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Abstract- Use of fuel ethanol as a blend in conventional fuel 

gaining much interest in now days. The cost for conversion of 

biomass to bio ethanol should lower than the current cost of 

conventional fuel. As distillation technique is not able to 

concentrate ethanol above its azeotropic point and molecular 

sieves can concentrate ethanol between 93-99.5% (w/w) so 

combination of distillation and adsorption technique is used. 

Hence using this technology design study of absolute alcohol 

plant has been done 

 

Comparative Analysis 

 

As we see earlier distillation technique only able to 

produce 94% pure ethanol and adsorption technique able to 

produce 99% so basic purpose of this study is to design 

anhydrous ethanol plant which can be used in various sectors 

as in automobile, medical, beverage etc using combination of 

distillation and PSA (Pressure swing adsorption) technique 

named as MSDH process. Design intent consist of vaporizer 

column & molecular sieve beds with zeolite as a sieve. 

Thesimple tray distillation is need to be used at atmospheric 

pressure condition and after that these ethanol vapors need to 

be pass through molecular sieve bed by superheating them at 

120-130°Cand time line for different cycles of adsorption 

technique is to be defined. While operation of  MSB, one bed 

out of two is in operation i.e. adsorption phase while another 

one i.e. 2nd bed is in regeneration stage, after depressurization 

purged liquid is recycled to vaporizer again. This study will 

help to understand basic design of gas/vapor dehydration 

method, hygroscopic substance selection, molecular sieve bed 

sizing, and regeneration study for MSB.Current design of 

ethanol plant proposes formulas related to chemical process 

equipment design. For the future work, theoretical analysis of 

proposed 40LPD absolute alcohol plant with its simulation 

study is required to be done 
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I. INTRODUCTION 

 

 The manufacturing quantity of ethanol all over the 

world is increased because of increased demand of ethanol in 

various sectors of economy which help to increase GDP of 

country. Widely applications of ethanol are in the area of fuel, 

beverage and industrial. As per survey, approximately 74% of 

worlds total ethanol production; corresponds to fuel ethanol, 

18% to beverages and 10% for industrial. It highlights the fact 

that major part of produced ethanol of the world’s production 

used as fuel or additive for automobile sector. This helps to 

increase the life of conventional fuel reservoirs. Other benefits 

to this are, properties of ethanol like octane booster increased 

its use as fuel or additive to conventional fuel. Ethanol used as 

additive and it has less production cost as compared to MTBE. 

Addition of ethanol in diesel results in a decrease in cetane 

number, increases heating value, and kinematic viscosity of 

diesel fuel in automobile sector.  

 

Other methods from design intentare, direct cooling, 

absorption, adsorption. In directcooling, water vapour content 

of ethanol decreases with increased pressure/decreased 

temperature. Ethanol saturated with water may be partially 

dehydrated by direct cooling. The cooling process reduce the 

temperature to the lowest value which ethanol vapours will 

encounter at the desired pressure to prevent further 

condensation of water. After vaporization of ethanol in tray 

column, the vapours get condensed using condenser / sub-

cooler and collected in collection vessel without passing 

through adsorption bed. In absorption technique, absorption 

carried out using liquid hygroscopic material to remove water 

vapour from the gas or ethanol water mixture mostly ethylene 

glycol or triethylene glycol used as hygroscopic liquid 

substance. In solid bed dehydration where solid hygroscopic 

material is used to separate water vapour from gas of ethanol 

hygroscopic material becomes saturated as moisture is 

adsorbed onto its surface. A good hygroscopic material should 

have the maximum surface area available to adsorption. 

There are two types of adsorption process; physical and 

chemical. A good adsorbent should have properties like 

maximum surface area required for high capacity, good 

activity retention with time/use to be consider, high mass 

transfer rate, high mass transfer rate, easy and economic 

regeneration, it should have low resistance to gas flow so as to 

reduce pressure drop across bed, it should posses high 

mechanical strength, it should be non corrosive, non toxic, 

chemically inert. 
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II. LITERATURE REVIEW 

 

Adsorption is kind off complicated unit operation, 

compared with distillation, absorption, and extraction. Below 

step-by-step procedure for designing ordinary adsorbers, 

which consider basic pressure swing adsorbers and 

temperature swing adsorbers. Some of the methods mentioned 

below are semi-empirical, while remaining are on solutions of 

differential mass balance equations with no adjustable 

parameters. All the models encountered below require only a 

calculator to solve. The major constraint is that the basic 

properties required for simulation or design are not widely 

available, e.g., in handbooks or in property databases such as 

perry etc. Unfortunately, to solve the more features model, 

more flexible parameters are necessary, and the experimental 

data is necessary to evaluate them. With a relatively simple 

model and minimumfigureswe can evaluate and design 

required adsorber Calculations or solution for complex 

situation is to be considered in adsorbers, it required more 

mathematical models. These models can befittedto parameters. 

In general practices, to merge withmodels  would be desired to 

have a documented and user-friendly software package, a 

comprehensive database, and a fast Personal computer . Even 

with such tools, excess data may be required to “get exact” 

mass transfer rates, deviations from plug flow, heat transfers, 

and other related to operations, it may require long span of 

experimental effort. 

 

Temperature get shift of about 20°C isa common 

situation in pressure swing adsorption (PSA). Air- drying 

system and oxygen-separation (from air) systems. A shift of 

that magnitude does affect air drying, but does not affect 

oxygen separation for small units, though the effect on large 

units is significant. So, it is not enough to assess the effect; 

one should also assess the impact on performance while 

accounting for collaborative effects. 

 

Some normal properties of adsorbents are required in 

all adsorber design calculations. They never be assumed, but 

must be measured. In fact, vendor-supplied charts and tables 

are sometimes available, but there are low chances to be valid 

for design purposes. The necessary properties are; densities 

and void fractions, isotherms (or other equilibrium data), 

kinetics, and fixed bed dynamics. These factors are strongly 

involved in adsorber model. Not strictly a property, cost is 

also involved in every design factors. Frequently, rough values 

of density or a range of required properties are available from 

the vendor. Cost data are available as a function of quantity 

and required pre-treatment. Most vendors provide additional 

generic properties. If the potential sale is remarkable, they 

may even produce data. Otherwise, data for density, 

isotherms, and kinetics, might be found in books or 

monographs (e.g., Valenzuela and Myers, “Adsorption 

Equilibrium Data Handbook,”Dobbs and Cohen, “Carbon 

Isotherms for Toxic Organics.” Availability of sources, is rare 

to find the correct combination of adsorbent-adsorbate-

temperature, range of data, pre-treatment conditions, etc. As a 

result, those resources may be considered risky. In Parallel, 

you might arrange to conduct the measurements. Finally, since 

the tests are sometimes tedious and require special apparatus, 

you might arrange to have tests conducted by an independent 

firm. They frequently offer unbiased evaluations of adsorbents 

from various vendors, skill in conducting and analyzing the 

tests. 

Mass transfer kinetics is a term related to inter-particle mass 

transfer resistance. It is important because it controls the cycle 

time of a fixed bed adsorption process. Fast kinetics implies a 

sharp breakthrough curve, while slow kinetics leads to a 

distended breakthrough curve. The effect of a distended 

breakthrough curve can be overcome by adding adsorbent at 

the product end, or by increasing the cycle time (it reduces the 

throughput per unit of adsorbent). Both of these options 

increase the amount of adsorbent required. To optimizefor 

slow diffusion, it is also possible to use small particles, but 

there is a measure loss due to increased pressure 

drop.Diffusion between particle is done by an effective 

diffusivity,  

 

Deff = DABCP/T 

 

(Where DAB=Adsorbate diffusivity in the fluid, Cp = particle 

void fraction & T= Tortuosity) 

 

PSA systems are designed as two or more identical, 

parallel beds that operate out-of- phase so that feed can be 

admitted to at least one of the beds continuously. Generic 

design decisions involve the cycle time, steps, flow directions, 

operating conditions (flow rates, pressures, etc.) and of course 

vessel dimensions.  We will use the results of the simplest 

local equilibrium model to predict PSA performance. The 

advantage of this simple model is that few choices are 

necessary; the steps comprising the PSA cycle, operating 

conditions (feed composition,pressures,andstep-

times),andevaluatethese.Fromthatpoint,themodelcanpredictove

rallperformanceintermsof:flowrates,productrecovery,byproduc

tcomposition,and power requirements. 

Whichemployspressurizationbyproduct.Severalothercyclesare

discussedbyRuthven Accordingly, the moles required for the 

feed, purified light product, and purge stepsare:Respectively, 

where PH/PL (ratio of absolute pressure). b) The principles of 

adsorption on molecular sieves are Simple. The porous 

crystalline structure and the maximum surface area provide a 

high electronic activity which gives molecular sieves their 

outstanding adsorption properties. “Contaminants” may affect 
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on adsorption process in several ways: adsorption competition, 

degradation of the structure, partial blocking of the adsorbent 

bed, side reactions. The compounds involved and the causes 

are varied, but the consequences are always the same: poor 

performance of the beds ultimately leading to premature 

breakthrough, unacceptable pressure drop or adsorbent 

unloading difficulties 

 

III. DESIGNCONSIDERATIONS 

 

TABLE 1 ADSORBER DESIGN CONSIDERATION 

 
 

A) Process Flow Diagram:- 

  

 
Figure 1.Dehydration of Alcohol by MSDH Process 

 

B) Material & Energy Balance 

 

1. Alcohol Column Material Balance 

TABLE 2 MATERIAL BALANCE ANALYSIS 

 
 

2. Molecular Sieve Bed  Material Balance  

 

TABLE 3 MATERIAL BALANCE ANALYSIS 

 
 

3. Overall Material Balance 

 

TABLE 4 MATERIAL BALANCE ANALYSIS 
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C) EQUIPMENT DESIGN SPECIFICATION 

 

TABLE 5 

 

1. DEHYDRATION COLUMN PARAMETERS AND 

DESIGN FIGURES 

 
 

2. DEHYDRATION COLUMN CONDENSER LOAD 

 

TABLE 6 DEHYDRATION COLUMN ENERGY 

BALANCE 

 
 

TABLE 7 CONDENSER WATER REQUIREMENT 

 
3. HEAT EXCHANGER DESIGN FIGURES 

 

TABLE 8 

 

a) SUPERHEATER (HEAT EXCHANGER) 
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TABLE 9 

 

b) PRODUCT CONDENSER (HEAT EXCHANGER) 

 

 
 

TABLE 10 

 

c) WEAK ALCOHOL CONDENSER (HEAT 

EXCHANGER) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 11 

 

d) PRODUCT SUB- COOLER (HEAT EXCHANGER) 

 

 
TABLE 12 

 

e) MOLECULAR SIEVE BED DESIGN 

SPECIFICATION 

 

 
 

IV. BRIEF OPERATING PROCESS 

 

As per process flow diagram,  min 93 to 95% ethanol 

is heated in heat exchanger unit either by product vapours 

(Heat recovery technology) or by using heating media, after 

that it is fed to distillation column  to remove impurities and 

enrich ethanol up to 98% followed by super heater where 

alcohol vapours get superheated. This 98% alcohol vapours 

from column are get fed to molecular sieve bed from top for 

the adsorption process where zeolite sieves are used as 

adsorbent detail specification for column, heat exchanger, 

sieve bed are tabulated in the above section. 
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Adsorption cycles are get completed as in the form of 

pressurisation---purging---depressurisation, purged material is 

again processed in the form of weak alcohol in the system. 

 

IV. COST ANALYSIS 

 

The capital costs of the columns and adsorption beds 

are affected seriously by reflux ratios recycle flow rates, and 

entrainer usages in the distillation cases. Additionally these 

parameters affect directly the heat duties of the process and 

the quality of the final ethanol product. Total estimated cost of 

the project considering storage tanks, heat exchangers, 

molecular sieve bed, distillation column, etc (Equipment as 

per block diagram), then piping work, instrumentation and 

electrical work, civil work is approximately going to 274.5 

lacs say 275 lacs including miscellaneous expenses. Material 

of construction for all equipment and piping is considered as 

SS304 after confirmation of its compatibility with chemical 

 

V. APPLICATIONS 

 

There are wide applications of absolute alcohol as in 

the field of Medicinal use, as these are used to disinfect the 

skin before surgery etc. Absolute alcohol can be used as 

antidote or antiseptic for medicinal use and can be used as a 

solvent as its molecular structure allows for the dissolving of 

both polar, hydrophilic and nonpolar, hydrophobic compound.  

As ethanol has lower boiling point, it is easy to remove from 

solution that is used to dissolve other chemicals, etc 

 

Major application of this anhydrous ethanol is as fuel, 

Ethanol can be used as engine fuel, rocket fuel, fuel cell, as in 

the blending format with conventional fuel type. 

 

Anhydrous ethanol has lower freezing point (-114.4 deg C) 

and lower toxicity, ethanol is used in laboratories as in the 

form of dry ice or coolant to keep vessels at temperature 

below freezing point of water. 

 

VI. RESULT AND DISCUSSION 

 

This paper is presented on the work done for the 

project of design of anhydrous ethanol manufacturing unit 

having 40 klpd capacity using hybrid technologies of 

distillation process and molecular sieve dehydration technique. 

The design approach of ethanol manufacturing unit  is 

empirical hence to perform theoretical analysis strong 

experimental results are required which is not a part of this 

project so here is not presented thus theoretical design is 

carried out only. 

 

 

VII. CONCLUSION 

 

As a result, we are able to meet our objective i.e. 

design of Absolute alcohol plant using MSDH technique with 

study of its applications and costing. As part of capital 

expenditure total cost with current market price is, 

approximately, 275 lacs for 40 KLPD production of Absolute 

alcohol plant. Zeolite  Molecular  sieves with 4Ἀ pore 

diameter has to be selected for adsorption purpose, which are 

able to adsorb 20-21% w/w water, required quantity of this 

type of molecular sieves are about 2700kg. Selected 

composition of zeolite is Na2OAl2O32SiO29/2H2O Produced 

alcohol has wide market as in the form of  Fuel, medicinal, 

solvent 
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