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Abstract: An ever-increasing demand for electrical power and soaring levels of energy consumption
around the world have led to an energy crisis. Thus, this paper aims to review the conventional
technologies against those of newer developments in electrical power generation such as using
nitrogen generators. The nitrogen generator method is most appealing as it is a seemingly free energy
already existing in nature. A nitrogen generator with a 5000 (Nm3/h) capacity has the potential
to be used to analyze gas composition and the results are compared with the gas composition of a
conventional steam turbine, which is used to pressurize 6000 (kWh) injection steam turbines. The
magnetic bearing must be installed in both systems to modify all centrifuged systems which reduces
all energy consumption in all systems by more than 50%. Artificial intelligence is used with the
machine to analyze and control nitrogen gas flow to provide a more precise evaluation resulting in
a more efficient technology. It should further be noted that the nitrogen turbine is superior to the
steam turbine because it does not require the burning of fossil fuel to generate power. Hence, it is
crucial to modify conventional technologies to improve energy sustainability and begin the long task

of tackling environmental issues.

Keywords: conventional technologies; nitrogen generator; injection steam turbine; energy consump-
tion; magnetic bearing; artificial intelligence; global warming; sustainability

1. Introduction

At present, industry expansion is taking place at a rapid pace to keep up with the grow-
ing global population. This requires never before seen levels of power consumption, which
has enormous implications for the environment as well as humans’ health. A looming
energy crisis, environmental degradation, and pollution are the results of electrical power
generation, which is generated from solar power, hydropower, wind power, the burning of
fossil fuel, biomass, and nuclear power production [1]. Natural resources are being used up
and at the same time, electrical costs the world over are rising year by year [2]. This paper
aims to review the conventional technology used to generate electrical power by using
steam to drive turbines of an injection steam turbine engine. By using gaseous nitrogen to
drive turbines, the cost of power generation would be lowered resulting in lower electrical
costs in the future. New innovations in technology include efficiency improvements which
save fuel costs for cars, electric vehicles which do not emit pollutant gases, and vertical

Inventions 2021, 6, 62. https:/ /doi.org/10.3390/inventions6040062

https:/ /www.mdpi.com/journal /inventions


https://www.mdpi.com/journal/inventions
https://www.mdpi.com
https://orcid.org/0000-0003-1991-3830
https://orcid.org/0000-0002-7484-0067
https://orcid.org/0000-0002-1084-2100
https://doi.org/10.3390/inventions6040062
https://doi.org/10.3390/inventions6040062
https://doi.org/10.3390/inventions6040062
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/inventions6040062
https://www.mdpi.com/journal/inventions
https://www.mdpi.com/article/10.3390/inventions6040062?type=check_update&version=2

Inventions 2021, 6, 62

20f 17

landing rockets among many others [3-7]. Additionally, some kinds of energy can be
reused and there are various alternative energy sources such as solar power, hydropower,
and wind power that play an important role in electrical power generation, especially air.
These kinds of energy are known as renewable energy [8,9]. Air is the invisible gaseous
substance surrounding the Earth, a mixture mainly of oxygen and nitrogen. Since air exists
everywhere in the world and it consists of 78% nitrogen, there is an opportunity to utilize
nitrogen in electrical power generation as shown in Figure 1. It is necessary to invest in
pollution treatment technologies which are mandatory for environmental protection as
well [10,11]. Plus, energy storage is another factor in conserving energy as this method
will store electrical power in batteries before it is transferred to consumers. Nevertheless,
energy storage systems face many challenges such as charging, discharging, safety, size,
cost, reliability, and overall management. What is more important to be concerned about
than those challenges is the cost of production of batteries. However, there is a chance in
the future that production costs would be lower as the method of battery production is
improved [12-23].

COMPRESSOR REFRIGERATION ACTIVATED PRESSURE NITROGEN TANK BOOSTER RECEIVER TANK

CARBO VESSEL :
CARBON GENERATOR

Figure 1. Nitrogen generator flow diagram.

Technology Description Basic Process is a theory which describes the thermodynamic
cycle for the steam turbine which is known as the Rankine cycle [24-26]. This cycle is
the basis for conventional power generating stations and consists of a heat source (boiler)
that converts water to high pressure steam. In the steam cycle, water is first pumped
to elevated pressure, which is a medium to high pressure depending on the size of the
unit and the temperature to which the steam is eventually heated. It is then heated to
the boiling temperature point corresponding to the pressure, boiled (heated from liquid
to vapor), and then most frequently superheated (heated to a temperature above that of
boiling). The pressurized steam is expanded to lower pressure in a turbine, then transferred
either to a condenser at vacuum conditions, or into an intermediate temperature steam
distribution system that delivers the steam to the industrial or commercial application. The
condensate from the condenser or from the industrial steam utilization system is returned
to the feedwater pump for continuation of the cycle [27]. Steam turbines have been used
to generate electrical power for decades and they have been greatly improved to perform
more efficiently in a wider range of functions and can be used diversely to create energy
sustainability [28]. Steam turbines are one of the most versatile and oldest prime mover
technologies still in general production used to drive a generator or mechanical machinery.
The first steam turbine used for power generation was invented in 1884. Following this
initial introduction, steam turbines rapidly replaced reciprocating steam engines due to
their higher efficiencies and lower costs. Most of the electricity produced in the United
States today is generated by conventional steam turbine power plants. The capacity of
steam turbines can range from 50 kW to several hundred MWs for large utility power
plants. Steam turbines are widely used for combined heat and power (CHP) applications
in the United States and Europe [27]. Steam turbines are well suited to medium- and
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large-scale industrial and institutional applications, where inexpensive fuels, such as
coal, biomass, solid wastes and byproducts (e.g., wood chips), refinery residual oil, and
refinery off gases are available. An injection turbine is the primary type of turbine used for
central power generation; the injection turbine is shown schematically in Figure 2. These
power-only utility turbines feed directly to condensers that maintain vacuum conditions
at the discharge of the turbine. An array of tubes, cooled by water from a river, lake, or
cooling tower, condenses the steam into (liquid) water [29]. The vacuum conditions in the
condenser are caused by the near ambient cooling water resulting in condensation of the
exhaust steam in the condenser. As a small amount of air is known to leak into the system
when it is below atmospheric pressure, a relatively small compressor or steam air ejector
may be used to remove non-condensable gases from the condenser. Non-condensable
gases include both air and a small amount of the corrosion byproduct of the water-iron
reaction, hydrogen. The injection turbine process results in maximum power and electrical
generation efficiency from the steam supply and boiler fuel. The power output of injection
turbines is sensitive to ambient conditions [27,30-33]. Unlike the finite amount of fossil
fuels, nitrogen is in no short supply and makes up 78% of the air that surrounds us [34].
Nitrogen is considered one of the most important gases in petrochemical industries, which
commonly use it as an inert gas in pipes and polyethylene production and in utilities
of refineries to clean the primary oven from combustions results. There is more than
one method to produce nitrogen gas pressure swing adsorption, membrane technology
and cryogenic system and these various methods differ in purity of product, efficiency,
environmental impact, and cost [35]. Moreover, gaseous nitrogen is used in a number
of other important functions such as to detect a gas pipe leak [36-39] and to pressurize
the turbine of an injection steam turbine [40,41]. Moreover, liquid nitrogen is combined
with injection steam turbines to drive engines and it can save water for the cooling system
by up to 30% [42]. Additionally, both gaseous nitrogen and liquid nitrogen are used to
generate electrical power for small engines, especially liquid nitrogen which is suitable for
off-grid areas such as islands and rural areas [43]. In 1982, David G. Elliott used gaseous
nitrogen to pressurize the turbines and the result was compared to hydro pressure, which
was published in “Theory and Tests of Two-Phase Turbines” and this became an integral
part in NASA’s work NASA Task Order RD 152, Amendment 266. A key component of this
study is the process of generating the Nitrogen Turbine Engine (NTE) as shown in Figure 3,
which requires magnetic bearing installations. A magnetic bearing is an oil-free bearing
system that uses electromagnetic forces to maintain the relative position of a rotating
assembly (rotor) to a stationary component stator [44] as shown in Figures 4 and 5. An
advanced electronic control system adjusts these electromagnetic forces in response to
forces generated from machine operation [45]. A prototype must be assembled to run the
work process and include such aspects as a design to enable the flow of the nitrogen gas
direction. Thus, a highly precise program like Computational Fluid Dynamics (CFD) is
required. Computational Fluid Dynamics (CFD) is simulation software to solve complex
flow equations with accurate numerical methods, powerful turbulence modeling CAD
models [46], and intensive computing power [47].
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Figure 5. Schematic of the cross-section of the magnetic bearing system.

This paper aims to review the conventional technologies used to generate electrical
power by using an injection steam turbine engine to generate electrical power and then
improve on it through the application of newer innovations. In the authors’ point of view,
a better way to generate electrical power is to do so in a way which does no harm to the en-
vironment and does not use finite natural resources such as wood and fossil fuels. Burning
these natural resources to obtain steam driven turbines creates pollution and contributes to
the environmental crisis. Therefore, this review compared the properties, pressure, tem-
perature, volume, and density of gaseous nitrogen generated by a 5000 (Nm?3/h) nitrogen
generator to that of the steam generated by a conventional steam turbine. After that, the
results were analyzed and used to drive a turbine of 6000 (kWh) injection steam engine.
The nitrogen booster was added to increase high pressure in the system resulting in more
efficient mechanical energy power before it is transformed into electricity.

2. Materials and Methods
2.1. Nitrogen Generator System

Nitrogen generators operate on the Pressure Swing Adsorption (PSA) principle to
produce a continuous stream of nitrogen gas from compressed air. Two towers are filled
with carbon molecular sieves (CMS) [48]. Pretreated compressed air enters the bottom of
the on-line tower and follows up through the CMS. Oxygen and other trace gasses are
preferentially adsorbed by the CMS, allowing nitrogen to pass through. After a pre-set
time, the on-line tower automatically switches to regenerative mode, venting contaminants
from the CMS [49]. A carbon molecular sieve differs from ordinary activated carbons in
that it has a much narrower range of pore openings [50]. This allows small molecules
such as oxygen to penetrate the pores and be separated from nitrogen molecules which
are too large to enter the CMS. The larger molecules of nitrogen by-pass the CMS and
emerge as the product gas [51]. A typical PSA nitrogen generator flow diagram is shown in
Figure 1. The fundamental technology involves the separation of nitrogen from oxygen by
passing air through a bed of adsorbent, typically a carbon molecular sieve (CMS). Under
pressure, the CMS material preferentially adsorbs oxygen and system operation moisture
while passing nitrogen through the vessel. During generator operation, the CMS becomes
saturated with oxygen. The CMS shall be systematically regenerated by desorbing the
oxygen and moisture at low pressure [52]. The air compressor in the nitrogen generator
suctions air into the system. The air that was suctioned flows through an air dryer and
the air dryer will dry the air at the dew point of 3 °C. Then, dried air will be filtered by
1- and 0.01-micron filter and carbon filter, respectively. Quality air must be oil free, and
it will extend the cycle life of the CMS (Carbon Molecular Sieve). Normally, a CMS can
be used for 8-10 years. After that, compressed dried air is compressed into a storage tank
before it is used to generate gaseous nitrogen. The nitrogen generator consists of 2 tanks of
CMS where the first tank absorbs oxygen and the second tank separates nitrogen. These
tanks switch functions with each other. Then, 10% of gaseous nitrogen, which still contains
oxygen, will be transferred to another CMS tank to separate oxygen again until the required
amount is obtained and stored in another storage tank. The purity of nitrogen will be
detected by a nitrogen analyzer before use as shown in Figure 1 and Table 1 [53,54].
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Table 1. Properties and specification of (Ny) product model: PN-capacity-purity (PN-060) high-
capacity PSA nitrogen generation plants.

Parameters Value

Nitrogen purity (%) 95-99

Nitrogen flow rate (Nm3/h) 5000
Ambient air temperature (°C) 40
Nitrogen outlet pressure (bar) 13

Nitrogen booster to pressure (bar) 1-300
Availability (hours) 24

2.2. Nitrogen Booster System

As for the additional installation of the auxiliary machine, high-pressure nitrogen
generators for using nitrogen booster pumps are used due to its favorable physical and
chemical properties as gaseous nitrogen is currently used in various industrial blanketing,
purging, and flushing operations. As a result, the demand for high-pressure nitrogen
generators has surged. The nitrogen booster works according to the principle of a pressure
relay valve, where compressed air is used as the driving force. Low pressure is applied to
a large surface, which in turns applies high pressure to a small surface [55], as shown in
Figure 1 with detail shown in Table 1.

The developed equipment is the all-in-one for high pressure nitrogen as an alternative
for gas nitrogen due to its ease of installation, high reliability, and supreme energy efficiency.

2.3. Injection Steam Turbine Engine

The injection turbine is able to maximize the use of the total energy of the inlet steam
flow. Therefore, this type of turbine is used for power utilities that want to supply as
much electricity as possible to consumers. The economics of steam turbine applications
depend primarily upon two factors—choosing the right type and size of machine (viz. back
pressure or injection) [56] and correctly integrating it with the thermal demand process
in accordance with the appropriate placement principle of pinch analysis [57] as shown
in Figure 2 [58-60]. Injection steam turbines have an efficiency in the range ne = 36 to
42%. From this, it follows that only a small portion of heat released in the process of fuel
combustion is transformed into effective work. An injection steam turbine machine is
highly efficient in power generation [61], especially for medium and large scale industies.
An injection steam turbine usage leads to immediate fuel cost savings on coal, biomass,
solid waste, wood chips, refinery residual oil and refinery off gases [27], as shown in detail
in Table 2 [58].

Table 2. Properties and specifications of injection steam turbine product model (BN6-3.43/0.4).

Parameters Value

Rated power (kW /h) 6000

Rated speed (rpm) 8000
Incoming temperature (°C) 435
Pressure into the steam (bar) 34.3
Consumption of vapor rate (kg/s) 6.36
Availability (hours) 24

2.4. Electric Generator Systems

In addition to the installation of the auxiliary machine, a generator is a device that
converts motive power (mechanical energy) into electrical power for use in an external
circuit. Sources of mechanical energy include steam turbines, gas turbines, water turbines,
internal combustion engines, wind turbines, and even hand cranks. Generators provide
nearly all of the power for electric power grids. The reverse conversion of electrical energy
into mechanical energy is done by an electric motor, and motors and generators have many
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similarities. Many motors can be mechanically driven to generate electricity [62], as shown
in Figure 3.

A conceptual model of a nitrogen turbine engine (NTE) is shown in Figure 3. The
study also recognizes that: (1) energy is neither created nor destroyed but can be converted
into forms (the first law of thermodynamics); and (2) energy comes from the physical
environment and ultimately returns there (the law of conservation of energy) [63]. This
process starts from a 5000 (Nm?/h) nitrogen generator that generates gaseous nitrogen
which is then stored in the storage tank. After that, a nitrogen booster adjusts pressure until
the required pressure is obtained. Pressurized gaseous nitrogen is used to drive a turbine
of the injection steam engine. Pressure and volume of gaseous nitrogen are measured,
and it has to be sufficient for consumption at a rate of 6000 (kWh) for the injection steam
turbine engine combined with a generator. After that, low pressure gaseous nitrogen is
filtered in the filter chamber. Then, a pump suctions clean gaseous nitrogen from the filter
chamber and transfers the gas to a mixer room and starts the circulating cycle. This process
preserves energy used in the system. Some of the generated electrical power is used to
operate the machine and the remainder is for commercial use.

2.5. Magnetic Bearing System

The magnetic bearing positions the rotor using four electromagnets, each composed
of a stator component and a rotor component. Opposite electromagnets are adjusted to
pull against one another. When an external force causes the rotor to change position,
the movement is identified by position sensors. The electronic control system responds
by adjusting the current flowing through the respective electromagnets, returning the
rotor to its original position. The axial magnetic bearing positions a rotor axially using
electromagnetic forces pulling in opposition on the collar as shown in Figure 4 [64]. The
outcomes of this study’s analysis will aid in the change of materials of this technology
as well as aid in the implementation to a wide range of other mechanical systems [65].
Magnetic bearings and systems are ideal for applications demanding high speeds and low
vibration. With no physical contact, there is no need for lubrication, repair, or bearing
changes. Low energy consumption, active management, repositioning, and built-in vibra-
tion management are also benefits of magnetic bearings and systems. Magnetic bearings
do not require lubrication, nor do they touch the centrifugal axle shaft (zero touch) as is
shown in Figure 5 [66-68].

2.6. Computational Fluid Dynamics (CFD)

Computational Fluid Dynamics (CFD) is a simulation program which was developed
as a tool to analyze fluid dynamics. It was used to analyze the flow of gaseous nitrogen and
steam in the experiments carried out for this paper. This program is also used to analyze
and measure the efficiency of injection steam turbines resulting in minor adjustments which
bring operational efficiency as close to optimal as possible. The results after fluid dynamics
were analyzed were used to compare efficiency between the gaseous nitrogen turbines and
the steam turbines. Then, internal centrifuge systems such as shafts, turbines, and axles
were altered in accordance with analysis by the (CFD) program as shown in Figure 6 [69,70].
After the machine was modified in line with advanced engineering principles, it could be
used more practically in a variety of new scenarios. This modified machine is a prototype
and would be for commercial use [71,72].
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Figure 6. Components of axle shaft and propeller.

The data used for analysis in this paper were obtained from real manufacturers from a
variety of countries including China, Germany, and the USA. After the data were obtained,
they were reviewed and used as a basis of knowledge as shown in Table 3 [58,73].

Table 3. Data used in the analysis of the features and methods of machines from 2 manufacturers for 5.8 (MW /h) product
model (SGT-A05 (KB7HE)) and 6 (MW /h) product model (BN6-3.43/0.4).

No. Parameters Analysis Method Value

1 Electrical generator (kW /h) It depends on the manufacturer’s design. 5800/6000
(Contact and non-contact)
2 Rated speed (rpm) Tachometer /stroboscopes 14,600/8000
3 Pressure into the system (bar) It depends on the manufacturer’s design. 14.10/34.30
4 Temperature inside the system (°C) It depends on the manufacturer’s design. 522/435
5 Gas energy consumption rate (kg/s) It depends on the manufacturer’s design. 21.40/6.36
6 The amount of electricity supplied in the system (kW/h) Power input 300-1000
The amount of electricity supplied to the transmission

7 grid (MW /h) Power output (max) 5.8/6.0
8 Frequency (Hz) It depends on the manufacturer’s design. 50/60
9 Efficiency (%) It depends on the manufacturer’s design. 33.20/83.10
10 The cost of electricity (cents/kW /h) Depends on each country’s set prices. 10.40-39.42

Cost/unit.

Note: Specifies only the units to be compared to measure the actual results of each product.

3. Theoretical Implications

This study offers theoretical contributions to several research streams. The first steam
turbine used for power generation was invented in 1884 [27]. It has been 137 years that we
have now depended on the Rankine cycle theory [25] which describes the thermodynamic
cycle [26]. However, this theory has a major drawback in that it causes pollution. The
Rankine cycle needs to burn natural resources such as fossil fuels, causing high temperature
reactions with water in order to create high pressure steam. After the steam is generated,
it is used to drive the turbine and the turbine will then drive the steam turbine engine.
The steam turbine engine is assembled with the generator to produce mechanical power
which is transformed to electrical power. Then, electrical power is transferred to the
transformer system and it becomes electrical power which is the most common form of
energy used by people today. Some progress has been made in the clean energy field,
such as solar cells which depend mainly on solar power, wind turbines which use wind
power, and hydropower which uses water as a source to generate power; yet, these
three technologies have limitations in power generation as they cannot operate for 24 h
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continuously. Moreover, they have both direct and indirect impacts on the environment. As
mentioned previously, injection steam turbines were invented to resolve those drawbacks.
The injection steam turbines save water used to heat up fossil fuels in order to generate
high pressure steam, which is used to drive the turbines. The system is designed to push
the remaining low-pressure steam into the condenser and the steam can be reused in a
condenser unit by pump. This will save energy on the steam consumption rate of up to
20% [30-33]. Therefore, the authors see opportunities to develop conventional electrical
power generation to be a better technology. In the authors’ point of view, the conventional
injection steam turbines should be improved by being combined with a nitrogen generator.
The nitrogen generator generates gaseous nitrogen from the air that exists in nature. The
nitrogen generator separates nitrogen from air, then 78% of gaseous nitrogen is used to
drive the turbine and the injection steam turbine instead of using steam. This applied
technology is based on the original technology, but it is advanced by using the cooling
power of gaseous nitrogen to drive the turbine in the input process instead of using the heat
power of steam as it has been used for decades. Additionally, the original theory is applied
by the second law of thermodynamics which describes the refrigerating cycle and heat
pump cycle. It explains how the system suctions air from outside to transform heat from
low temperature to high temperature; this is called the refrigerating cycle and heat pump
cycle. Both the refrigerating cycle and heat pump cycle are similar to a reversed Rankine
cycle. However, the primary difference among these three theories is flow direction. The
refrigerating cycle and heat pump cycle need a compression stroke. The compression stroke
is divided into two systems which are the compressor vapor compression refrigeration cycle
and the absorption refrigeration cycle. The compression stroke changes steam pressure
caused by density of the changing temperature [39]. Moreover, the engine needs to be
redesigned, and this will be a revolution of electrical power generation which is similar to
vertical rocket landing and electric vehicles. Vertical rocket landing and electric vehicles
preserve the environment and limit the overuse of natural resources. Numerous studies
have been conducted to find possibilities of applying gaseous nitrogen to generate electrical
power. It was found that an American inventor succeeded in patenting his work in 2015 in
the United States by using liquid nitrogen to drive the turbine and injection steam turbine
of thermal power plants. By applying liquid nitrogen, the water in the cooling system
saved energy by up to 30% [42]. Furthermore, inventors patented their European Patent in
Brazil in 2007 by using liquid nitrogen to pressurize power generation systems to generate
and merchandise electrical power in off grid areas [74]. These two patents used and applied
liquid nitrogen. In 1982, David G. Elliott used gaseous nitrogen to pressurize the turbines
and the result was compared to hydro pressure, which was published in “Theory and Tests
of Two-Phase Turbines”. This became a part in NASA’s work NASA Task Order RD 152,
Amendment 266. Hence, the authors have carefully considered that the potential of gaseous
nitrogen to revolutionize energy production is extremely high as it possesses most of the
similar properties to steam, but it has more advantages. First, gaseous gas is generated
more easily than steam. Second, the system that generates gaseous nitrogen does not
require a complicated process of installation and it can be installed and moved easily. Third,
it does not need a burning process, so it does not cause pollution. It is also crucial to apply
magnetic bearings to the centrifugal axle shaft system and turbines as this will not cause
pollutants. Magnetic bearings do not require lubrication nor do they touch the centrifugal
axle shaft (zero touch) [66,75]. A firm in Japan and the United States suggested that the
installation of magnetic bearings to compressor technology of centrifugal chillers can save
cost up to 42.3-50%/year [76-78]. Reviews of technologies that use magnetic bearings with
a compressor motor to avoid the touch between the axis and the other metal surfaces were
conducted. The energy consumption rate in the system was measured and it was found
to be practical when adopted in industries. In addition to magnetic bearings, artificial
intelligence (AI) and CFD programs should be applied to the system as well [69,79-81].
They are used with this technology to analyze and control nitrogen gas flow in the machine
to provide a more precise evaluation and make minor adjustments resulting in greater
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efficiency. They also support the hypothesis of the original theory that the turbine was
designed to be high heat proof and corrosion proof, both of which can be caused by
steam. Nevertheless, the modified technology uses 40 °C gaseous nitrogen and there are
possibilities to design turbine and axle shafts that can withstand 40 °C temperature and
they can be altered to be lightweight to fit nitrogen pressure. Through modifications and
these fairly simple components, a truly green technology can be attainable.

4. Managerial Implications

This review provides insight into the improvement in function of electrical power
generation plants. The lead author, who has been working in the gas and oil field for more
than 10 years while studying for a PhD, has just published an article in the Environment
and Natural Resources Journal titled “Treatment of Flue Gas from an Infectious Waste
Incinerator using the Ozone System”, and carried out additional research in “Hospital
Trash Infection Disposal to Reduce the Emission of Pollutant into the Atmosphere using
Ozone Technology”. With the experience the lead author has gained, the author has become
a person who is concerned about humans’ health and the impacts human activity has on the
environment. With a strong passion to solve environmental issues, the author is confident
that this technology will be a significant contribution to preserving our environment and
tackling the issue of climate change in the future. The author has established a team and
has found many innovative technologies from around the world which can be modified to
solve environmental issues. One of these is the idea of using gaseous nitrogen to drive a
turbine generating electrical power instead of using steam. Authors have illustrated the
findings of the technologies they have been reviewing in Table 1.

Table 4 is used to analyze the feasibility for this project. After conventional injection
steam turbines and gaseous nitrogen steam turbines were compared, the cost of the injection
steam turbine engine and the generator must be considered as well. A manufacturer from
China estimated the injection steam turbine cost at 1,529,519 (USD). After the engine
specification was considered, it was found that the 6000 (kW /h) with 8000 (rpm) engines
can heat the temperature to 435 °C to generate steam. The steam consumption rate is
6.36 (kg/s) and the steam pressure rate is 34.3 (bar). This type of engine is the most
economical for steam consumption. A nitrogen generator is another factor that must be
considered. It was revealed that a 5000 (Nm3/h) nitrogen generator with 40 °C temperature
can perform a generation rate at 1.73 (kg/s). This was the most powerful generator
observed in this study. Furthermore, a nitrogen booster plays an important role in the
system. It is a piece of add-on equipment that increases gas pressure in the tanks to be as
high as the steam pressure of a conventional injection steam turbine. The nitrogen booster
distributes the density of gaseous nitrogen. The nitrogen booster which was selected for
this project can generate pressure of up to 300 (bar). After the electricity consumption
rate of the motor (kW/h) of the nitrogen generator was considered, it was found that
there were three parts of the motor which needed electricity to operate continuously;
however, the compressor motor consumed the most electricity. Four compressor motors
consumed 2400 (kW /h) in total which cost 6,118,078 USD. When compared to the total
power generation of 6000 (kW /h), the remaining electricity was 3600 (kW /h) as shown in
Table 4 [58].

Therefore, to start a revolution changing the conventional technology to be a truly
green technology, magnetic bearing innovation must be applied. The magnetic bearing
will improve the conventional centrifugal axle shaft system. The overall rotation system
will be changed to be magnetic-zero touch and zero friction. Up to 50% of the total energy
consumption in the system will be saved [76-78]. Overall project cost reduction, for
instance, could be easily attained by going from four nitrogen generators to two, electrical
power needed for machine operation would be halved from 2400 (kW /h) to 1200 (kW /h)
which means more remaining power to sell, leading to more profit. Moreover, the cost of
the nitrogen generator will lead to savings of up to 3,059,039 (USD).
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Table 4. Comparison of the conventional injection steam turbine and gaseous nitrogen turbine.

. Injection Steam Turbine = Nitrogen Generator (Set)
Descriptions

(Set) 6000 (kW/h) 5000 (Nm>/h)

Rated power (kW /h) 6000 -
Rated speed (rpm) 8000 -
Incoming temperature (°C) 435 40
Pressure into the (gas) steam and nitrogen (bar) 34.3 34.3-300
Consumption of vapor rate (kg/s) 6.36 1.73
Balanced gas production ratio per one unit and in this case the 1 4
equation has not yet been modified, (set) of machines
Electricity consumption rate of motor (kW /h) - 2400
Balance of power for supply output (kW /h) 3600 -
Price of products (USD/set) 1,529,519 6,118,078
Possibilities after installing the magnetic bearing system (cost savings) 50% 50%
Balanced gas production ratio per one unit and in this case the 1 2
equation has not yet been modified, (set) of machines
Electricity consumption rate of motor (kW /h) - 1200
Balance of power for supply (kW /h) 4800 -
Price of products (USD/set) 1,529,519 3,059,039

Availability (hours) 24 24

Note: Data analysis in Thailand (1 USD = 32.69000 THB).

5. Results and Discussion
5.1. Comparison of Effectiveness and Properties of Nitrogen and Steam

A review of the theoretical framework found that experiments to measure nitro-
gen/water two-phase relative permeabilities were conducted at a room temperature of
approximately 21 °C. The gas distribution factors of nitrogen and steam flow through
porous media were measured at different temperatures up to approximately 170 °C. It
was also suggested that steam needs to be burned from fossil fuels before it can generate
desired temperature levels, which means it costs fuel [27]. In this experiment, the steam
temperatures tested were 120, 150, and 170 °C, while the nitrogen temperature was kept
at 21 °C. Then, the nitrogen temperature was increased to 63 and 120 °C [82]. It was obvi-
ous that both the nitrogen and steam gas distribution factors increased with temperature.
The steam gas distribution factor was significantly less than that of nitrogen at the same
temperature of 120 °C, as is shown in Figures 7 and 8 [83].

g & 25
8 8
5 z
S 05| 9 05|
0.0 02 04 06 08 10 00 02 04 06 08 10

(1/Atm) at Temperature = 21 °C, 63 °C, 120 °C. (1/Atm) at Temperature = 120 °C, 150 °C, 170 °C.

Figure 7. Comparison of the nitrogen and steam gas distribution effects at different temperatures.
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Figure 8. Comparison of the nitrogen and steam gas distribution factor test.

The statement mentioned above was coherent with the data shown in Table 4 which
compared the result of the nitrogen injection turbine and the steam turbine. After that,
different pressure and temperature adjustments were made to examine the density of
nitrogen and steam. It was found that after the pressure was increased to 1 bar, the
nitrogen temperature was stable at 40 °C and the nitrogen density was 1.081 (kg/m3),
while steam temperature was 99.63 °C and the steam density was 0.590 (kg/m?). Then,
when the pressure was increased to 10 bar, it revealed that the nitrogen temperature was
still stable at 40 °C and the nitrogen density was 10.600 (kg/m?), while steam temperature
was 179.88 °C and the steam density was 5.147 (kg/m?). Lastly, when the pressure was
increased to 30 (bar), it can be seen that the nitrogen temperature remained at 40 °C and
the nitrogen density was 32.300 (kg/m?), while steam temperature was 233.84 °C and the
steam density was 15.009 (kg/m3). It was clear that the higher the pressure, the greater
the gas distribution of nitrogen generated [84]. Similar results were obtained which stated
that when compressing more pressure into the turbine, higher density was generated. It
can be concluded that when temperature and pressure increased, the distribution levels of
nitrogen became significantly higher as shown in Table 4. There is a possibility of using
nitrogen to generate electrical power instead of steam, or nitrogen could be combined with
steam to drive the engine of the injection steam generating electrical power as well [42,85].

5.2. Efficiency Comparison of N, Generator and with injection Steam Turbine Engine

After the nitrogen system and injection steam turbine were compared, it was found
that with 5000 (Nm3 /h) at a temperature of 40 °C and pressure of 34.30 bar, the nitrogen
generator can produce a gas flow rate of 6261.10 (kg/h) [86], which was not enough to
be used to drive the propeller which generates mechanical power that drives an electric-
ity generator in the systems with conventional injection steam turbine [87-89]. Then, a
6000 kW /h injection steam turbine with a rotation speed of 8000 (rpm) was studied and it
was found that steam pressure of 34.30 bar was required [90] After that, the injection steam
turbine was compared with a nitrogen generator and it was obvious that the nitrogen
booster combined with a nitrogen generator generated significantly higher pressure of
up to 300 bar. Moreover, the engine of the injection steam turbine was designed to be
used with a steam temperature of 435 °C. In contrast, the nitrogen generator was designed
to be used with a lower temperature of 40 °C. It is crucial to analyze the consumption
rate of steam used in the conventional injection steam turbine. The consumption rate of
the conventional injection steam turbine was 6.36 (kg/s) which consumed more steam
energy than the 5000 (Nm?/h) nitrogen generator which consumed steam energy at a rate
of only 1.73 (kg/s). This point led to the development of a new engine [73] called the
Nitrogen Turbine Engine (NTE). Therefore, one c injection steam turbine is required to
be used with four nitrogen generators in order to generate enough nitrogen gas driving
6000 (kW /h) conventional injection steam turbines to reach the most efficient and effective
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electrical power generation [86] as shown in Table 5. The break-even point should also
be considered to save excessive energy used to generate electrical power. It is also crucial
to apply magnetic bearings to the centrifugal axle shaft system and turbines as this will
not cause pollutants. Magnetic bearings do not require lubrication, nor do they touch
the centrifugal axle shaft (zero touch) [66,75]. A firm in Japan and the United States sug-
gested that the installation of magnetic bearings to compressor technology of centrifugal
chillers can save costs up to 42.3-50%/year [76-78]. Reviews of technologies that use a
magnetic bearing with a compressor motor to avoid the touch between the axis and the
other metal surfaces were conducted. The energy consumption rate in the system was
measured and it was found to be practical when adopted in industries. In addition to
magnetic bearings, artificial intelligence (AI) and CFD programs should be applied to
the system as well [69,79-81]. They are used with this technology to analyze and control
nitrogen gas flow in the turbine to provide a more precise evaluation and change materials
resulting in a more efficient technology. They also support the hypothesis of the original
theory that the turbine was designed to be high heat proof and corrosion proof, both of
which can be caused by steam. Nevertheless, the modified technology uses 40 °C gaseous
nitrogen and there are possibilities to design turbine and axle shafts that can withstand
40 °C temperature and they can be altered to be lightweight to fit nitrogen pressure as
shown in Table 6 [58].

Table 5. Comparison of nitrogen gas and steam gas.

Parameters Temperature Pressure Density
Q) (bar) (kg/m?3)
Nitrogen 40 1.0 1.081
40 10 10.600
40 30 32.300
Steam 99.63 1.0 0.590
179.88 10 5.147
233.84 30 15.009

Note: The data from this table have been calculated (Engineering ToolBox 2004).

Table 6. Comparison of nitrogen generator (N;) product model: PN-capacity-purity and injection steam turbine (steam)
product model: (BN6-3.43/0.4).

No Parameters Injection Steam Nitrogen Generator Size
’ Turbine 5000 (Nm>/h)

1 Electrical generator output (kW /h) 6000 -

2 Speed (rpm) 8000 -

3 Pressure into the system (bar) 34.30 34.30-300

4 Temperature inside the system (°C) 435 40

5 Gas energy consumption rate (kg/s) 6.36 1.73

6 Balanced gas production ratio per one unit and in this 1 4

case the equation has not yet been modified (Set)

Note: Specify only the units to be compared to measure the technology actual results of each product.

6. Conclusions

This review explored the reverse engineering of hot to cold gas conversion and ob-
tained data from real manufacturers which was then applied to nitrogen turbines used
for generating electrical power. The results of the review found possibilities of using
5000 (Nm?/h) of nitrogen instead of steam with the injection steam turbine engine with
a 6000 (kW /h) capacity as nitrogen and steam possessed different properties in terms of
gas nitrogen density; pressure was increased by a booster and brought up to 300 (bar) for
driving the turbine with greater force. Moreover, when the production rate of the nitrogen
generator was studied, it was found that the amount of nitrogen gas obtained from the
nitrogen generator was 1.73 (kg/s), which was not sufficient for the energy consumption
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rate of 6.36 (kg/s) found in conventional steam turbines. To be more specific, four nitrogen
generators are required to generate sufficient nitrogen gas for one injection steam turbine.
Overall, this technology warrants further examination, including centrifuged systems,
and should be studied as our research shows implementation can reduce costs by almost
50%. After all the machines were combined, there was a high tendency to save on energy
consumption used to generate nitrogen and injection turbine engines. Furthermore, artifi-
cial intelligence (AI) or CFD software was used as a tool to perform a simulation solving
complex issues. Al evaluated nitrogen gas flow in the centrifuged systems and then led
to a material change plan in order to increase precision and further advancement of this
technology. Using free energy, nitrogen, to drive the turbines and to generate electrical
power will greatly reduce power generation costs resulting in directly lowering electrical
power utility bills for people. Therefore, this has the potential to become practical and once
it is practical, commercial adoption of electric power generated from nitrogen turbines
would promote economic growth in the future.

7. Suggestions

Magnetic bearings have not been used widely with the centrifuged system of the
engine in the electrical power generation industry, especially in Thailand. This could lead
to both opportunities and threats in the power generation industry in Thailand. Therefore,
a study of magnetic bearings needs to be conducted. In addition, since this is an innovation,
there are challenges in regard to trust, provability, and backing from investors and financial
institutions, so a feasibility study of investment should be conducted as well. The authors
have already thoroughly analyzed the economic data for the viability of investment in this
project. These eight benefits would not only be very useful but are also reliable enough
to support this project. This project provides immense benefits to the world and contains
information that has been carefully and systematically synthesized to help decision making
and action planning. To help preserve the already fragile environment and as a solution to
a host of problems currently being faced, urgent implementation is advised.

8. Benefits of the Study

1. This technology can be installed anywhere that is well-ventilated, so it is suitable for
rural areas and off-grid areas.

2. The size of the engine is around 1-6000 kWh, so it is a moveable operation and a

suitable method to increase economic growth around the world.

This technology does not require fuel burning; it causes zero air pollution.

4. This technology is a match for large scale industries, shopping malls, and living
communities.

5. This technology would disrupt huge power generation plants which use natural
resources, especially the nuclear plants.

6.  Logistics costs of power generation will decrease greatly, no more need for transmis-

@

sion lines.

7. This is the greenest and the most sustainable technology for electrical power genera-
tion.

8. The cost of electrical power will decrease all over the world, which is beneficial for
everyone.
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