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Abstract

:

The research aims to design and construct a new mixed vertical boiler (fire tube – water tube) with three gas passes. The strength of this technological innovation is in the best use of the thermic transmission receiving fluid (hot water, steam, thermal oil), this due to its multipurpose function of three steps using alternative fuels (Diesel, Liquid Petroleum Gas LPG, natural gas), by improving the thermal efficiency of the boiler its temperature is reduced with gases at low temperatures, which in turn also reduce environmental pollution. The methodology focuses on calculating the transfer area with the calculation method that will allow dimensioning the boiler, considering the calculation of losses and the fluid speed, with two defined procedures, the first for fire tube and water tube boilers. And another alternative. The results obtained allowed optimizing the thermal efficiency level, achieving very significant thermal efficiency results: With LPG 92.4% for hot water and 92.42% to generate steam in the same way with natural gas 90.25% for hot water and 90.24% to generate steam as well with Diesel 2; 89.21% for hot water and 89.31% to generate steam.
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1. Introduction


Through the times and the investigations carried out, after coal, the discovery of fossil hydrocarbons, a type of liquid fuel that could be refined, allowed the industry to achieve a great technological take-off and with it its massive consumption [1].



Later on, the explorations and investigations managed to value the natural gas and derivatives of the Liquid Petroleum Gas (LPG) and various mixed gases. The massive consumption of hydrocarbon fossil fuels in its diverse forms achieved through time, that the use of chemical energy contained in these, can be used in different types of thermal machines and that through combustion can transform this energy into work in the axis of a device or provide heat for industrial processes of various types.



In this second type of machines are the boilers consuming fossil fuels and gaseous, which are the equipment of great applicability in the industry worldwide, with the fundamental objective of transforming the chemical energy contained in the fuels into thermal energy through combustion and transferring it to water to produce hot water, steam or thermal oil, which are used as an energy source to carry out various industrial processes [2].



To achieve a high use in the boilers’ operation, it is necessary to have adequate designs and other permanent research characteristics to search for better results that allow operating with greater thermal efficiency.



The boilers, according to the arrangement of the tubes, are classified in a water tube, or water tubes and pyrotubular or fire-tube, each type of them according to the precision of the design and construction a value of its thermal efficiency that affects the fuel consumption and therefore emits to the environment combustion gases at a certain temperature, Both types of boilers have specific applications that in the case of water tube boilers are used to generate high amounts of steam at high pressures [3], for example in steam power plants and pyrotubular boilers are used in thermal processes that do not require higher pressures and therefore saturated steam temperatures that are not very high.



Pyrotubular boilers are generally constructed horizontally and can be classified by the combustion gases’ path through the transfer surface in one, two, three, and four gas passes. Vertical type boilers are also constructed, and generally, the number of passes can be one or two, with low values of thermal efficiency and evacuation of gases to the environment with high temperatures; also, they can be of three passes or routes, being able to be constructed all the boilers with controls of automatic operation and its constructive form is in a single block or to the interior of a cylindrical tank is horizontal or vertical, with the difficulties of times and costs of maintenance that it implies [4].



The intensive use of the boilers to generate steam or hot water and thermal oil for the diverse industrial processes implies a significant consumption of fuels. Therefore, its incidence in the cost of operation is a function of the thermal efficiency of the boiler, of there the necessity to construct a boiler previously dimensioned, that allows to surpass the limitations of the type of design, being this one that looks for to take advantage of the heat of combustion given by the product gases of the combustion that, at the same time when emitting gases to the environment to smaller temperature, is friendlier with this one.



Considering that the level of thermal efficiency has a direct incidence in the operation costs, the increase of the efficiency will mean an economy in the fuel cost and, therefore, a more significant economic benefit. It is necessary to optimize this value [5].



What was expressed in the previous paragraphs is verified with the research formulated in [6] where the author implements modifications to the design of a coal-water tube boiler, whose efficiencies are usually low values without economizer and using economizer can reach values of 89%, and results of their tests exceed 90% modifying the design with fuel economy and emissions reduction [6].



In the same way, in a systematized application of neural networks, from the room temperature as input data and with a seven-day prediction, [6] achieves efficiencies close to 92% in the water-tube boilers of a coal-fired power plant, with a reduction of emissions and temperature [7].



The possibility of using alternating liquid and gaseous fuels will not allow stopping its production process for the scarcity of these and the possibility of generating alternatively steam, hot water or thermal oil, allows that the investment to carry out is smaller, for having multipurpose equipment; such as reducing the cost and time of maintenance when constructing a boiler that allows separating the combustion chamber and water chamber, also it is important to consider the economy of space since the economy of investment in equipment is solved with the use of multipurpose equipment.



Heat generating equipment must offer economy in fuel consumption, and this is intimately linked to the thermal efficiency of the equipment [8], which is reflected in the temperature of exit of combustion gases to the environment, its relationship with the greenhouse effect, and environmental pollution.



By solving these limitations with a prototype that allows the use of the same equipment for the alternative use of thermal fluids, alternative fuels, and better use of the heat of combustion that will be reflected in greater thermal efficiency, for which it will be necessary to dimension and build a boiler that constitutes a technological innovation with the following characteristics:




	
Three-pass boiler allows better use of the combustion heat from the exhaust gases and obtains a higher thermal efficiency.



	
Multipurpose because it allows better use of the unit to be built from two points of view:




	(1)

	
The possibility of using alternative fuels such as diesel, natural gas, and LPG




	(2)

	
The use of the heat of combustion in heat-carrying fluids to produce hot water, steam, or thermal oil can be done in different units or the same unit.









	
The boiler’s construction in two subsystems will allow the maintenance activities to be carried out more objectively and reduce the cost and frequency of maintenance.








This is a new type of boiler design and construction, as it combines in its design and construction the concept of a fire tube boiler and a water tube boiler as a technological innovation [9,10,11,12,13]. Below are shown Figure 1, Figure 2 and Figure 3 to establish the differences of vertical boilers with one and two gas passes in versions of hot water and steam, whose heat utilization is clearly explained to a boiler with three gas passes [10]. Table 1 shows the comparison.



Wejkowski [10] presented technical-economic analysis results using a system in which the number of fins in a bank of tubes of a boiler called TFT (Triple Fined Tubes) triples and compares three arrangements alternatives: A, B, C, as showed in Table 2.



Strušnik et al. [6] proposed the development of artificial neural network (ANN) models using real data from a Slovenian power plant to predict the steam properties of a coal-fired boiler lignite type.



Better thermal efficiencies can be achieved by a combination boiler, the components of which can be disassembled into three parts. The multipurpose boiler, in turn, allows the generation of hot water, steam, and thermal oil, being able to achieve the combustion of LPG.



To understand the research, the following sections as materials and methods are explained the plate thickness calculation, the material selection, the boiler construction process sequence, and the energy characterization using liquid petroleum gas (LPG). The hypotheses formulated were:



Hypothesis (H1).

By sizing and constructing a vertical mixed boiler (pyro-water tube) multipurpose of 03 steps will optimize thermal efficiency with alternative fuels.





Hypothesis (H2).

By constructing a vertical mixed multipurpose boiler with 03 steps, the limitation in using and exploiting the heat transfer fluid using alternative fuels will be solved.






2. Materials and Methods


The materials used for the construction of the boiler are of three types:




	(1)

	
For the construction of the water and steam chamber, carbon steel ASTM 285-C was used, and for the tubes, ASTM 192 established by the ASME Code




	(2)

	
As an insulation material, super quality powder insulation and high-density mineral wool mat were used [14,15].




	(3)

	
Galvanized metal sheet was used as the exterior coating [16,17]




	(4)

	
The exterior painting was done with anticorrosive paint and finishing paint [18]









2.1. Plate Thickness Calculation and Material Selection


According to the boiler’s scheme, we calculate the plate thicknesses for which the ASME code is applied. The calculation procedure was executed by sections and location of the cylindrical thicknesses; the values to be applied in the case of vessels under internal pressure are calculated with the following expression, according to the initial parameters: [19,20]:


Design Pressure (Pd) 150 psig = 1 MPa



(1)






Yield stress (S) = 13,800 psig = 93.8 MPa



(2)






Welded joint efficiency = 0.7 (for untested joints)



(3)






R = Cylinder radius



(4)






t = Plate thickness.



(5)







The formula for containers under internal pressure is:


  t = P × R / S E − 0.6 P  



(6)







The formula for vessels subjected to external pressure is:


  P a = 4 × B / 3  (  D o / t  )   



(7)




where B = a coefficient obtained from graphs, C = outside diameter, t = plate thickness and L = length.



For elliptical caps submitted to Pi, the following formula was used:


  T =   P ∗ D   2 S E − 0.2 P    



(8)




where S = permissible material stress (93.8 MPa), E = welded joint efficiency (0.7), D = diameter of the vessel and P = upper vessel internal pressure (150 psi <> 1 MP).



The accuracy of the instruments used are:




	
To measure the pressure, a manometer with a range of 0–200 psi approx. One psi.



	
Contact thermometers with an approximation of 0.1 degrees to measure external surfaces



	
Carbon steel plate, ASTM285 grade C in different thicknesses



	
Seamless boiler tubes ASTM-192 seamless carbon steel boilers tubes








Table 3 shows the distribution of losses and thermal efficiencies of the alternative fuels to corroborate the above hypotheses.




2.2. Boiler Construction Process Sequence


The construction process begins with the proper selection of the appropriate material, considering the calculations and results of the previous section as follows:




	-

	
Material type: Carbon steel plate ASTM 285 C




	-

	
Thickness: 1/4″ or 6.53 mm




	-

	
Plate dimensions: Depending on the dimensions required by the different sizes for its construction, it is possible to select larger plate dimensions




	-

	
Boiler tubes: For small powers, the manufacturers and the ASME Code recommend 2″ diameter.









For the established area of heat transfer, the line was made in iron, taking into consideration that it must comply with making the economy of the cost of the material and the least amount of wasted material, in the same way, to reduce the cost of the services such as the rolling and the pumping of the steam chamber.



It is important to note that the combustion chamber and the liquid storage section called the water-vapor chamber were built separately and subsequently assembled [21].



The procedure to achieve the objective was as follows:




	(1)

	
Distribution of the transfer area in three gas passes.




	(2)

	
Calculation of the total volume of liquid to be stored




	(3)

	
Dimensioning of the plates whose thickness was previously calculated.




	(4)

	
Tracing, cutting, rolling, and welding of the various sections of the boiler.




	(5)

	
Determination of the type of assembly of the sections previously built




	(6)

	
Selection of the seal gaskets.




	(7)

	
Assembly of the pre-fabricated sections through connecting flanges.




	(8)

	
Tightness test called a hydrostatic test.




	(9)

	
Installation of thermal insulation.




	(10)

	
External covering with galvanized iron plate.




	(11)

	
Painting.










2.3. Energy Characterization


This section deals with the calculation of the thermal efficiency of the boiler. It is necessary to specify that two types of methods are known for the determination of the thermal efficiency as they are [13]:




	(1)

	
Direct




	(2)

	
Indirect.









The direct method considers the entry and use of heat so that ASME calculates the thermal efficiency [3,22,23].



The direct method considers the entry and use of heat so that the thermal efficiency is calculated by:


  η =    Q a     Q c    ∗ 100  



(9)








	
Qa = Heat absorbed



	
Qc = Heat of combustion








The indirect method considers the income and heat loss so that the thermal efficiency is calculated by:


  η = 1 −    Q p     Q c    ∗ 100  



(10)








	
Qp = Lost heat








The heat input and utilization correspond to the absorbed and lost combustion heat.



The lost heat is equal to the sum of the residual heat contained in the combustion gases and the heat transferred to the environment through the walls of the boiler, can be broken down into six forms of lost heat (Qpi) corresponding to:




	
Qp1 = heat lost in the exhaust gases



	
Qp2 = heat lost by the enthalpy of water vapor in the gases



	
Qp3 = heat lost to unburned gas



	
Qp4 = heat lost by solid unburned



	
Qp5 = heat lost by convection



	
Qp6 = heat lost to radiation








These lost heats are calculated as a percentage so that the efficiency is calculated as:


  η = 100 −   ∑  1 6  P i .  



(11)







For the calculation of the thermal efficiency by the method of losses, a technical norm called NORMA TECNICA PERUANA NPT 350.300 the year 2002 was used [1].



Based on this method, efficiency calculations were made for three types of fuel: Diesel oil 2, natural gas, and liquid petroleum gas [24].



The thermal fluid to be used is water, which will work as liquid initially, and it is heated up to 99 °C according to the ASME Code and then will work as saturated steam at a pressure of up to 10 psig to evaluate the thermal efficiency for both cases.



To carry out the temperature measurement according to the technical standard, the measurement of temperatures is carried out considering distributed average values according to what is indicated in Figure 4 below. As well as the wind speeds near the boiler [25,26,27].



It is important to specify that the temperatures measured were carried out in the combustion chamber area as shown in Figure 4, in the sector on the gas outlet, and the boiler’s side surfaces [28,29,30], and it is also proposed in Figure 5.



The formulas used in the calculation procedure, developed in the technical standard, were repeated for the fuels used and the thermal fluids tested. This article will show the calculation procedure carried out with LPG; also, the Myer Kutz. heat-transfer calculation formulas from were used [1,25,29,30]



Calculation formulas used for energy characterization:


  η = 100 −  (   P 1  +  P 2  +  P 3  +  P 4  +  P 5  +  P 6   )   



(12)







Sensitive heat loss in dry gas:    P 1    (% de kJ) Heats expressed in %:


   P 1  = k    T g  −  T a     [  C  O 2   ]     



(13)






  k = S i e g e r t ’ s   c o n s t a n t  











Loss of water vapor enthalpy in gases:    P 2    (kJ):


   P 2  =  [   (   H 2  O  )  + 9  ( H )   ]  ∗  (  210 − 4.2 ∗  T a  + 2.1 ∗  T g   )  / P C S  



(14)







The loss to unburned gas:    P 3    (kJ):


   P 3  =  k 1     [  C O  ]     [  C  O 2   ]  +  [  C O  ]     



(15)




where    k 1  =  CHeat   constant   lost   by   unburned   gaseous   



Loss from solid unburned:    P 4    (kJ):


   P 4  = 0.14  B 2  + 0.08 B + 0.07  



(16)




where    {  B = 2   B a c h a r a c h   I n d e x   }  



Convection losses:    P 5    (kJ):


   P 5  =   80 ∗  Q P    5     W C     



(17)






   Q p    5  =  h  c f    A f   (   T  s f   −  T a   )  +  h  c g    A g   (   T  s g   −  T a   )   



(18)







Calculation of the coefficients:


      h  c f   = 1.973 ∗   10   − 3          h  c g   = 1.973 ∗   10   − 3          W ˙  c = 981 ∗ B H P     



(19)







Radiation loss:    P 6    (kJ):


      P 6  =   80 ∗  Q p    6     W c           Q P    6  =  (   q  r f   ∗  A f   )  +  (   q  r g   ∗  A g   )         q  r f   = 5.763 ∗   10   − 11   ∗ ε ∗ ]       ε = S u r f a c e   e m i s s i v i t y        q  r g   = 5.763 ∗   10   − 11   ∗ ε ∗        W ˙  c = 981 ∗ B H P     



(20)







Efficiency:


  η = 100 −  ∑  P i  



(21)








2.4. Energy Characterization Using Liquid Petroleum Gas (LPG)


To heat water up to 99 °C



With the following input data, for calculation according to the Technical Standard, for the fuel used


   T 0  = 22   ° C % C  o 2  = 12.4  










   T  I N I T I A L   = 22   ° C    %    C o = 0.05  










   T  E N D   = 99   ° C    %       O 2  = 2.39  










   T  f l u e g a s   = 185   ° C    %     N 2  = 85.16  











Efficiency:


  η = 100 −  ∑  p i  










   ∑  P i = 5.25 + 1.52 + 0.19 + 0.29 + 0.123 + 0.23  










   ∑  P i = 7.6  










  η = 100 − 7.6  










  η = 92.4 %  











To generate steam



Considering pressure = 10 psig and the calculation formulas used in the Technical Standard for the fuel used with the following input data:


   T a  = 22   ° C % C  O 2  = 12.4  










   T  i n i t i a l   = 22   ° C % C O = 0.06  










   P  e n d   = 10 P S I %  O 2  = 2.40  










   T  g a s e s c h i m e n e a   = 183   ° C %  N 2  = 85.14  











Efficiency =    ( η )  = 100 −  ∑  P i  


   ∑  P i = 5.19 + 1.51 + 0.23 + 0.29 + 0.123 + 0.23  










   ∑  P i = 7.57  










  η = 100 − 7.57  










  η = 92.4 %  













3. Results


With the calculations obtained from the distribution of losses and thermal efficiencies, shown in Table 4, the Sankey diagrams were elaborated to graph the distribution of losses for heating water and the distribution of losses to generate steam, represented in Figure 6 and Figure 7.



Considering the sale prices of fuels, the specific costs were established that shows the fuel per power cost as in Table 5, unifying the comparison factor in kg of fuel consumed and the market value in US $, for each fuel type. fuel and by the power the following: exchange rate S /. 3.35 / US $.




4. Discussion


The boiler of vertical construction, mixed (fire tube – water tube), consists of three passes of gases separated into three complementary subsystems for easy building and maintenance.



The mixed boiler (pyro-tubular) as a new design results in the optimization of its thermal efficiency for the fuels used and is in correlation with the modification made by the research formulated in [10] where modifications to the design of a water tube boiler achieving 90% thermal efficiency are implemented. According to [6], efficiencies close to 92% are achieved in the water tube boilers of a coal fired power plant, which shows that it is possible to make modifications to reach a new design [10,11,26].



When building a new type of boiler due to its mixed configuration and three gas passes with an equivalent heat transfer area concerning the one and two pass boilers, the intensity in the use of the combustion heat is immediately reflected in a higher level of use of the combustion heat and as a consequence a lower emission temperature of combustion gases to the environment [6,16,25].



For the calculation of thermal efficiencies was used the indirect method resulting in the use of LPG are reached the highest values concerning natural gas and diesel 2, as shown in Table 3 loss distribution. It is possible to specify that using a Technical Standard and reliable measuring devices is necessary to achieve results that reflect greater reliability [12,27].



The construction of an innovative prototype allowed overcoming the limitation of technological alternatives that can be used in the industrial sector in small service companies or others, offering an economy of space and less investment by reducing the number of units according to the process used according to their needs [19,28,29,30].



The mixed boiler (pyro-water tube) as a new design results in the optimization of its thermal efficiency for the fuels used and is in correlation with the modification made by the research formulated by Wejkowski [10], in which he implements modifications to the design of a water tube boiler achieving 90% thermal efficiency. Strusnik et al. [6], in their research“ Artificial Neural Networking Model for de Prediction of Higher Efficiency Boiler Steam Generation and Distribution,” achieve efficiencies close to 92% in the water-tube boilers of a coal-fired thermal power plant, which shows that it is possible to carry out modifications to achieve a new design.




5. Conclusions


The construction of the vertical mixed boiler allowed the optimization of the thermal efficiency level achieving very significant thermal efficiency results: With LPG 92.4% for hot water and 92.42% to generate steam in the same way with natural gas 90.25% for hot water and 90.24% to generate steam also with Diesel 2; 89.21% for hot water and 89.31% to generate steam.



The vertical mixed boiler allowed to solve the existing limitation as far as the production of the thermal fluid carrier of the heat and of space that is obtained with the option of multipurpose since it allows to produce hot water or water steam according to the requirement and in the same way it will enable the use of alternative fuels like Diesel, LPG and natural gas.



By building a new type of boiler for its vertical configuration, mixed and three passes of gases with a heat transfer area equivalent to the boilers of one and two steps, for the same boiler capacity, the level of utilization of the combustion heat is higher and therefore optimized the level of thermal efficiency as demonstrated.



The type of vertical boilers is limited to one or two gas passages due to the absence of technological alternatives; that could provide a vertical mixed boiler with three gas passages that simultaneously are accord to the environment, preserving the greenhouse effect. The low value of the temperatures emitted to the environment demonstrates a higher level of combustion heat and better economic resource use.



The technological research work has as the main innovative contribution the development, construction, and demonstration of a prototype of a vertical mixed boiler with three steps that can be separated into two subsystems, whose thermal efficiency can still be improved.



The consequences found are the lower temperature of gases emitted into the environment; it is a new type of boiler because it is an invention since it is multipurpose, offers space savings, and has better thermal efficiency values. The factors that affect the results are the lack of fuel or fluids that can transport heat, such as heat carriers, excess pressure due to lack of maintenance. The limitations found are the lack of precision in the instruments that could affect the results and the deficiency in their construction due to neglect in the joints’ assembly.
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Figure 1. Vertical single-pass hot water boiler. It is built due to lack of space; it is inefficient, it has a single gas passage whose temperature emitted into the environment is very high, around 500 °C, the water is only stored around the fire tubes on the side of the combustion chamber. Eventually, there may be water, but it is usually thermally insulated. 
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Figure 2. Vertical steam boiler two gas passes. It is a two-pass gas boiler; the first step is the combustion chamber, where the gases descend vertically, touching the bottom externally to the water as they rise to exit through the chimney. The second is distributed radially and rises externally to the water chamber to exit through the chimney. 
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Figure 3. Vertical, tubeless boiler with two flue gas paths. Two-pass boiler without tubes. The first route is the passage of gases through the combustion chamber; the gases descend to the bottom and surround the water chamber and rise vertically to exit through the chimney. 
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Figure 4. Temperature measuring points according to standard. 
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Figure 5. The vertical multipurpose three-pass pyro-water-tube boiler with alternative fuels. According to the previous figures, the device comprises: (3) Ignition enclosure; (3.a) Circular income; (4) Circular channel; (8) Sheet metal outer circular base vertical cylinder; (9) Upper circular combustion chamber support flange; (11) Tape packing; (12) Cylindrical hearth; (17) Plurality of radial tubes; (18) Short length vertical pipes; (21) Exterior vertical cylinder of metallic plate, conforms section B; (23) Vertical steel tubes; (24) Lower circular flange for water chamber support; 25) Upper circular flange to support the water chamber; (26) Dome; (31) Circular section of the chimney; (32) Round flange of the dome cover; (35) Circular sealing gasket between the flanges of the dome cover and the upper flange of the water chamber. 
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Figure 6. Sankey diagram: distribution of losses for heating water. 
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Figure 7. Sankey diagram: distribution of losses to generate steam. 
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Table 1. Comparison of the different boilers.
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	Pass Flue Gas Vertical Hot Water Boiler
	Pass Two Flue Gas Vertical Boiler
	Two-Pass Flue Gas Tubeless Boiler
	Three-Pass Flue Gas Boiler





	Combustion gases in a single cycle emit very hot gases around 500 °C, it was worked with diesel II
	Combustion gases in two gas steps emit gases into the environment around 250 and 300 °C; it was worked with diesel fuel II
	Combustion gases in two gas steps emit gases into the environment around 300 °C; it was worked with diesel oil II
	In three gas steps, combustion gases emit gases into the environment around 185 degrees Celsius; it was worked with diesel oil.
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Table 2. Technical analysis comparing three arrangement alternatives.
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	A
	B
	C





	Boiler efficiency %
	89.57
	90.01
	90.58



	Fuel comsumption (Kg/h)
	19085.9
	18938.4
	18864.6



	Fuel comsumption (Kg/s)
	5.302
	5.092
	5.240
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Table 3. Distribution of losses and thermal efficiencies (for hypotheses).
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Heat Loss %

	
Diesel

	
Natural Gas

	
LPG




	
Heat

Water

	
Heat

Steam

	
Heat

Water

	
Heat

Steam

	
Heat

Water

	
Heat

Steam






	
Sensible Heat in Dry Gases %

	
7.45

	
7.28

	
6.10

	
6.10

	
5.25

	
5.19




	
Enthalpy of water vapor in gases %

	
1.46

	
1.46

	
2.18

	
2.189

	
1.52

	
1.51




	
Unburned Gaseous%

	
0.86

	
0.86

	
0.80

	
0.80

	
0.19

	
0.23




	
Unburned Solid%

	
0.60

	
0.40

	
0.29

	
0.29

	
0.29

	
0.24




	
By convection%

	
0.166

	
0.195

	
0.135

	
0.135

	
0.123

	
0.123




	
By radiation%

	
0.255

	
0.29

	
0.24

	
0.24

	
0.23

	
0.23




	
Resulting thermal efficiency%

	
89.21

	
89.31

	
90.25

	
90.24

	
92.4

	
92.42
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Table 4. Distribution of losses and thermal efficiencies.






Table 4. Distribution of losses and thermal efficiencies.





	
Heat Loss %.

	
Fuel: LPG




	
Heat Water

	
Generate Steam






	
Sensitive heat in the

	
5.25

	
5.19




	
Dry Gases %.

	
1.52

	
1.51




	
Enthalpy of the steam of

	
0.19

	
0.23




	
Water in gases

	
0.29

	
0.24




	
%Burned

	
0.123

	
0.123




	
Gaseous %.

	
0.23

	
0.23




	
Thermal Efficiency




	
% Resulting

	
92.4

	
92.42
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Table 5. Comparison of specific fuel costs (kg) per power.
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Heat Water

	
Generate Steam




	
US$ /BHP

	
US$/kW

	
US$ /BHP

	
US$/kW






	
Diésel

	
0.59

	
0.06

	
1.39

	
0.14




	
Natural gas

	
0.24

	
0.024

	
0.51

	
0.052




	
LPG

	
0.36

	
0.037

	
0.77

	
0.079
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