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Abstract
Fossil fuels such as petrol, diesel, coal and natural gas are used as energy source in the production of 

domestic, commercial and industrial products such as hydrogen, nitrogen, oxygen, ammonia, urea and clean 
water. There are environmental degradation problems associated with the burning of these fuels due to combustion 
process associated. It is evaluated whether it is possible to utilize an alternative renewable energy source and 
process that can be used in the production of these industrial products. In this paper, an alternative energy 
fuel and processes are devised for the production of oxygen, hydrogen (2H2O→2H2+O2), nitrogen, ammonia 
(N2+3H2→2NH3) and urea (NH3+CO2→(NH2)2CO+H2O) and clean water using water electrolysis, air separation, 
ammonia, urea synthesis and oxy fuel combustion process. The amounts of these products that can be produced 
are calculated on basis of energy and mass of ingredient products required at all stages in these processes. 
The results reveal that solar energy powered alternative production processes can be utilized in the production 
of nitrogen, hydrogen, oxygen, ammonia, urea and clean water in an environmentally sustainable manner. It is 
calculated that for 56.6×103 kg of ammonia, 0.77×103 kg of carbon dioxide would be required to produce 1.06 
×103 kg of urea and 0.31 m3  water.
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Introduction
Optimization of conventional production process of energy 

intensive domestic, commercial and industrial products is important for 
gradual switchover of traditional fossil fuels in domestic, commercial 
and industrial sector. Fossil fuels are limited and are not environmental 
friendly [1,2]. Application of alternative energy fuel and process in 
these sectors of economy could provide a source for minimization 
the role of fossil fuels and considerable reduction in environmental 
pollution problems. It is believed that if alternative energy source and 
processes are applied in production sector it can yield positive results. 
Therefore, the need of optimization of production process is felt by 
energy experts generally and urea industry specifically [3]. Such energy 
and process alternatives can facilitate the objective of utilization of 
an environmentally sustainable and energy efficient energy source in 
energy intensive commodities sector.

Renewable energy sources utilization varies accordingly. If solar 
energy is utilized an alternative electrical energy source. It can attain 
an objective of energy accessibility, reliability, higher energy conversion 
efficiency and environmental sustainability. According to a study, 
solar energy based electrical power generation is more efficient than 
electrical power generated from fossil fuels, because fossil-fuel energy 
to electricity conversion efficiency is 40%, which is less in comparison 
to the Rankine cycle, which can attain solar power conversion beyond 
40% [4].

Both thermal and photovoltaic solar energy utilization methods 
can be used reliably on small, medium and large scale as an energy fuel 
in the production of useful commodities in the solar-rich countries. 
However, concentrating solar photovoltaic power generation systems 
are favored over thermal systems on account of increasing the efficiency 
of the cells, high efficiency, low system cost and a low capital investment 
as well as use of less expensive semiconducting PV material to achieve 
a specified electrical output [5].

Positive impacts of solar energy utilization in terms of improvement 
in standard of living in solar-rich countries can be served. Due to the 
increase in installed capacity of solar energy utilization, the standard 
of living has been raised considerably in developing countries [6]. 
These projects have contributed considerably towards accessibility to 
electrical power. Therefore, solar energy seems to be a viable option for 
supply of basic amenities to people living in solar-rich countries [7].

The role of solar energy in production of clean water is also 
considerable. High radiation solar energy can be utilized to convert 
underground aquifer brackish water o portable clean water in an 
environmentally sustainable manner with an objective to address the 
problems of lack of not only potable water but also of dryness and land 
infertility [8,9]. Solar energy can be utilized for pumping underground 
water to the land surface for irrigation of fertile land, which is helpful 
for countries having agrarian economy. Therefore solar energy can be 
used as a reliable substitute to fossil fuels, on account of its capability 
to meet energy needs in present and in future in an environmentally 
sustainable manner [10].

Solar energy based electrical power generation and freshwater 
production processes are used on small, medium and large scale in 
domestic, commercial and industrial sectors in solar-rich areas [11-
15].Utilization scale depends on user needs and level of conventional 
electrical power and water supply systems. Solar energy can be utilized 
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in the production of domestic, commercial and industrial products 
such as; hydrogen, nitrogen, oxygen, using from water electrolysis, air 
separation, ammonia synthesis and urea synthesis processes. These 
products can be obtained by chemical reaction/processing of these 
substances. Hydrogen can be obtained from water using electrolysis 
process and nitrogen can be obtained from air through air separation 
process; nitrogen can be synthesized with hydrogen to get ammonia in 
the ammonia synthesis process.

CO2 and ammonia can be utilized to produce urea by use of the 
urea synthesis process. In urea synthesis process, ammonia and carbon 
dioxide are fed into the reactors at high pressure (240 barg), and the urea 
solution is then concentrated to give 99.6% molten urea, and granulated 
for use as fertilizer and chemical feedstock [11].The major impurities 
from the urea production reaction, including water and unconsumed 
reactants such as; ammonia, carbon dioxide and ammonium carbamate 
can be removed in three stages. Firstly, the pressure is reduced from 
240 to 17 barg and the solution is heated, which causes the ammonium 
carbamade to decompose into ammonia and carbon dioxide. The 
pressure is then reduced to 2.0 barg and finally to -0.35 barg, with more 
ammonia and carbon dioxide being lost at each stage, and a solution 
of urea is dissolved in water, free of all impurities [11]. The drain water 
obtained from the urea synthesis process can be treated further to 
convert it to a pure form, which could be utilized for drinking and for 
external use.

Oxygen obtained at electrolysis and air separation process can be 
utilized in oxy-fuel combustion process. Oxygen, can be utilized in the 
oxy-fuel combustion process [11].The techno-economic studies reveal 
that oxy-fuel combustion is a cost-effective method of CO2 capture [13].

Solar photovoltaic electrical power generation, electrolysis, air 
separation, ammonia formation, urea synthesis, coal-fired oxy-fuel 
power generation process and water treatment processes are illustrated 
in the energy model. The amounts of these substances that would be 
required in electrolysis, air separation, urea synthesis and oxy acetylene 
processes can be calculated on basis of energy mass balance on basis of 
molar masse values of these substances, as provided in the published 
literature.

Methodology
Following methods are used for utilization of indigenous resources 

to produce alternative energy generation methods or production of 
energy intensive products.

Energy model

In this model, a solar photovoltaic electrical power generation 
method is used for electrical power to ensure an uninterrupted 
electrical power supply from the solar energy during the day. In the first 
stage, as proposed, hydrogen is obtained from water using electrolysis 
process. In the second stage, oxygen and nitrogen are obtained from 
air using separation process and in the third stage, nitrogen generated 
in the air separation process is synthesized with H2 and in the fourth 
stage oxygen, a coal fired oxy-fuel combustion process is carried out 
for generation of electricity, water and CO2.In the last stage, water so 
obtained from oxy-fuel combustion process can be treated in a water 
treatment plant to make it portable. The layout the process is shown in 
Figure 1.

Energy and mass balancing

Energy and mass of hydrogen, oxygen, nitrogen, ammonia and 
water are balanced for at all stages of processes for determination of 

the resultant amounts of these substances in 103 kg. The total amount of 
output commodities and total energy equivalent are maintained in order 
to avoid the problems of energy generation gaps in energy demanded 
and generated. Details of energy and masses of substances used in all 
mentioned processes are illustrated below in the result section.

Results
Molar mases of hydrogen and oxygen, at first stage in 

watereelectrolysis process are calculated by substiting their mass values, 
as is illustrated in Eqns. (1) and (2).

2H2O → 2H2 + O2			                                   (1)

2H2O(1)	 → O2(0.11)+0.88O2                                                                                       (2)

On basis of the equation balanced above it can be said that for every 
1 m3 of water; 0.11×103 kg of hydrogen, and 0.88×103 kg of oxygen can 
be produced.

In order to determine the amount of nitrogen and hydrogen 
obtained already for getting ammonia, their mass values are substituted 
in respective chemical process equations, which are shown in Eqns. (3) 
and (4). The purpose of this process is to produce an ingredient for urea 
production.

N2+3H2→2NH3                                                                                       (3)

(46.6)N2+(0.6)H2→(56.6)NH3                                                                                                          (4)

The energy and mass balance reveal that for each 0.6×103 kg of 
hydrogen, as obtained at water electrolysis, 46.6×103 kg of nitrogen 
would be needed, to produce 56.6×103 kg of ammonia.

Carbon dioxide would be required to be chemically processed 
with ammonia for urea synthesis process. Mass values of ammonia 
and carbon di oxide are substituted in urea synthesis process chemical 
equation to determine amounts of ammonium carbamade that can be 
obtained, which is illustrated in Eqns. (5) and (6).

NH3+CO2→(NH2)2CO+H2O                                                              (5)

(56.6)NH3+(0.77)CO2→(1.06)(NH2)2CO+(0.31)H2O                    (6)

It is calculated that for 56.6×103 kg of ammonia, 0.77×103 kg of 
carbon dioxide would be required to produce 1.06×103 kg of urea and 
0.31 m3 water.

Discussion and Conclusion
It can be said that for 5 6.6×103 kg of ammonia, 0.77×103 kg of carbon 

dioxide would be required to produce 1.06×103 kg of urea and 0.31 
m3 water. Energy intensive commercial products such as clean water, 
Nitrogen, ammonia, oxygen, hydrogen and ammonium carbamade 
can be produced mainly from solar energy, air, water and to some 
extent from coal, available locally at small and medium scale to cater 

 

Figure 1: Layout of proposed indigenous energy and processes model.
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electrical power, portable water and urea in a self-contained manner. It 
could serve the purpose of meeting basic amenities of electrical power 
and potable water and commercial and industrial needs such as urea 
production for soil fertilization.
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