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Abstract. The aim of this research is to determine the impact of production capacity in
determining of distillation cost estimation on the dimethyl ether plant design. The estimation of
equipment costs are determined using the CEPCI cost index. The calculation of the equipment
specification was done with 4 different production capacities. The number of column height and
diameter will increase when the production capacity is increased. The increase of the equipment
cost is directly proportional to the increase of production capacity. The greater the production
capacity, the larger the height column and diameter, so the equipment cost will increase also.
The equipment cost is affected by production capacity. Based on this analysis, the cost in the
year of 2024 will follow the model of y = 9923.8x + 2E+08, which x is the capacity.
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1. Introduction

Distillation can be considered as the most popular vapor-liquid separation process which is widely used
in industry to separate various chemicals [1]. Distillation is a method of separating chemicals based on
differences in the speed or ease of evaporation (volatility) of the material [2]. In the pre-planned
dimethyl ether plant, the presence of a distillation column is a very important part of the separation
process, because it is related to the purity of the product produced. Distillation in this study was used to
separate the dimethyl ether product from a mixture of methanol and water [3].

The distillation column is a series of process equipment consisting of a preheater, column,
condenser, accumulator, reboiler, and its supporting equipment with the configuration as shown in
Figure 1. There are 4 types of flow in the distillation process [2]:

e The feed stream is the stream that enters the distillation column.

e The product stream is the stream leaving the distillation column. There are at least two kinds,

namely the top product (distillate) and the bottom product.

e Internal stream is the fluid flow that occurs in the distillation column. There are two types,

namely the vapor stream and the liquid stream.

e Reflux flow is some of the top product (distillate) which is returned to the distillation column

through the top of the column.
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In a factory planning, the estimated cost of equipment is one of the factors needed for economic
analysis in estimating the final cost of a plant to prevent non-productive construction. With these
estimates, operational and capital costs can be estimated and with that profit estimates can be achieved
[4]. In this study, the estimation of the price of the equipment was carried out on the distillation apparatus
based on the production capacity of the dimethyl ether plant.

This research was conducted with the aim of knowing the effect of production capacity in
determining the price of the distillation equipment in the dimethyl ether factory planning.

2. Research Method

Bealiue

Figure 1. Distillation equipment

2.1 The working of distillation equipment
The feed in the form of a mixture of dimethyl ether and crude methanol is fed to a distillation column
with a boiling point feed temperature condition. The material in the form of steam will directly rise to
the top of the column and exit through the steam outlet, which is then cooled in the condenser. While
the material in the form of liquid will go down through each tray. The liquid that has reached the bottom
of the column is heated again with a reboiler and the dimethyl ether vapor formed will rise to the top of
the distillation column. The steam that has been cooled in the condenser will then be condensed into a
distillate and some of the liquid is returned to the distillation column as reflux [5]. The performance of
the distillation column is determined by several factors, including [6]:
e Feed conditions; the state of the mixture and the composition of the feed affect the operating
line and the number of trays in the separation. This also affects the location of the feed tray.
o Reflux conditions; a minimum tray is required under conditions of total reflux i.e. no distillate
withdrawal. The separation is better if fewer trays are used to obtain the degree of separation.
e Steam flow conditions.
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2.2 Design Process
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Figure 2. Distillation column design process flow chart

Determining column diameter

In the distillation column design process there are several steps, the first is to calculate the number of
trays with equations [5].
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After getting the number of trays, then determine the location of the feed tray with equation [7]:
2
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Next determine the column diameter by equations [8]:
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After the diameter is obtained, then determine the pressure drop using equations [8]:
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Then calculate the liquid backup in downcomer, with equation [8]:
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After the Hp value is obtained, the next step is to determine the column height using equations [9]:

Total height of tray = (3 tray — 1) x (tray spacing) + (distance for feed inlet)

Liquid hold-up height, H = = Sf + 0,000049 D3
Volume down cap =~D?H
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Cap thickness, t; = FXE—01xP
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Cap height, OA = td + b + sf
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Total tower height = height for plate holder + liquid backup height + cap height + inlet feed

height + liquid hold up height + inlet reflux height (29)
Information :
A = Area of column
An = Net vapor flow area between plates
Co = Orifice coefficient
D = Tower diameter
Fw = Factor
Hpo = Height of liquid backup in downcomer
AHr = Total pressure drop
he = Equivalent head loss in downcomer
ho = Equivalent head loss through holes
how = Liquid crest over weir
h, = Equivalent surface-tension head loss

hw = Weir height

Nmin = Total tray minimum

Pc Capacity factor

Pr Flow parameter

Q. =Liquid load

Qv = Vapor load

Uw = Vapor velocity

S = Relative foam density

¢4 = Froth density, downcomer

2.3 Approximate Equipment Price

After the specification of the tool is done, the estimated price of the tool can be calculated. To calculate
the price of a distillation device, data on column height, diameter, number of actual trays, and types of
construction materials are required. Furthermore, with the following equations, the initial value of the
distillation column [10] will be obtained:

Cem =C, x Fpm (30)

Cem = Cp X Fpm X Naet X fq (31)

The price of equipment in the year the factory was established is determined using the CEPCI
(Chemical Engineering Plant Cost Index) price index, where the price index is a value given at a time
indicating the price or value at a certain time [3]. The initial price index in this study was obtained from
literature data in 1982, which was 315 [10]. As for the price index in 2024, which is the year the dimethyl
ether plant is planned to be established, the price index is set at 600.05. Obtained from table data CEPCI
Annual Index [11] which was then calculated using the least square method [12]. Furthermore, as a
comparison, the price index in 2026 is calculated, which is worth 605.51.
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CHEMICAL ENGINEERING PLANT COST INDEX (CEPCI)

i Jan.’13  Dec.'18 Jan."18 .
(1957-59 = 100) Prolim. Final Hnal Annual Index:
CElndex 619.2 6159 576.4 2011 =565.7
Equipment 7575 7512 607.4 2012 = 584.6
Heat exchangers& tanks 677.3 6673 606.1
Precess machinery 7343 7312 637.0 2013 = 567.3
Pip2, vavesd httings 978.9 9799 9102 2014 = 576.1
Progessinstuments B 416.1 4202 4159
Pumps & compressors 1060 6 10273 10010 2015 = 556.8
Electrical equipment 554.7 5537 5312 2016 = 541.7
Structueal supports &misc. 841.7 8272 736.1
Construction abor 331 3395 287 2017 = 567.5
Bultcings 601.5 6001 5705 2018 = 603.1
Engneering & supervison 316.9 3163 208.7

Figure 3. CEPCI Annual Index [11]

From the results of the calculation of the initial price of the distillation column, then a calculation
is carried out to get an estimate of the price in the desired year, using equation [12]:

index price in year A

Price in year A = X price in year B (32)

index price in year B

For the price of the distillation column in the market today, it is known to be in the price range of
Rp. 218.667.600 to Rp. 29.155.680.000 [13].

3. Results and Disscussions
The results of the estimation of the price of the distillation column equipment based on the production
capacity of the dimethyl ether plant.

Table 1. Estimated price of distillation column in 2024 and 2026 based on production capacity

Production Capacity

Estimated Price in 2024

Estimated Price in 2026

10.000 ton/year
13.973 ton/year
20.000 ton/year
25.000 ton/year

Rp 250.685.471
Rp 325.569.208
Rp 371.140.293
Rp 406.950.384

Rp 252.966.780
Rp 328.531.980
Rp 374.517.775
Rp 410.653.748
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Based on Table 1, it is known that the greater the production capacity, the greater the estimated
price for the distillation column.



Biomedical and Mechanical Engineering Journal (BIOMEJ)
e-ISSN: 2776-1983, p-ISSN: 2829-5242
Vol. 2, No.1, Mei 2022, pp 25-32

Rp450,000,000 -
Rp400,000,000 -
Rp350,000,000 -
Rp300,000,000 -
Rp250,000,000 A
Rp200,000,000 A
Rp150,000,000 A
Rp100,000,000 A
Rp50,000,000 -

RpO0

y =9923.8x + 2E+08
R?=0.946

Equipment Price (Rupiah)

0 5000 10000 15000 20000 25000 30000

Production Capacity (ton/year)

Figure 4. The relation between production capacity and equipment price in 2024
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Figure 5. The relation between production capacity and equipment price in 2026

Figure 4 shows that the increase in equipment prices in 2024 is directly proportional to the increase
in production capacity. The same thing is also seen in Figure 5, where the increase in equipment prices
in 2026 is proportional to the increase in production capacity. Based on the graph in the literature [10],
it is known that in determining the price of the distillation column, it is influenced by the height of the
column and the diameter of the tray. Where the greater the capacity, the column height and tray diameter
will increase. Thus, the estimated value of the tool price also increases.

4. Conclusion

Based on the graph of the calculation results of the estimated price of the distillation column in 2024
and 2026, it shows an increase in line with the increase in production capacity. When compared with
the prices on the market today, the results of the calculation of the estimated price of the distillation
column equipment based on the pre-planned production capacity of the dimethyl ether plant are
appropriate.

31



Biomedical and Mechanical Engineering Journal (BIOMEJ)
e-ISSN: 2776-1983, p-ISSN: 2829-5242
Vol. 2, No.1, Mei 2022, pp 25-32

5.
[1]
[2]
[3]

[4]
[5]
[6]
[7]

[8]
[9]

References

Zubir M.A., Islam Zahran M.F., Shahruddin M.Z., Ibrahim K.A. and Abd Hamid M.K. 2019
Economic, Feasibility, and Sustainability of Energy Efficient Distillation Based Separation
Processes, Chemical Engineering Transactions, vol. 72, pp. 109-114.

Fatimura, M., 2014, Tinjauan Teoritis Faktor-faktor yang Mempengaruhi Operasi pada Kolom
Destilasi, Jurnal Media Teknik, vol. 11(1), pp. 23-38.

Nurrahmiati and Utama, P.S., 2021, Prarancangan Pabrik Dimetil Eter dari Tandan Kosong Sawit
(TKS) Menggunakan Proses Indirect Synthesis dengan Disain Alat Utama Destilasi Dimetil Eter,
JOM FTEKNIK, vol. 8(1), pp. 3-6.

Katzenstein, P., 2015, Distillation Resistance: A quick cost and duty estimation for a simple
distillation columns train, University of Lisbon.

Perry, R.H., 1999, Perry's Chemical Engineer's Handbook, 7" ed., McGraw-Hill Book Company,
Inc., New York.

Komariah, L.N., Ramdja, A.F. and Leonard, N., 2009, Tinjauan Teoritis Perancangan Kolom
Distilasi untuk Pra-Rencana Pabrik Skala Industri, Jurnal Teknik Kimia, vol. 16, p. 22.

Sinnott, R.K., 1999, Chemical Engineering Design, 3" ed., Butterworth-Heinemann, Oxford.
Van Winkle, M., 1967, Distillation, McGraw-Hill Book Company, Inc., New York.

Brownell, L. and Young, E., 1959, Process Equipment Design, John Wiley & Sons, Inc., New
York.

[10] Ulrich, G.D., 1984, A Guide to Chemical Engineering Process Design and Economics, John

Wiley & Sons, Inc., New York.

[11] Chemengonline.com, 2019, The Chemical Engineering Plant Cost Index, [Online]. Available:

https://www.chemengonline.com/pci-home. [Accessed 4 November 2021].

[12] Peters, M.S. and Timmerhaus, K.D., 1991, Plant Design and Economics for Chemical Engineers,

McGraw-Hill Book Company, Inc., New York.

[13] Alibaba.com, 2021, Distillation Column & Tower Price, [Online]. Available:

https://m.alibaba.com/product/60292753075/Distillation-Columns-Tower.html. [Accessed 4
November 2021].

32



