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ABSTRACT
Demand on the materials, namely, zinc imidazole framework (ZIF), has increased for various applications such 

as catalysts and gas/molecule adsorbents. The synthesis procedure for gaining ZIF is not a new approach but analysis 
for the prospective large-scale production is still a great quest. Here, the present study was to evaluate the feasibility 
study for the production of ZIF particles. Evaluation was carried out using two types of feasibility studies, namely, 
engineering analysis and economic evaluation. This project was analyzed by estimating the production of ZIF in the 
ideal conditions and in the worst conditions, including the change of raw materials, sales, utilities, labor, and external 
conditions (i.e., taxes and subsidies). Engineering analysis gave information that this project has the potential for the 
large-scale production using available and inexpensive apparatuses. Economic analysis also showed that the project 
promises, in which this is confirmed by various economic parameters, as gross profit margins, internal rate returns, 
break even points, payback periods, and others. This study provides important information for large-scale production 
of ZIF particles.

Keywords: Economic perspective; engineering evaluation; feasibility study; metal-organic framework; zinc 
imidazole framework.

INTRODUCTION
The demand for the production of zinc imidazole framework (ZIF) for tools and intermediate materials has become 

a driving force in the early exploitation of various methods.  This material has been well known to be used in many 
applications, such as catalysts and gas/molecule adsorbent.

In short, ZIF is classified as a new subclass of organic metal framework (MOF) material with a topology similar 
to zeolite (Martins et al., 2010, Phan et al., 2010, Tian et al., 2010). ZIF is a hybrid crystalline material that is built 
by organic-inorganic material, which is usually composed by groups of tetrahedral transition metal ions with organic 
ligands bridged via coordination bonds (Cohen, 2011, Corma et al., 2010). In zeolites, the framework is built by 
the tetrahedral structure of Si or Al atoms bridged by oxygen atoms, while in ZIF material, the transition metal and 
imidazole linker will replace the tetrahedral structure of Si or Al atoms and oxygen elements. In short, ZIF material 
has a topology similar to zeolite aluminosilicate (due to the fact that it has pores), but its framework is constructed by a 
tetrahedral structure made of metal bridged by imidazole and also has more advantages than zeolite because of its high 
surface area, permanent porosity, and more topological structure as well as better coordination factors than zeolite 
(Bao et al., 2013, Zhang et al., 2015). In addition, ZIF has more advantages compared to other types of MOFs because 
of its good thermal properties (Pan et al., 2011). Because of its excellent properties, this material has the potential to be 
applied in various fields such as gas storage and separation, catalysis, drug delivery systems, and also chemical sensors 
(Allendorf et al., 2009). Therefore, ZIF material attracts a lot of attention and has recently begun to be developed for 
wider applications (Tan et al., 2010). Here, in this report, we showed feasibility analysis for the synthesis of ZIF.

To produce this material, various methods have been reported, including solvothermal, microwave-assisted 
solvothermal, and aqueous synthesis methods at room temperature. The solvothermal method is a route usually used 
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to synthesize ZIF, but this approach takes a long time and takes up high energy. ZIF with better results such as better 
product yield and smaller crystal size may be obtained using microwave-assisted solvothermal synthesis methods, but 
as with the solvothermal method, the process requires high energy consumption even though it takes less time (Nordin 
et al., 2014). To overcome this problem, the synthesis of ZIF through the aqueous synthesis at room temperature 
method was studied because the synthesis process with this method does not consume too much energy, thereby 
minimizing energy to use. Another advantage of this method is producing a high product yield and smaller crystal 
sizes. Pan and co-workers have succeeded in synthesizing ZIF using the aqueous synthesis method at room temperature 
with a relatively short time and with minimal energy consumption (Pan et al., 2011). Although many methods have 
been suggested, there is no information regarding possibility of the production of ZIF in the large-scale production. In 
fact, this information is important. At least, the information should include the data to understand whether the ZIF is 
feasible or not in the large-scale production.

Here, the purpose of this study was to evaluate economic feasibility and techniques in analyzing the feasibility 
of synthesis of ZIF using the aqueous synthesis method at room temperature. This study is required for industry to 
support further development and large-scale production. This study was done by evaluating the process from two 
perspectives: engineering perspective and economic evaluation. 

The engineering perspective introduced the production analysis and application of technologies used to produce 
the ZIF product. In this study, we used the synthesis procedure using Pan et al. method (Pan et al., 2011). This typical 
synthesis was adopted because the method is simply done in the aqueous solution. Further, the total process can be 
applied in the simple equipment, does not consume energy too high, and is relatively rapid, cheap, and suitable for 
large-scale production. The process is also able to be conducted at room temperature. Thus, it can be concluded that 
most of the processing method can be adopted and developed easily. 

Then, the economic evaluation used several parameters, such as calculating Gross Profit Margin (GPM), which is 
the first analysis to determine the level of profitability of a project; calculate the Internal Rate Return (IRR) to ensure 
the economic condition of the project; Break Even Point (BEP) calculates the minimum capacity at which the project 
is not profitable; Payback Period (PBP) to predict the length of time needed by the project to be able to return the initial 
capital; Cumulative Net Present Value (CNPV) to predict project conditions as a function of the year of production; 
and Profitability Index (PI) to obtain information about profit(Nandiyanto, 2018). This economic evaluation is a form 
of quantitative assessment of what is expected and desired by the stakeholder to carry out the investment process in 
a project (Machmud et al., 2019, Machmud et al., 2018). To support the study, additional data is needed and adopted 
to assist the analysis process (Andika and Valentina, 2016, Putra, 2016). The data includes data on chemical prices, 
data on utility prices, and specifications of apparatuses. Then, the data is calculated to assist analyze the feasibility of 
making ZIF industries in developing countries like Indonesia.

METHOD

The study was done in two parts. One is the engineering perspective, and the other is the economic evaluation.

The engineering perspective was done by adopting reference Pan et al. (2011). The method was then applied into 
the commercially available apparatuses in the market. Thus, the process was based on the available specification of 
apparatuses. We also considered the use of inexpensive raw materials and apparatuses to support and minimize the 
investment cost.

The economic feasibility study method was used to calculate data that includes data on chemical prices, utility 
costs, and apparatuses prices. The data was adopted from web online shops such as Alibaba. Then, the data was 
calculated by simple calculations to analyze the economic feasibility parameters of a project based on the literature 
(Nandiyanto, 2018). Some parameters of the economic feasibility calculated were explained in our previous studies 
(Ragadhita et al., 2019). In short, the calculation is explained in the following:
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GPM was obtained through a reduction between the selling price and the price of raw materials.• 

IRR was calculated from the following equation:• 

where Co and Ct are the total investment costs and the net cash inflow during the t period, respectively. t is the 
project time (as year), and r is the discount rate.

PBP predicted the length of time a project has to get its initial capital back, in which this was obtained based • 
on when CNPV/TIC curve in reaching zero value.

CNPV was estimated by adding the total value of Net Present Value (NPV) at a certain time from the start of • 
the project. The NPV itself was calculated by multiplying the cash flow with a discount factor.

BEP was predicted by dividing fixed costs by profit (gained each year).• 

PI was calculated by dividing CNPV by sales or the total investment cost. The PI itself depended on the type • 
of PI, which was classified by PI to sales or PI to investment.

Various conditions, such as changes in raw material prices, utilities, labor, and sales capacity, were added in the 
feasibility study of this project.

RESULTS AND DISCUSSION

Engineering perspective

The synthesis method for the production of ZIF evaluated in this study adopted the aqueous synthesis method 
in the previous report (Pan et al., 2011). The process was set into at least four steps (see Figure 1): (1) raw material 
dilution; (2) reactor tank; (3) enrichment and purification process; and (4) drying process. The product of the drying 
process was then put into the packaging process.

In the first step, Zn(NO3)2.6H2O is dissolved and homogenized in the aqueous solution. The dissolved Zn(NO3)2.6H2O 
produces a colorless zinc solution. 

In the second step, 2-methylimidazole is put into the dissolved zinc solution. The mixed solution is stirred at room 
temperature for 4 hours. The process should produce a milky white color product, in which increasing process time 
results in gradual formation of white solution. 

The third step includes the process for collecting the product from the formed white solution. There are many 
suggested methods for collecting the particles. However, centrifugation is the best since it can collect particles within 
several minutes. We suggest the use of centrifuge at a speed of 11,000 rpm for 30 minutes, in which this process is 
able to collect the particles with sizes of even nanometer scale. Indeed, the obtainment of nanometer-sized particles 
will increase the price of product. To ensure the particles are free of remained reactant, the centrifuge should be done 
at least twice and washed with water. 

In the fourth step, the centrifuged product is put into the drier for 2 hours to remove solvent (i.e. water). The dried 
product is then ready for packaging process. For some cases, the dried product is put into grinding process.
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Fig. 1. ZIF process flow diagram.

Based on the processing scheme (as shown in Figure 1), the yield of ZIF is calculated based on the following 
assumptions:

All apparatuses are assumed to be purchased in commercially available market, and the price was compared (1) 
to the available online market. 
The efficiency of the reaction is 95%(2) 
The efficiency of the purification and drying is 90% (losses is 10%).(3) 
One processing cycle (from the formulation, chemical diluting, mixing, to the packaging process) takes 6.5 hours.(4) 
In one-day process, the total processing cycle is 2 cycles. Assuming the total days in a year is 300 days, the (5) 
total processing cycle is 600 cycles per year.

Based on the above assumptions, the total ZIF is 222 kg per year. This total ZIF process consumes Zn(NO3)2.6H2O, 
2-methylimidazole, and pure water of 700 kg, 0.9 kg, and 25 L per year. Then, the process can be done in the 
commercially available apparatuses with the total equipment costs of around 6,951 USD. Calculating the investment 
cost and adding other plant start-up facilities, the total investment cost (TIC) can reach 32,000 USD, in which this cost 
is estimated using Lang Factor formulation as reported in our previous report (Nandiyanto, 2018). This TIC value is 
relatively inexpensive for producing this type of material.

Economic evaluation
The assumptions used for the economic feasibility analysis of the ZIF production are as follows:

All prices of raw materials used and prices of products follow market prices at online web shops. Prices of (1) 
Zn(NO3)2.6H2O, 2-methylimidazole, and water are 1000 USD/ton, 1200 USD/ton, and 4 USD/L, respectively. 
The price of ZIF (as product sales) is 100 USD/gram.
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The production process ignores other supporting costs such as instrumentation, plant start-up, and electrical-(2) 
related components.

Lang Factor is used to calculate the total investment cost (TIC) for the project (Nandiyanto, 2018).(3) 

The process of running under purchased land. Therefore, land is calculated as the initial cost of project (4) 
construction and will then be recovered after the project is finished (at the end of the project).

The depreciation was calculated using direct-depreciation type (Ragadhita(5)  et al., 2019).

Working days for one year are 300 days, and the rest of the day is used for cleaning and process preparation.(6) 

Basic electricity costs are 0.15 USD / kWh.(7) 

The total wage is assumed to be with a fixed value of 8 USD/day and the number of workers in this project (8) 
is 10 people.

Discount rate and income tax are, respectively, 15 and 10% per year.(9) 

The project operates for 20 years.(10) 

Economic evaluation in the ideal condition
The economic perspective analysis of the ZIF project in ideal conditions is shown in Figure 2. This figure presents 

the CNPV/TIC curve for the length of time the project operates. All data were compared to TIC. As shown in the 
curve, the initial time shows negative CNPV value, and the value increases with project time. This type of curve 
confirmed the ZIF production project to be promising. Good opportunities for obtaining benefits will be gained, shown 
by positive values from overall economic feasibility parameters (see inserted Table in Figure 2). For example, the PBP 
is relatively short, reaching less than 3 years to recover initial investment cost.

Fig. 2. CNPV/TIC curve based on variations in economic evaluation parameters.



41Asep Bayu Dani Nandiyanto and Risti Ragadhita

Economic evaluation under fluctuating raw materials, sales, labor, and utility costs
As discussed above, to produce ZIF, some raw materials are used: Zn(NO3)2.6H2O, 2-methylimidazole, and water. 

These chemicals are important factors, making them mandatory to be integrated with the number of products in the 
project. In short, the number of products has a direct correlation to the amount of raw materials added in the initial 
process. Thus, the price of the raw materials is important to be estimated. 

Since the costs of raw materials will not be stable every time, analysis of the effect of instability of the raw material 
price on the project is important (see Figure 3). As a comparison, we also analyzed the effect of sales on the project. 

Based on the economic analysis in Figure 3, the instability of the cost of these raw materials has a direct impact on 
the income or profit (such as GPM) obtained by the project. If the cost of raw materials increases significantly (while 
the product price (sales) is set to be the same), it will give a negative impact on the project. The most influential raw 
material parameter (based on GPM analysis) is 2-methylimidazole and then followed by Zn(NO3)2.6H2O. However, 
the influence of both raw materials did not significantly reduce the GPM value in this project. In the case of water, the 
cost is not so influential. Further, the effect of this type of raw material on the project can be minimized by placing the 
plant in the location that is near water source such as river. 

Compared to the raw materials, sales parameter is the most influential. The price of sales can be ranging from -30 
to 110% of GPM, while the prices of raw materials are only in the range of 60 and 100. 

Fig. 3. Raw materials (i.e., zinc nitrate hexahydrate, 2-MIM, and water) and sales on GPM.
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In addition to the raw materials and sales, other production parameters that have a direct impact on project benefits 
are labor and utilities. To confirm these parameters, PI analysis was carried out on the raw material, sales, labor, and 
utilities, which is presented in Figures 4 and 5. 

From both figures, the results showed that the raw materials, labor, and utilities have linier impact on the PI, 
whereas the sales parameter showed exponentially impact on the PI. 

In the case of raw materials, labor, and utility costs, the PI curves showed linear curves, informing that the three 
parameters also have a direct impact on profit. However, in labor and utilities cases, the increase in the parameters did 
not have a significant effect on profit compared to the sales parameters. Therefore, production costs must be optimized 
with raw materials, labor, utilities, and sales. 

In the case of sales, from the PI analysis, it can be classified as the most significant parameter affecting profit. 
When there are decreases in the price of sales, the profit will be decreasing significantly. Although sales have a direct 
impact on profit, a significant increase in sales will not have an impact on profits gained because price increases will 
be followed by changes in variable costs. Further, increases in the sales must be considered, especially relating to 
the competitiveness of the product. Therefore, the selling price must be optimized to support the company to be still 
profitable. Indeed, this is also relating to the successful or failure of a project. Based on this analysis, the selling price 
will be optimum when the price is about 70 to 100%.

Fig. 4. PI profit to sales as a function of sales, raw materials, utility, and labor.



43Asep Bayu Dani Nandiyanto and Risti Ragadhita

Fig. 5. PI profit to investment as a function of sales, raw materials, utility, and labor.

To get more understanding the effect of the raw materials, sales, labor, and utilities on profit, analysis using 
BEP was done, which is shown in Figure 6. This figure presents curves, the changes of raw materials, sales, labor, 
and utilities on the change of BEP. The results showed that an increase in sales prices will reduce the BEP value or 
production capacity to achieve certain profits, while the parameters (i.e., raw materials, labor, and utility costs) showed 
the opposite correlation to BEP. The correlations (based on curves) are in good agreement with the above results in 
Figures 4 and 5.
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Fig. 6. BEP as a function of sales, labor, raw materials, and utility.

To understand more about the analysis, Figure 7 presents analysis of variable cost to the CNPV curves. The 
analysis using the CNPV will give actual results compared to the above analyses (as shown in Figures 3, 4, 5, and 
6). The variable costs used in this analysis integrated raw material costs, labor costs, and factory overhead costs. The 
variable cost is analyzed since it is the largest cost for managing the project, making it as an important role playing in 
the profitability of the project. Decreases in the variable costs will directly affect the increases in the final CNPV value. 
Indeed, the involvement of less variable costs can create maximum profit.

The results in Figure 7 depicted that the increases in variable cost can create less CNPV/TIC value. The 
movement of the PBP was also obtained, but it is not so high enough, confirming the project for producing ZIF is 
promising. 

If the variable costs exceed 100% of the estimated value, less profit is obtained and the PBP is relatively longer. 
In addition, the CNPV analysis image (Figure 7) also showed that this project can still survive until the variable cost 
changes reach 500% even though the CNPV final value is decreasing.
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Fig. 7. CNPV curve under various variable costs.

Economic evaluation as the effect of production capacity

To get the minimum level of production capacity needed by the market, the CNPV analysis is carried out (see 
Figure 8). As shown in the figure, production capacity plays an important role in project profitability. A reduction in 
the production capacity will have an impact on the final value of CNPV and PBP. To be profitable, the production 
capacity must be more than 25%. If the production capacity achieved is less than the minimum production capacity 
(less than 25%), the project is not profitable.
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Fig. 8. CNPV curve under various production capacities

Economic evaluation as the impact of external condition
In addition to internal factors such as raw material, sales, labor, and utilities, there are several factors originating 

from outside the project called external factors. These factors can affect the success of a project. The external factors 
that most influence the success of a project are the economic conditions of a country where a project is established. 
These factors, such as taxes imposed by the government on a project, relate to costs or other factors charged to the 
project. To get the correlation of external conditions, this study uses the most speculative values for the worst cases in 
Indonesia, in which the value is   between -100 and + 150% of predictive values   based on literature (Nandiyanto, 2018). 
Negative values   indicate costs that are subsidized by the government for project sustainability, while positive values   
are variations in taxes that must be paid by the project to the government.

CNPV analysis of tax variations is shown in Figure 9. In years from 0 to 2, the tax has not yet been determined, 
because this year is the initial year of the project and the project is still under construction. Investigation of the effect 
of tax variations set by the government on the project can be analyzed starting from the second year to the last year. 
The results of the analysis show that the greater the tax applied to a project, the more the profit decrease. And the 
possibility of PBP being achieved will be longer than the ideal situation. Based on the analysis of CNPV and PBP, the 
amount of tax applied to a project to obtain a minimum BEP (the condition where the project is at break-even) is 50% 
of the predicted value. If the tax applied is greater than 50% it will create a failure in the project.

In addition to investigating the amount of tax applied by the government on the project, an additional cost analysis 
in the form of subsidies from the government for the project was also carried out. When the government provides a 
subsidy fee of 50% (in a curve shown -50%), it will create more benefits for the project even though these benefits 
have no significant impact on the project.
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Fig. 9. CNPV curve as a function of project life time of the project with various taxes.

Condition to make the project successful
Based on the results of the economic feasibility analysis, the analysis of both the ideal and non-ideal conditions 

shows that this project is promising. But in some cases, this project will only benefit from certain economic conditions 
when changes in economic conditions occur. 

If the project is carried out in certain situations, which are outside certain economic conditions, then the losses will 
be created by the project. Specific conditions from an economic perspective are described in detail as follows:

Projects can still be profitable until the increase in raw material reaches 150%. From the results of the raw (1) 
material analysis, 2-methylimidazole most influenced the GPM obtained. However, overall analysis shows 
that raw material parameters do not significantly reduce GPM.

Selling prices must be increased to maintain the sustainability of the project. But of course, this selling price (2) 
must be optimized with costs or other production parameters such as raw material, labor, and utilities. To 
maintain project profits, a decrease in selling prices must remain higher than 10% of the estimated costs. 
Otherwise, it will create project failure.

In this case, labor conditions do not significantly reduce project profits. The project can still last until the (3) 
increase in employee wages reaches 150% of the estimated price. However, for some cases, labor costs can 
be reduced by applying automation technology as an alternative to the use of labor.

Almost as labor conditions, utility costs also do not significantly reduce project profits despite an increase in (4) 
utility costs up to 150%.
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Taxes play an important role in the sustainability of this project. The project can still maintain profits if a tax (5) 
of 50% is applied from the estimated tax value. If the tax that has to be issued by this project exceeds 50% 
of the estimated tax value, then this project will achieve a loss. What can also be seen is the application of 
taxes up to 100% that makes this project break even (where the condition of a project is not profitable and 
does not lose).

Subsidies provided by the government to projects can increase project profits. But the impact is smaller than (6) 
tax.

Project feasibility analyses have also been carried out to support the economic prospects of this project. The 
feasibility analysis confirms that this project is very promising. This is indicated by economic parameters such as 
GPM, PBP, ROI, PI, IRR, and CNPV, which give positive values. PBP’s analysis also shows that, to get back the initial 
capital, this project only takes 2 years. This time is relatively short when compared to PBP’s standard capital market.

From the results of the ROI analysis, this project is considered not very feasible to be a long-term investment field 
for investors, because the value of ROI only reaches 15%, which implies that the investment fund of 100 USD only 
produces an additional profit of 15 USD. The IRR analysis also shows that the not-too-high profits for the project 
are only around 10% for the 20-year project period or around 0.5% per year. The final CNPV value for a 20-year 
project period shows a value that is not too high. This provides a non-attractive perspective for investors for long-term 
investment.

CONCLUSION
The present study has evaluated the feasibility study for the production of ZIF particles. The evaluation was carried 

out into two types of feasibility studies, namely, engineering analysis and economic evaluation. From the results, the 
ZIF project is quite promising when viewed from a technical point of view. Based on an economic perspective, this 
project produces sufficient profits for the continuity of the project itself, confirmed by various economic parameters, 
as gross profit margins, internal rate returns, break even points, payback periods, and others. This study provides 
important information for large-scale production of ZIF particles.
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