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Abstract – The purpose of this study was to analyze the Fluoride Tin Oxide (SnO2/F) production 

in home-scale industry in engineering point of view and economic evaluation perspective. This 

material is considered due to its wide range of energy-related applications. Evaluation of the 

SnO2/F production in engineering perspective is conducted from the selection of the most 

economical process, mass balance calculation, to the adaptation in the commercially available 

apparatuses. Evaluation of the production from the economic point of view is done by calculating 

economic parameters: Gross Profit Margin, Internal Rate Return, Payback Period, Cummulative 

Net Present Value, Profitability Index, and Breakeven Point. In short of the production process, 

we used the pure tin (as the metal precursor) and ammonium fluoride (as the source of Flouride 

for doping). The engineering point of view showed that the process is able to produce conductive 

glass that can be used as the active electrode substrate in the solar cell. Economic evaluation 

showed that the process is profitable, confirmed by the positive values from all economic 

parameters. However, for some cases that are compared to the market and the local bank interest, 

the process is not attractive for investor. Thus, to make them attractive, support from government 

or corporate social responsibility is required. 
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I. Introduction 

Recently, energy has become a major problem in 

many aspects. One of the objects related to energy is how 

to manage the source of energies and materials for 

energy conversion or transfer. In the field of solar 

energy, solar rays are used to produce drinking water [1], 

or to produce electrical energy [2] and thin layers of 

different materials are used to produce conductive glass 

plates and semiconductor [3-4] 

Tin oxide is one of the attractive energy-related 

materials because this material has a wide band gap with 

a low n-type resistivity (1023 V.cm) and high 

transparency (90%) in the visible region. Interestingly, 

resistivity of this material can be reduced further to the 

range of 1024 V.cm by additional doping, which is 

suitable for application in thin film solar cells. Tin oxide 

has also been known in the fabrication of gas sensors due 

to sensitivity of its surface conductance to gas adsorption 

[5, 6]. This makes tin oxied has been well-documented 

from preparation techniques to the control of properties 

[7, 8]. For example, fabrication techniques for preparing 

tin oxide has been well reported, including dip coating,  

 

 

 

 

 

 

 

evaporation, sputtering, chemical vapor deposition, and 

spray pyrolysis [9].  

Many raw materials for tin oxide has been also 

reported, such as tin chloride (e.g. SnCl2 [10] and SnCl4 

[11] ) and tin fluoride. The tin material was also 

combined with several doping component [12], such as 

antimony (Sb), chloride  

(Cl) [13,14], bromide (Br) [11-15], and fluoride (F) [11]. 

Some reports showed that fluoride is the most effective 

dopants [11, 16-19]. 

 

Although synthesis of tin oxide is well documented, 

the papers are discussed for the laboratory scale 

production only. No information about economic 

evaluation is found, while this information is important. 

This is because economic evaluation relates to the further 

studies for scaling up production. Based on our previous 

studies on the mathematical analysis[20, 21], the purpose 

of this study was to analyze the engineering point of 

view and economic evaluation of the flourinet in oxide 

(SnO2/F) production for home-scale industry. 
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II.  Method 

In this study, we analyzed the feasibility study on 

the fabrication of SnO2/F in home-scale industry. The 

feasibility study was done in two ways: engineering 

evaluation and economic analysis. Evaluation of the 

SnO2/F production in engineering perspective is 

conducted from the selection of the most economical 

process, mass balance calculation, to the adaptation in the 

commercially available apparatuses. Evaluation of the 

production from the economic point of view is done by 

calculating economic parameters: Gross Profit Margin 

(GPM), Internal Rate Return (IRR), Payback Period 

(PBP), Cumulative Net Present Value (CNPV), 

Profitability Index (PI), and Breakeven Point (BEP). 

III. Results and discussion 

 III.1 engineering evaluation 

 

 
Figure 1. Chart of SnO2.F production 

 

Figure 1 shows the process diagram for thehome-

scale production of SnO2/F. The manufacturing process 

described with some steps. First step,tin metal was mixed 

and dissolved in hydrochloric acid and nitric acid at 

temperature of 80-100C.[22] The process was 

maintained until all acid component evaporates (forming 

SnCl2 yellow precipitated).[23,24] Then,the evaporated 

component was added by ethanol and ammonium 

fluoride solution for oxidation process for about 2 hours. 

The process was maintained in the same temperature 

condition.[25]The final product yields a solution of 

SnO2.F in ethanol and then packed in 1-liter bottle for 

sale to markets.During the process, the following 

chemical reactions happen: 

 

For dissolution process: 

Sn Sn
2+

   

 

For formation chloride tin: 

Sn
2+

 + 2 Cl
-
 SnCl2  

For oxidation process: 

SnCl2+ 2C2H5OH + NH4F + 8 O2SnO2/F + 4CO2 + ½ 

N2 + 8 H2O + Cl2  

 

Based on the diagram process in Figure 1, several 

assumptions are added: 

1. The conversion rate in all reactions is 100%. 

2. During the process, ethanol is oxidized and losses 

about 20% . 

3. Then, using analysis of commercially available 

apparatus in market for home-scaling industry, the 

product can be generated in one batch process is 933 

mL of concentrated SnO2/F. 

 

 

III.2 Economic evaluation 

 

To ensure the economic evaluation, the analysis of 

GPM firstly evaluated. The GPM value for the 1 year 

SnO2/F home-scale production can reach more than 220 

million rupiahs. Or, using exchange rate for 1 USD = 

10,000 Rp, we can get the GPM value can reach more 

than USD 22,000. Calculation with the initial raw 

material, the profit can reach about 200%. The 

percentage of profit was calculated from the comparison 

between the results of products sales with purchased raw 

materials needed for the production.Based on the results 

of GPM calculation, the production of SnO2/F is quite 

profitable. 

 

Further analysis of the process is shown in Figure 2.This 

figure shows the CNPV analysis of SnO2/F production. 

The curve shows the relationship between the value of 

CNPV and total investment cost (TIC) in the operating 

years (20 years of production). The result showed that the 

initial time can result negative CNPV. But, after PBP 

years (about 4 years), the project is profitable.  

 

The calculations for PI, IRR, BEP and last CNPV / TIC 

are 10%, 68%, 1, 3.51%, respectively. Based on the data, 

the PI may explain that this production project is not 

feasible to proceed from a PI value of only 10% or 0.1, 

where the minimum eligibility value of a project is 

greater than 1 [23]. IRR value describes the amount of 

return that will be obtained from the total value of 

investment that has been issued as the main capital. Thus, 

with an IRR of 68%, the amount of returns that will be 

obtained in the future is quite large. Based on 

calculations in the production of SnO2.F, the value of 

BEP obtained is 1 unit. This value mean the minimum 

quantity of products that can be produced is just 1 unit 

product per day. Further, last CNPV / TIC explained that 

in 20 years of production value of the rate of profit from 

the TIC issued is 3.51%. Compared to local bank interest 

at20 October 20, the value is relatively lower. Local bank 

interest shows a value of 4.35% [24].Thus, this project is 

relatively not interesting for investor. 
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Figure 2. Correlation between CNPV graph in one year of production 
 

IV. Conclusion 

The production of SnO2/F in the home-scale 

industry has been evaluated from engineering and 

economic perspective. Based on the project, the 

engineerig point of view shows the possibility for the 

production of SnO2/F in home scale. Economic 

evaluation showed that the project is profitable, 

confirmed by the positive values from all economic 

parameters. However, compared to the market and the 

local bank interest, the process is not attractive for 

investor. Thus, to make them attractive, support from 

government or corporate social responsibility is required. 
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