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Abstract

Gold nanoparticles are very useful in various fields such as photoacoustic Imaging microscopy,
biotechnology, optoelectronics, and biomedicine. So the production of gold nanoparticle
synthesis needs to be developed to an industrial scale. The purpose of this study is to determine
the feasibility of the gold nanoparticle synthesis project using the laser ablation method on
large-scale based on economic aspects. Several economic evaluation parameters are analyzed
to inform the potential production of AuNP, such as GPM (Gross Profit Margin), BEP (Break-
Even Point), CNPV (Cumulative Net Present Value) PBP (Payback Period), and PI
(Profitability Index). The results showed that the production of AuNP nanoparticles was so
prospective. Technical analysis to produce 100 g of AuNP nanoparticles per day shows the total
cost incurred by the production process is 2,323,180 USD per year. PBP analysis show that
Investment will be profitable after more than 2.2 years. This project can compete with PBP
capital market standards because of the short investment returns. To ensure the feasibility of
a project, the project is estimated from ideal conditions to the worst case in production,
including labor, sales, raw materials, utilities, and external conditions.
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Evaluasi Ekonomi dari Produksi Nanopartikel Emas
(AuNP) Menggunakan Metode Sintesis Ablasi Laser

Abstrak

Nanopartikel emas sangat berguna dalam berbagai bidang seperti microscopy photoacoustic
Imaging, bioteknologi, optoelektronika, dan biomedis. Sehingga produksi sintesis nanopartikel
emas perlu dikembangkan hingga skala industri. Tujuan dari penelitian ini adalah untuk
mengetahui kelayakan proyek sintesis nanopartikel emas menggunakan metode ablasi laser
dalam skala besar berdasarkan aspek ekonomi. Beberapa parameter evaluasi ekonomi
dianalisis untuk mendapatkan informasi mengenai potensi produksi AuNP, seperti GPM
(Gross Profit Margin), BEP (Break-Even Point), CNPV (Cumulative Net Present Value), PBP
(Payback Period), dan PI (Profitability Index). ). Hasil penelitian menunjukkan bahwa produksi
nanopartikel AuNP sangat prospektif. Analisis teknis untuk menghasilkan 100 g nanopartikel
AuNP per hari menunjukkan bahwa total biaya yang dikeluarkan untuk proses produksi
adalah 2,323,180 USD per tahun. Analisis PBP menunjukkan bahwa investasi akan
menguntungkan setelah lebih dari 2,2 tahun. Proyek ini dapat bersaing dengan standar pasar
modal PBP karena keuntungan investasi dapat diperoleh dalam waktu yang singkat. Untuk
memastikan kelayakan suatu proyek, proyek diasumsikan ke dalam kondisi ideal hingga
kondisi terburuk ketika produksi, termasuk upah tenaga kerja, penjualan, bahan baku,
utilitas, dan pajak pendapatan.

Kata kunci: Nanopartikel emas, Metode Ablasi Laser, Evaluasi ekonomi
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1. Introduction

Nanoparticles are metal or polymer particles in a scale of 1-100 nm [1,2]. Metal
nanoparticles, especially gold nanoparticles, have abundant uses in the fields of
photoacoustic microscopy imaging [3], biotechnology, optoelectronics, and biomedicine [2,4].
These various uses are due to gold nanoparticles having properties such as biocompatibility
[5], large surface bioconjugation, optical properties related to plasmon resonance (PR) [4],
and unique electrical and magnetic properties [2]. With the widespread use of gold
nanoparticles, it is necessary to develop large-scale production [6], because the interactions
between particles and the formation of gold nanoparticles have an important role in
determining the properties of gold nanoparticles [7].

The gold nanoparticle synthesis method is divided into 2 types, the "bottom up" method
and the "top down" method [8]. “Bottom up” methods include, nanospheric lithography [9],
biomolecular templating [10], chemical reduction [11], thermal reduction [12] or
photochemistry [13], electrochemistry [14], and sonochemistry [15]. This method involves
assembling the atoms resulting from the reduction of ions into the desired nanostructure.
Top down methods include photolithography [16], electron beam lithography [17], and laser
ablation [18]. This method involves the removal part of the material from a lump of material
to obtain the desired nanostructure. Both types of methods can produce gold nanoparticles
with the desired shape and size, but each type of method has its drawbacks, poor
monodispersity will occur if using the "bottom up" method while if the "top down" method
will produce a lot of waste. The laser ablation method uses a gold plate as a raw material.
The process of synthesizing gold nanoparticles using the laser ablation method is shown in
Figure 1. This method was chosen because it is relatively simple and effective for the
formation of large amounts of nanoparticles [19], besides that the laser ablation method does
not use harmful chemicals, but rather Haider et al. [20] use water, which will not pollute the
environment. However, the yield of most laboratory scale syntheses is about 1 g per batch,

and this is much less than the quantity required for commercial scale production [6].

Gold Plate

Purified Water—— Glass Tank
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< Laser Ablation > * Gold Plate
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|

Figure 1. Synthesis
Gold Nanoparticle process of AuNP

nanoparticles using laser
ablation method.

The purpose of this study was to determine the feasibility of the project based on the
economic aspect. This paper was created because there are no paper that discuss the
economic evaluation of the laser ablation synthesis method in the manufacture of gold
nanoparticles. The economic aspect is reviewed in the development of laser ablation method
as a gold nanoparticle synthesis method on an industrial scale. The research uses a method
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in the form of calculating several economic parameters on the parameters of ideal conditions
and on variations in external economic factors such as raw material prices, utility prices,

sales prices, worker wages, and taxes.

2. Research Method

To confirm the economic evaluation of this project, several economic parameters were
calculated based on the literature [21,22], as follows:

a. GPM (Gross Profit Margin): To predict the level of profitability of a project. It is
calculated by subtracting the cost of selling the product from the cost of raw materials.

b. BEP (Break-Even Point): To find out the minimum number of products that must be
sold at a certain price to cover the total cost of production. It is calculated by dividing
the fixed costs against the difference between the selling price and the variable costs.

c. CNPV (Cumulative Net Present Value) To predict the condition of the project as a
function of the year of production. Obtained by adding the NPV from the beginning of
the project establishment. NPV is a value that expresses the expenses and income of a
business.

d. PBP (Payback Period): To estimate the possible years of profit. PBP is calculated when
CNPV is at zero for the first time, it can be seen on the graph between CNPV/TIC (y-
axis) and year (x-axis). PBP is indicated by a point parallel to the x axis.

e. PI(Profitability Index): To identify the impact of project costs. It is calculated by dividing
the CNPV by the total investment cost (TIC). If the PI is less than one, then the project
can be classified as an unprofitable project and if the PIis more than one then the project
can be classified as a profitable project.

In calculating these parameters, data on equipment and raw materials are needed. The
data was developed according to an industrial scale [20,22]. The price data is obtained from
several available online stores. The calculation of these economic parameters assumes the
following ideal conditions:

a. 1USD is equivalent to 15000 IDR, The

Price of raw material for 1 99.95% 5 gram gold plate is 4023817 IDR

Salary for 10 people is 15,000 USD per year

The utility fee to be paid per year is 264.96 USD
Income tax 10%

Discount rate 15%

AuNP selling price is 90 USD/1 gram

Synthesis is carried out 20 times a day The

e

[

Project operates for 20 years

Furthermore, the economic evaluation of this project is carried out by varying raw
materials, sales, tax values, utilities, and labor salaries in some conditions. Variations in raw
materials, sales, labor salaries, and utilities were carried out at 80, 90, 100, 110, and 120%.
Tax variations are carried out at 10, 25, 50, 75, and 100%.

3. Result and Discussion

3.1. Engineering Perspective
Figure 2 shows the process of making AuNP nanoparticles using laser ablation method

for large-scale production. Gold nanoparticles were formed using an Nd:YAG laser (LOTIS
TII, LS2134) by ablating a 99.99% pure gold plate of weight 5 g which was placed in a glass
tank with 300 ml of purified water. After the laser ablation, the gold plate was removed from
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the solution and the prepared colloids were irradiated using the same Nd:YAG laser for 3 or
5 min. For characterizing nanoparticles, extinction spectra were taken using the UV-Vis
Spectrophotometer. On the other hand, studying the size and shape distributions of the
nanoparticles was carried out using the transmission electron microscopy (TEM) [20,22].

Table 1 describes the description of the AuNP production process flow diagram.

@(LAS) @(LAS)

Gold
Plate -1 T2
Gold
‘ Nanoparticle
Purified Water
Gold Plate Figure 2. Process flow
diagram of AuNP.
Table 1. Process flow diagram of AuNP
No Symbol Information

1 FT Flow Transmitter

2 LAS Laser

3 T-1 Tank-1

4 T-2 Tank-2

5 T-3 Tank-3

From an engineering point of view, the total cost for purchasing raw materials for one
year is 1,615 USD. Sales in one year were 2,700,000 USD. The profit earned was 376,820
USD. The price for the analysis of equipment costs is 13,938 USD. The TIC must be less than
59,096.78 USD. This project requires a small investment fund. The project life span is 20
years, resulting in AuNP nanoparticles with CNPV / TIC reaching 17.09%, in the 9t year,
and PBP has been reached in the 2.2 year.

3.2. Economic Evaluation
3.2.1. Ideal Conditions
Figure 3 shows a graph of the relationship between lifetime (year) on the x-axis and the

value of CNPV/TIC on the y-axis. The CNPV/TIC value shows the Profitability Index (PI). If
the PI value of a project is less than 1, the project can be classified as unprofitable and the
project can be classified as profitable if the PI value is more than 1 (Zahra et al., 2020) [22].
In the graph it can be seen that the CNPV/TIC (%) is less than 1 in the 1st year and the 2nd
year. This is due to the initial cost of purchasing nanoparticle production equipment.

The lowest CNVP/TIC value occurred in the 2nd year with a value of -0.845204551%.
However, in the 3rd year to the 9th year, this project can be considered to be profitable
because it has increased the value of CNPV/TIC to more than 1. In the 2nd year, there is an
increase in income, which is the Payback Period (PBP). Based on Table 2, CNVP/TIC is
negative from the 1st year to the 2nd year. Then the CNVP value increased to positive in the
3rd year with a value of 2.90487611% and continued to increase until the 9th year with a
value of 17.09699147%. Therefore, the production of gold nanoparticles (AuNP) using the
laser ablation method can be considered to be profitable because it only takes 2 years to

restore the initial capital costs.
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Table 2. Annual CNPV in ideal conditions.

CNPV/TIC
0
-0,409351928
-0,8452045511
2.90487611
6.165815815
9.001415558
11.46715447
13.61127525
15.47572811
17.09699147
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3.2.2. The Effect of External Conditions
One of the external factors that affect the success of a project is an income tax provided

by the country to finance various public expenditures. Figure 4 shows a graph of the
relationship between CNPV/TIC values for 9 years and tax variations, where the y-axis is
CNPV/TIC (%) and the x-axis is age (years). An Increased tax every year will affect the CNPV
value and if the tax increases, it will result in lower profits. This is related to the PBP because
the higher tax income, the PBP will be much greater than the ideal condition.

When the income tax is 10%, the income successfully return the initial capital cost in
year 2.2; 25% tax in year 2.3; 50% tax in the 2.5 year; 75% tax on year 2.8 and 100% tax on
year 3.2. The profit of the project will continue to increase when it reaches the PBP point
until the 9th year. The CNPV/TIC values at year 9 for 10, 25, 50, 75 and 100% were found to
be 17.01; 16.47; 15.44; 14.41 and 13.37% respectively.

18
16
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s —t | 0%
& 10 ——25%
O 8
= 6 50%
2 75%
z 4
o —a—100%
0
2 0 1 2 3 — 4 5.6 7 8 9 Figure 4. Graph of
Lifetime (Year) CNPV/TIC for tax
variations
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3.2.3. Change in Sales
Figure 5 shows a graph of the relationship between CNPV/TIC with various sales

variations. The y-axis is CNPV/TIC (%) and the x-axis is lifetime (year). The analysis wa
carried out by increasing and decreasing the sales by 10% and 20%, which is the ideal sales
is 100%. When sales are decreased by 10% and 20%, the percentage of sales is 90% and 80%,
respectively. When the sales are increased by 10% and 20%, the percentage of sales becomes
110% and 120%, respectively. The CNPV/TIC value in the 1st and 2nd years with variations
in sales is the same, because the project is still developed. The effect of sales on CNPV/TIC
can be obtained after the project has been running for 2 years. The higher sales, the more
profit you will get. However, if there are conditions that cause the sales of the product to
decrease, the project's profit will decrease.

Based on the PBP analysis, the return on investment will occur when the sales is 120,
110, 100 and 90% in years 2 to 3, while the 80% sales price variation will not reach PBP. PBP
at 80% sales variation will not be achieved until year 9. However, the gap in profit generated
for each year will decrease as sales decreases and the company will losses when sales are less
than 20% of ideal conditions. On the other hand, the profit in every year will increase as sales
increase from ideal conditions. The value of CNPV/TIC in the 9th year for each variation of
120, 110, 100, 90 and 80% is 41.16; 29.13; 17.01; 5.06 and -6.96%.

50
40 ~°
-
30 -o=—80%
90%
20
100%

CNPV/TIC (%)
)

Lifetime (Year) Figure 5. Graph of CNPV
for sales variations

3.2.4. Change in variable cost (raw material, utility, labor salary)
Factors such as raw materials, utilities and labor salary can affect the success of a

project. Figure 6 shows a graph of the relationship between CNPV/TIC with variations in
raw material prices. The y-axis is CNPV/TIC (%) and the x-axis is lifetime (year). The ideal
raw material price is 100%. Analysis of variation of raw materials was carried out by
increasing and decreasing the price of these raw materials by 10% and 20% from ideal
conditions. The variations of the raw materials used in this analysis were 80, 90, 100, 110
and 120%. The value of CNPV/TIC was constant in the initial conditions of the project (0-2
years) because the project was still in the developed. Variations in raw materials begin to
affect the value of CNPV/TIC after the second year of project implementation. A decrease in
raw materials will increase profits and an increase in raw material prices will reduce project
profits.

The value of CNPV/TIC in the 9th year for variations of 80, 90, 100, 110 and 120% raw
materials are 32.57; 24.83; 17.09; 9.36 and 1.62%. PBP values obtained from each variation
of raw materials 80, 90, 100, 110 and 120% are in year 2.2; 2,3; 2,4; 2.5; and 3.2. The payback
period (2.2 year) with the largest profit (CNPV/TIC = 32.57%) can be obtained from the

variation of 80% raw material prices.
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Figure 7 shows a graph of the relationship between CNPV/TIC and utility price
variations. The y-axis is CNPV/TIC (%) and the x-axis is lifetime (year). The analysis is
carried out by increasing and decreasing the utility prices by 10 and 20% from the ideal price.
The ideal value of utility is 100%. The utility price variations used are 80, 90, 100, 110 and
120%.

The CNPV/TIC value from year 0 to year 2 is constant because the project is still
developed. The effect of utility on the value of CNPV/TIC can be seen after 2 years. The
results show that there is no significant effect on variations in utility prices. The project can
still go on and make a profit. The value of CNPV/TIC from year 9 for utility variations of 80,
90, 100, 110 and 120% is 17.10; 17.10; 17.10; 17, 09 and 17.09%. PBP results from utility
variations of 80, 90, 100, 110 and 120% can be obtained in year 2.2. The payback period (2.2
year) with the largest profit (CNPV/TIC = 17,10%) can be obtained from the 80% utility price

variation.
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Figure 8 shows a graph of the relationship between CNPV/TIC and variations in labor
salary. The y-axis is CNPV/TIC (%) and the x-axis is lifetime (year). The analysis is carried
out by increasing and decreasing the labor salary by 10% and 20% from ideal conditions. The
ideal labor salary is 100%. Variations in the labor salary used are 80, 90, 100, 110 and 120%.
In year O to year 2, the value of CNVP/TIC is constant because the project is still being
developed. The effect of variations in labor salary will be seen after the 2nd year. The greater
the salary of labor, the profit will decrease and vice versa. The value of CNPV/TIC in the 9th
year for labor salary variations of 80, 90, 100, 110, 120% is 21.89; 19.49; 17.09; 14.69 and
12.29%. The PBP values for each variation labor salary of 80, 90, 100, 110 and 120% were
achieved in year 2.2. The payback period (2.2 year) with the largest profit (CNPV/TIC =
21.89%) can be obtained from the 80% variation in labor salary.
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4. Conclusion

Based on the above analysis, the production of gold nanoparticles using the laser
ablation method is very profitable. PBP analysis shows that the investment will be profitable
after 2.2 years. This short investment is very promising in the future. The laser ablation
method was chosen because it is relatively simple and effective for the formation of large
amounts of nanoparticles. According to the results of the economic evaluation analysis, it can

be concluded that this project is feasible to run.

Acknowledgements

We would like to thank to Bangdos, Universitas Pendidikan Indonesia for supporting the
preparation of this paper.

Reference

[1] J. M. Pingarron, P. Yanez-Sedeno, and A. Gonzalez-Cortés, “Gold nanoparticle-based
electrochemical biosensors,” Electrochimica Acta, vol. 53, no. 19, pp. 5848-5866, 2008.

[2] F.K. Alanazi, A. A. Radwan, and I. A. Alsarra, “Biopharmaceutical applications of
nanogold,” Saudi Pharmaceutical Journal, vol. 18, no. 4, pp. 179-193, 2010.

[3] D. Kim, S. Jon, “Gold nanoparticles in image-guided cancer therapy,” Inorganica
Chimica Acta, vol. 393, pp. 154-164, 2012.

[4] S. Tedesco, H. Doyle, J. Blasco, G. Redmond and D. Sheehan, “Oxidative stress and
toxicity of gold nanoparticles in Mytilus edulis,” Aquatic toxicology, vol. 100, no. 2, pp.
178-186, 2010.

[5] V. Biju, “Chemical modifications and bioconjugate reactions of nanomaterials for
sensing, imaging, drug delivery and therapy,” Chemical Society Reviews, vol. 43, no. 3,
pp. 744-764, 2014.

[6] T. Tsuzuki, “Commercial scale production of inorganic nanoparticles,” International
Journal of nanotechnology, vol. 6, no.5-6, pp. 567-578, 2009.

[7]1 S. Deb, H. K. Patra, P. Lahiri, A. K. Dasgupta, K. Chakrabarti, and U. Chaudhuri,
“Multistability in platelets and their response to gold nanoparticles,” Nanomedicine:
Nanotechnology, Biology and Medicine, vol. 7, no. 4, pp. 376-384, 2011.

[8] S. Eustis, and M. A. El-Sayed, “Why gold nanoparticles are more precious than pretty
gold: noble metal surface plasmon resonance and its enhancement of the radiative and
nonradiative properties of nanocrystals of different shapes,” Chemical society reviews,
vol. 35, no. 3, pp. 209-217, 2006.

Urecol Journal. Part D: Applied Sciences, Vol.1 No.2 (2021) 102



Rahmadianti, S., et al.,

[9] C. M. Muller, F. C. F. Mornaghini, and R. Spolenak, “Ordered arrays of faceted gold
nanoparticles obtained by dewetting and nanosphere lithography,” Nanotechnology, vol.
19, no. 48, pp. 485306, 2008.

[10] S. R. Hall, W. Shenton, H. Engelhardt, and S. Mann, “Site-specific organization of gold
nanoparticles by biomolecular templating,” ChemPhysChem, vol. 2, no. 3, pp. 184-186,
2011.

[11] J. Turkevich, P. C. Stevenson, and J. Hillier “A study of the nucleation and growth
processes in the synthesis of colloidal gold,” Discussions of the Faraday Society, vol.11,
pp. 55-75, 1951.

[12] D. Wostek-Wojciechowska, J. K. Jeszka, P. Uznanski, C. Amiens, B. Chaudret, and P.
Lecante, “Synthesis of gold nanoparticles in solid state by thermal decomposition of an
organometallic precursor,” Materials Science-Poland, vol. 22, no. 4, pp. 407-413, 2004.

[13] S. A. Dong, and S. P. Zhou, “Photochemical synthesis of colloidal gold
nanoparticles,” Materials Science and Engineering- B, vol. 140, no. 3, pp. 153-159, 2007.

[14] C. E. Zou, B. Yang, D. Bin, J. Wang, S. Li, P. Yang, and Y. Du, “Electrochemical synthesis
of gold nanoparticles decorated flower-like graphene for high sensitivity detection of
nitrite,” Journal of colloid and interface science, vol. 488, pp. 135-141, 2017.

[15] K. Okitsu, M. Ashokkumar, F. Grieser, “Sonochemical synthesis of gold nanoparticles:
effects of ultrasound frequency,” The Journal of Physical Chemistry B, vol. 109, no. 44,
pp. 20673-20675, 2005.

[16] S. Sun, P. Mendes, K. Critchley, S. Diegoli, M. Hanwell, S. D. Evans, and T. H.
Richardson, “Fabrication of gold micro-and nanostructures by photolithographic
exposure of thiol-stabilized gold nanoparticles,” Nano letters, vol. 6, no. 3, pp 345-350,
2006.

[17] P. A. Schaal, A. Besmehn, E. Maynicke, M. Noyong, B. Beschoten, and U. Simon,
“Electrically conducting nanopatterns formed by chemical e-Beam lithography via gold
nanoparticle seeds,” Langmuir, vol. 28, no. 5, pp. 2448-2454, 2012.

[18] S. Ahmed, S. A. Chaudhry, and S. Ikram, “A review on biogenic synthesis of ZnO
nanoparticles using plant extracts and microbes: a prospect towards green
chemistry,” Journal of Photochemistry and Photobiology B: Biology, vol. 166, pp. 272-
284, 2017.

[19] A. V. Simakin, V. V. Voronov, N. A. Kirichenko, G. A. Shafeev., “Nanoparticles produced
by laser ablation of solids in liquid environment,” Applied Physics A, vol. 79, no. 4, pp.
1127- 1132, 2004.

[20] A. F. M. Y. Haider, S. Sengupta, K. M. Abedin, and A. I. Talukder, “Fabrication of gold
nanoparticles in water by laser ablation technique and their characterization,” Applied
Physics A, vol. 105, no. 2, pp. 487-495, 2011.

[21] M. I. Maulana, and A. B. D Nandiyanto, “Economic Evaluation of Different Solvents in
the Production of LaCoOs Nanoparticles Prepared by the Co-precipitation
Method,” IJASC, vol. 1, no. 4, pp. 7-15, 2019.

[22] F. Zahra, F. A. Utami, G. C. S. Girsang, S. Z. M. S. Mulya, V. D. Fentiana, Y . K. Putri,
And A. B. D. Nandiyanto, “Economic evaluation of zinc oxide nanoparticle production
through green synthesis method using Cassia fistula plant extract,” International
Journal of Energetica, vol. 5, no. 2, pp. 18-24, 2020.

This work is licensed under a Creative Commons Attribution-
NonCommercial 4.0 International License

Urecol Journal. Part D: Applied Sciences, Vol.1 No.2 (2021) 103


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

	1. Introduction
	2. Research Method
	3. Result and Discussion
	3.1. Engineering Perspective
	3.2. Economic Evaluation

	4. Conclusion
	Acknowledgements
	Reference

