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Abstract: LNG (liquefied natural gas), stored at temperatures below -162°C, requires significant 

energy for production and must be re-gasified before consumer distribution. Traditional 

regasification methods waste LNG's valuable cold energy. This study proposes an integrated 

system that harnesses LNG cold energy for both power generation and refrigeration. An Organic 

Rankine Cycle (ORC) with propane as the working fluid uses part of the LNG cold energy as a 

heat sink, while the remainder supports the refrigeration demand of cold storage via a CO2 cycle. 

Thermal and exergy efficiencies, along with other performance indicators, are analyzed using the 

Engineering Equation Solver (EES) software. For an LNG terminal with a capacity of 3 million 

tons per year (MPTA), the proposed system can generate up to 11.762 MW of electricity and 

directly supply 12 MW of refrigeration at optimum exergy efficiency point. The maximum 

greenhouse gas (GHG) reduction is estimated at 53900.2 tons of CO2 annually. 

Keywords: Cold energy; Cold storage; LNG regasification; Organic Rankine Cycle (ORC); 

Power generation

1. Introduction 

To achieve carbon neutrality, coal-fired power plants must 

be replaced with energy sources emitting little or no 

greenhouse gases (GHGs). However, these renewable 

sources alone are neither stable nor sufficient to meet 

growing energy demands. While the infrastructure and 

technology for renewable energy systems are still 

developing, natural gas (NG) presents a promising 

transitional solution due to its lower GHG emissions and 

reduced environmental impact compared to coal. NG 

combustion produces roughly 50% less GHGs, 80% less 

NOx, and negligible amounts of SO2 and particulate 

matter1). NG can be imported via pipelines or in liquefied 

form by ship. The latter option diversifies supply but incurs 

high costs due to an energy-intensive liquefaction process, 

around 805 kWh of electricity/ton of LNG2). Before 

distribution, LNG must be re-gasified using heat from air, 

seawater, or fuel combustion – a process that not only 

requires energy but also impacts local ecosystems.  

 At the temperature of -162°C, LNG cold energy offers 

various applications, including power generation when 

acting as a heat sink in the Organic Rankine Cycle (ORC), 

providing refrigeration for cold storage, improving the 

efficiency of combined vapor-gas power cycles, enhancing 

air separation and distillation processes or seawater 

desalination3). The utilization of LNG cold energy not only 

provides energy benefits but also contributes to 

eliminating environmental impacts, such as reducing the 

amount of seawater used directly in the regasification 

process and cutting greenhouse gas emissions generated 

from fossil fuel combustion for power generation. 

Furthermore, it enhances the overall economic efficiency 

of LNG utilization. 

Collecting LNG cold energy from regasification for power 

generation is one of the most prominent and attractive 

applications. Tatsuo Mohri et al4) were among the first to 

study the use of both LNG cold energy and LNG pressure 

for power generation through a cycle combining the ORC 

and direct expansion (DEX) process. With the LNG 

regasification rate of 130 t/h, the system could produce up 

to 6000 kW of power. The working fluids used in ORCs 

must not only have good thermodynamic and heat transfer 

properties but also be suitable for the extremely low 

temperatures of LNG. According to Haoshui Yu et al., 

propane (R290) is a suitable working fluid for this type of 

ORC5). The efficiency of this cycle can be further 
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improved by applying low-grade heat sources, such as the 

latent heat from steam turbines or the sensible heat exhaust 

from recovery boilers to the ORC6). Additionally, the 

impact on marine ecosystems can be mitigated by 

eliminating the seawater flow used for condenser cooling7).  

Further advancements in power generation efficiency from 

LNG cold energy can be achieved through innovative 

configurations, such as multi-stage LNG expansion or 

novel ORC arrangements. In addition to single-stage 

ORCs, parallel and cascade two-stage Rankine cycles have 

shown potential.8,9) Multi-stage expansion processes 

further enhance efficiency and can match the performance 

of combined ORC and DEX cycle, but with simpler 

structures that eliminate the need for additional working 

fluids10,11). Another approach involves using LNG as a heat 

sink for closed Brayton cycles, of which Helium, Nitrogen 

or CO2 is suggested as the working fluids due to working 

under extremely low temperatures12,13). 

LNG cold energy can also be used to improve the 

efficiency of combined cycle power plants (CCPP)14). This 

approach is particularly effective when re-gasified LNG is 

used as the power plant’s fuel. Cooling the inlet air of the 

gas turbine in the combined gas turbine-steam cycle can 

increase the power output from the gas turbine by 12% 

during Korea’s dry season15). LNG can also be used to 

lower the cooling water temperature in the steam 

condenser, thereby improving the efficiency of the steam 

turbine cycle and reducing the impact on the marine 

environment due to cooler water leaving the condenser16). 

Compared with the basic combined gas turbine-steam 

cycle, using LNG cold energy to cool the inlet air, intercool 

the gas turbine cycle, and directly cool the steam after the 

turbine in the steam turbine cycle can increase the overall 

efficiency by 2.8%17). In addition, to increase application 

flexibility, LNG can cool CO2, from which CO2 acts as an 

intermediate coolant that can serve both gas turbine cycle 

inlet gas cooling and other civil refrigeration 

applications18). 

Using LNG cold energy directly for refrigeration - such as 

cooling, cold storage, or gas separation applications - is a 

highly feasible solution19). The cold from LNG 

regasification can meet the huge cooling demands of data 

centers. For example, the 29.82 MW of cold energy 

available from regasification is sufficient to support 3519 

server racks and reduce CO₂ emissions by 34772 tons per 

year20). Moreover, since the regasification temperatures 

vary from -162°C to approximately 0°C, this cold energy 

can be deployed across multiple temperature levels to 

enhance the efficiency of various refrigeration processes21). 

Fadhel Ayachi's group22) demonstrated that directly 

utilizing LNG’s cold energy to cool data centers and 

liquefy air for buses or refrigerated trucks offers an optimal 

balance of economic and environmental advantages. In a 

similar vein, a study on the agro-food sector in Sicily 

revealed a payback period of only 1.68 years with a CO₂ 

reduction of 2200 tons, further underscoring the benefits of 

this approach23). When the cooling demand is insufficient 

to fully utilize the cold energy from LNG regasification, 

integrating a cold storage system can enhance system 

stability, reliability, and overall cooling efficiency24). 

The cold energy utilization options discussed above are 

generally economically viable20,24-26). However, project 

feasibility ultimately hinges on striking a balance between 

investment costs and energy benefits. Research by Arnab 

Dutta's group25) indicates that while complex cold energy 

configurations can achieve higher energy efficiency, they 

often result in lower economic indices compared to simpler, 

less costly alternatives. 

To achieve the goal of increasing gas-fired power 

generation capacity demonstrated in the Eighth National 

Power Development Plan27), Vietnam needs to develop 

LNG projects and corresponding LNG import 

infrastructure at an appropriate scale using modern 

technology. This presents both challenges and 

opportunities, as the country urgently requires 

infrastructure to facilitate LNG imports and usage. 

Importantly, new LNG projects offer the potential to 

integrate advanced technologies that enhance energy 

efficiency and environmental performance. Countries such 

as Japan, Korea, China, France, and India have 

implemented projects to utilize the cold energy of LNG28). 

Vietnam can learn from these examples and adopt suitable 

technologies for future LNG terminals. Given Vietnam’s 

long coastline and its strong seafood industry, there is 

substantial demand for refrigeration in freezing and cold 

storage facilities. This presents an ideal opportunity to 

directly utilize the cold energy from LNG via a CO₂ cycle, 

as described in ref2,28), thereby eliminating the need for 

conventional vapor-compression refrigeration systems and 

thereby reducing electricity consumption. To maximize 

the use of this cold energy, it can also act as a heat sink in 

the ORC that uses low-grade seawater heat to generate 

electricity. This configuration allows cold storage facilities 

to operate without compressor power, while the ORC 

generates electricity without fossil fuel combustion – 

contributing to a reduction in GHG emissions. In this study, 

an LNG cold energy recovery cycle (LCERC) for both 

refrigeration and electricity generation is proposed. Since 

the useful output energy in this LCERC is derived from the 

cold energy of LNG, exergy efficiency is considered 

alongside thermal efficiency to provide a more complete 

evaluation of system performance. Furthermore, the 

associated reduction in GHG emissions is quantified to 

highlight the environmental benefits of the proposed cycle. 

The thermodynamic properties and processes of the 

working fluids within the LCERC are modeled and 

analyzed using the Engineering Equation Solver (EES) 

software. 
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2. Principal diagram, operating parameters 

and mathematical models 

2.1. Principal diagram and operating 

parameters 

Figure 1 illustrates the principal diagram of the LCERC for 

simultaneous electricity generation and refrigeration. The 

imported LNG, typically at the pressure of 0.12 MPa and 

the temperature of -162°C2), is pressurized by pump P1 

before passing through heat exchangers HE1, HE2, HE3,  

and HE4 during the regasification process. The LNG cold 

energy is recovered at the heat exchangers HE1, HE2 and 

HE3. At heat exchanger HE1, the LNG cold energy is 

transferred to the cold storage facilities through CO2 cycle. 

In this cycle, CO2 saturated vapor is condensed into liquid 

at -50oC by the LNG flow and then pumped to the cold 

storage to serve various demands. Here, liquid CO2 cools 

the air to -40oC in Zone 1 (freezing) and -25oC in Zone 2 

(cold storage). For air conditioning and chilled water 

needed in Zone 3, liquid CO2 cools the glycol solution to 

5oC 

After HE1, the LNG continues to re-gasify and serves as a 

heat sink for the ORC at HE2. Propane works as the fluid 

of the ORC. Propane liquid after pump P2 evaporates in 

the HE5 by the heat from the surface seawater. Propane 

vapor then expands in the turbine T2 and generates 

electricity. Due to the low temperature of LNG, propane 

exiting turbine T2 is condensed into liquid at significantly 

low temperature. Seawater is supplied to the heat 

exchangers by the seawater pump (SWP). 

Besides reusing cold energy, LNG pressure energy is also 

exploited through the expansion process of LNG through 

turbine T1. Before entering the turbine T1, LNG is heated 

in HE3 to sufficient temperature by surface seawater. LNG 

leaving turbine T1 flows in HE4 to increase temperature to 

tL7 that is suitable for supplying to the customers. In this 

study, the LNG regasification station is assumed to have a 

capacity of 3 MTPA, corresponding to Phase Two of the 

Thi Vai LNG terminal project in southern Vietnam. The  

 

Fig. 1: Principal diagram of LCERC for power generation 

and refrigeration supply 

Table 1: LCERC operation parameters 

Parameter Symbol Value 

LNG regasification capacity, MTPA  GL 3 

LNG Input pressure, MPa pL1 0.12 

LNG Input temperature, oC tL1 -162 

LNG pressure at outlet of pump P1, 

MPa 
pL2 

6 to 

14.5 

LNG pressure at output of system, MPa  pL7 3 

LNG output temperature, oC  tL7 0 

Changing temperature of seawater 

through heat exchanger, oC  
ΔTwa 7 

Seawater temperature at inlet of heat 

exchanger, oC 
tS0 30 

Seawater pressure at the, MPa pS1 0.3 

CO2 condensation temperature, oC tC1 -50 

Pump isentropic efficiency ηp 0.9 

Turbin isentropic efficiency ηT 0.85 

LNG pressure loss through heat 

exchanger, % 
Δp 3 

Table 2: Parameters of cold storage with cooling load 

corresponding to various temperature applications 

Target temperature at 

different zones 

Refrigeration demand 

Case 1 

Cold 

storage 6 

MW 

Case 2 

Cold 

storage 

12 MW 

Zone 1: temperature at -40oC 1.2 MW 2.4 MW 

Zone 2: temperature at -25oC 0.75 MW 1.5 MW 

Zone 3: temperature at 5oC 4.05 MW 8.1 MW 

terminal is located offshore, where the surface seawater 

temperature typically ranges from 29°C to 31°C29). The 

cycle’s parameters are detailed in Table 1 in which some 

main are selected according to ref2,10). According to 2020 

GCCA Global Cold Storage Capacity Report30), average 

size of refrigerated warehouse in Vietnam is around 53542 

m3 Based on this, the amount of cold energy directly 

extracted from the LCERC for freezing and cold storage 

applications is 6 MW and 12 MW, respectively. Table 2 

presents the refrigeration demands and the corresponding 

target temperatures for the three zones in the freezing and 

cold storage. 

2.2. Mathematical model 

The processes inside the equipment and the stage of 

working fluids in the LCERC are modelled with the 

Engineering Equation Solver (EES) software The 

convergence criteria in the EES model are set such that the 

relative residuals are less than 10-6 and the change in 

variables does not exceed 10-9. The following indicators 

are used to evaluate the LCERC performance. 

The equivalent total power receiving from LCERC 
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Wnet,eq = Wnet + Wcold,eq = Wnet + Qcold/EER   (1) 

Where: 

⚫ Wnet: the net power generated from the cycle 

Wnet = WT1 + WT2 – (WP1 + WP2 + Wsw)   (2) 

WT1, WT2 are the power generated from turbines; 

WP1, WP2, Wsw are the power consumed by LNG pump; 

ORC pump and seawater pump. 

⚫ Qcold: the LNG cold energy used directly for cold 

storage facilities 

Qcold = QHE1 = GL*(hL3 – hL2)    (3) 

⚫ Wcold,eq: equivalent power saved by not operating the 

refrigeration compressor due to using LNG cold energy 

as refrigeration supply to cold storage facilities 

Wcold,eq = Qcold/EER     (4) 

EER: energy efficiency ratio of refrigeration system. 

Within the operating temperature range from -40oC to 5oC, 

the EER typically varies between 1.2 to 431). From the 

refrigeration demand in Table 2, an average EER value of 

3.128 is adopted in this study. 

LCERC total thermal efficiency ηtotal  

 𝜂𝑡𝑜𝑡𝑎𝑙 =
𝑊𝑛𝑒𝑡,𝑒𝑞

∑ 𝑄𝐻𝐸𝑖
5
1

=
𝑊𝑛𝑒𝑡 +

𝑄𝑐𝑜𝑙𝑑
𝐸𝐸𝑅

𝑄𝐻𝐸1+𝑄𝐻𝐸2+𝑄𝐻𝐸3+𝑄𝐻𝐸4+𝑄𝐻𝐸5
  (5) 

QHE1, QHE2, QHE3, QHE4 are the heat absorbed by LNG in 

HE1, HE2, HE3, HE4 while QHE5 is the heat seawater 

transfers to propane in ORC  

Heat from the surface seawater is a free source energy, to 

evaluate the performance of the LCERC more accurately 

and comprehensively, exergy efficiency 𝛈𝐄𝐱,𝐓𝐎𝐓𝐀𝐋  is 

calculated as follows 

𝜂𝐸𝑥,𝑇𝑂𝑇𝐴𝐿 =
𝑊𝑇1+𝑊𝑇2+ 𝛥𝐸𝑥𝐴12+𝛥𝐸𝑥𝐴34+𝛥𝐸𝑥𝐺𝐿12 

(𝑊𝑃1+𝑊𝑃2+𝑊𝑆𝑊)+𝐺𝐿(𝑒𝑥𝐿7−𝑒𝑥𝐿1)
   (6) 

Where: 

ΔExA12 changing exergy of air through the CO2 cooling 

coil to maintain the freezing zone at -40oC 

ΔExA34 changing exergy of air through the CO2 cooling 

coil to maintain the cold storage zone at -25oC 

ΔExGL12 changing exergy of glycol solution cold by CO2 

(glycol concentration is 30%) 

exL1, exL7 are the exergy of LNG at regasification station 

inlet and outlet, respectively.  

ΔExA12, ΔExA34, ΔExGL12 can be determined by following 

equation 

ΔExfi,i+1 = Gf(exf,i+1
 - exf,i)    (7) 

exf,i = (hf,i – hf,o) - To(sf,i – sf,o)    (8) 

Table 3: Validation EES model in the present paper 

 Present paper Reference2) 

GL, ton/h 150 150 

Refrigeration 

capacity, MW 
21 21 

Cold recovery 

ratio, [-] 
0.6375 0.64 

Wnet, kW 3514 3358 

ηEx,TOTAL*, % 41.08 40.3 

exf,i+1 = (hf,i+1 – hf,o) - To(sf,i+1 – sf,o)   (9) 

The dead state is defined at a pressure of 100 kPa and a 

temperature of 30oC. The composition of LNG is assumed 

to be 100% methane and ignore the pressure loss of 

working fluid in pipeline.  

GHG emission reduction: 

Within the proposed LCERC, GHG emission can be 

reduced by saving grid electricity for freezing and cold 

storage, and by generating electricity from the ORC and 

the DEX without fossil fuel combustion. The total 

reduction in GHG emissions is calculated as: 

𝐺𝐻𝐺𝑅 = (
𝑄𝑐𝑜𝑙𝑑

𝐸𝐸𝑅
∗ 𝐸𝐹1 + 𝑊𝑛𝑒𝑡 ∗ 𝐸𝐹2) ∗ 𝑡   (10) 

EF1 = 0.6593 tCO2/MWh32) is the CO2 emission factor for 

grid electricity consumed by freezing and cold storage.  

EF2
 = 0.334 tCO2/MWh33) is the CO2 emission factor for 

electricity generation via natural gas combustion.  

t = 8760 hours is operating time. 

To validate the EES model presented in this paper, 

parameters from a similar cycle described in reference2) 

were input into the model to generate results for 

comparison. Table 3 demonstrates the comparison results. 

Although there is a slight discrepancy between the results 

from the EES model and those in reference2), this 

difference is acceptable, indicating that the EES model is 

reliable for the subsequent analysis. 

3. Results and discussions 

This section presents the performance indicators of the 

LCERC such as thermal efficiency, exergy efficiency, net 

power, equivalent total power, and GHG emission 

reduction, as calculated using the EES simulation model. 

The effects of key operating parameters – such as the 

temperature of LNG exiting heat exchanger HE2 (tL4) and 

the regasification pressure of LNG after pump P1 (pL2) – 

on system performance are also investigated. The LNG 

temperature tL4 directly affects the amount of LNG cold 

energy recovered and the ORC performance. Raising value 

of tL4 improves LNG cold energy recovery, reduces the 

seawater flowrate through heat exchanger HE3. However, 

a higher tL4 raises the condensation temperature of propane 

in the ORC, thus reducing the ORC thermal efficiency. 
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Meanwhile, the regasification pressure pL2 determines the 

balance between the power generated by the turbine T1 in 

the direct expansion process and the power consumed by 

the LNG pump P1.  

Figures 2 and 3 show the variation of thermal efficiency 

and exergy efficiency for LNG pressure pl2 ranging from 6 

to 14.5 MPa and LNG temperature tL4 varying from -130 

to -10oC. Generally, the exergy efficiencies obtained in this 

study are lower than those reported in ref2), primarily 

because that study did not account for exergy destruction 

occurring due to the temperature differences between the 

CO₂ stream and the cooled media, including air and glycol 

solution at the heat exchangers in the freezing and cold 

storage. However, the exergy efficiency of the proposed 

LCERC is higher than the optimal single Rankine cycle 

and DEX in ref8), where LNG cold energy was only 

utilized for power generation. This suggests that directly 

using a portion of LNG cold energy at extremely low 

temperatures for freezing and cold storage through the CO₂ 

cycle results in lower exergy destruction due to 

temperature differences, compared to using LNG cold 

energy solely as a heat sink for the ORC. 

Considering the effect of the regasification pressure pL2, 

energy efficiency improves significantly as pL2 increases 

from 6 MPa to 10 MPa. Meanwhile, a noticeable 

improvement in exergy efficiency is observed primary 

when pL2 is below 11.5 MPa. Increasing pL2 can gain the 

power generated by turbine T1; however, when pL2 

becomes too high, the additional power is no longer 

sufficient to compensate for the increased power 

consumption of the LNG pump P1.  

As shown in Figures 2 and 3, for each regasification 

pressure pL2, both thermal and exergy efficiencies vary 

significantly with the LNG temperature tL4, and there 

exists an optimal temperature at which each efficiency is 

maximized. Using the Min/max tool of EES with the 

Golden Section Search method, the optimal operating 

points of the LCERC for two cases – with refrigeration 

demands of 6 MW and 12 MW – are identified and 

summarized in Tables 4 and 5.  

In both refrigeration demand cases, for each value of pL2, 

the LNG temperature tL4 corresponding to the maximum 

exergy efficiency is consistently higher than that for 

maximum thermal efficiency. Moreover, the equivalent 

total power output WNET,eq and the total heat input ∑QHEi to 

the heat exchangers at the thermal efficiency optimum are 

lower than those at the exergy efficiency optimum. This is 

consistent with the nature of thermal efficiency, as 

expressed in Eq. 5, which favors minimizing heat input to 

maximize performance. However, in the LCERC system, 

this heat is primarily derived from seawater – a free, low-

grade energy source with no exergy value. The useful 

output energy in the proposed cycle is mainly obtained 

from LNG cold energy at cryogenic temperatures and the 

mechanical work input to pumps, as expressed in Eq. 6. 

Therefore, exergy efficiency provides a more meaningful 

assessment of cycle performance.  

An interesting observation is that the operating point 

yielding the highest exergy efficiency ηEx,TOTAL does not 

coincide with one at the highest equivalent total power 

output WNET,eq. For Case 1, the maximum ηEx,TOTAL  of 

29.47% is achieved at pL2 = 14.5 MPa, with WNET,eq = 

14.54 MW. For Case 2, the maximum ηEx,TOTAL  is 

29.11%, occurring at pL2 = 13 MPa, with an WNET,eq = 

15.598 MW. In contrast, the maximum WNET,eq in Case 1 

is 15.798 MW, achieved at pL2 = 6 MPa with ηEx,TOTAL = 

29.15%. For Case 2, it is 16.433 MW at pL2 = 6 MPa, with 

ηEx,TOTAL = 28.48%. These operating points with higher 

equivalent power output require greater heat input, 

resulting in higher flow rate of seawater. Consequently, the 

pumps consume more power – an exergy flow in the 

LCERC – thus which in turn reduces the exergy efficiency. 

Therefore, when exergy efficiency is used as the 

performance criterion in the LCERC, high-grade energy 

inputs such as pump power are better optimized. This also 

implies lower system operating costs and capital 

investment, due to reduced energy demand for circulation 

    

Case 1: Refrigeration supply capacity 6 MW                 Case 2: Refrigeration supply capacity 12 MW 

Fig. 2: Influence of LNG pressure pL2 after pump P1 and temperature tL4 after the HE2 on total thermal efficiency 

Evaluating the energy/exergy efficiency of utilizing cold energy from LNG regasification for cooling and power generation

- 359 -

Cite: H. Huynh, "Evaluating the energy/exergy efficiency of utilizing cold energy from LNG
regasification for cooling and power generation". Evergreen, 13 (01) 355-363 (2026). https://doi.org/10.5109/7411066.



    

Case 1: Refrigeration supply capacity 6 MW                Case 2: Refrigeration supply capacity 12 MW 

Fig. 3: Influence of LNG pressure pL2 after pump P1 and temperature tL4 after the HE2 on total exergy efficiency 

Table 4: Optimal values of tL4 and pL2 according to thermal and exergy efficiencies in Case 1 (Refrigeration demand of 6 MW) 

 pL2, MPa 6 7 8.5 10 11.5 13 14.5 

ƞtotal,max 

tL4, ˚C -72.54 -69.07 -90.09 -91.81 -92.53 -92.71 -92.57 

WNET, MW 13.571 13.212 11.667 11.95 12.049 12.008 11.867 

WNET,eq, MW 15.489 15.13 13.585 13.868 13.967 13.926 13.785 

∑QHEi, MW 131.709 127.679 109.116 108.09 107.438 106.876 106.448 

ƞtotal,max, % 11.76 11.85 12.45 12.83 13 13.03 12.95 

ƞex,TOTAL, % 28.61 28.28 26.05 26.99 27.61 27.98 28.18 

GHGR, ton/year 46376.9 45417.6 41289.4 42045.6 42310.1 42200.6 41823.8 

ƞex,total,max 

tL4, ˚C -67.64 -61.82 -56.27 -54.97 -58.06 -61.86 -64.08 

WNET, MW 13.88 13.763 13.5 13.241 13.038 12.848 12.622 

WNET,eq, MW 15.798 15.681 15.418 15.159 14.956 14.766 14.54 

∑QHEi, MW 136.307 135.298 132.799 129.013 124.219 120.637 118.404 

ƞtotal, % 11.59 11.59 11.61 11.75 12.04 12.24 12.28 

ƞex total,max % 29.15 29.24 29.23 29.23 29.31 29.42 29.47 

GHGR, ton/year 47202.5 46889.9 46187.2 45495.1 44952.7 44445 43841.2 

Table 5: Optimal values of tL4 and pl2 according to thermal and exergy efficiencies in Case 2 (Refrigeration demand of 12 MW) 

 pL2, MPa 6 7 8.5 10 11.5 13 14.5 

ƞtotal,max 

tL4, ˚C -72.45 -69 -82.33 -84.36 -85.08 -85.21 -85 

WNET, MW 12.189 11.9 10.498 10.684 10.747 10.689 10.542 

WNET,eq, MW 16.025 15.736 14.334 14.52 14.583 14.525 14.378 

∑QHEi, MW 124.514 120.582 105.552 104.011 103.133 102.505 101.972 

ƞtotal,max % 12.87 13.05 13.58 13.96 14.14 14.17 14.1 

ƞex total % 27.76 27.56 25.59 26.36 26.92 27.27 27.47 

GHGR, Ton/year 52799.4 52027.2 48281 48778 48946.3 48791.4 48398.6 

ƞex,total,max 

tL4, ˚C -66.2 -60.22 -54.14 -51.34 -51.46 -52.99 -54.48 

WNET, MW 12.597 12.601 12.455 12.237 12.004 11.762 11.495 

WNET,eq, MW 16.433 16.437 16.291 16.073 15.84 15.598 15.331 

∑QHEi, MW 130.111 129.222 127.273 124.404 121.101 118.077 115.706 

ƞtotal, % 12.63 12.72 12.8 12.92 13.08 13.21 13.25 

ƞex total,max % 28.48 28.79 28.98 29.04 29.08 29.11 29.09 

GHGR, Ton/year 53889.5 53900.2 53510.1 52927.6 52305 51658.4 50945 
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and cooling. 

To determine the environmental benefit of the proposed 

cycle, GHG reduction was evaluated. The maximum GHG 

reduction – 53900.2 tons of CO2 – occurs under the 

condition of maximum Wnet,eq = 16.437 MW. The LCERC 

with refrigeration demand of 12 MW, (Case 2) has the 

higher reduction in GHG emissions compared with Case 1, 

as it saves more grid electricity for freezing and cold 

storage operation. 

4. Conclusion 

As Vietnam's energy demand continues to grow, LNG will 

contribute a significant proportion to the national energy 

supply. Given the current urgent needs, Vietnam must 

quickly build the infrastructure necessary for importing 

and distributing LNG. This challenge also presents an 

opportunity for Vietnam to implement advanced 

technologies to enhance LNG utilization efficiency. LNG, 

with its extremely low temperature, is a valuable energy 

source. If recovered, it can be used for various purposes. In 

this paper, the LCERC cycle is proposed to recover the 

LNG cold energy for both refrigeration and electricity 

generation. With the LNG regasification capacity at 3 

MTPA, corresponding to the Thi Vai LNG terminal 

(Vietnam) Phase Two project, the equivalent net power 

output could reach 15.331 MW, comprising 12 MW 

refrigeration capacity plus 11.762 MW power generation 

when the LCERC operates at the optimal exergy efficiency 

point. This solution not only eliminates the need for 

mechanical compressor systems in freezing and cold 

storage facilities but also enables electricity generation 

from seawater without GHG emissions. The maximum 

amount of GHG can be reduced is around 53900.2 tons of 

CO2. These results demonstrate the LCERC's technical 

viability and its practical implications for improving cold 

storage efficiency, reducing grid electricity consumption, 

and cutting operational costs. However, to transition this 

concept from research to industrial application, further 

works such as techno-economic assessment and life cycle 

environmental impact analysis are essential to evaluate 

system feasibility, investment return, and scalability under 

real-world conditions.  
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ABBREVIATION 

DEX Direct expansion  

GHGs Greenhouse gases 

HE Heat exchanger 

LCERC LNG cold energy recovery cycle 

LNG Liquefied natural gas 

MPTA Million tons per annum 

NG Natural gas 

ORC Organic Rankine cycle 

SWP Seawater pump 
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