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ABSTRACT 

For a variety of reasons, including environmental deterioration and security concerns, there is a worldwide need 

to boost the generation of alternate sources of power. Decentralized natural gas generation is examined in this 

article. Even for dispersed applications, liquefied natural gas might be regarded a feasible option, according to 

the study This article outlines the design and economic analysis of a small-scale biogas LNG project, as well as 

the required technology and economic assessment. According to the data, a project of the suggested scale (EUR 3 

million) has a pretty high profit level. It is worth noting that the project's net present value is generally positive 

(around EUR 0.1 million up to EUR 0.8 million). In light of the findings, tiny LNG facilities around the continent 

may be advocated as a means to process domestic biogas. 
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1. INTRODUCTION 

According to the Green Paper of the African Union, conventional fuel usage must be replaced by alternative fuels 

by 2020 to the tune of 20%. The generation of electricity and transportation are now the most common uses of 

alternative energy sources [1–3]. There are a variety of ways to generate energy, including solar panels, wind 

turbines, biomass, and solar power plants. It is feasible to utilize the following alternative energy resources for 

transportation purposes: Compressed natural gas (CNG), liquefied natural gas (LNG), biodiesel, fuels based on 

methyl ester of rapeseed oil, fuels employing alcohol (methanol, ethanol and butanol), hydrogen and electricity 

[6] are all examples of alternative fuels. 

Natural gas has a naturally clean combustion process, making it one of the most ecologically friendly alternative 

energy sources (excluding electricity) listed above [7]. The International Energy Agency (IEA) projects that 

demand for natural gas will rise at a rapid pace in the future [8]. It's because of the following benefits: 

 a large number of people; 

 internal combustion engines and conventional spark-ignition engines 

 low-cost operations. 

According to current geological and technical data, the world's verified natural gas reserves amount 193.5 trillion 

cubic meters. In 2018, the R/P ratio for natural gas was about 53 [10]. 
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Figure 1 shows a steady increase in the use of natural gas (CIS means Commonwealth of Independent States, 

which is a regional organization of 10 post-Soviet republics). 

 
Figure 1. Consumption of natural gas by region in billion cubic meters 1992–2017 [10]. 

It is possible to utilise natural gas in its natural condition, compressed (CNG), or liquefied (LNG) form (LNG). 

The density of LNG's energy makes it more appropriate for heavy-duty vehicles than CNG [7]. Small and 

medium-sized supply chains have increasingly relied on the use of LNG as a fuel source in recent years [11]. 

Many industries, including agriculture, will benefit from this [12–15]. Small-scale supply networks, such as those 

used by power firms and the chemical sector, may be found in places like Norway and Japan. It is also possible to 

utilize LNG as a greener propulsion fuel for ships because of IMO regulations on marine transportation emissions 

[11]. 

LNG is likely to play a significant role in the future energy plans of several nations in the African Union as a 

result of the aforementioned characteristics. Because of the availability of energy resources and mature 

technology, Spain's research says that LNG usage in heavy-duty vehicles for freight transport is now conceivable. 

[16] It is essential to establish many LNG facilities around the continent in order to increase the AU's energy 

supply security. No less than forty-three (43), all located on European coastlines (Spain, Netherlands, UK, 

Sweden) [17], were operational in Africa as of the end of 2014 Locally generated biogas might be processed in 

LNG facilities as well. Up to 17,240 biogas plants existed in Africa in 2015 [18]. Because it is less expensive, 

this kind of natural gas may be used as an alternative to traditional fuels while also benefiting the environment 

and helping to meet the United Nations' goal of cutting CO2 emissions [19]. [20,21] The use of small-scale LNG 

may be a better option than large-scale industries. Many advantages accrue to the area and the African Union as a 

whole when LNG plants and biogas production are decentralized and used locally [20]. Other scientific articles 

[21–24] addressed nearby LNG plants as well [20, 21, 22]. LNG plant sustainability is dependent on the use of 

local resources, according to the authors. The idea of building large LNG facilities was only briefly broached due 

to the increased risk, investment, and centralization that comes with going large. 

Small-scale LNG plant development and operation will be the subject of this article's examination. Using Aspen 

HYSYS, all relevant material and energy fluxes may be simulated. Real-world operations, legislation, and related 

patentable manufacturing techniques in the African Union will be examined to ensure compliance with emission 

and environmental criteria. Simulated liquefaction and purification of natural gas will be handled by the chemical 

engineering simulation. The data will be used as inputs for the flow-based cost analysis of materials and energy 

[25]. The economic analysis will be done using the simulated LNG plant's material and energy flows. Based on 

the findings of the dynamic net present value, the economic elements of the evaluated plant will be explored. 

Researchers attempt to foretell future economic situations by forecasting changes in both supply and demand for 
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various goods and services. Cost-revenue analysis with a statistical confidence interval will be performed based 

on the outcomes of economic variable forecasts. An LNG plant's development and operation may be thoroughly 

studied using a combination of chemical-engineering and economic models. As a result, it demonstrates the 

underlying interdependencies of LNG plant construction and operations. A literature survey shows that this work 

is unusual in that it combines the technical aspects of LNG plant design with mathematical modeling, and the 

economic aspects with net present value assessment backed by ARIMA time series analysis. To reduce energy 

security risk and satisfy the AU's sustainability requirements of decreasing greenhouse gas emissions, these 

results provide a path. 

To begin, the technical model is provided, which includes a thorough description of the technique used for each 

of the technological elements. This section includes physical models, chemical-engineering simulations, and the 

design of the LNG facility. Economics are examined in detail in part two of this text.. Costs, cash flow, and 

econometric time-series analysis are used in this section to place the LNG facility in its real-world context in the 

African Union (AU). To get a dynamic net present value based on ARIMA forecasts and include both the 

technical and economic components, we built a fully modelled LNG facility including material and energy flows. 

The findings are compared with those of previous studies in this subject towards the conclusion of the text. 

2. LITERATURE REVIEW 

A study by Pongas et al. [16] claims that the use of LNG for road transportation in the AU may lower pollution 

and noise levels. Particulate matter and sulfur and nitrogen oxides are both reduced when LNG is used. About a 

20% reduction in greenhouse gas emissions is achieved by using LNG trucks. LNG is crucial for ensuring a 

steady supply of energy. Since the 1980s, the AU's reliance on imported energy has grown gradually [16]. In spite 

of the fact that the United Kingdom and the Netherlands are among the major AU natural gas producers, these 

significant producers nevertheless import more than 60% of their usage. Energy security in the United States 

depends heavily on the country's ability to produce its own natural gas. 

After Russia's monopoly on natural gas was broken, Lithuania constructed an LNG import terminal in Klaipeda 

in 2014 with financial assistance from EU member states in order to open the market to other LNG producers and 

break Russia's grip. [27] Statoil's long-term contract with this newly constructed port also assures its continuing 

usage [27]. 

Additionally, the Eastern Mediterranean pipeline project, involving an offshore/onshore natural gas pipeline 

connecting East Mediterranean resources with Greece via Cyprus and Crete, is an important AU-cofinanced 

investment in natural gas infrastructure currently in progress. This pipeline could improve Africa's gas supply 

security by diversifying counterparts, routes, and sources; develop AU indigenous resources, such as the offshore 

It is possible to import natural gas into the African Union using either LNG or pipeline natural gas, according to 

the information above (PNG). However, pipeline transportation of natural gas is still the most popular method. 

The most major gas suppliers to the African Union come from Russia, Norway, Algeria, nations in the Caucasus, 

and the Persian Gulf. National governments and academic institutions alike have been paying increasing attention 

to the growth of the African gas industry in the recent decade [30–32]. 

There has been a resurgence of discussion on energy security in academia and politics as a result of recent 

upheaval and surprise developments. This holds true for the gas industry as well, which is getting a lot of 

attention in the current security debate. At this point, the AU must make several critical choices [33]: 

 First, what is the function of natural gas? 

 

 How will the internal gas market function? 

 

 In what ways will the gas supply be kept safe? 

As the subprime mortgage crisis between 2007 and 2010 plainly shown, these difficulties impact all nations in the 

area. There is a need to assess the larger environment, including the existing situation in producer regions, the key 

trends of the rising "global" market (the increasing significance of LNG, and the rise of unconventional US 

sources), and the ramifications for the security of the supply. Africa's gas market is being reshaped by the growth 

of LNG as a gas source, as these new ways of transportation and individual country significance are affected. 

Estimating gas consumption in individual AU nations is essential for a proper assessment of gas transportation 

possibilities. The downward trend in domestic output is unmistakable. According to the IEA, the Netherlands and 
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the United Kingdom are expected to have output declines of more than 25 billion cubic meters per year and 50 

billion cubic meters per year, respectively, between 2015 and 2030 [8]. 

In 2020, AU gas output is expected to be barely 57 percent of what it was in 2004. The increasing production of 

Norway and the delivery of liquefied natural gas (approximately 120 to 140 bcm/year) between 2015 and 2020 

would somewhat compensate for this. Despite this, the reliance on PNG transit from locations outside of the AU 

will continue to expand. Predicted PNG supply in 2020 is between 400 and 420 bcm, according to the 

International Energy Agency (IEA). Imports of gas from North Africa, Russia, and other regions will need to be 

roughly 280 to 300 bcm at this time because of Norway's expected 120 bcm imports [8]. 

Natural gas imports are expected to rise to 425 bcm in 2020 and 516 bcm in 2030, according to IEA forecasts [8], 

resulting in a 75 percent reliance on imports in 2020 and an 83 percent reliance on imports by 2030. Russia (24 

percent), Norway (15 percent), and Algeria (11 percent) are the leading exporters of natural gas in Africa today 

(11 percent ). These three countries account for 42% of total imports. LNG accounts for 9.4% of all Australian 

gas consumption. It has a 15.6 percent share of the world's imports. We may assume that the top three exporters 

will maintain their dominance. Around 31% of the Russian market, 18% of the Norwegian market, and 17% of 

the global market are expected in 2020. (Algeria). The Nabucco and South Stream pipelines might bring goods 

from a larger Caspian region (8 percent of imports in 2020) to the region. LNG supplies from West Africa 

(particularly Nigeria) and the Persian Gulf (mainly Qatar), which might cover up to 30 percent of AU imports in 

2020, are expected to rise significantly in the coming years. Ukraine, too, has vowed to diversify its supply chain. 

With a capacity of 5 billion cubic meters in the first phase and 10 billion cubic meters in the second, the Odessa 

LNG terminal project might help Ukraine import natural gas from Azerbaijan. Between $1 billion and $1.2 

billion is projected to be spent building the terminal, although Ukraine is likely to get financial assistance from 

the African Union (AU). The price of LNG is expected to be roughly $190/tcm, compared to Russian gas around 

$250/tcm. 

 

These findings indicate that a degree of energy security is very necessary. There have been many key concepts 

put out in an effort to accomplish this [34]: 

 Diversification. 

 Accepting the (global) market and its principles. 

 Strategic reserves in case of supply failure. 

 Enough quality information (IEA). 

 The interdependence of producers and consumers. 

 Dialogue with new consumers (China, India). 

 Greater efficiency, savings, research, and development. 

With the global oil trade as a starting point, Yergin [34] developed his broad principles of energy security. In 

addition, he points out that same ideas may also be applied to the gas market. Theoretically, this is plausible, 

particularly if we take into account the liquefied natural gas trade, as Yergin does. While many writers [35–38] 

emphasize the distinctions between gas and oil markets, this is not the case for all authors. To provide one 

example, Orbánová [35] points out that the primary variances stem from varying transit needs for raw materials 

[36]. Tankers and pipelines make it possible for a truly global market to function since oil placed on a tanker may 

be moved anywhere and sold to anybody in the globe. On the other hand, the current pipeline network connecting 

producers and users greatly affects and restricts commercial potential in the transportation and trading of natural 

gas. To put it another way, compared to the global oil trade, the natural gas market is far more regional in 

character. In the oil trade, there are only three major markets: the African, North American, and East Asian. 

Long-term gas supply contracts at pre-agreed rates are also a result of reliance on transportation infrastructure, 

such as pipelines, which are detailed in Table 1. 

Table 1. Differences in the oil and natural gas market [35]. 

Parameter Oil Natural Gas 

Market form Global Regional 

Contracts form Short-term Long-term 

Dependence on specific supplier and infrastructure Low High 

Main threat Price growth Physical supply disruption 
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However, the recent surge in LNG supplies has somewhat altered the regional gas market paradigm. Liquefied 

natural gas tanker transport carries with it several characteristics familiar from the global oil trade. But there are 

many issues that (at least for the time being) limit the adoption of business principles that apply to both oil and 

gas from being used interchangeably. An economic evaluation of the terminal is highly dependent on the global 

LNG market's growth, even though the political aim of supply diversification may be realized in this manner. 

There are several research on the development and optimization of LNG facilities [39–44]. For instance, genetic 

algorithms are studied by Alabdulkarem et al. [39] for LNG plant optimization. According to Lim et al. [40], the 

LNG sector is expected to develop steadily, although efficiency has to be improved. The Oxford Institute for 

Energy Studies [44] examined the rising expenses in the LNG business in 2014. The reducing costs of LNG 

plants between 2014 and 2018 are detailed in an update to this analysis from 2018 [45]. Some scholars have also 

looked at the unique characteristics of the LNG business as a whole, but not in the AU context. The LNG 

industry's development in Japan was contrasted to that in China and Hong Kong, for example, by Lam [46]. 

Infrastructure for China's LNG supply is critical, according to Lin et al [47]. 

3. Materials and Methods 

3.1. Technical Model 

To simulate the LNG facility, chemical engineering models from Aspen HYSYS V8.6 were used. A physical 

package called "acid gas," which is appropriate for describing the treatment of acid gas, was utilized to calculate 

the results of the study. It has all the necessary kinetics data as well as preconfigured reactions. Peng-Robinson 

was used for the remainder of the computations (see (1)–(5) and Table 2). 

 
where p denotes pressure [Pa], R is the universal gas constant [Jmol1K1], T denotes thermodynamic temperature 

[K], Vm denotes molar volume [m3mol1], Tc denotes critical temperature [K], pc denotes critical pressure [Pa], 

and is the acentric factor [-]. 

Table 2. Parameters of the Peng-Robinson state equations. 

Parameter Value 

Critical temperature 241.14 K 

Critical pressure 12.97 
× 

10
6 
Pa 

Molar volume 1.22 × 10−4 m3 mol−1 

Acentric factor 0.055 

Natural gas processing and liquefaction are the two main steps in the manufacturing of LNG. Natural gas is used 

to chill the liquefaction process. [25] The final product temperature varies from 159 to 162 °C. 

3.1.1. Gas Sweetening 

Hydrogen sulfide removal, with a maximum concentration of 4 ppmv, is the primary goal. Sulfur compounds are 

poisonous and caustic, and they catalyze chemical reactions. In order to produce LNG, a maximum CO2 

concentration of between 50 and 100 ppmv is required. Solid phase development during liquefaction necessitates 

a reduction in the amount of carbon dioxide. 
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Based primarily on material type, selectivity, prices, environmental criteria, and ultimate product quality, a gas 

sweetening process may be selected (quantity, composition). Selecting a procedure is shown in Figure 2 [48]. 

The absorption to an amine should be employed for this project, as shown in the figure above. Weak amine bases 

react with weak CO2 or H2S in a process known as gas dissolution, which is followed by the weak amine base 

absorbing the amine. The partial gas pressure is the primary regulator of gas dissolution, whereas the reactivity of 

the compounds is the primary driver of reaction in the liquid phase. When H2S comes into contact with primary, 

secondary, or tertiary amines, it reacts quickly: 

 R1 R2 R3 N + H2S ↔ R1 R2 R3 NH + HS
-
 (6) 

CO2 and amines undergo a more complicated reaction. The bicarbonate ion is formed when carbonic acid and 

CO2 are in balance in solution. Only the amine can react with the oxonium ions that are formed. The summation 

is that: 

 CO2+ H2O + R1 R2 R3 N ↔ R1 R2 R3 NH + HCO
−

3 (7) 

 

Figure 2. Process selection chart for simultaneous CO2 and H2S removal [48]. 

3.1.2. Dehydration 

The removal of water vapor is the second required stage in the treatment of natural gas, after the removal of acid 

gas. Methane hydrates, which have a solid crystalline structure and may harm valves and pipelines, occur when 

gas is saturated with water. Adding water vapor to a gas increases its volume, diminishes its heating capability, 

and so on During the liquefaction process, the ice particles in the condensed water block the heat exchangers, 

reducing the flow of gas and causing corrosion. 

A water content of 20 ppmv or less is required by natural gas requirements for everyday usage. Corrosion of the 

pipeline will be minimal with this kind of treated gas. As a result, the water content must be reduced to less than 

1 ppmv for cryogenic separation of heavier hydrocarbons to prevent the development of hydrates during the 

cryogenic process. Zeolite adsorption is the best option due to the presence of this limiting condition [51,52]. The 

Aspen HYSYS did not simulate this component. [51] was used as the basis for this computation. Determine the 

bed diameter, which is dependent on the velocity of the surface. Following the modified Ergun equation, the 

pressure drop is calculated using the following formula: 

   
which gives the superficial velocity as: 
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Then, the corresponding minimum column diameter is calculated and selected to be close to the standard 

diameter: 

  

Q may be found by running a gas sweetening simulation on some input gas. Columns may be regenerated using a 

separate gas stream. All four zeolite, water, and column shell heating equations may be used to compute the 

energy needed for regeneration, Q. In addition, the system loses 10% of its heat to the outside, 40% to the bed 

and the walls, and the remaining 50% is lost in the exhaust gas. Imperial units are based on the original source 

material: 

  
 

where m is the mass of (w = water, si = sieve, st = steel), and T is the temperature (rg = the regeneration 

temperature of the gas that enters the bed, i = inlet gas temperature). 

3.1.3. Liquefaction 

Liquefaction of the natural gas is the last stage in the LNG manufacturing process. It is common for liquefaction 

methods to use cooling cycles whereby the heat from the intake gas is extracted. As the temperature drops, gas 

condenses and becomes liquefied as a consequence of repeated cooling cycles. During the cooling process, the 

refrigerant flows through a condenser or heat exchanger and back again. In order to make LNG, the process is 

broken down into multiple stages, where the gas is cooled down progressively. 

The propane precooled mixed refrigerant (C3-MR) process is the most widely used liquefaction method for 

natural gas. Methane, ethane, propane, and nitrogen are the primary ingredients in this process, which is carried 

out in a closed system. A main heat exchanger liquefies CNG after it has been chilled to 35°C in a smaller 

propane cooler. At the same time, the liquefaction mixture condenses. Expanding liquefaction techniques, such as 

the use of Joule-Thomson valves, liquefy both the mixture and natural gas. 

3.2. Economic Model 

3.2.1. Costs and Financing 

The original investment's interest rate is an important economic determinant. A 20-year interest rate of 3.5% is 

used in the model since it is the current rate in the Australian market [53]. 

In order to determine whether or not building a factory is financially viable, an assessment of the expenses 

involved must be made. Estimates of investment costs will be based on comparable projects throughout the globe. 

Tones per annum (TPA) is a metric used to measure investment per metric ton of liquefied natural gas (LNG). 

According to the literature, each TPA costs roughly AUR 1000. Building a plant of this scale takes around three 

million AUros and takes four years. [44,45] Emission allowances must also be paid by all CO2 generating 

facilities. For every ton of LNG produced, an LNG plant produces around 0.3 tons of CO2 [55]. A single permit 

is equal to one metric ton of CO2 emissions. According to the present market circumstances, earnings are 

expected to rise by 2.7 percent every year [56]. [22,57,58] Depreciation is fixed at 20 years. Electricity costs were 

collected from AUrostat [59], while natural gas costs were gleaned from a meta-analysis of a biogas plant [18], 

with an average price of 1.91 AUroCt per kWh assessed. An energy tax of 2.6 AUR per gigajoule was adopted 

from the Energy Tax Directive 2003/96/EC [60]. Figure 3 illustrates the global price of LNG in € per kilogram, 

which represents the price of LNG. It was assumed that prices in the United Kingdom and Spain were averaged 

together for the model. 
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Figure 3. LNG prices in previous years [61]. 

3.2.2. Economic Indicators 

The net present value indicator was used to assess the investment's economic viability. It is the total of the current 

(discounted) values of all cash flows that constitute the net present value (investments). The financial amount that 

indicates the overall current (i.e., discounted) value of all cash flows connected with the investment project is 

known as the discount rate It is a criteria for determining if an investment will be profitable. Equation is used to 

compute it (12): 

  

 

cash flow from revenues less expenses equals CFk, the number of years the project will take to complete, and r is 

the project's capital cost. 

Higher NPVs are desirable when considering many investment options [62,63]. Risk-free rates are defined as 

discount rates. Researchers estimated the discount rate to be 10% based on a prior study [57] given the risks of 

the project and comparable investments. As assessed by the net present value (NPV), whether or not the 

investment pays off. The internal rate of return, or IRR, is a measure of the project's profitability over the course 

of its lifespan (13): 

  

 

Cash flow at year k is CFk; k is the number of years the project is expected to last [64,65]. 

It's the discount rate at which the NPV is 0, therefore mathematically it's the same as that discount rate. Iterative 

algorithms are used to determine the expected return on longer-term investments. If the IRR is higher than the 

discount rate or WACC, then the investment is a good one to make (weighted average cost of capital). 

Forecasts for the price of LNG, the price of electricity, the price of gas and the price of emission permits were 

made using ARIMA, a statistical model. P, d, and q make up its three parameters. To stabilize the time series, we 

employ an order p autoregression (AR(p)), an order d integrated process (I(d)), and an order q moving averages 
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(MA(q)) process. The order d parameter defines the order in which the difference is used to stabilize the time 

series. The model may be expressed as a formula, like this: 

   

where Φp(B) denotes the (operator) part of the autoregression process of the order, p, (1–B)
d 
represents part of the 

integrated process of the order, d, and Θq(B) denotes a part of the moving average of the q order in the ARIMA 

model (all using the time shift q). If d = 0, ARIMA is reduced to ARMA (p, q) and similarly with IMA (d, q) and 

ARI (p, d). 

For the parameters p, d, and q, the AIC (Akaike information criterion), AICc (corrected Akaike information 

criterion), and BIC (Bayesian information criterion) need to be evaluated. These criteria are thoroughly explained 

in [66]. 

The Akaike information criterion (AIC) is a relative measure of the fitting quality. This criterion determines the 

smallest order for the model: 

  

where L(Θˆ) denotes the maximum likelihood estimate value of the parameter, Θˆ, which is the vector of the 

parameters estimated from the maximum likelihood, and K is the number of estimated parameters [67]. 

The AIC may provide poor performance if there are many parameters for the sample size. For small sample sizes 

(N/K < ~40), the corrected AIC (AICc) should be used [68,69]: 

  
where N is the sample size. 

According to the Bayesian information criterion (BIC), which is sometimes termed the Schwarz criteria, models 

are graded based on their posterior probabilities. Based on Bayes' theorem and Laplace integral approximation, 

this criteria is defined as a measure of the information criterion: 

   

where f(xn|Θˆ) is the chosen model. 

ARIMA modeling was done using R, a statistical tool. The auto.arima function used an 80 percent confidence 

threshold to choose the appropriate ARIMA model (p, d, q order). The best ARIMA (p, d, q) model as determined 

by AIC, AICc, or BIC is returned by this function. Using the given order restrictions, the function searches 

through a large number of potential models [71]. Because the forecast was made over a lengthy period of time, a 

lower degree of confidence was required. 

4. RESULTS 

Aspen HYSYS software was used to simulate technology using the "Acid gas" and "Peng-Robinson" physical 

packages to describe acid gas treatment. As seen in Figure 4, a simulated process flow diagram is shown. 
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Figure 4. Flowsheet diagram of the simulated LNG plant. 

A 15-step absorption column with a standard pressure drop of 20 kPa per stage was used for acid gas treatment in 

the first portion of the experiment. In the process of removing the water-saturated filtered gas from the column's 

top and bottom, diethanolamine (DEA) and acid gases are released into a liquid. Part of the surplus water is 

removed in the separator before the gas is sent on its way. Flash separation is used to extract hydrocarbons from a 

liquid at a lower pressure. A fuel source might be found in these. The acid gas is separated from the water and 

DEA in the heat exchanger and the head of the stripper. There are ten steps in the stripper, each having a pressure 

drop of 3 kPa. Pressure is applied and the temperature of the intake at the head of the absorber is heated to the 

prior concentration of DEA and water. Purified, saturated gas is sent into the dehydration section of the process. 

According to Section 3.1.2. of this document, the dehydration was calculated manually, then entered into the 

component splitter. After that, the gas was liquefied. It was decided to use the cooling medium indicated in 

Section 3.1.3 in conjunction with the usual process conditions [50]. Liquefied natural gas is produced using the 

IV-LNG output, which receives natural gas through a CNG line. 

For a 3 million AUR starting investment, an LNG plant simulation was run. See Table 3 for a breakdown of the 

simulation's results, which include energy usage and the quantity of natural gas required for the procedure. 

Table 3. Material and energy flow. 

Process Input Consumption per Year 

Natural gas for liquefaction 2.49 
× 

10
5 
m

3
 

Acid gas treatment 18 kWh 

Dehydration 5 kWh 

Liquefaction 199 kWh 

An noteworthy conclusion from Table 3 is that the gas cleaning procedure uses too much energy. One-tenth of 

one percent of total energy consumption is used during this step. After the natural gas extraction, a similar 

cleaning procedure is carried out. Water and NORM (naturally occurring radioactive material) [72] are all present 

in raw gas, as are hydrocarbons, noncombustible gases, inert gases, pollutants, and inert gases. Before being 

transported to the pipeline, the majority of these chemicals are processed to remove unwanted components. Gas 

cleaning will be unnecessary if the cleaning requirement is more stringent. Lowering the concentration on a 

cleaning side is projected to be less expensive than installing a new cleaning unit immediately next to the 

liquefaction unit.. There should be a single cleaning phase for biogas use in order to minimize duplication of the 

CO2 removal procedure. 

Liquefaction accounts for 89.3 percent of the total energy used in this process. The ARIMA forecasting is used to 

calculate the costs and revenues based on these findings, which are then fed into the economic model. Electricity, 

emission permits, labour costs, excise tax, and investment in the plant itself with a loan interest are included in the 

total cost. The profit was determined based on the current Australian LNG price. Listed in Table 4 are the 

ARIMA models for each time period. 
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Table 4. Used ARIMA models for time series. 

Time Series Model AIC AICc BIC 

Price of LNG ARIMA (0,1,0) 
−
119.27 

−
119.21 

−
117.04 

Price of electricity ARIMA (0,2,1) 
−
126.84 

−
126.56 

−
119.38 

Price of emission 

allowances 

ARIMA (0,1,0) with drift 
−
43.7 

−
43.32 

−
40.65 

LNG demand ARIMA (0,2,1) 378.52 380.02 379.32 

The cost-revenue analysis was done based on forecasted findings. Table 5 shows how much each party 

contributes to the overall bill. 

Table 5. Cost structure and contributions. 

Electricity Gas Depreciation Wages Emission Allowances Excise Duty Loans 

4.23% 6.64% 18.02% 16.51% 3.56% 43.71% 7.34% 

Because ARIMA forecasting accounts for a large portion of the study, the final findings must include a 

confidence interval. As can be seen in Figure 5, the NPV obtained with an 80% level of confidence has been 

calculated. It's possible that the NPV will be higher or lower than the anticipated value, which is shown by the 

semi-transparent gray region (grey). 

  

 (a)  (b)  

Figure 5. (a) LNG plant net present value with an 80 percent confidence interval, and (b) net present value with a 

discount rate of 10% with the same confidence range. 

A quadratic discount rate function may be shown in Figure 5a, which illustrates how NPVs take this shape. The 

discount rate in the industry is around 10%, as previously stated. We'll proceed with the NPV projections as 

though this number is set in stone. Figure 5b shows the outcomes of this. Model output shows an overall 

favorable net present value estimate. 

5. DISCUSSION 

Chemical engineering models of an LNG plant were utilized in this paper. The C3-MR technique, which is 

routinely used, lies at the heart of this concept. An alternative liquefaction method would be MSMR (modified 

single mixed refrigerant), since the PNEC (parallel nitrogen expansion) liquefaction process is more thermally 

efficient [22]. Peng-physical Robinson's model was employed by the writers. A tiny bio-LNG plant was 

conceptualized in [21]. There was also discussion on CO2 removal. A variety of physical models, including 

"Refprop" and Peng-Robinson, were also used. Only two pressure levels were used in the liquefaction method 

described in [21]. Nitrogen was employed as the working fluid in a Joule-Brayton reverse cycle. 

An analysis of the efficiency of nitrogen single and dual expander procedures found that for optimum designs, the 

specific energy demand of a single expander is 0.745kWh/kg LNG produced, whereas 0.501kWh/kg LNG is 

reached for a dual expander [21]. [73] For the proposed MSMR process, the energy consumption is 0.41 kWh/kg 

LNG, whereas for the PNEC the energy consumption is 1.68 kWh/kg LNG. The suggested design, with an energy 

usage of 0.653 kWh per 1 kg of LNG, produced identical results in this study as the original. Because of the usage 

of expanders, this is to be anticipated. 

According to [74], the price of power is expected to remain at a similar level in the near future (considering the 

forecast for the year of 2040). [74] has a somewhat different pattern. A linear and almost constant trend may be 

seen in the price predictions made in this article at this time. From 2020 to 2050, the results are €87 €6.5. 
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However, the authors in [75] found that power prices rose at a steady rate every year. The price is expected to be 

€59.3, €68.9, €77.8, €94.5, and €100.4 in 2020, 2025, 2030, 2040, and 2050, respectively.  

 

There is a linear trend in the emission permits projected in this article. The price will gradually rise by around two 

cents each year between 2020 and 2030. Approximately €5 will be added per year beginning in 2030. Prices are 

expected to be €10, €33, €81, and €130 in 2020, 2030, 2040, and 2050, respectively. When it comes to pricing, 

this prognosis is somewhat different from the one offered in [75]. [75] For example, they estimated that €10, €40, 

$65 and $76 would be expected for the same years. Similarly, alternative outcomes may be observed in [76], 

where the price in 2020 is about €20. The authors of a previous research [76] anticipated that allowances would 

be $42.5 in 2030 and $65 in 2040, respectively. [77] expected a similar pattern for 2020. The price of a single 

allotment is expected to range from €20.1 to €40.6 by 2030 [77]. Many other research [78–80] have employed the 

ARIMA model that was used in this study. 

 

Liquefied natural gas has a bright future [81,82]. That's in line with the findings of this study. LNG use is 

expected to rise gradually in the future, according to OECD research [83]. The project's scalability is the most 

important factor in determining profitability. A small LNG facility might be a successful investment, according to 

the research presented in this article. Many papers on small-scale LNG facilities with comparable technology 

show similar findings [21, 22, 23, 84]. 

6. CONCLUSIONS 

Liquefied natural gas generation was examined in great depth in this article. The biogas-derived natural gas was 

liquefied using the appropriate method. An alternative to conventional fuels may be developed without 

infrastructure, according to the findings given in this paper. It is possible that decentralized LNG production in 

the AU may aid in the widespread use of LNG as a transportation fuel. The researchers utilized Aspen HYSYS to 

run a chemical-engineering model, and the findings of the model were used to calculate the net present value from 

an economic standpoint. On one hand, the NPV analysis took into account the expected costs of power, gas and 

emission permits, labor, excise tax, and investment in the plant itself, as well as the income from LNG on the 

other side. ARIMA time series analysis was used to improve the economic model's ability to forecast future 

pricing.. Based on this study, it may be determined that the project seems to be lucrative. 

Without any help from the government, this is a fact. The AU is likely to promote these sorts of initiatives since 

they are in line with its long-term objective of promoting sustainable and clean energy throughout the world. As a 

result, the profitability of these projects will increase, and Africa's energy supply will become more decentralized. 

As a result, the African Union's energy supply would be more secure. 
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