
1. Introduction

A system for the regeneration, storage, and injection of mono- 
ethylene glycol (MEG) is installed in gas field production platforms, 
and the purpose of injecting MEG into subsea pipelines is to inhibit 
hydrate formation (Kim et al., 2017). Lean MEG (MEG concentration 
70–90 wt%) injected into subsea pipelines is mixed with water 
produced in a reservoir to maintain a certain MEG concentration level. 
When it reaches the platform, it is separated at the inlet separator to 
proceed to the regeneration process as rich MEG (MEG regeneration 
concentration of 20–50 wt%) (Kim et al., 2018a). The MEG 
regeneration process converts rich MEG into lean MEG through 
pre-treatment and distillation, constituting a large portion of the 
upstream of a gas field platform and requiring separate spaces for an 
MEG injection pump and a storage tank. Therefore, to reduce the 
production cost of a gas field platform, the design of injection, 
regeneration, and storage systems for MEG must be optimized during 
the design process, during which the flow assurance should be 
sufficiently tested through multiphase flow analysis and hydrate-phase 
equilibrium simulation (Kim et al., 2020). In particular, There have 

been attempts to minimize the MEG regeneration process in 
production platforms for shallow water gas fields in Southeast Asia, 
Middle East, and the North Sea , which requires a large volume and a 
high cost owing to the recent decrease in oil prices. A kinetic hydrate 
inhibitor (KHI) contains functional groups connected in a polymer 
chain structure; it can inhibit hydrate nucleation as well as suppress 
hydrate growth for a certain period of time at 0.5–3 wt%, unlike MEG 
(Park et al., 2019). When KHI is used, hydrate formation can be 
suppressed while water produced in a reservoir passes through subsea 
pipelines in a normal operation, thereby eliminating the need of 
injecting MEG. 

Hydrate formation occurs in low-temperature and high-pressure 
conditions, and the hydrate formation conditions can be predicted 
thermodynamically. At a certain pressure, the difference between the 
minimum temperature of subsea pipelines and the phase equilibrium 
temperature of hydrates becomes the driving force of hydrate 
formation. The rate of hydrate formation decreases with the difference 
in the temperatures. Hence, it is likely that the rate of hydrate 
formation at production platforms for shallow water gas fields is slow, 
which is optimal for applying a KHI. A KHI inhibits the cluster 
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formation process through the ring-structure connected in chains, 
during which water molecules convert to the hydrate crystal structure, 
while simultaneously decelerating the growth of hydrates by adhering 
to growth points after hydrates are formed (Kim et al., 2018b).

Accordingly, a KHI can demonstrate outstanding performances in 
shallow water gas fields where the driving force of hydrate formation 
is relatively low. 

However, MEG regeneration is inevitable even at production 
platforms for shallow water gas fields because MEG injection is 
required for transient operations, such as for halting and resuming the 
production of subsea pipelines for a long period of time (Brustad et al., 
2005). Hence, a flexible strategy in which a KHI is applied in a normal 
operation while applying MEG in a transient operation can be 
considered for reducing the operation cost of a production platform. 
The performance of a KHI must be assessed accurately, and the 
optimization of MEG injection and regeneration concentrations for 
transient operations must be investigated. Therefore, the risk of 
hydrate formation in shallow water gas fields was investigated in this 
study using a high-pressure stirred-tank reactor, and the hydrate 
inhibition performance in the presence of KHI was investigated 
experimentally. The MEG regeneration process was designed to obtain 
the appropriate lean MEG concentration by evaluating the economic 
feasibility of such processes for shallow water gas fields. The 
experimental and simulation results can be utilized as basic 
information for designing a production platform. 

2. Experimental Apparatus and Simulation Model

2.1 Experiment for Evaluating Risk of Hydrate Formation 
The formation of hydrates in subsea pipelines must be prevented. In 

other words, a sufficient amount of MEG must be injected to minimize 
the possibility of hydrate formation. Therefore, the temperature and 
pressure conditions for which hydrates can be formed were predicted 
thermodynamically, and the required MEG concentration was 
calculated. However, a thermodynamic simulation could not be 
performed for cases where a KHI was applied; therefore, the risk of 

hydrate formation was evaluated experimentally. Experiments 
regarding formation and dissociation were conducted using a 
high-pressure stirred-tank reactor since a hydrate is formed in a 
low-temperature and high-pressure condition. Fig. 1 shows the 
schematic diagram of the experimental apparatus used for the hydrate 
formation experiment. The high-pressure stirred-tank reactor was 
designed to apply a pressure of up to 15 MPa, and the fluid inside the 
reactor can be mixed at 0–800 rpm using a magnetic stirrer. For 
simulating subsea pipelines, 80 mL of water was injected to a 360 mL 
reactor (material: (SUS 316) and then pressurized to 12 MPa using 
natural gas. The natural gas comprising 90.0% CH4, 6.0% C2H6, 
3.0% C3H8, and 1.0% n-C4H10 was supplied by Alpha Gas S.A. The 
reactor was positioned in a water bath such that it was submerged in a 
sufficient amount of ethanol solution; furthermore, it was connected to 
an external heater/refrigerator (Jeiotech RW2025G) to maintain the 
desired temperature. The temperatures of both the gas and liquid were 
measured using a platinum resistance thermometer that was accurate 
to 0.15 °C; the pressure was measured using a pressure transducer that 
was accurate to 0.01 MPa. The temperature of the solution was 
maintained at 20 °C at the initial stage of the experiment. Once the 
pressure inside the reactor stabilized, the temperature decreased to 10 
°C, which is the operation condition of subsea pipelines at shallow 
water gas fields. The reactor was stirred at 600 rpm as the experiment 
began, during which the torque applied to the impeller was measured 
using a torque sensor (TRD-10KC) with an accuracy of 0.3%. The 
temperature, pressure, and torque data obtained through primary 
sensors were saved in a data storage system every 10 s. Hydrate 
formation can be observed at a specific point in time when the 
temperature is below the phase equilibrium of the hydrate. The 
characteristics of hydrate formation using pure water were analyzed 
when MEG and KHI were not injected; furthermore, the time hydrate 
formation was delayed after KHI injection was measured.

2.2 Hysys Simulation Model for MEG Regeneration Process
The shallow water gas fields investigated in this study were assumed 

to be located at the depth of 60 m underwater. The gas fields in 

Fig. 1 Schematic diagram of the experimental apparatus 
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Southeast Asia and Middle East are primarily developed at the 
maximum depth of 100 m, and the water temperature remains at least 
30 °C in the summer and 10 °C in the winter. The production pressure 
of a reservoir is at least 15 MPa, but subsea pipelines are operated at 10 
MPa from the subsea tree to the platform. Considering the operation 
conditions of shallow water gas fields, the conditions for hydrate 
formation set in the thermodynamic simulation software (Multiflash, 
version 20) are shown in Fig. 2(a). If the sea water temperature is 
assumed to be 10 °C, then the hydrate is predicted to form when the 
pressure of the fluid flowing through the subsea pipelines exceeds 4 
MPa. Hydrates may form depending on the season since the subsea 
pipelines in a typical gas field are operated at a pressure higher than 4 
MPa. To prevent hydrate formation, the concentration must be 
maintained above 25 wt% by adding MEG to the water flowing 
through subsea pipelines, as shown in the phase equilibrium graph in 
Fig. 2(a). Therefore, the MEG regeneration process is required, 
through which MEG is injected into subsea pipelines and the 

concentration of the MEG solution is increased from 25 wt% to 70 
wt% or greater. Fig. 2(b) shows the simulation model built using 
Aspen Plus version 9.0 for the MEG regeneration process of shallow 
water gas fields. It comprises two trains, which account for the 
production cycle of gas fields. The MEG solution having 25 wt% 
concentration retrieved from subsea pipelines was stored in the rich 
MEG storage tank and then increased to 70 wt% concentration or 
higher in the MEG flash drum and distillation column. The 
regenerated lean MEG was stored in the lean MEG storage tank and 
then injected into subsea pipelines using an injection pump. The 
operation condition of each unit was analyzed using the electrolyte 
non-random two liquid (ENRTL)-Redlich–Kwong (RK) models. The 
type, material, and size of the process were determined using the 
Aspen process economic analyzer. The ENRTL-RK model can be used 
to predict the major properties of a fluid based on vapor–liquid phase 
equilibrium. The RK model was used to calculate the fugacity of a 
vapor. The ENRTL model was used to calculate the activity coefficient 

(a) Hydrate equilibrium conditions for gas field

(b) Process flow diagram of MEG regeneration process

Fig. 2 Hydrate equilibrium conditions to determine MEG concentration for subsea flowlines and detailed diagram of MEG regeneration 
process 
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of a liquid and can be applied to various systems containing 
electrolytes. The binary interaction parameters of the ENRTL model 
were revised using Aspen Plus version 9.0 and the vapor pressure data 
of MEG solution reported in the literature.

To express the excess Gibbs energy (  ), the ENRTL model uses 
the Pitzer–Debye–Huckel equation (   ) and Born equation 
(   ) to calculate long-range ion interactions, as well as     to 
calculate short-range ion, ion–molecule, and molecular interactions. 
The sum of interactions can be expressed as follows: 
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Here,  is the temperature,  the gas constant,  the activity 
coefficient of a liquid, and  the ion type. 

The Pitzer–Debye–Huckel equation for expressing long-range ion–
ion interactions is as follows: 
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Here, ∅ is the Debye–Huckel constant,  the ionic strength,  the 
charge of an ion, and  the density of the mixed solution. The Born 
equation is shown below.
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Here, ∈ and ∈are the dielectric constants of the solvent and water, 
respectively;   is the Born radius of an ion particle ;  is the 
Avogadro constant;  is the charge of an ion;   is the elementary 
charge.

The short-range ion, ion–molecule, and molecular interactions can 
be expressed as follows: 
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Here,   is the mole fraction of ;   is the absolute charge of an ion;  
is the non-randomness factor ( 0.2);  and  are the molecule and 
electrolyte, respectively;  is the binary interaction energy parameter; 

, , and  are the temperature coefficients when  298.15 K. 
Once the design of the MEG regeneration process has been 

completed, the capital expenditures (CAPEX) were analyzed based on 
the equipment cost, whereas the operating expenditures (OPEX) were 
analyzed considering the fixed CAPEX, utility costs, and operation 
period. The life cycle cost (LCC) of the MEG regeneration process 
was calculated by summing the CAPEX and OPEX. In general, a lean 
MEG concentration of 70–90 wt% is selected to minimize the CAPEX 
and OPEX of a gas production platform. The platform for deep water 
gas fields is maintained at 80 wt% or above, but that of shallow water 
gas fields is maintained at 70 wt%. Hence, the operation adequacy and 
economic feasibility of the MEG regeneration process must be 
analyzed simultaneously to determine the optimal lean MEG 
concentration. In this study, the process design and economic 
feasibility were analyzed after increasing the MEG solution with 25 
wt% concentration retrieved from subsea pipelines to concentrations 
of 70 wt% and 80 wt%. 

3. Experimental Results of 
Hydrate Formation Risk Evaluation

3.1 Experimental Results of Hydrate Formation in Pure Water
Hydrate formation in pure water was observed experimentally, in 

which hydrate inhibitors such as MEG and KHI were not injected. Fig. 
3(a) illustrates the pressure–temperature diagram of hydrate formation 
in the operation conditions of subsea pipelines for shallow water gas 
fields. The starting temperature of the experiment was 23 °C and then 
reduced to 10 °C, which is the typical temperature of shallow water 
region in the winter, for over 1 h. The starting pressure of the 
experiment was 11 MPa, and hydrate formation occurred at a 
temperature lower than the hydrate formation temperature despite a 
decrease in the pressure within the reactor owing to a temperature 
decrease. Table 1 shows the hydrate formation temperature and 
pressure, which were measured thrice during the experiment; the delay 
time of hydrate formation was calculated accordingly. The average 
delay time of hydrate formation was 21.7 min, and the average water 
conversion rate was 46%. The experimental results show that water 
flowing in subsea pipelines can form hydrates after approximately 20 
min even in shallow water regions. Fig. 3(b) shows the changes in 
torque observed during hydrate formation along with the hydrate 
volume fraction. The hydrate volume began increasing after a 20 min 
delay in formation time, whereas the torque, or the resistance against 
the flow, decreased simultaneously. The torque decreased after the 
volume fraction exceeded 0.3, but the change in torque exhibited 
several peaks rather than a continuous change after the volume fraction 
exceeded 0.4. Heterogeneous segregation occurred, in which water 
and hydrates became separated as the hydrate volume fraction 
increased beyond 0.4; additionally, a bedding was further developed, 
where hydrates were deposited on the walls of the stirred-tank reactor. 
Furthermore, 300 min after the hydrate had started to form, the relative 
torque reached a peak at 3.5 and showed a continuous fluctuation. The 
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hydrates started to collide and constantly ground with the impeller as 
the amount of hydrates being deposited on the walls and floor of the 
reactor increased, thereby resulting in significant fluctuations in the 
relative torque. 

In subsea pipelines, hydrate formation begins as pure water flows 
through the pipes, and a constant flow can be maintained when the 
hydrate volume fraction is 0.3 or below. However, plugging occurs, 
i.e., the increased deposition of hydrate blocks the fluid flow when the 
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(a) Pressure-temperature diagram as a function of time in bulk water 

(b) Hydrate volume fraction as a function of time during hydrate formation

Fig. 3 Hydrate formation characteristics in bulk water without adding hydrate inhibitors

Table 1 Quantitative analysis of hydrate formation characteristics

Experiment No. ΔTsub
1

(K)


2

(min)
Hydrate volume 

fraction
Water conversion

(mol%) Max relative torque

1 6.0 23.8 0.57 51.73 2.24
2 6.3 25.3 0.47 41.68 3.36
3 3.6 15.8 0.50 45.34 3.51

Average value 5.3 21.7 0.51 46.25 3.04
Standard deviation 1.2 4.2 0.04 4.15 0.69

1ΔTsub indicates temperature difference between hydrate formation conditions and equilibrium condition. 
2tonset indicates the time when hydrate formation is initiated. 
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hydrate volume fraction exceeds 0.4. The reactor used in the 
experiment was constantly applied with mixing energy using an 
external motor, which caused the hydrates to be ground. However, 
plugging will occur in subsea pipelines when the amount of energy of 
gas pushing water through the pipes is insufficient. Furthermore, 
plugging will occur more easily in subsea pipelines as bended points 
exist in pipes where the fluid velocity decreases. 

3.2 Hydrate Inhibition Performance of KHI
Fig. 4 shows the hydrate experimental results when a KHI was 

injected. BASF’s Luvicap was used as a KHI, and the concentration 
was maintained at 2.4 wt% for this experiment. As shown in the 
figure, hydrate formation was not observed for 20 h, during which the 
concentration of Luvicap was maintained at 2.4 wt%. The experiment 
was repeated thrice using pure water, but hydrate formation was not 
observed for 20 h. The temperature and pressure were maintained at 
10 °C and 10 MPa, respectively. This result indicates that hydrate 
formation was inhibited for 20 h when Luvicap was injected to 
maintain the concentration at 2.4 wt%. When the subsea pipelines in 
shallow water gas fields were assumed to be 40 km long, the time that 
water remained in the subsea pipelines was calculated to be 4.4 h at 

the maximum when the production output was low. Therefore, water 
can be prevented from converting to hydrates if a sufficient amount of 
Luvicap is injected as a hydrate inhibitor to maintain the concentration 
of water flowing in the subsea pipelines, i.e., 2.4 wt% or higher. 
Accordingly, it is confirmed that Luvicap suffices as a KHI if the 
temperature of subsea pipelines in shallow water region can be 
maintained at 10 °C.

However, as explained earlier, using a KHI alone is insufficient to 
prevent hydrate formation when an operation is halted for a long time, 
or for extended shut-ins. Therefore, MEG must be injected, and the 
injected MEG must be converted to lean MEG through the 
regeneration process on the offshore platform. 

4. MEG Regeneration Process Simulation Results

The simulation results of the MEG regeneration process obtained 
from Aspen Plus version 9.0 are shown in Fig. 2(b) above. The rich 
MEG (concentration 25 wt%) injected into the subsea pipelines was 
stored in the storage tank at 2.6 MPa and then sent to the MEG 
regeneration process. The flow rate was 27,317.2 kg/h. Natural gas and 
condensates were removed in the MEG flash drum in advance and then 

Fig. 4 Pressure-temperature diagram as a function of time in 2.44 wt% Luvicap solution. No hydrate formation was observed.

Table 2 Description of operating conditions of main equipment

Main process equipment Operating temperature (℃) Operating pressure (MPa)
Rich MEG flash drum 102D106 55.4 2.6

Glycol flash drum 102D101 52.5 4.0

Column unit 102C101 128.1 (Lean MEG 70 wt%)
137.6 (Lean MEG 80 wt%) 0.15

Heat exchanger between lean MEG 
and rich MEG (Shell and tube) 102E103 62.5 0.15

Injection pump 102P102 30.0 13.0
Lean MEG tank 102T101 62.1 0.25
Rich MEG tank 102T102 55.4 2.6
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supplied to the MEG distillation column through a filter and a heat 
exchanger. The MEG distillation column was operated at 0.15 MPa. 
To increase the MEG concentration from 25 wt% to 80 wt% and 70 
wt%, the temperature must be maintained at 137.6 °C and 127.5 °C, 
respectively. Vapor was discharged through the top of the distillation 
column, and the lean MEG with increased concentration was retrieved 
through the bottom to be sent to the storage tank. The MEG 
concentration required for subsea pipelines was 25 wt%; hence, an 
injection at 13.03 MPa using an injection pump was required. The 
operating conditions of the main equipment constituting the process 
are shown in Table 2. 

The boiling points of water and MEG are 100 °C and 197 °C, which 
differ significantly; therefore, rich MEG can be easily converted to 
lean MEG through the distillation column. However, the water 
produced from a reservoir flowing into subsea pipelines contains a 
large amount of salt substances such as NaCl, which can result in the 
deposition of salt in the reboiler during the distillation process. If the 
salt concentration of the produced water is assumed to be 30 g/L for 
the shallow water gas fields being studied, salt deposition will not 
occur because the allowable NaCl concentration of lean MEG is 76 
g/L when the MEG concentration is increased to 80 wt%. A separate 
study is being conducted to investigate the risk of salt deposition, 
which will be presented in the near future. 

The MEG regeneration process using a distillation column consumes 
a large amount of energy; therefore, technical implementations are 
necessitated to reduce the CAPEX and OPEX. More specifically, the 

distillation column temperature can be maintained at 137.6 °C while 
increasing the lean MEG concentration to 80 wt%, or the distillation 
column temperature can be maintained at 128.1 °C while increasing the 
lean MEG concentration to only 70 wt%. The lean MEG concentration 
can be increased up to 90 wt% for deep water gas fields, but the 
economic feasibility of increasing the lean MEG concentration to 80 
wt% by applying a significant amount of heat energy for shallow water 
gas fields must be investigated. In this study, an LCC analysis was 
performed for both the CAPEX and OPEX required for the operation 
and performing the MEG regeneration process. The LCC analysis was 
conducted to determine the size of major equipment based on the 
results of simulating the MEG regeneration process, which was 
performed previously, and to calculate the equipment cost using the 
Aspen economic analyzer. The CAPEX were calculated based on the 
cost of each piece of equipment (Peters et al., 1968), whereas the OPEX 
were predicted based on the CAPEX (Turton et al., 2008). The 
following were assumed for assessing economic feasibility. First, only 
the electricity, steam, and coolant costs were considered for the OPEX. 
The process reliability and annual operation hours were assumed to be 
91.3%/y and 8,000 h/y, respectively, for the MEG regeneration 
process. The pump efficiency was 70%, and the reserved pump and 
heater were not considered. Low-pressure and high-pressure steams 
were used for heating, whereas a coolant was used for cooling. The 
heating and cooling capacities calculated from the process simulation 
were used. The operation cost including utilities might vary depending 
on the region and corresponding year; hence, the calculation performed 

Equipment
Lean MEG 70 wt% Lean MEG 80 wt%

Size
(D × L, m)1

Equipment cost
(MMUSD)2

Size
(D × L, m)

Equipment cost
(MMUSD)

Glycol flash drum 1.37 × 4.27 0.02 1.37 × 4.27 0.02
Rich MEG flash drum 1.67 × 5.03 0.08 1.67 × 5.03 0.08

Lean meg tank 11.52 × 5.76 
(600 m3) 0.34 11.52 × 5.76 

(600 m3) 0.34

Rich meg tank 13.66 × 6.83 
(1000 m3) 1.84 13.66 × 6.83 

(1000 m3) 1.84

Distillation column 3.65 × 7.01 0.64 4.11 × 7.92 0.79
Booster pump after rich MEG storage tank 0.02 0.02

Booster pump after column 0.01 0.01
Lean meg booster pump 0.01 0.01

Injection pump 0.34 0.32
Starting pump (5 m3/h) 0.00 0.00

Heat exchanger between lean MEG and rich MEG 0.03 0.03
Rich MEG filter 0.03 0.03
Charcoal filter 0.01 0.01

Lean MEG fileter 0.03 0.03
Purchased equipment cost 3.42 3.54

CAPEX 17.21 17.83
1D × L indicates diameter and length, respectively; 2MMUSD is million US dollars.

Table 3 Total capital investment for MEG regeneration package in case of regenerating up to 70 wt% and 80 wt% lean MEG
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in this study was based on the Southeast Asia region in 2018. The LCC 
was calculated as the sum of the total CAPEX and OPEX that will be 
input for 20 years, or the total operation time of the MEG regeneration 
process. The discount rate was assumed to be 8%. The factors affecting 
the CAPEX included the operation conditions, equipment type, and 
materials. The CAPEX were mainly affected by the large MEG storage 

Table 4 OPEX for MEG regeneration package in case of regenerating 
up to 70 wt% and 80 wt% Lean MEG 

Lean MEG concentration
70 wt%
OPEX 

(MMUSD)

80 wt%
OPEX

(MMUSD)
Initial raw material cost 2.38 2.38 

Raw material costs (C_RM) 31.11 31.11
Utilities costs (C_WT) 　 　

Electricity 1.59 1.39
Cooling water 7.33 8.07
LP steam 26.77 29.43

Operating labor (C_OL) 7.07 7.07
Maintenance and repair (C_MT) 8.62 8.94
Service, supplies and charges 1.29 1.34

Laboratory charges 1.06 1.06
Patents and royalties 4.17 4.33

Fixed costs 　 　

Depreciation 14.37 14.89
Local tax and Insurance 2.87 2.98
Plant overhead 9.42 9.60

Total manufacturing cost 7.07 7.07
General expenses 　 　

Selling costs 13.89 14.42
General & administrative costs 2.35 2.40
Research and development 6.94 7.21

OPEX 141.25 146.61 

tank, distillation column, and injection pump of the MEG regeneration 
process. The CAPEX increased due to an increase in the height of the 
distillation column when the lean MEG concentration was set to 80 
wt%. By contrast, the MEG injection pump capacity as well as the 
CAPEX decreased when the flow rate of MEG being injected into the 
subsea pipelines decreased. Table 3 shows the analysis results of the 
CAPEX for the MEG regeneration process when the lean MEG 
concentrations were set to 70 wt% and 80 wt%.

The factors affecting the OPEX included utility and maintenance/ 
repair costs. The MEG injection flow rate and pump capacity both 
decreased when the lean MEG concentration was 80 wt%, thereby 
lowering the electricity cost of the injection equipment. However, the 
energy cost increased with the amount of low-pressure steam usage 
owing to the temperature increase in the distillation column. The 
maintenance/repair costs of the major equipment were affected 
significantly by the initial equipment price and the equipment size. 
Table 4 shows the OPEX when the lean MEG concentrations were set 
to 70 wt% and 80 wt%. The initial cost of the raw material included the 
initial MEG cost and operation cost. The initial MEG injection amount 
was determined based on the assumption that MEG was injected to the 
subsea pipelines for 12 h. 

The LCC of the MEG regeneration process can be predicted using 
the CAPEX and OPEX presented in Tables 3–4. Fig. 5 shows the 
major equipment cost and utility cost of the MEG regeneration 
process. The LCC, which is the sum of the CAPEX and OPEX, was 
158.46 and 164.44 MMUSD when the lean MEG concentrations were 
set to 70 wt% and 80 wt%, respectively. The major equipment size and 
operation cost varied based on the lean MEG concentration, and it was 
confirmed that maintaining the lean MEG concentration at 70 wt% 
was more advantageous for the MEG regeneration process. 

5. Conclusion

This study proposed injecting both KHI and MEG simultaneously to 
inhibit hydrate formation for shallow water gas fields. For the normal 
operation state, injecting a KHI prevented the formation of hydrates 
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while the fluid being produced through subsea pipelines. It was 
confirmed through experiments that injecting Luvicap at 2.4 wt% 
suppressed hydrate formation for 20 h. For subsea pipelines measuring 
40 km, the fluid remained in the pipes for 4.4 h, thereby enabling the 
injection of Luvicap to inhibit hydrate formation. As sea water 
temperature significantly affects hydrate formation, not injecting a 
KHI in the summer when the sea water temperature is high is an 
alternative. However, in the winter, a KHI must be injected constantly 
and MEG should be injected if the platform operation is halted for 
equipment replacement or maintenance and repair. 

The MEG regeneration process is utilized to regenerate the injected 
rich MEG into lean MEG; therefore, the CAPEX and OPEX must be 
minimized. In this study, an LCC analysis was conducted by 
calculating the operation cost, in which the initial cost of the raw 
material and C_RM were the same while the lean MEG concentration 
in the MEG regeneration process was varied. The calculated LCC was 
low when the lean MEG concentration was 70 wt%. The initial 
equipment cost was more economical when the concentration was 70 
wt%; hence, it was more favorable to set the concentration to 70 wt% 
for the operation condition of the MEG regeneration process. 
Although using hydrate inhibitors such as MEG or KHI can prevent 
accidents caused by hydrate formation in gas field pipelines and hence 
reduce the related maintenance/repair costs, an LCC analysis for the 
economic feasibility through the optimization of lean MEG 
concentration is crucial in building a sustainable system. 

Finally, sustainable and advanced technologies should be applied to 
actual projects since CAPEX and OPEX can be reduced by selecting 
flexible strategies for inhibiting hydrate formation.
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