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Analysis of traditional house hold alcoholic beverage to processing 
plant level production

Alcohol use is part of many cultural, religious and social practic-
es, and provides perceived pleasure to many users. The aim of 
this project was to develop mini scale alcohol production, which 
would be very useful for those who focus for many developing 
countries including Ethiopia, developing this project have been 
valuable for such sector for those who had an idea to develop 
new alcoholic beverage project professionals. The paper tried 
to evaluate the economic performance of minimum level alcohol 
production, grow to in terms of productivity, profitability, capaci-
ty utilization, marketing and the socio-economic contribution of 
the project. Those, the total capital investments found from this 
study analysis estimated to be total 34, 673,529.41 birr and the 
total production cost is 4520833.3birr/yr. The Company will get a 
net income of 1,376,650,000 birr/year. The repayment for the in-
vestment cost will be paid off over the next 4.6 years. The project 
provides for efficient utilization of the existing resource, techno-
logical advancement, managerial efficiency and incentives to up-
grade traditional beverages to large production process scales.

Keywords: Alcohol, Material balance, energy balance, equip-
ment sizing, feasibility cost analysis.
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Introduction 

References and descriptions regarding the use 

of alcoholic beverages are available from almost 

all civilizations and in all time periods since 

3000-2000 BC. Alcohol has been described as 

having been used for medicinal, social, religious 

or recreational purposes across different 

cultures in various parts of the world. As 

compared to the production of relatively small 

quantities of fermented wines, the process of 

distillation, which started in the 15th century, 

made large-scale production of spirits possible. 

This led to alcohol becoming an item of trade in 

the last 500 years in the period of rapid 

industrialization and global trade, with a 

predominant use in the western societies. The 

Objectives of this study was to produce 

5,022,000L/yr of alcohol in constitute with 

economy of the process, to identify the minimum 

level alcohol production capacity to growth a 

maximum level ,Calculating the material and 

energy balance of the plant ,Equipment design 

and sizing  and Estimating cost and profit of the 

plant. 

Materials and methods 

Short process description  

 Alcohols are important industrial materials and 

solvents. These include Methanol, Ethanol, 

Isopropanol and Ethylene Glycol. Ethanol, or 

Ethyl Alcohol, is used as a solvent, fuel additive, 

and in lotions, tinctures and medicines. It is 

probably most familiar as the alcohol of alcoholic 

beverages and is referred to generically as 

Alcohol, Common Alcohol or Grain Alcohol. For 

this last purpose, Ethanol (CH3CH2OH; or EtOH 

for short) is produced by fermentation of 

molasses. Fermentation alone does not produce 

beverages with Alcohol content greater than 12 

to 15% because the fermenting yeast is 

destroyed at high Alcohol concentrations. To 

produce beverages of higher Alcohol content the 

aqueous solution must be distilled. The 

fermentation of carbohydrates into Alcohol is 

one of the oldest known chemical processes.  

Raw martial  

Cassava 

The technology of producing ethanol from starch 

is internationally well developed. Cassava is 

performing average to good on all processing 

steps. Under optimal conditions, ethanol yield 

from cassava is the highest of all the main 

ethanol crops (up to 6 tone/hour). Moreover, a 

cassava ethanol plant requires less complex 

processing equipment resulting in lower 

investment. 

Corn 

In wet milling, the grain is soaked or "steeped" in 

water and dilute sulfurous acid for 24 to 48 

hours. This steeping facilitates the separation of 

the grain into its many component parts. After 

steeping, the corn slurry is processed through a 

series of grinders to separate the corn germ. The 

corn oil from the germ is either extracted on-site 

or sold to crushers who extract the corn oil. The 

remaining fiber, gluten and starch components 

are further segregated using centrifugal, screen 

and hydrochloric separators. The steeping liquor 

is concentrated in an evaporator. This 

concentrated product, heavy steep water, is co-

dried with the fiber component and is then sold 

as corn gluten feed to the livestock industry.  

 Molasses 

Sugarcane has very high sucrose content, and 

is the grass that is harvested for the production 

of sugar. Molasses is a dark colored syrupy 

residue obtained from sugarcane after extraction 

of all commercially profitable sugar. It is also the 

principle by-product of a sugar refinery. The 

composition of molasses from sugarcane varies 

with the locality, variety of cane, character of soil, 

climate and the method of processing. Sugar 

concentration in molasses is about 33-45 wt%  

Molasses preparation 

 To create a suitable media for the yeast 

activities can molasses raw material used then 

successive dilution is done with respect to the 

desired brix i.e. high brix and low brix for 

fermentation & pre-fermentation stage 
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respectively, for the low brix case after dilution, 

acidification is done up to 4-5 PH 

Molasses dilution 

 In – line mixers 

The existing molasses preparation system (low 

brix and high brix) are proposed to be replaced 

by two parallel in-line mixers. For low and high 

brix that work synchronized with the proposed 

pre-treatment plant, usually in this arrangement 

a positive displacement pump while the water is 

pumped at constant rate measured by flow 

meter pumps the molasses at a set rate using 

variable speed drive. The brix (solid content) of 

the mixture (wash or wort) is measured by 

hydrometer. It is also better to install a flow meter 

and electronic meter on the molasses line and 

for the measurement of the brix respectively. 

The measured molasses and water pass 

through in line mixer, a section of stainless steel 

pipe in which there are several metal plates that 

cause the mixture to twist left to right and top to 

bottom to facilitate mixing follow the molasses 

dilution (high low brix) by passing through in-line 

mixers, better tank is required to feed the yeast 

propagators and final fermenters with the right 

brix molasses consistently in spite of the 

variation in the brix of supply of molasses. It also 

helps to create uninterrupted diluted molasses 

supply in case of failure of the supply system of 

molasses. 

 Mother fermentation 

To multiply yeasts under aerobic conditions low 

brix is feeded the tankers with the help of 

centrifugal pump the material is aerated with the 

help of air compressors agitator. The material is 

feeded the required nutrients here DAP in 

solution form after complete aeration and 

sufficient supply of yeasts in taken to the 

fermentation section. 

Yeast propagation 

The yeast propagation tanks required for the 

envisaged expansion is 25,000 liters. The 

existing concrete made yeast propagation tanks 

are proposed to be demolished. Therefore, five 

converted and stainless steel made yeast 

propagation tanks having capacity of 5,000 each 

equipped with temperature 28-32 degree cilices 

and PH from 3.5-4.5 values controlling 

instruments are proposed for the envisaged 

expansion plant membrane type air filter to be 

installed on the pipe line of compressed air is 

proposed in Sebeta branch to supply dust and 

bacterial free air to propagators. Finally, the 

concentration of matured yeast will be 7-8 brix 

content.                                                     

 Fermentation 

Fermentation can be defined as an 

enzymatically anaerobic controlled 

transformation of organic substance such as 

sugar although fermentation is only one-step in 

the production process; it is key step in the 

production of alcohol.  

In they use Batch fermentation: Each fermenter 

is filled with 10% of its volume with yeast culture 

and then is slowly filled with wash (diluted 

molasses). Batch fermentations are routinely 

accomplished in about 48 hours. The 

temperature of fermenter tanks shall be cooled 

to 30-32°C by pumping the fermenter contents 

through external water-cooled plate type heat 

exchanger.  

Decantation tank 

 Decantation tank separates the solid particles 

from the fermented wine. Gravitational force and 

density of the particles is the main applied and 

used factors. After the fermented wine is 

transferred to the decantation tank, 48-72 hours 

are needed to settle. After the settlement is 

completed, the residue is removed through the 

bottom of the tank. The removal of the residue is 

done with the interval of 2hours. The decanted 

wine is then tending to inter into the distillery.  

 Boiler 

A boiler is defined as a closed vessel in which 

water or other liquid is heated, steam or vapor is 

generated, steam is superheated, or any 

combination thereof, under pressure or vacuum, 

for use external to itself, by the direct application 

of energy from the combustion of fuels, from 

electricity or nuclear energy. Also included are 
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fired units for heating or vaporizing liquids other 

than water where these units are separate from 

processing systems and are complete within 

them. 

The hot water or steam under pressure is then 

usable for transferring the heat to a process. 

Water is a useful and inexpensive medium for 

transferring heat to a process. When water at 

atmospheric pressure is boiled into steam its 

volume increases about 1,600 times, producing 

a force that is almost as explosive as 

gunpowder. This causes the boiler to be 

equipment that must be treated with utmost care. 

The boiler system comprises of a feed water 

system, steam system and fuel system. The feed 

water system provides water to the boiler and 

regulates it automatically to meet the steam 

demand. Various valves provide access for 

maintenance and repair. The steam system 

Collects and controls the steam produced in the 

boiler. Steam is directed through a piping system 

to the point of use. Throughout the system, 

steam pressure is regulated using valves and 

checked with steam pressure gauges. The fuel 

system includes all equipment used to provide 

fuel to generate the necessary heat. The 

equipment required in the fuel system depends 

on the type of fuel used in the system. 

Distillation 

Distillation is a physical process where 

compounds are separated by virtue of their 

different boiling points and vapor pressures. The 

separation in distillation occurs when a mixture 

of compounds in the still is brought to boil.  

Alcohol distillation 

Fundamentals of a distilling system certain 

fundamental principles are common total 

distilling systems. Modern distillation system 

share multi-stage, continuous, counter current, 

vapor-liquid contacting systems that operate 

within the physical laws that state that different 

materials boil at different temperatures. Such a 

system would contain the following elements a 

feed composed of the two components to be 

separated source of energy to drive the process 

(in most cases, this energy source is steam, 

either directly entering the base of the tower or 

transferring, its energy to the tower contents. 

Through an indirect heat exchanger called 

recoiled), an overhead, purified product 

consisting primarily of the feed component with 

the lower boiling point, a bottoms product 

containing the component of the feed 

possessing the higher boiling point. An overhead 

heat exchanger (condenser), normally water-

cooled, to condense the vapor resulting from the 

boiling created by the energy input. The 

overhead vapor, after condensation, is split into 

two streams. On stream is the overhead product; 

the other is the reflux, which is returned to the 

top of the tower to supply the liquid down flow 

required in the upper portion of the tower.  

RESULTS 

MATERIAL BALANCE  

Material balances on boiler 

Assumptions: The air entering combustion 

chamber is assumed dry, The process is 

assumed to be steady state flow, N2 entering 

combustion chamber with air goes unchanged  , 

Compositions of CO2 in feed air and ash in flue 

gas are very small Compared to other 

components and they can be neglected .  

Take as a basis 100mol dry flue gases, 

consisting the following. CO2=11.2 mol , O2 = 

6.1 mol, CO=0.4 mol ,  N2 = 82.2 mol, S02=0.1 

mol. 

This analysis on a dry basis does not take into 

account the H20 vapor present in the fuel gas. 

The amount of H20 formed by the combustion 

reaction was found from an oxygen balance. The 

O2 supplied in the air represents 21 mol% of the 

air stream. The remaining 79-mol% is N2, which 

goes through combustion process unchanged. 

Thus 82.2 mol%N2 appearing in 100-mol dry fuel 

gas is supplied with the air and the O2 

accompanying this N2 is:- moles of O2 entering 

in air=(82.2) (21/79) = 21.85 mol 

moles of O2 in dry flue gas = 11.2 +0.4/2 + 0.1 

+6.1 = 17.6 mol 
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 The difference between these values was the 

moles of O2 that react to form H2O. 

moles of O2 reacted to form H2O =  21.85-17.6 = 

4.25 mol 

Since 1 mole of O2 is reacted to give 2 moles of 

water, 4.25 mol of O2 is reacted to give 8.5 mol 

of water. 

moles of H2 in the fuel = moles of water formed 

=8.5 mol 

moles of C in fuel = moles of C in flue gas = 11.2 

+ 0.4 = 11.6mol 

moles of S in fuel = moles of S in flue gas = 0.1 

mol 

These amounts of H2, C and S together give 

mass of fuel burned to yield 100 mol dry flue gas 

and 8.5 mol water vapor. 

Mass of fuel burned = 8.5 mol x 2g/mol + 

11.6mol x 12g/mol +  0.1 mol x  32g/mol 

Mass of fuel burned = 17g + 139.2 g + 3.2 g= 

159.4g 

Material balance on distillation 

                                                                           D=5022000L/yr=5022m3/yr, XD=99% 

T=25oc, density=785Kg/m3 

F= 

Xf=0.15 

Xw=0.85                                                                     W, Xw=0.01 

 

 

First converting volumetric flow rate in to mass 

flow rate 

V=225L/hr*24hr/day*310day/yr*3=5022000L/yr

=5022m3/yr 

Density of ethanol@25oc=785Kg/m3, 

Density=mass/volume 

Mass=density *volume=5022m3/yr*785Kg/m3, 

D=3942270Kg/yr=529.875Kg/hr 

Overall balance 

F=D+W,  F=529.875+W…...1 

Component balance 

F*Xf =Wxw +Dxd, F*0.15=.01*W+529.875*.99 

F=0.0667W+3497.175…...2 , Substituting eqn2 

in to eqn1 

529.875+W=0.0667W+3497.175, 

W=3179.4Kg/hr 

,F=529.875+3179.4Kg=3709.3kg/hr 

F is the product of pre distillation column and 

feed of rectification column 

2.1.3 Material balance on pre distillation 

column 

                                                                               D=3709.3kg/hr,Xd=0.15 

 

F=                                                                        Xf=0.1W,  Xw=0 

F=W+D 

 

Component balance: F*xf =Wxw+Dxd, 0.1*F=0+3709.3kg/hr*0.15 

F=5563.95Kg/hr, W=F-D=5563.95-3709.3=1854.65Kg/hr 

 

Material balance on mash column 

                                                                   D=5563.95K/hr, Xd=0.1 

F=                                   

Xf=0.08                                                                 W,  Xw=0 

      F=W+D 

                                                                       

Component balance 

F*xf =Wxw+ Dxd ; 0.08 F=W*0+5563.95K/hr*0.1 

F=6954.9375Kg/hr ;  W=F-D=6954.9375-5563.95 =1390.9875Kg/hr 
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Material balance on decantation 

       

      WF       

 Clear mash (CM)                                               

         

                                                   

            Residual yeast (RY)    Residual material (RM) 

 

Assume wort contain 0.25 % of residual material 

and 25 tone / year of residual yeast. 

Residual material (RM) = 0.0025 * 3925 tone / 

year = 9.8 tone / year 

WF = RY + RM +CW; 3925 tone / year = (25 + 

9.8 +CW) tone/year 

CM = 3,890 tone/year 

 Material balance on Fermenter  

Amount of steam supplied continuously to the 

fermenter medium for keeping the temperature 

to 35 OC is important. 

Inlet conditions:   Tf = 3333.058 tone / year, T2= 

350C, Cp = 3.812 , T1   =20 0C 

          Outlet conditions Tf = 3333.058tone / year 

 

 Tf 

                              Ms2                                  MC2 

                                                                    Q = Tf CP ΔT = Ms2 hfg 

 

                                          Ms2   =  
Tf CP ΔT

hfg
 

=3333.05tone/year*3.812KJ/Kg*K(15K)/2086.1KJ/Kg*K 

Ms2 =   91.35 tone/year 

 

ENERGY BALANCE 

 

Energy balance on distillation 

 

                                                                       QC                  T=25oc 

                                                 R=11                            D=529.875Kg/hr 

   T=32oc                                                                                 Xd=99% 

F=3709.3kg/hr 

Xf=8% 

                                                                               Qb W=3179.4Kg/hr, T=100oC 

 

Energy balance 

Assume KE and PE is negligible  

                                                               QC 

                                                                                                     Hd 

                                Hf                                                                                                                    Qb 

                                                                           

                                                                        Hw 

In put = output ; Hf + Qb=Hd + Qc +Hw Base 25oc, 1yr, Heat capacity of , Ethanol @ 

32oc =4.1783KJ/KgK, Water @ 

100oc=4.2KJ/Kgk. 
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Feed (Heat capacity of 

mixture)=CPa*Xa+CPw*Xw= 0.08*4.1783+.92*4.2 

=4.198264KJ/KgK 

Top=99% take as ethanol=4.1783 KJ/Kgk, 

Bottom=taken as water=4.2KJ/KgK 

For Qc can be calculated by energy balance on 

condenser 

                                                                                                  Qc 

                                                        V             Hv 

                                                                               Hl                            Hd 

                                                                            L 

 

 

Where:- 

R=11, V=vapor flow, L=reflux flow, H=enthalpy 

L=RD=11*529.875Kg/hr =5828.625Kg/hr 

 Then for V, 

V=L+D=5828.625Kg/hr+529.875Kg/hr 

=6358.5Kg/hr 

From vapor liquid equilibrium data: 

Boiling point of 99 per cent alcohol/water at 

78.4oc 

At steady state: 

Input= output, Hv= Hd+ Hl+ QC, Hence Qc= Hv– 

Hd– Hl 

Assume complete condensation. 

Enthalpy of vapor Hv= latent + sensible heat. 

Latent heat of alcohol @78.4oc=846KJ/Kg 

Latent heat of water@78.4oc=2312.884KJ/Kg 

,Taking latent heats as additive: 

Hv=V[(_Xw Hw+XdHa)+(78.4-

25)4.1783]=6358.5Kg/hr[(0.01*2312.884+0.99*

846)+(78.4-25)4.1783]=6,891,279KJ/hr 

The base temperature and product temperature 

are the same soHl=Hd=0 

Hv=Qc=6,891,279KJ/hr 

Qb is determined from a balance over complete 

system 

Input =Output 

Qb+Hf=Qc+Hd+Hw 

Hf=F*Cp of mix (Ti-

To)=3709.3kg/hr*4.198264KJ/KgK (32-

25)=109008.3KJ/hr 

Hw=3179.4Kg/hr*4.2 (100-25)=1001511KJ/hr 

Qb= QC+ Hd+Hw- 

Hf=6,891,279KJ/hr+0+1001511KJ/hr -

109008.3KJ/hr=899393.98KJ/hr 

Energy Balance on Boiler  

Known parameters:- 

Temperature of the fuel entering combustion 

chamber = 383ok 

Temperature of the air entering combustion 

chamber = 298ok 

Temperature of the Flue gas leaving combustion 

chamber = 473ok 

Standard heat of combustion (heating value) of 

fuel oil = 40394 J/g 

From material balance of boiler; Mass of fuel 

burned = 17g + 139.2 g + 3.2 g= 159.4g 

If 159.4 amount of fuel were burned completely 

to give CO2 (g) and H2O (l) at 298ok, the 

standard heat of combustion (heating value) ; Δ 

Ho
298 = 40,394J/g x 159.4 g= 6,438,803.6J 

However, the reaction actually occurring does 

not represent complete combustion, and the 

H2O were formed as vapor rather than as liquid. 

The 159.4g of fuel consisting of 11.6 mol of C, 

8.5mol of H2 and 0.1mol of S were represented 

by empirical formulas: 

C11.6 H17 (L) + 15.65 O2 (g)        11.2CO2 (g) 

+8.5H2O (g) … (1) 

 Δ Ho
298 = -6,438,803.6 J 

S + O2     S02          Δ Ho
298 = -296,830J … 

(2) 

But depending on the basis of calculation 0.1 

mol S is reacted to give 0.1 mol S02 .Therefore, 

Δ Ho
298 = -29 683J. The result (1) was obtained 

by adding the following reactions, for each of 

which the standard heat of the reaction at 2980k 

was known from tabulated data. 

           C11.6 H17 (l) + 15.85 O2 (g)          11.6 CO2 

(g) + 8.5 H2O … (l)      

     Δ Ho
298 = -6,438,803.6J  

          8.5 H2O (l)          8.5 H2O (g)   … (2) 

mailto:water@78.4oc=2312.884KJ/Kg
mailto:water@78.4oc=2312.884KJ/Kg


Melaku Tafese Awulachew, AJBB, 2019;3:15

AJBB: https://escipub.com/american-journal-of-biotechnology-and-bioscience             8

          Δ Ho
298 = 44,012J 

        0.4 CO2 (g)            0.4 C0 (g) + 0.2 O2 (g)  

                                    Δ Ho
298 = 282,984J… (3) 

The sum of these reactions yields the actual 

reaction and the sum of Δ Ho
298 values gives the 

standard heat of the reaction occurring at 298ok. 

ΔHO
298= ∑ ni Δ HO

298 

Δ Ho
298=  - 6,438,803.6 J + (44,012J) (8.5) + 

(282,984J) (0.4) – 29,683J        Δ Ho
298 = - 

5,981,191J 

The actual process leading from reactants at 

383ok to products at 473ok were represented by 

the dashed line in the accompanying diagram. 

                                              Δ H                                          Products at 473ok                                       

  

Fuel at 383ok                     11.2mol CO2 

159.4g                   Δ Ho
R                      0.4 mol CO 

 Δ Ho
p            0.1 mol SO2 

Air at 298ok                       8.5 mol H2O 

21.85mol 02                                        Δ Ho
298                       6.1 mol O2 

82.2mol N2                                                                 82.2 molN2 

Figure: Actual process leading from reactants at 383ok to products at 473ok 

 

 The enthalpy changes caused by cooling 

preheated fuel from 383ok to 298ok ; 

QSensible = ΔHo
R = (∑ n i <Cp>H/Rx R)   (To –T) 

But<Cp>H  /R=  A + B/2 To  ( τ +1) + C/3 To 2 (τ 2 

+ τ +1) + D /τ To
2 

           And   τ = T/to where To= reference 

temperature = 298 ok, T = 383 ok,   

R = 8.314, τ = T/To= 383ok/298ok = 1.29 

 

Table 1: Specific heat constants of S and C11.6 H17 . 

I Vi A 10-3B 10-6 C 105D 

C11.6 H17 -1 4.324 64.96 -20.521 -------- 

S -0.1 4.114 -1.728 ------- -0.783 

 

<Cp>H/R of   C11.6 H17= A + B/2 To  ( τ +1) + C/3 

To
2 (τ 2 + τ +1) + D /τ To

2 

 = 4.324 + 64.96 x 10-3/2  x 298 (1.29 +1)+ ( -

20.521 X10-6)/3* (298)2  [(1.29)2 +1.29 +1)] 

   = 4.324 + 22.165 -2.402 = 24.087 

<Cp>H /R  of  S = A + B/2 To  ( τ +1) + C/3 To
2 (τ 

2 + τ +1) + D /τ To
2 

  = 4.114 + (-1.728 X10-3)/2 x 298 (1.29+1) – 

0.783 x105/1.29 x (298)2 

     = 4.114 – 0.589 – 0.683 = 2.842 

ΔHo
R  =(∑ni< CP > H/R x R  (To - T) 

= [(-1) X (24.087) + (-0.10X (2.842)] (298-383) 

x8.314 

= (-24.087 – 0.284) x (-85) X 8.314= 

17,222.742J 

τ = T/To = 473/298 = 1.59 

The enthalpy changes caused by heating the 

products of the reaction                                                                                

from298ok to473ok; 

ΔH0p = ( ∑ni<Cp>H/R x R) ( T-To) 

<Cp>H/ R= A + B/2 To (τ +1) + C/3 To
2 (τ 2 + τ 

+1) + D / τTo
2 
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Table 2: Specific heat constant of products . 

I Vi A 10-3B 10-6 C 105D 

CO2 11.2 5.457 1.045 ------ 1.157 

CO 0.4 3.376 0.557 ------- -0.031 

SO2 0.1 5.699 0.801 ------- -1.015 

H2O 8.5 3.47 1.450 ------- -0.121 

O2 6.1 3.539 0.506 ------- 0.227 

N2 82.2 3.28 0.593 ------- 0.040 

 

<CP >H / R of CO2 = A + B/2 To  ( τ +1) + C/3 To
2 

(τ 2 + τ +1) + D /τ To
2 

    = 5.457+ 1.045 x 10-3/2 x 298 (1.59+1) -

1.157x105 / 1.59x (298)2 

  =5.457 + 0.403-0.819=5.041 

<Cp>H / Rof  CO  = A + B/2 To  ( τ +1) + C/3 To
2 

(τ 2 + τ +1) +   D /τ To
2 

    = 3.376 + 0.557 x 10 -3/2  x 298 (1.59 +1) – 

0.031 x105/1.59x(298)2 

   = 3.376 +0.215 – 0.022 = 3.569                                                                

<Cp>H/R   of SO2 = A + B/2 To  ( τ +1) + C/3 To
 

2 (τ 2 + τ +1) +   D/τ To
2 

   = 5.699 + 0.801x10-3/2   x 298 (1.59 +1) - 1.015 

x105/1.59 x (298)2 

   = 5.699 +0.309 – 0.719 = 5.289 

<CP>H/ R of H2O = A + B/2 To  ( τ +1) + C/3 To
2 

(τ 2 + τ +1) + D/τ To
2 

          = 3.47 + 1.450x10-3/2 x 298 (1.59 +1)- 

0.121x105/1.59 x(298 )2 

                = 3.47 + 0.560 - 0.086 = 3.944 

<Cp>H/ R ofO2 = A + B/2 To  ( τ +1) + C/3 To
2 (τ 

2 + τ +1) + D/τ To
2 

=3.539 + 0.506 x 10-3/2 x 298(1.59 + 1) - 0.227 

x 105/1.59 x (298) 

=3.539 + 0.195 – 0.160 =3.574 

<CP>H/ R  of N2  =  A + B/2 To  ( τ +1) + C/3 To
2 

(τ 2 + τ +1) + D /τ To
2 

=3.28 + 0.593 X 10-3/2X 298(1.59 +1) +0.O40 x 

105/1.59 X (298)2 

                   =3.28 + 0.229 + 0.028 = 3.537 

∑ni<Cp>H/ R=(11.2)(5.041) + (0.4)(3.569) + 

(0.1)(5.289) + (8.5)(3.944) +                  

                      (6.1)(3.574) +(82.2)(3.537) 

ni<Cp>H/ R = 404.4825 

ΔHO
P   =   (∑ni<Cp>H x R)(T-To )  = (404.4825 x 

8.314)(473-298)= (3362.868)(175) = 588,501.9J 

 Q input  =-6,438,803.6J + Δ Ho
R= -6,438,803.6J + 

17,222.742J = -6,421,580.858J 

Qoutput = ΔH = ΔHo
298

 + ΔHo
R +ΔHO

P= -5,981,191J 

+ 17,222.742J + 588,501.9J = -5,375,466.358J 

% Efficiency=Qoutput/Qinputx 100% 

     % Efficiency = -5,375,466.358J/-

6,421,580.858J x 100%  = 83.71% 

PRELIMINARY DESIGN AND EQUIPMENT 

SIZING 

Fermenter 

The following assumptions have been made in 

sizing the fermenter: 

Steady state behavior No reaction outside the 

fermenter, No cell in separator over flow, Cell 

concentration (x) identical in the recycle stream 

and in the product stream FR 

 (FR =F-Fo) 

Where     F =feed flow rate, F,  FF =recycle flow 

rate, FO =over flow rate,  R =recycle ratio, µm 

=specific growth rate, Yx/s = growth yield, Xf = 

cell concentration leaving the fermenter ,X =cell 

concentration in the recycle (product stream), S 

=substrate inlet concentration. So = out let 

substrate concentration 

Assume:  Recycle ratio =R =0.5, Feed to the 

fermenter =9.41tone/day =0.1089 kg/s 

Recycle flow rate = 0.5 * 9.41tone/day =4.705 

tons/day = 0.0544kg/s and Over flow (Fo) 

=0.95*9.41tone/day = 8.939tone/day  =0.1034 

kg/s. 

Substrate concentration out (so) = 
𝐾𝑚𝐷

µm–D
 

Assume the residence time of 0.398 (standard 

value for any fermenter) 

XF (1+R)*F= X*(1+R)*(F-Fo)    = 1.95kg/m3 
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The cell concentration leaving the fermenter, xF, 

and the concentration in the recycle or product 

stream, x: 

XF (1+R)*F= X*(1+R)*(F-Fo) … (1) 

XF (1+0.5)*0.1034= X*(1+0.5)*(0.1034-0.0544) 

However, cell concentration in the product (x) 

calculated from; 

     X= Yx/s (S-So), assume an inlet substrate 

concentration of 30kg/m3 

      X =0.4*(30-1.95)= 11.22kg/m3 

Now substituting the value in to equation … (1); 

XF = (11.22*(1+0.5)*(0.1034-0.0544) /( 

(1+0.5)*0.1089))= 5.048 kg/m3 

Volume of fermenter= feed flow rate/residence 

time = 0.1034kg/s/0.398 = 0.2597m3/cycle 

Assuming 75% of the fermenter is fuel   = 

0.2597m3/cycle/0.75 = 0.346m3 

Decantation plant 

Volume of decantation tank= 
 mass of residual yeast  + mass of wort + mass of residual material

⍴residual yeast+⍴wort+⍴material
 

= 
0.044 kg + 8629.58kg +1.57kg

1600kg

m3
+

1500kg

m3
+1543kg/m3

= 5.807 m3/day 

Assume decantation tank  decanted for one day 

= 5.807 m3/day*day   = 5.807 m3 

If 85 % of decantation tank is full V= 5.807 

m3/0.85= 6.83 m3 

 Distillation sizing 

Retention time (t) =within hour 

Density of alcohol =785Kg/m3 

Volumetric flow rate =mass flow rate/density of 

alcohol 

=529.875Kg/hr*785Kg/m3 

=0.675m3/hr,Volume=volumetric flow rate 

*retention time 

Volume=0.675m3/hr*1hr=0.675m3 

FINANCIAL EVALUATIONS 

Total capital investment of plant both fixed 

capital investment and working capital 

investment were determined. 

Total capital investment= fixed capital 

investment + working capital investment 

The costs of equipments were found to be 2008 

and it was converted in to 2012 cost using the 

cost index of both years. Some equipments size 

does not match with our calculated value and we 

have used scaling to determine their cost at their 

respective parameter. 

Purchased equipment cost 

 

Table 3:  Purchased equipment cost 

Sr.no Purchasing  equipment Quantity Unit price (birr) Total price(birr) 

1 Molasses storage tank  3 268,000 804,000 

2 Furnace oil Storage tank  2 100,000 200,000 

3 Ethanol alcohol storage tank 3 167,000 501,000 

4 Fermentation Tank  5 191,000 955,000 

5 Overheads tank  1 100,000 100,000 

6 Yeast culturing machine 2 547,000 1,094,000 

7 Dilution tank 2 120,000 240,000 

8 Wash tank  2 140,000 280,000 

9 Fractionating column  1 110,000 110,000 

10 Rectifying column  1 1,300,000 1,300,000 

11 Condenser separator 4 570,000 2,280,000 

12 Scrubber  2 50,000 100,000 
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13 Compressor 1 70,000 70,000 

14 Boiler  2 1,000,000 2,000,000 

15 Sterilizer 1 100,000 100,000 

16 Heat exchanger  3 45,000 135,000 

17 Transfer pump  12 35,000 420,000 

18 Miscellaneous tools and 

Equipment’s 

10 110,000 1,100,000 

 

Total purchased equipment cost   

=11,789,000br 

 Estimation of Fixed Capital Investment 

Fixed capital investment = direct cost + indirect 

cost 

A) Direct cost (DC) 

1 Total purchased-equipment cost (PEC)= 

40% of  FC 

                  FC =PEC/0.4 

FC=11,789,000br br/0.4=29,472,500br 

Total capital investment = fixed capital 

investment + working capital investment 

Working capital investment = 15% of TCI        

TCI=FCI +0.15 TCI 

TCI=29,472,500br/0.85 

TCI=34,673,529.41br 

Working capital investment = 

0.15*34,673,529.41br  =5,201,029.412br 

1) Installation, insulation and painting = 40% 0f 

PEC  =0.4*11,789,000br  =4,715,600br    

2) Instrumentation, control and its installation 

=18% of PEC= 0.18*11,789,000br = 

2,122,020br 

3) Piping and installation =  45% of PEC 

= 0.45*11,789,000br = 5,305,050br 

4) Electrical and its installation = 25% of 

PEC=0.25*11,789,000br  =2,947,250br 

5) Building, process and auxiliaries = 40% of 

PEC= 0.4*11,789,000br=4,715,600br 

6) Service facility and yard improvement = 70% 

of PEC=0.7*11,789,000br  =8,252,300br 

7) Land = 6%of PEC = 

0.06*11,789,000br=707,340br 

Direct cost (D C) =1+2+3+4+5+6+7+8 

=29,472,500br+4,715,600br+2,122,020br+5,30

5,050br+2,947,250br+4,715,600br+8,252,300br

+707,340br=58,237,660br 

2 Indirect cost (IDC) 

1) Engineering and supervision = 17.5% of 

DC=0.175*58,237,660br=10,191,590.5br 

2) Construction expenses and contractor fee = 

18% of DC= 0.18*58,237,660br                  

=10,482,778.8br 

3) Contingency = 10% FC = 

0.1*29,472,500br=2,947,250br 

Indirect cost =1+2+3 

=10,191,590.5br+10,482,778.8br+2,947,250br   

=23621619.3br 

Fixed cost 

investment=DC+IDC=58,237,660br+23621619

.3br=81,859,279.3br 

 Building and civil works 

The total land requirement was close to 1000 m
2
. 

The built up area were estimated at 400 m
2 
while 

the remaining part is for open space and for 

future expansion. The lease cost for 99 years 

lease holding will be Birr 79,200. Building and 

civil works cost about Birr 1,000,000. 

Manufacturing cost 

A) Direct production cost 

1) Raw material = 30% TPC=9750ton/year 

molasses 

1Kg of molasses=0.83br 

975,000Kg=A;   A=809,250br/yr 

For 1 ton of Di ammonium phosphate=12000br; 

22.4 ton/year=B, B=268800br/yr 

For 1 ton of Yeast=15000; 18.6 ton/year=C; 

C=279,000br/yr 
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1) Total raw material 

cost=809,250br/yr+268,800br/yr+279,000br/

yr 

Total raw material cost=1,356,250br/yr 

Raw 

material/0.3=1,356,250br/year/0.3=4520833.3b

r/yr 

2) Operating labor (OL) = 15% of 

TPC=0.15*4520833.3br/yr =678,125br/yr 

3) Direct supervisor and clerical labor = 20%of 

OL  =0.2*678,125br/yr=135,625br/yr 

4) Utilities = 15% of TPC  

=0.15*135,625br/yr=20,343.75br/yr  

5) Maintenance and repair = 6% of FCI    

=0.06*81,859,279.3br  =4,911,556.7578br 

6) Operating supplies = 0.75 % of 

FCI=0.75*81,859,279.3br=61,394,459.48br 

7) Laboratory charges = 15% of OL   

=0.15*678,125br/yr  =101,718.75br/yr 

8) Patent and royalties = 3% of TPC   

=0.3*4520833.3br/yr   =1,356,249.99br/yr 

Direct product cost=1+2+3+4+5+6+7+8 

  

=1,356,250br/yr+678,125br/yr+135,625br/yr+20

,343.75br/yr+4,911,556.7578br 

                            

+61,394,459.48br+101,718.75br/yr+1,356,249.

99br/yr=69,954,328.73br 

 

1) Indirect production cost =fixed charge + plant 

overhead cost 

A. Fixed charge 

Deprecation = 13% of FCI= 0.13*81,859,279.3br 

=10,621,706.31br 

Local tax = 4% of FCI   

=0.04*81,859,279.3br=3,274,371.172br 

Insurance = 1% of FCI= 

0.01*81,859,279.3br=818,592.793br 

B. plant overhead cost = 60% of OL= 

0.6*678,125br/yr=40,6875br 

IDC= A+B   =14,014,670.28br+40,6875 

br=14,421,545.28br 

Manufacturing cost = DPC +IDC 

=69,954,328.73br+14,421,545br =84,385,874br 

General expense 

Administration cost =4% of 

TPC=0.04*4,520,833.3br/yr  = 180,733.3br        

Distribution cost = 11% of TPC = 

0.11*4,520,833.3br/yr  =497,292br 

Research and development cost = 5% of TPC 

=0.05*4,520,833.3br/yr   =226,042br 

Interest   = 5% of TPC= 

0.05*4,520,833.3br/yr=226,042br 

General expense = Administration cost + 

Distribution cost + Research and development 

cost + Interest 

=180,733.3br+497,292br+ 

226,042br+226,042br   =1,130,108.63br/yr 

Total production cost = Manufacturing cost + 

General expenses  

=84,385,874br+1,130,108.63br   

=85,515,982.63br/yr 

  Profitability evaluation 

Gross profit = sales – TPC 

Sales 

Product=3,942,270Kg/yr 

  Volumetric flow rate = mass flow rate/density 

Density of 

alcohol=785Kg/m3=3942270Kg/yr/785Kg/m3= 

5022m3/yr or, 5022000Liter per year. 

1 liter of alcohol =250 birr 

Sale price (5,022,000 Liter) = 

1,255,500,000birr/year  

Gross profit = 1,255,500,000 birr/year- 

85,515,982.63br/yr =1,469,984,017.37br/yr 

Net profit = Gross profit – income tax 

Income tax = 30% of sales = 0.3*1,255,500,000 

birr/year   =1,376,650,000 birr/year 

Net profit=1,469,984,017.37birr/yr-

1,376,650,000 birr/year   =9,334,017.37birr/year 

 

Rate of Return on Investment (ROR) 

 

      ROR = (Net profit/total capital 

investment)*100% 

     

=9,334,017.37birr/year/34,673,529.41birr/year=

0.269*100=26.9% 
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Payback period    

Payback period= FCI/ (avg. depreciation/year + 

net profit/year) 

Depreciation = 10% of FCI  = 

0.1*81,859,279.3birr/year=8,185,927.93 

birr/year 

Payback 

period=81,859,279.3birr/year/(8,185,927.93 

birr/year+9,334,017.37birr/year/year) 

                        =4.6year 

Environmental impact analysis 

Environmental protection was everyone’s 

responsibility.  It is part of our value system and 

displays commitment to our project. Waste 

minimization at source is of prime consideration 

in research, process design and plant 

operations. Technologies and methods, which 

substitute non-hazardous materials and utilize 

sources reduction approaches would be given 

top priority in addressing all environmental 

issues. Alcohol has many benefits and energy is 

necessary for all our activities, but each stage in 

its life cycle carries hazards for humans, wildlife 

and the environmental systems on which we and 

other species depend. Effluent treatments are 

for direct discharge to surface water because the 

products do not have a negative impact on the 

environment. 

Discussion 

The designed alcohol processing plant capacity 

of 5,022,000 liter per year Company’s  total 

capital investment, total production cost and 

Company’s net income with the respective unit 

were given under the table below. 

 

Table 4: Company’s production capacity, total capital investment, total production cost and 

Company’s net income. 

production  

capacity 
total capital 

investments 

total production cost  Company’s net income 

5,022,000 L/yr 34, 673,529.41 birr 4,520,833.3birr/yr 91,376,650,000 birr/yr 

Where,  L=letter  and  yr=year. 

 

Conclusion 

An alcohol processing plant with a capacity of 

5,022,000 liter per year were a feasible size for 

the selected location (around Nazret(Adama)-

Assela city road, central part of Ethiopia. The 

investment will give a net gain for the Company 

and give a minimum return of 12%. The author 

uses 24 working hours as the estimate working 

hours in the analyses, which the author and the 

management team believe to be the optimal. 

The management team needs to consider it very 

carefully to avoid any loss in the future.  The total 

capital investments estimated to be total 34, 

673,529.41 birr and the total production cost is 

4,520,833.3birr/yr. The Company will get a net 

income of 1,376,650,000 birr/year. The 

repayment for the investment cost will be paid off 

over the next 4.6 years. 
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