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ABSTRACT

To export natural gas to overseas, it has to be liquefied and transported by the
LNG tankers. The liquefaction process of natural gas is an energy intensive process as
it requires a huge amount of energy to liquefy the natural gas from ambient temperature
to -160 °C. Therefore, reduction in energy consumption is highly recommended. The
new introduction of Floating Liquefaction Natural Gas (FLNG) Vessels, which
provide mobile gas processing, storage and offloading jetty, receives natural gas from
different gas reservoirs that leads to the variation of natural gas compositions. The key
challenge lies on developing an optimal mixed refrigerant range of the multi-feed gas
composition of LNG plants. In this paper, an optimized mixed refrigerant range is
introduced based on variation in feed composition in order to minimize the energy
consumption. PRICO mixed refrigerant cycle is being adopted as a refrigeration cycle
due to its simplicity, compactness and low investment. The feed composition data has
been taken from different sources as stated in the literature. Aspen HYSY'S software
is used to simulate the PRICO process and HYSY'S Optimizer tool is used to optimize
the cycle. The findings show an overall compression power reduction of 30 % in three
different NG compositions. A special case was introduced where the NG contains
methane concentration around 67%. The results of the optimized special case show a

compression power reduction around 44% and higher LNG liquefaction rate.
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ABSTRAK

Untuk mengeksport gas asli ke luar negara, ia harus dijadikan cecair dan
diangkut oleh kapal tangki LNG. Proses pencairan gas asli merupakan proses yang
menggunakan banyak tenaga kerana ia memerlukan sejumlah tenaga dalam kuantiti
yang besar untuk mencairkan gas asli daripada suhu ambien kepada -160 °C. Oleh itu,
pengurangan dari segi penggunaan tenaga amat digalakkan. Pengenalan baru Kapal
Pencairan Gas Asli Terapung (FLNG), yang menyediakan pemprosesan gas mudah
alih, penyimpanan dan pemunggahan jeti, menerima gas asli dari takungan gas yang
berbeza yang mengarah kepada variasi komposisi gas asli. Cabaran utama terletak
dalam membangunkan pelbagai salur masuk komposisi gas yang mempunyai
rangkaian penyejuk campuran yang optimum di loji LNG. Dalam kajian ini, rangkaian
penyejuk campuran yang dioptimumkan telah diperkenalkan berdasarkan variasi
dalam komposisi salur masuk untuk meminimasikan penggunaan tenaga. Kitaran
penyejuk campuran PRICO telah diadaptasikan sebagai kitaran penyejuk disebabkan
oleh kemudahannya, kepadatan dan pelaburan yang rendah. Data komposisi salur
masuk telah diambil daripada pelbagai punca seperti yang dinyatakan di dalam
literatur. Perisian Aspen HYSYS telah digunakan untuk mensimulasikan proses
PRICO dan alat Pengoptimuman HYSYS telah digunakan untuk mengoptimumkan
kitaran. Penemuan menunjukkan keseluruhan penurunan daya mampatan sebanyak
30% dalam tiga komposisi NG yang berbeza. Satu kes khas telah diperkenalkan di
mana NG mengandungi kepekatan metana sekitar 67%. Hasil kes khas yang telah
dioptimalkan menunjukkan pengurangan daya mampatan sekitar 44% dan pencairan

LNG yang lebih tinggi.
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CHAPTER 1

INTRODUCTION

1.1  Background of the Study

Natural gas is a naturally occurring hydrocarbon gas mixture containing light-
(methane and ethane), medium- (propane and butane) and heavy-weight (pentane and
others) hydrocarbons, together with impurities (carbon dioxide, water and nitrogen),

which are removed upstream (Nguyen and Elmegaard, 2016).

Natural gas is a non-renewable source of energy. Basically, it is a fossil fuel
used as a souce of energy for heating, cooking, and power generation. It is also used
as fuel for cars and as a chemical feedstock in the manufacture of plastics and other

commercially important organic chemicals.

Natural Gas is transported by either pipelines or liquefied natural gas carriers.
The pipeline transportation needs low operation cost, but huge initial investment. It is
popular in the gas transportation of large gas fields. However, for those small gas fields
and long-distance transport, the gas has to be liquefied and transported by Liquefied
Natural Gas (LNG) carriers to reduce the cost. Therefore, natural gas liquefaction

technology is inevitable (Xu et al., 2014).



LNG is produced by the liquefaction of NG from the atmospheric temperature
to -160 OC. This liquefaction process is energy intensive, and a typical LNG plant
consumes about 5.5-6 kWh energy per kmol of LNG produced. The liquefaction
process consists of the following steps; Natural gas is received at ambient temperature
and above atmospheric pressure. It is then precooled, condensed and subcooled down
to -160 °C, and is finally flashed off to the storage conditions (Alabdulkarem et al.,
2011).

Several refrigeration processes for gas liquefaction have been developed over
the last half century. The refrigeration process can be subdivided into the cascade,
mixed refrigerant and expander based processes. The selection, in practice, of a
process depends on considerations such as the system performance (compression
duty), cost (equipment), size (heat exchangers), simplicity (item inventory) and safety
(working fluid). It is therefore not possible to propose a suitable process for all
applications, as different fields of application have different requirements. For
example, mixed-refrigerant and expander-based processes may be preferred for small-
scale applications because of their lower equipment inventory, while cascade, dual and
propane-precooled mixed-refrigerant systems are preferred for systems where high
efficiency is the prime criterion. Mixed-refrigerant processes attract a lot of attention
because of their high efficiency and their use in many industrial applications, but the
high number of degrees of freedom when designing such systems results in a complex

problem (Nguyen and Elmegaard, 2016).

PRICO is one of the simplest MR processes; its flow sheet is shown in Figure
1.1. PRICO was first proposed by the Black & Veatch Company in the 1950s. There
is only one throttle valve in the system along with two compression and cooling stages.
This system has the benefits of simplicity, compactness and low investment, and it is

therefore widely used in small and mid-scale LNG plants (Xu et al., 2014).



Figure 1.1 Flowsheet of the PRICO modelled by the Aspen Plus (Xu et al., 2014)

A new technology is being introduced to the industry to replace conventional
onshore liquefaction plants with Floating Liquefaction Natural Gas (FLNG). Offshore
FLNG production vessels can best be described as a replacement to the traditional
onshore liquefaction plant on an LNG tanker which also provides the storage capacity
and the offloading jetty. In addition to the traditional gas processing facilities, the
vessel will include the necessary processing and management of the fluids produced

from the subsea wells.

FLNG offers many advantages over conventional onshore liquefaction plants.
The advantages are it can be located at the offshore field avoiding the high cost of a
subsea pipeline to shore, also, it Can be built in a shipyard with higher productivity
and often lower labor rates than the construction of a conventional onshore liquefaction
plant, besides that, its shipyard construction provides a higher confidence in delivery
date than many onshore construction locations, also it can be leased avoiding the initial
capital outlay. Moreover, the FLNG Can be redirected to another field when gas
production declines enabling the asset to be reused and avoiding the full sunk cost
experienced with an onshore plant which cannot be relocated. (Mokhatab and Wood,
2007).



1.2 Problem Statement

Liquefied natural gas is natural gas that has been converted to liquid form for
ease of storage or transport. The liquefaction process of natural gas is an energy
intensive process. The energy refrigeration section weights about 40% of the total
operating cost for a base-load LNG plant (Zargarzadeh et al., 2007). Therefore,
reducing energy utilization in the liquefaction process is the key factor for LNG
producers. The liquefaction process uses different cycles to liquefy natural gas. One
of the most common cycles is mixed refrigerant cycle. Many researchers have studied
the energy optimization of the mixed refrigerant cycle focusing on optimal design and
composition. Using PRICO process, which selects the mixture of nitrogen and light
hydrocarbons (C1-C5) as the mixed refrigerant, we can study the optimal refrigerant
composition for the further energy optimization purpose using Aspen HYSYS as a
simulation software and HYSY'S Optimizer as an optimization tool. Moreover, the new
technology, Floating Liquefied Natural Gas (FLNG), requires a typical range of the
MRs since the compositions of the NG will fluctuate from a gas reservoir to another.

The MR range will insure energy optimization mainly in the compressors.

1.3 Objectives

This study aims to:

1) Simulate the PRICO process using Aspen HYSY Software.

2) Develop a mathematical model for optimizing the liquefaction process of
natural gas.

3) Identify the optimum mixed refrigerant composition range which gives the
least energy consumption using HYSY'S Optimizer.



1.4 Scopes of Study

To achieve the intended research objective, the scope of work has been drawn

as followings:

1)

2)

3)

4)

5)

Analysing the state- of- the- art procedure on Mixed Refrigerant cycle

optimization including its features, gaps and potential improvements.

Data collection on PRICO process which covers the system
descriptions, characteristics of the system and the previous
improvements done to the system.

Simulating the PRICO process using HYSYS software.

Developing a mathematical model for optimizing the liquefaction
process of natural gas.

Finding the optimal refrigerant mixture composition range which gives

the least energy consumption using HYSYS Optimizer software.

1.5  Significance of This Study

Producing LNG is a highly energy intensive process, as required liquefaction

temperatures are around -160 °C. for that reason, LNG producers are trying to reduce

the energy consumptions because a small improvement in the efficiency will increase

the process global competitiveness and have a huge cost and energy benefits. In this

paper, an approach is adopted using PRICO cycle in order to minimize the energy

consumption by optimizing the LNG mixed refrigerant compositions using HYSY'S

Optimizer software. Besides that, the new technology, Floating Liquefaction Natural

Gas (FLNG), requires a set of range of mixed refrigerant due to the frequent mobility

of the FLNG carriers thus the Natural Gas varies. The optimum range of mixed

refrigerant will ensure the optimization of energy consumption. The novelty of this

study lies on the adoption of Aspen HYSYS Optimizer as an optimization software.
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