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Lecture —34
Energy production from waste through transesterification — |

Good morning, now will start discussion on a new module Energy Production from
Waste through Transesterification. So far we have discussed on different thermal and bio
chemical routes for the production of energy from the waste and biomass. And now will
concentrate on a chemical route, and the transesterification is an important chemical
route for the waste energy conversion method. And in this process some waste which is
having triglycerides or oil that is bio-oil can be converted to esters, that is fatty acids
alkyl esters. And these fatty acid alkyl esters are the component of bio diesel. So, after
this process, the product which we get that will be having some fuel value and can be

used by blending with diesel or directly in the Indian.

(Refer Slide Time: 01:38)

So, in this module, we will discuss what is the transesterification organic waste for
transesterification, production of bio-oil from the oil seeds and it major composition need
of up gradation of bio-oil, to biodiesel and then bio diesel properties upgradation flow

sheets there is bio-oil to bio diesel conversion, flow sheets and steps for upgradation



biodiesel production from mixed waste plant oil or grease and combustion of bio-oil or

bio diesel in diesel engine.

So, let us start, let us see what is the transesterification. So, as the name says it is
esterification process, but it is transesterification.

(Refer Slide Time: 02:29)
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So, in this method as | have already discussed that is triglyceride; so esters of glycerol
thatis; CHCHCH2CH2OOOR1COR2andsay C OR 3. So this is a triglyceride.
So, this triglyceride is converted to glycerol some alcohol reacts with it, basically
methanol or higher alcohol may be also used. So, let us take some example of methanol;
so CH 3 OH. So, some catalyst is used. So, this catalyst it will convert this
glyceraldehyde to glycerol and will give the fatty acid alkyl esters. So, R 1 COOCH 3 R
2 COCH 3 and R 3 COOCH 3 when CH 3 OH is used if we use higher alcohol this alkyl
group will be higher.

Now, this is the basic chemistry or the basic reaction of the transesterification process.
and in this process some catalyst is used. without catalyst the reaction will not take place
and sodium hydroxide, potassium hydroxide is mostly used, but in some cases
particularly when say in your waste not only the triglyceride is present some free acids is
also present. So, if some free acid is present here. So, that will react with sodium

hydroxide and potassium hydroxide and produce soap. that is why acid catalyzed



transesterification process is also used in some cases particularly when free acid is

present in the feed stock.

As | have just discussed if free acid is present or if free acid is not present here some free
acid first form say during if we see the mechanism of the transesterification process the
free acid is produced in between. So, in which can form react with that and always there
is a chance of soap formation for this transesterification process when NaOH is used as
catalyst that why efforts are on. And people are trying to develop new catalyst that is
heterogeneous catalyst heterogeneous catalyst to remove this difficulty.

(Refer Slide Time: 05:39)

So, this is a basis of the transesterification process. So, by this process what we get we
get the fatty acid methyl esters when methanol is used. So, these compounds are the
components of bio diesel, but this glycerol is not desirable for fuel applications, but it has
immense utility. it can be purified and can be applied in many other applications. So, the
triglyceride which is present in the waste material that can be converted to value added
product by this process transesterification process and some of this products will be
having energy values; so now will be concentrating on this. Before that will see how
where from these things are coming that triglyceride from what type of waste we can get.



(Refer Slide Time: 06:30)

So, if we consider different types of organic waste for transesterification, we will see that
all organic waste are not suitable for the transesterification process, part of the waste or
the will be suitable those are having some triglyceride. And those are basically waste oil
and cooking oil recycled grease and waste oil seeds; oil seed which are having some bio-
oil inside it or liquid inside it that can be used for the production of bio-oil first and then
for it is upgradation. So, you see different feed stocks, which are available in waste those
will not be processed in the same process. The process steps are different for if it is the
waste is waste oil seeds then will go for oil extraction then bio-oil will be produced. bio-

oil will be upgraded and then bio diesel will get.

And this upgradation is basically transesterification process if we have waste oil or
cooking oil will go for upgradation. we do not need for any bio-oil production if we have
recycled grease we will go for upgradation no need of bio-oil again you see here 2
different waste oil or cooking oil and recycle grease 2 different feed stocks are having
different properties. Basically recycled grease are having high amount of free fatty acids
in it along with triglycerides. So, acid catalyzed transesterification must be there for the
processing of this recycled grease, whereas, waste oil and cooking oil these are having
very less free fatty acids and the acid catalyzed state may be escaped. So, these are the
different feed stocks or type of waste which can be processed through the

transesterification process.



Now, at first we will consider the oil, bio-oil production from oil seeds waste oil seeds

and will see that.

(Refer Slide Time: 08:43)

There are basically 2 types of operation which are used for the extracting of oil from the
oil seeds. One is your conventional method and advance method conventional method
means there is some physical method, and chemical method physically that are using
expeller the oil is taken out extracted from the oil seeds. So, if we have some oil seeds if
we place it will be broken the cells will be broken wall will be broken and the oils will be
coming out. So, oils will be coming out see this is the mechanism of the expeller place

method, but if we use some solvent extraction.

So, if we use some solvent say here we are added some solvent, liquid solvent and some
solid particle are broken solid particles the broken parts of these oil seeds or the or the
full part or complete part of oil seed then, what will be happening the oil which is inside
this that will diffuse and it will come into the solvent if we break this wall. So, we will
get more extraction. So, that is solvent extractions is the process through which the oil is
first extracted from the bio mass or bio or waste or oil seeds.

And then advanced methods these are basically extraction method somewhere we use the
ultrasonic assisted extraction and somewhere we use super critical fluid extraction
method. So, these are the different methods which have been used for the extraction of

the bio-oil. So, these 2 ultrasonic assisted extractions and supercritical fluid extraction



both are under solvent extractions or we can write the same table in different fashion like

this.
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So, we can write say oil extraction, it is having mechanical and it is chemical, that is
solvent extraction that may be of conventional or may be of ultrasonic assisted or may be
supercritical. So, that way also we can represent this method. Now will see these are 2
pictures the oil press and this is solvent extraction. Normally for the solvent extraction
soxhlet apparatus is used. So, as show in the figure this is a soxhlet apparatus the

working of this apparatus is like this.



(Refer Slide Time: 11:15)

Various types of systems for bio-oil extrcation

Ol Press Solvent Extraction

Say as we see here, here is the solvent. We heat it the vapor the vaporized solvent will go
up come here is condensed. So, liquid will form. So, liquid solvent will drop here solids
will be kept here and finally, liquid will come here the liquid mixing between the liquid
and solids and solid liquid will be going to this beaker through syphon action. So, this

not very clear | am drawing here.

(Refer Slide Time: 12:06)

So, we have one beaker here say. So, we will be putting one. So, say this is our soxhlet

apparatus at the top will be having some condenser, see | will be sending water cooling



water and there will be cooling water out. So, when we are putting the solvent here we
are putting the material solid material here that is from where we are interested to extract
that is solids for extraction here. So, solvent it is heated. So, heated solvent will go here,
and the vapors will go up condense this will drop. And then there will be good mixing of
this solid and liquid solvent.

Once the liquid is filled here due to syphon action the liquid solvent will come down
here and again come back. And this will be continuing for time hours. So, 2 hours 3
hours 4 hours as we like. So, tau we with time the same process will be continuing
solvent will be there. And there will be good mixing between the solid and the liquid and
from this solid part the oil molecules will come out and mix with the solvent. So, this is

the mechanism of soxhlet apparatus using solvent extraction.

Now, if we use ultrasonic assisted extraction. So, in this case the bio the solids or the
seeds from where the oil is getting out the ultrasonic wave helps to break the area the
surface or the wall of the seed. So, more oil comes easily as a whole the rate of the

process in kgs extraction process in kgs.

Now, the factors which effects the oil extraction | mentioned here, that is type of solvent

hexane and n pentane.

(Refer Slide Time: 15:04)




So, oil is present in the oil seeds. So, most of the oils are nonpolar. So, if we use
nonpolar solvent we will get more extraction if we use polar solvent we may not get that
much of extraction; so biomass to solvent ratio. So, if we use more solvent will be
getting more extraction of oil because driving; driving force will be high in that case, but

we have to optimize.

Then temperature higher, the temperature higher will be the extraction, but the
temperature cannot be. So, high that it is above the boiling point of that solvent. So,
temperature has to be decided on the basis of the solvent which you are using. the
extraction method what type of extractions are ultrasonification assisted or scalar method
any expeller. So, it will be depend upon the extraction, method or supercritical extraction
may be extraction time also the time of extractions will give more yield and then
moisture content particle size and shape already we have discussed, less of the particle

size more surface area and more contact.

So, will be more and moisture content actually moisture content is desirable for this
solvent extraction phase in conventional way, but gradually particularly for some feeds
stocks particularly for micro algae the moisture content moisture, separation requires
very high amount of energy. So, people are trying to develop some process with high

moisture that is in liquid media for the extractions of oil.

(Refer Slide Time: 16:50)




Now, here is the comparison of various liquid extraction processes. So, we have
explained here expeller process and then we have supercritical liquid extraction
ultrasonic and solvent extraction 4 processes are there, out of these solvent extraction is
mostly used, but there are some disadvantage of using solvent extraction process is that
the solvents are toxic in nature in general, generally and it requires large solvent and then

expensive solvent recovery and flammable and toxics.

So, these are the main disadvantage of this solvent extraction process supercritical fluid
extraction the solvent is nontoxic and nonflammable and operation is simple, but it has
some disadvantages is that extraction of the polar analyze, if some polar molecules are
present in it would be difficult for the separation and limited interaction between
supercritical O O 2 and bio mass ultrasonic assisted extractions is one sort of solvent
extractions which helps to increase the rate of the production of the bio-oil.

Now, will say what is the bio-oil and what are the fatty acids content means a
triglyceride which is present in the bio-oil what types of acids are present there. So,
basically major 7 acids are there that is your lauric acid myristic acid as as shown here
that is lauric acid O 12 H 24 O 2 myristic acid O 14 H 20 8 O 2 and then palmitic acid O
16 H 32 O 2 and steric acid O 18 H 36 O 2.

(Refer Slide Time: 18:12)

These are the saturated fatty acids and some unsaturated fatty acids are also there oleic
acid say O 18 34 O 2 and linoleic acid is O 18 H 32 O 2 and linolenic acid O 18 H 30 O



2 and asidonic acid O 20 H 32 O 2. And these are the structures and some melting points
are given here also. So, here we can get some important information that with the
increase of this unsaturation we are getting lesser melting point. So, high melting point
and this is lesser melting point. So, these are sometimes helpful for it use as a fuel.

Now, the bio-oil which is produced it requires upgradation, but why the upgradation is
required because the bio-oil viscosity is very high. that is why it is difficult to use
directly in engine because it is difficult to pump the oil bio-oil to the engine for it
automization and then it ignition, as well as if we can use some high pump high capacity

pump and the droplet us will be bigger and combustion will not be complete.

(Refer Slide Time: 19:42)

So, these are the major difficulty with the bio-oil. So, bio-oil which is produced from oil
seeds or some other waste oil seeds. So, those cannot be directly used, that has to be
converted or upgraded through the transesterification that is what the importance of

transesterification there is for bio-oil which is produced from the waste oil seeds.

Other 2 sources we have discussed recycled grease and the waste cooking oil and waste
plant oil. So, these also are waste materials and lose their fuel properties. So, upgradation
improves the quality of it is wastes, and hence upgradation is required and
transesterification improves the quality of this feed stocks and impart fuel properties. So,
that is why we are doing the upgradation. And ultimately the objective of upgradation is



to get the bio diesel the components of the bio diesel that is fatty acid alkyl esters and bio
diesel is a mixture of fatty acid alkyl esters.

And it is nonhazardous if we see the composition of the bio diesels as you discussed in
the previous slides, there are esters here. So, we have sufficient oxygen in this
compound. So, during combustion it will be completely combusted unlike petrol diesel.
So, this is relatively pure and nontoxic and biodegradable and it reduces air pollutants

such as particulates carbon monoxide and hydrocarbons and air toxins.

(Refer Slide Time: 21:24)

So, that is why bio diesel are getting interest in one way, it is having good better quality
as well as it will be also meeting some oil requirements from the waste and biomass it
burns more efficience more efficiently than petrol and diesel and it is higher lubricity can
reduce the engine wear and prolong it is lifetime. So, this is the advantage of biodiesel,
but bio diesel can be used as such in the engine, but normally it is used with blend with
the diesel; and some commercially available are B 20 B 9 B 2 B 1. So, B 20 means a
blend that is 20 percent biodiesel and 80 percent diesel. So, B 2 means 2 percent
biodiesel ninety 8 percent diesel. So, B 1 means one percent biodiesel ninety percent
diesel. So, all these blended fuels are used in the diesel engine without it is modification,
but if if we want to use this completely pure biodiesel, we have to take some action we
may need to improve the engine or some other modifications in the systems we will

discuss later on.



So, due to slightly less energy density the biodiesels is having certainly less energy
density that is why when we make the blend the fuel economy tend to fall 7 percent for
every 10 percent biodiesel and it will blend. So, high viscosity and plus point needs up
gradations, we will say important properties of biodiesel are first one is ash percentage.
So, ash percentage can be determined by approximate analysis we have discussed in
earlier modules, and density that is weight per unit volume that picknometer specific

gravity can be measured. So, we have discussed these things.

(Refer Slide Time: 23:17)

Here the density is slightly higher than the petrol diesel the density of the biodiesel is
slightly higher than that of the petrol diesel. And cloud point and pour point there are 2
important properties of the diesel. So, what are those cloud point is the temperature at

which oil appears cloudy that means.



(Refer Slide Time: 23:54)

So, biodiesel are diesel having some diesel have some works and bio works in the bio
diesel those tends to keep some appearance heginish and it gives to some cloudly. So, the
works starts to solidify, and then cloudy appearance comes to the temperature is cloud
point we when we reduce the temperature this type of situation comes first if we further
reduce the temperature then these will be. So, dense the flow of the fluid will seize. So,
that is the pour point, pour point is refers to the temperature at which the oil in solid form
and starts to melt or pour. That means, the flow seizes at this temperature so; obviously,
the pour point will be lower than pour point is lower than that of cloud point the pour

point will be lower than that of the cloud point.



(Refer Slide Time: 24:58)

Now, we will discuss on cetane number the one most important properties of bio diesel
are diesel is the caeten number. So, what is the cetane number that is the relative measure
of the interval between the beginning of the injection and the auto ignition? See injection
and auto ignition if there is some delay there will be some spark. So, that is the indication
of cetane number higher the ceaten numbers there is the less gap lower the caeten
number there will be more interval between these 2. So, higher number is desirable then

it is 45 to 55 is value is desirable.

And the cetane number is measured by using a machine that machine is called fuel
cooperative fuel research engine CFR engine in CFR engine under standard test
condition, a hand wheel is used to increase the compression ratio. So, that maximum
pressure can be generated. So, that the delay between these 2 will be minimum the delay
between injections and ignition is becoming 2.407 millisecond.

So, we are using one fuel we are increasing the compression ratio and we are getting the
gap between injection and ignition is 2.407 millisecond. Then we will be using a mixture
of fuels that is cetane and iso cetane. cetane and iso cetane with different ratio a ratio will
come that will be having the similar ignition properties in the same engine same
conditions. So, that ratio of cetane will be the cetane number of this oil sample
investigated. So, cetane number is 100 for cetane and 0 for alpha methylnaphthalene or



one methylnaphthalene and 15 for iso cetane. So, initially these was used the alpha
methylnaphthalene for this measurement, but later on the iso cetane has been introduced.

Next, we are coming to flash point. So, flash point is also another property of any fuel
liquid fuel basically. So, flash point in this case, if we heat the fuel if the raise the
temperature of the fuel and put one and keep one fire open fire momentarily on the top of
it.

(Refer Slide Time: 27:00)

So, there will be some momentary flash. So, that is called flash point. So, if we raise the
temperature then fire will catch. So, that will be the fire point. So, fire point and
flashpoint are the important properties of the fuels. So, there are 2 methods for the

measurement of flash point one is closed cup and another is open cup method.



(Refer Slide Time: 27:30)

The same sample in open cup and same sample in closed cup if we taste for the flash
point, we will be getting some differences that is 5 to 10 degree centigrade lower in case
of this that is a closed cup, will be in this lower. So, this is a flash point measurement for
this oil.

And new now we will see the heating value and iodine value heating value we have
already discussed in our previous module. So, we are not discussing here that is amount
of heat released per unit amount of material or the fuel and it depends on the CH and
concentration of this which is determined through ultimate analysis. And now iodine
value that is also one important property of this bio diesel iodine value gives the

indication of unsaturation present in it. So, unsaturation present in it.



(Refer Slide Time: 28:26)

So, if unsaturation is present in it what is happen in this case for the measurement of
iodine value ICI or IBr that is iodine mono chloride or iodine mono bromide solution is
added in the fuel and then this ICI reacts with this cc double bond and this forms this
type of structure and if we add ICI in excess. So, the remaining ICI will be available in
the solution we will be adding some amount of potassium iodide excess potassium
iodide. So, that potassium iodide converts ICI to iodine; so this excess this iodine which
is now generated in the solution can be titrated by using sodium thiosulphate. So, sodium
thiosulphate will be converted into tetra nitrate and sodium iodide will form. So, by
using some indicator by this titration we can determine what amount of iodine is present
in the solution which was not used, and ICI if you know the initial concentration of ICI,

and if you know the now know the iodine unused.

So, what is the use of iodine we can calculate and one molar iodide attaching with one
unsaturation carbon bond. So, that is why gram of iodine absorbed by hundred ml of
given oil is a iodine value. So, potassium percentage and sulphur percentage another 2
important properties of the bio diesel. So, when bio diesel is produced as we have
discussed that potassium hydroxide which can be used as a catalyst. So, that can be
available in the biodiesel and that percentage has to be measured as it is coming from the
biomass feed stocks. So, it can have some sulphur and sulphur can be measured. So,
there are number of methods for measurement of sulphur one is very primitive one that is
you colorimetric method, if we use barium chloride in the solution then it will be having



some barium sulphate white precipitate through white color and some weak bond
combustion method and X-ray fluorescence and icp ms is there.

So, these are the different methods through which we can measure the sulphur content in
bio diesel.

(Refer Slide Time: 30:23)

Now, viscosity is another property of the biodiesel which is related to the thickness of
this and this is measured through different viscometers. And as per the Poisson equation
if a liquid flows through a tube the liquid will be having the minimum velocity of the

wall and maximum velocity at the center.



(Refer Slide Time: 30:54)

So, minimum velocity at the wall and maximum velocity at the center; so due to the
friction here pressure drops will be developed, now this type of flow when a fluid is
passed through a tube or a nozzles or at that time the flow is defined in that in this
formula that is a viscosity coefficient is equal to pi into R to the power of 4 p into t
divided by 8 into V into L where t is the time B is the time of flow and V is the volume

of liquid volume of flow.

(Refer Slide Time: 31:17)




So, fluid say how much collected t is the time of flow to the tube t is the time, L is the
distance travelled by the liquid during time. So, and R is the diameter of the tube. So,
then p is the hydrostatic pressure, see if you know then we can get the viscosity
coefficient. So, this term is equal to say constant pi R square for a particular system B L
and R are constant. So, it is equal to k into p into t and p is hydrostatic pressure,
hydrostatic pressure means that is again related to the density, so mass related to mass m

by v. So, it is proposal to k into m into t.

If we have one fluid the viscosity is known to that and another one the bio diesel
viscosity is not known, see if we use the same setup for the tasting then we get different
mass collection at different time. So, viscosity ratio coefficient ratio will be beta by eta R
that is equal to mt by mr tr, that is mr is the mass of the reference fluid and this is the
mass of biodiesel time or the flow, and ts is tr is the time for the flow of the reference
material. So, this is the principles through which the viscosity is measured, and there are

number of viscosities the measurement instruments or the viscometers as listed here.

So, this is the comparison of properties of bio diesel from different vegetable oils, if you
get from vegetable oil say soya bean oil and babassu oil it is given here.

(Refer Slide Time: 33:14)

So, diesel oil properties are given here. So, biodiesel from babassu oil is given and others
oil soybean is given. So, here we see the flash point is very high for the bio-oil. So,

upgradation is required after upgradations, we have been able to reduce the viscosity



32.6 to 4.5 and this is for bio this is for diesel 3.06 that is millimeter square per second.
And flash point is 76, but here we have 254 to the bio-oil that is reduced to 176. So, that
way the upgradations or bio-oil to bio diesel conversion helps to improve the properties
and here is the comparison.

Now, will see the general flow sheet for bio diesel production from various feed stocks;

so if we have say vegetable oils, if we have grease.

(Refer Slide Time: 34:00)

So, grease will be having some dilute acid esterification as | have discussed. So, the feed
stocks will be going for transesterification reaction. After transesterification reaction we
will be getting various products as we have discussed that the glycerol and alkyl esters
the fatty acid esters of alkyls. So, those will be separated. So, one is glycerin and another
is crude bio diesel. So, glycerin will be recovered and then glycerin will also be having
recovered, and it the crude glycerin will be going to the alcohol recovery and then crude
bio diesel will further be refined. And we will get the refined bio diesel will go for
alcohol recovery and ultimately this is the flow sheet.



(Refer Slide Time: 34:59)

And we have basically these are the steps, acid esterification transesterification methanol

recovery biodiesel refining and glycerin refining. So, up to this in this part and the next
part will discuss in next class.

Thank you very much.



