a feed stream is similar for
both peak oil and peak gas production scenarios. However, because
temperature of a feed stream in peak gas production scenario is

Peak oil Peak gas Peak water
L I 1 I 1 I I I 1 I I 1 I 1
Casel case2 case3 cased Casel case2 case3 cased Casel case2 case3 cased
Fig. 6. Three cases in terms of production scenario over the well life cycle.
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Fig. 8. Typical production profile of an oil/gas well over the life cycle.

Table 2. Feed conditions of each production scenario
Production scenario Peak oil Peak gas Peak water
Description Maximum oil flow rate Maximum gas flow rate Maximum water flow rate
Feed temperature 29.8°C 59.2°C 29.9°C
Feed rate 80,620 kmole/h 49,380 kmole/h 116,880 kmole/h
Feed pressure 30 bar 30 bar 30 bar
Feed vapor fraction 0.096 0.162 0.052

Table 3. Compositions of a feed streams for each production scenario

Component Peak oil Peak gas Peak water
Nitrogen 14.03 18.68 18.29
CO, 324.69 395.30 552.90
Methane 8800.91 8494.45 5694.52
Ethane 41.35 36.18 24.76
Propane 11.94 9.66 8.50
i-Butane 6.23 7.10 333
n-Butane 6.21 6.99 3.17
i-Pentane 8.03 9.12 2.44
n-Pentane 17.82 24.48 5.63
Co* 39.26 52.77 891
C7* 208.90 266.63 35.12
C8* 320.22 374.48 45.45
Co* 493.27 504.69 60.61
C10* 1548.58 1617.66 194.27
CN1* 6702.15 5915.80 744.11
CN2* 2552.38 4224.00 566.92
CN3* 875.96 142.86 28.50
CN4* 842.16 1436.64 151.64
CN5* 863.46 1471.75 155.92
H,0O 56942.46 24370.76 108575.02

Note) unit: kmole/hr

higher than the peak oil production scenario, the vapor fraction
becomes higher as indicated in Table 2.

The optimization variables and their minimum and maximum
operating bounds are summarized in Table 4. For reference, the
pressure of the first separator is fixed at 30 bar in all cases. The
minimum and maximum bounds of the variables are determined
based on actual operating conditions, covering all feasible ranges
in order to find a global optimum point.

RESULTS AND DISCUSSION

1. Peak Oil Production Scenario

The peak oil production scenario represents the periods in
which the oil production rate is maximized across the overall life
cycle of the offshore platform. The results of the peak oil produc-
tion scenario considered as the base case are summarized in this
section. According to Fig. 9, case 3 and case 4, which have recycle
streams, produce more oil products than case 1 and case 2 do,
because intermediate hydrocarbon components in the gas stream
are recovered to the oil stream through the recycle processes. At the
same time, the number of separators has a relatively small influ-
ence on the oil and gas sales values. In fact, the process with four
separators has lower oil sales than that of the process with three
separators.

For gas product sales, cases 3 and 4, which have recycle streams,
still produce more gas products than cases 1 and 2 do, and it is
shown that having more separators produces more gas products.
Furthermore, it is known that the optimization maximizes oil
products rather than gas products because the oil price is higher
than the gas price.

Korean J. Chem. Eng.(Vol. 35, No. 1)
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Table 4. Minimum and maximum bounds of optimization variables

Case 1
Variable Notation Peak oil Peak gas Peak water
Second separator pressure P2 (bar) 12-30 12-30 12-30
Third separator pressure P3 (bar) 1-6 1-11 1-6
Discharge pressure of compressor 1 Pcomp1 (bar) 1-7 1-11 1-7
Discharge pressure of compressor 2 Pcomp?2 (bar) 7-20 11-20 7-20
Discharge pressure of compressor 3 Pcomp3 (bar) 20-30 20-30 20-30
Case 2
Variable Notation Peak oil Peak gas Peak water
Second separator pressure P2 (bar) 12-30 12-30 12-30
Third separator pressure P3 (bar) 6-20 10-20 6-20
Fourth separator pressure P4 (bar) 1-6 1-11 1-6
Discharge pressure of compressor 1 Pcompl (bar) 1-9 1-11 1-9
Discharge pressure of compressor 2 Pcomp? (bar) 9-20 11-20 9-20
Discharge pressure of compressor 3 Pcomp3 (bar) 9-20 11-20 9-20
Discharge pressure of compressor 4 Pcomp4 (bar) 20-30 20-30 20-30
Case 3
Variable Notation Peak oil Peak gas Peak water
Second separator pressure P2 (bar) 12-30 12-30 12-30
Third separator pressure P3 (bar) 1-6 1-11 1-11
Discharge pressure of compressor 1 Pcompl (bar) 1-7 1-11 1-11
Discharge pressure of compressor 2 Pcomp2 (bar) 7-20 11-20 11-20
Discharge pressure of compressor 3 Pcomp3 (bar) 20-30 20-30 20-30
Scrubber temperature 1 T1 (°C) 38-60 38-60 38-60
Scrubber temperature 2 T2 (°C) 38-60 38-60 38-60
Scrubber temperature 3 T3 (°C) 38-60 38-60 38-60
Scrubber temperature 4 T4 (°C) 38-60 38-60 38-60
Case 4
Variable Notation Peak oil Peak gas Peak water
Second separator pressure P2 (bar) 12-30 12-30 12-30
Third separator pressure P3 (bar) 6-20 10-20 10-20
Fourth separator pressure P4 (bar) 1-6 1-11 1-11
Discharge pressure of compressor 1 Pcomp1 (bar) 1-9 1-12 1-11
Discharge pressure of compressor 2 Pcomp?2 (bar) 7-20 12-20 11-20
Discharge pressure of compressor 3 Pcomp3 (bar) 7-20 12-20 11-20
Discharge pressure of compressor 4 Pcomp4 (bar) 20-30 20-30 20-30
Scrubber temperature 1 T1 (°C) 38-60 38-60 38-60
Scrubber temperature 2 T2 (°C) 38-60 38-60 38-60
Scrubber temperature 3 T3 (°C) 38-60 38-60 38-60
Scrubber temperature 4 T4 (°C) 38-60 38-60 38-60
Scrubber temperature 5 T5 (°C) 38-60 38-60 38-60

Note that the overall cost of utility consumption is also consid-
ered for the economic profit evaluation after the optimization is
completed for each process configuration. For example, the total
consumption of steam, and its cost, are taken into account when
the crude oil is heated before entering each separator. In addition,
the electric power consumption is added to the total utility cost
because of the power consumption of the gas compressors. It is

January, 2018

shown that cases 2 and 4 consume more in terms of utilities be-
cause of the operation of the additional phase separator and pre-
heater. On the other hand, recycle streams do not have much impact
on the overall utility consumption, because the compressor is already
being used, even without the recycle streams. Thus, cases 3 and 4
consume slightly more steam than the other cases do. Note that
the overall gas flow rate from the compressor in cases 3 and 4 be-



A new approach to developing a conceptual topside process design for an offshore platform 27

27,920,000 534,000
< 27,900,000 533,500 Q
o v
T w
- 27,880,000 1]
9 533,000 &
T 27,860,000 “w
: -
© 27,840,000 I I 332500 =
27,820,000 532,000
1 2 3 4
case
I O sales ==——gas sales

Fig. 9. Oil and gas product sales in the peak oil production scenario.
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Fig. 10. Utility consumption in the peak oil production scenario.

comes less than in the other cases. Thus, the power consumption
of the compressor becomes lower in this case than in the others.
The utility consumptions of the four cases under the peak oil pro-
duction scenario are summarized in Fig. 10.

The overall profits of the four different cases are compared in
Fig. 11. In order to compare the profits in each case, the overall profit
of case 1 is assumed to be zero, and then the profits and losses of
the other cases are compared with that in case 1 (see Fig. 11). Ac-
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Fig. 11. Profit index in the peak oil production scenario.
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Fig. 12. Oil and gas product sales in the peak gas production sce-
nario.

cording to Fig. 11, case 3 produces the largest profit, followed by
case 4, while case 2 produces the lowest profit. As a result, using
recycle streams is recommended, minimizing the number of phase
separators to three in the peak oil production scenario.
2. Peak Gas Production Scenario

The peak gas production scenario represents the period in which
the gas production rate is maximized across the overall life cycle of
the offshore platform. From Fig. 12, which shows the oil and gas
product sales, we can easily see that the gas product sales of the
four cases are lower than those under the peak oil production sce-
narios, while it shows similar trends to those in Fig. 9. Once again,
the processes with recycle streams produce higher product sales.

The total utility consumptions under the peak gas production
scenario seem to be lower than those of the peak oil production
scenario, as shown in Fig. 13. In particular, far less of the heating
utility is required for the peak gas production scenario, owing to
the significantly lower heat duty required for pre-heating the heat
exchangers. Note that the feed stream under the peak gas produc-
tion scenario contains a higher portion of light hydrocarbons and,
therefore, more gas is separated from the three-phase separator
located at the beginning of the process. Therefore, a higher utility
cost is incurred from the compressors than that of the steam from
the oil pre-heaters. Case 3 in this scenario shows the lowest utility

1 2 3 4

Case

1.00E+05

8.00E+04
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Fig. 13. Utility consumption in the peak gas production scenario.

Korean J. Chem. Eng.(Vol. 35, No. 1)



28 Y. Cho et al.

140,000

120,000
100,000
80,000
60,000
40,000
20,000
0
cased

casel . case3
-20,000

-40,000

Profit difference ($/day)

Case

Fig. 14. Profit index in the peak gas production scenario.

consumption because of the lower amounts of gas (ie., maximiz-
ing oil production through recycle streams) than in case 1 and the
lower oil heating (ie., fewer number of oil pre-heaters) than in
case 4.

Owing to the higher oil and gas production rates and the lower
consumption of utilities, case 3 in this scenario shows the highest
economic profit, followed by case 4, while case 2 shows the lowest
profit, as illustrated in Fig. 14, which shows merely the profit dif-
ference between the cases.

3. Peak Water Production Scenario

The peak water production scenario represents the periods in
which the feed stream contains the maximum amounts of water
(e.g, 87 mole%) across the overall life cycle of the offshore platform.
In this scenario, cases 1 and 2, which do not use recycle streams,
produce more gas product sales than oil, while the other cases (i,
cases 3 and 4) produce more oil product sales. The use of recycle
streams increases the recovery of heavy hydrocarbon components
to the oil flow. However, no significant difference is noticed when
different number of separators are used in the process. The prod-
ucts sales are summarized in Fig. 15.

In terms of economic profit, this scenario shows a similar trend
to the other scenarios. In other words, case 3 still shows the high-
est profit, while case 2 shows lowest profit, as shown in Fig. 17. How-
ever, the absolute profit values are much lower than in the other
two scenarios.

Table 5 summarizes the optimization results of the four process
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Fig. 15. Oil and gas product sales in the peak water production sce-
nario.
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Fig. 17. Profit index in the peak water production scenario.

configurations under the three different scenarios (ie., peak oil,
peak gas, and peak water). Note that the type and number of opti-
mization variables are different for each case and scenario. For exam-
ple, the optimization of the scrubber temperature is considered
only in cases 3 and 4, because the scrubbers are used for the recy-
cle streams.

4. Optimization of Operating Conditions

For the design of the topside process on an offshore platform,
we need to consider not only the process design, but also the pro-
cess operation, including the feasible operating range of the major
equipment. For example, the flowrate of the feed stream to the
topside process varies along the life cycle, but the composition also
changes as the operation proceeds. Therefore, the process design
needs to be considered under various production scenarios. This
approach provides an efficient strategy for the conceptual design
of the process and its operation.

Fig. 18 compares the optimized operating conditions of a spe-
cific major item of equipment under different production scenar-
ios for each case. The variables on the x-axis show the pressure values
of the multi-stage separators as independent variables, except for
the first separator, because its pressure is fixed. For example, Fig.
18(a) shows the optimum pressure of the second and third separa-
tors. This indicates that the pressure of these separators needs to
be maintained at a high level in the peak gas production scenario,
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Table 5. Optimization results in the peak oil production scenario
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Notation Case 1 Case 2 Case 3 Case 4
Second separator pressure P2 (kPa) 1,835 1,865 1,769 1,869
Third separator pressure P3 (kPa) 515 695 513 671
Fourth separator pressure P4 (kPa) - 549 - 538
Compressor P1 comP1 (kPa) 532 682 561 567
Compressor P2 comP2 (kPa) 782 1,131 1,676 1,343
Compressor P3 comP3 (kPa) 2,252 1,864 3,000 1,865
Compressor P4 comP4 (kPa) - 2,935 - 2,988
Scrubber temperature 1 T1 (°C) - - 38 42
Scrubber temperature 2 T2 (°C) - - 38 38
Scrubber temperature 3 T3 (°C) - - 38 38
Scrubber temperature 4 T4 (°C) - - 58 38
Scrubber temperature 5 T5 (°C) - - - 57
Steam cost $/day 42,422 62,439 42,476 62,518
Electric cost $/day 52,320 51,514 49,483 49,371
Oil product sales $/day 27,847,787 27,847,988 27,897,460 27,897,298
Gas product sales $/day 532,769 532,762 533,411 533,667
Opverall profit $/day 28,285,814 28,266,798 28,338,912 28,319,075
Profit difference (against Case 1) $/day 0 -19,016 +53,098 +33,261
QOil RVP kPa 68 67.8 67.8 66.6
Table 6. Optimization results in the peak gas production scenario
Notation Case 1 Case 2 Case 3 Case 4
Second separator pressure P2 (kPa) 2,444 2,410 1,977 2,476
Third separator pressure P3 (kPa) 951 1,368 938 1,324
Fourth separator pressure P4 (kPa) - 990 - 987
Compressor P1 comP1 (kPa) 985 991 960 1,198
Compressor P2 comP2 (kPa) 1,996 1,425 1,635 1,474
Compressor P3 comP3 (kPa) 2,967 1,956 3,000 1,762
Compressor P4 comP4 (kPa) - 2,995 - 2,977
Scrubber temperature 1 T1 (°C) - - 39 43
Scrubber temperature 2 T2 (°C) - - 38 42
Scrubber temperature 3 T3 (°C) - - 38 41
Scrubber temperature 4 T4 (°C) - - 60 38
Scrubber temperature 5 T5 (°C) - - - 59
Steam cost $/day 10,783 35,443 11,216 35,947
Electric cost $/day 49,573 47,549 45,844 45,988
Oil product sales $/day 33,453,293 33,452,472 33,575,109 33,575,180
Gas product sales $/day 510,671 510,803 512,648 512,659
Opverall profit $/day 33,903,608 33,880,282 34,030,697 34,005,905
Profit difference (against Case 1) $/day 0 -23,326 +127,089 +102,297
Qil RVP kPa 68 67.6 68 68

as compared with the other scenarios, for cases 1 and 2 (ie., the
process configurations without recycle streams). The feed stream
in the peak gas production scenario contains more gas compo-
nents. Therefore, the pressure of the separators has to be higher in
order to minimize the vaporization of the hydrocarbon compo-
nents, which produces more in terms of oil products. On the other
hand, the pressure of the second separator for cases 3 and 4 (ie,
process configurations with recycle streams) needs to be main-

tained at a high level in the peak water production scenario.
5. Capital Cost Analysis

After the optimization of each case is completed, the required
capital cost is estimated for each case, and the results are compared,
as shown in Tables 8, 9, and 10. Each table shows the details of the
capital costs for various process configurations under the peak oil,
gas, and water production scenarios, respectively. The equipment
and installation costs are initially estimated using the Aspen Pro-
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Table 7. Optimization results in the peak water production scenario

B s

B 5352

Notation Case 1 Case 2 Case 3 Case 4
Second separator pressure P2 (kPa) 1,363 2,233 2,425 2,492
Third separator pressure P3 (kPa) 464 909 819 1,061
Fourth separator pressure P4 (kPa) - 501 - 873
Compressor P1 comP1 (kPa) 569 701 1,075 1,045
Compressor P2 comP2 (kPa) 1,330 1,997 1,800 1,378
Compressor P3 comP3 (kPa) 2,978 1,253 2,999 1,704
Compressor P4 comP4 (kPa) - 3,000 - 2,995
Scrubber temperature 1 T1 (°C) - - 40 54
Scrubber temperature 2 T2 (°C) - - 39 51
Scrubber temperature 3 T3 (°C) - - 38 44
Scrubber temperature 4 T4 (°C) - - 56 39
Scrubber temperature 5 T5 (°C) - - - 55
Steam cost $/day 7,089 9,803 7,197 9,935
Electric cost $/day 33,923 33,811 32,181 32,195
Oil product sales $/day 3,699,292 3,699,305 3,748,973 3,747,785
Gas product sales $/day 369,464 369,455 369,233 369,161
Opverall profit $/day 4,027,744 4,025,146 4,078,828 4,074,817
Profit difference (against Case 1) $/day 0 —-2,598 +51,084 +47,073
QOil RVP kPa 67.9 67.9 66.5 67.1
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Table 8. Summary of capital cost: Peak oil production scenario (optimized)

Peak oil production scenario

Cost items (USD) Case Case 1 Case 2 Case 3 Case 4

Equipment cost 12,099,700 13,022,100 11,708,500 12,868,800
Total installed cost 17,337,000 18,881,300 17,149,100 19,018,100
ISBL 29,436,700 31,903,400 28,857,600 31,886,900
OSBL 11,774,680 12,761,360 11,543,040 12,754,760
Engineering & contingency cost 8,242,276 8,932,952 8,080,128 8,928,332
Working capital 16,484,552 17,865,904 16,160,256 17,856,664
Total capital cost 65,938,208 71,463,616 64,641,024 71,426,656

Table 9. Summary of capital cost: Peak gas production scenario (optimized)

Peak gas production scenario

Case

Cost items (USD) Case 1 Case 2 Case 3 Case 4

Equipment cost 12,423,200 13,684,000 12,161,400 13,609,000
Total installed cost 17,913,400 20,016,600 17,920,300 20,293,500
ISBL 30,336,600 33,700,600 30,081,700 33,902,500
OSBL 12,134,640 13,480,240 12,032,680 13,561,000
Engineering & contingency cost 8,494,248 9,436,168 8,422,876 9,492,700
Working capital 16,988,496 18,872,336 16,845,752 18,985,400
Total capital cost 67,953,984 75,489,344 67,383,008 75,941,600

Table 10. Summary of capital cost: Peak water production scenario (optimized)

Peak water production scenario

Case
Case 1 Case 2 Case 3 Case 4
Cost items (USD) ase ase ase ase
Equipment cost 8,023,800 8,485,600 7,805,400 8,543,200
Total installed cost 11,710,700 12,590,000 11,790,600 13,061,100
ISBL 19,734,500 21,075,600 19,596,000 21,604,300
OSBL 7,893,800 8,430,240 7,838,400 8,641,720
Engineering & contingency cost 5,525,660 5,901,168 5,486,880 6,049,204
Working capital 11,051,320 11,802,336 10,973,760 12,098,408
Total capital cost 44,205,280 47,209,344 43,895,040 48,393,632
80,000,000 . . .
cess Economic Analyzer (APEA), after which the ISBL (Inside Bat-
75,000,000 B tery Limit), OSBL (Outside Batter Limit), engineering cost, con-
= 70,000,000 tingency cost, and working capital are estimated [26-28].
=) Bl M The estimated total capital costs of the four different cases under
= 65,000,000 - . . .
8 the three production scenarios are compared in Fig. 19. The total
= 60,000,000 | Peak ol costs for each process configuration show similar trends, in that
§ 55,000,000 " Peak gas the peak gas production scenario requires the highest capital costs,
2 Peakwater while the peak water production scenario requires the lowest capi-
2 50,000,000 i i
tal costs. Furthermore, the process configuration of case 3 requires
45,000,000 the lowest capital costs, while cases 2 and 3 require the highest
40,000,000 capital costs owing to the additional phase separator. In addition,
1 2 3

Case number

Fig. 19. Summary of capital costs.

we can assume that the recycle process reduces the total flowrate
of the gas compressing unit and, thus, the heat duty of the cool-
ers. Even though the condensate scrubbers for the recycle process
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are added to case 3, their cost is negligible compared to that of the
gas compressors, which have a substantial impact on the total equip-
ment cost. In conclusion, if the topside process is built based on
the configuration in case 3, it can cover all feasible production sce-
narios with minimum capital costs.

CONCLUSION

In this work, four different process configurations were mod-
eled using the commercial simulation software Aspen HYSYS®,
and the results were compared based on capital and operating
costs. In addition, three representative production scenarios were
considered over the life cycle of the oil well (i.e., peak oil, peak gas,
and peak water) together with the aforementioned process config-
urations. Therefore, 12 individual cases were simulated, and their
results compared.

o For peak oil production scenario, the process configuration of
case 3 that has a recycle stream with three multi-stage separators
produces the highest economic profit, followed by the process con-
figuration of case 4 that has a recycle stream with four multi-stage
separators. It is noticed that the use of a recycle stream enables
producing more oil products that leads to higher economic profit.

o For peak gas production scenario, the process configuration
of case 3 shows the highest economic profit, followed by the pro-
cess configuration of case 4, which is similar to the results of peak
oil production scenario. Meanwhile, the total operating cost is esti-
mated to be lower than the costs of the peak oil production sce-
nario due to significantly lower heat duty required for pre-heating
the heat exchangers. The impact of using a recycle system on eco-
nomic profit is shown to be higher than the one in peak oil pro-
duction scenario.

o For peak water production scenario, the results were similar
to the other two production scenarios. However, the economic profit
in this scenario is significantly lower than the other scenarios.

o Optimum operation range of major equipment are compared
over the wells life cycle. For example, the change of optimum operat-
ing pressure of the multi-stage separators are identified over the
wells life cycle. It is interesting to note that the optimum point
changes significantly, depending on selection of production sce-
nario and process configuration.

o Lastly; capital costs of four different process configurations were
compared for each individual production scenario. The results
show that the process configuration of case 3 requires minimum
amounts of capital cost, followed by the process configuration of
case 1. It concludes that addition of multi-stage separation requires
higher capital cost increase, compared with addition of a recycle
stream. Among three production scenarios, the peak gas produc-
tion scenario requires the highest capital cost, followed by the peak
oil production scenario, while the peak water production scenario
requires the lowest capital cost.

It should be noted that the results might change depending the
location of reservoir, condition of a feed stream, sales prices of
products, utility costs, etc. For example, price of natural gas in Japan
is about $7.85/MMBtu that is about 3 times more expensive than
US [29]. In this case, the optimization results might show that more
gas product needs to be produced to maximize an economic profit.

January, 2018

For this, operating pressure of multi-stage separators becomes lower
to produce more gas product, while operating temperature of a
scrubber will be higher, compared with the case that we discussed
earlier. As a result, economic evaluation results and operation strat-
egy might be totally different from the previous study.

This is the first study to consider both process configurations
and production scenarios, and we believe this approach provides a
robust methodology to develop a conceptual topside process design
for an offshore platform and a reliable strategy for operation.
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