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Solar Thermal Energy

Hello,  my friends.  In  this  particular  lecture  we are going to  discuss  about  the  Solar

Thermal Energy. In our last lecture, we have discussed about the proscribed materials

basically what we are using nowadays for making the solar cell. So, in this particular

lecture the solar thermal energy is another the new or maybe the advanced techniques

basically, so now people are working on it also. 

So, that we can get the maximum efficiency just to over read that in a solar thermal or

maybe in solar panel maybe it is possible that sometimes we are not concentrating the

whole  sunlight  over  there.  So,  just  to  resolve  that  particular  problem,  now  people

attending into these particular techniques.

So, what is the basics of this particular techniques? Basically, sun is the most abundant,

reliable and renewable source of energy. As we know we are discussing this particular

sentence in last couple of slides.

(Refer Slide Time: 01:27)



So, basically the solar thermal power, concentrated solar power basically, because why I

am talking this  one is  the consented because I  will  come into the subsequent  slides.

Basically,  in  this  particular  case  we  are  using  some  kind  of  mirror  or  maybe  the

reflecting glasses so that the whole energy solar energy basically we are concentrating in

a particular point and then we are focusing that particular solar energy into the systems.

So, here the consumption of the solar energy is more.

So,  basically  is  relatively  the  new technology  which  is  giving  more  efficiency  than

photovoltaic solar cells, because in this particular case basically we are increasing the

surface area of the observance of the solar light. So, automatically we are getting the

more energy from the sun. But basically, in the photovoltaic you can see that there is one

specific  surface area,  only up to certain level the sunlight  is  falling and then we are

getting the efficiency or may be the energy from the particular area small area of the

sunlight. But in this particular case we are consuming the sunlight in a very larger area.

So, basically the solar thermal power electricity generations means, power of course, it is

the electricity generation systems collect and concentrate sunlight to produce the high

temperature and heat needed to generate the electricity. So, in this particular case what

happened? First, we are consuming the sunlight and then we are converting that energy

into heat energy and then from heat energy we are converting it into the electric energy.

So, basically it is a two step process. So, solar thermal collectors can absorb nearly the

entire solar spectrum.

So, as I told already, so here the surface area is bigger. Say suppose if for any kind of

solar cell systems I am having the collector in this manner. So, you can see if it is the

round shape only the upper part will get the sunlight not the bottom part. But if I am

having a mirror of this much area, so the whole in sunlight whatever it is coming over

here that can be transferred into the system itself.  So,  nanoparticles  can improve the

thermal properties in the heat transfer fluids of solar thermal power plants to improve the

efficiency, yes.  Nowadays,  we are using the nanomaterials  as  an feeler  or  maybe as

nanomaterials we are adding in into the liquid, maybe it is may be the water or maybe

some kind of mineral oil or maybe some other systems. Basically, the scientist are telling

this one as a nanofluid. So, it is only than nanomaterial enriched fluid.



(Refer Slide Time: 04:15)

So,  if  we  talk  about  the  history  in  the  year  of  1866  that  August  Mouchout  used  a

parabolic trough to produce the steam for the first solar steam engine then, we have come

to  1968 where  the  first  concentrated  solar  plant  which  entered  into  the  operation  in

Sant'ilario, near Genoa, Italy. Then, we move to 2014 where we can see that world’s

largest solar thermal plant it is almost 396 megawatt capacity achieves the commercial

operations in Ivanpah, California, USA.

So, basically what happened? If you remember I can tell you one examples that in our

childhood we used to do one experiments. Just we are having one piece of papers we are

having one magnifying glass, then if we put the magnifying glass onto the paper under

the sunlight. So, what will happen? If we adjust the focal length in such a manner that the

whole sunlight whatever are falling on to the magnetic lens if will directly concentrate

and put a on a particular point into the paper the paper will burn. But if we put normal

magnifying glass without maintaining its focal area the paper will not burn. That means

what? In a particular point the whole sunlight means whole energy I am concentrating

into one. So, automatically that is the accumulations of the energy.

The same principles basically we are applying over here. So, we are using absorbing

material, some kind of collector materials which is observing and collecting the sunlight

and then it is connected in a particular point and then it is putting on to some maybe

water heater or maybe some other collector to hit the water or maybe to generate the



heat. And then through that heat we are boiling the water, so that it can make the vapour,

and through that vapour we can run the turbine and then generator will be coupled with

the turbine, so that it can generate the electricity. So, basically that is the concept of this

particular solar thermal energy.

(Refer Slide Time: 06:36)

So, in this  particular  case,  if  we talk about  the difference between the solar thermal

energy and the photovoltaic technologies, you can see in the solar thermal energy case

basically we convert the sunlight into heat and then into the electricity. So, basically, I

told you this is the two steps process. But in the photovoltaic technology, so basically, we

are  converting  the  sunlight  directly  into the  electric.  Then,  for  solar  thermal  we use

basically  well-known  thermal  conversion  systems,  in  photovoltaic  we  are  using  the

protons to electricity, in the solar thermal technology the storage cost is very less, but in

photovoltaic the storage cost is maximum. And efficiency achieved from solar thermal

energy  is  almost  20  to  45  percent,  whereas  we have  achieved  19 to  24  percent  for

photovoltaic that is also for the single junction silicon.

So, now, let us discuss about the working principle.



(Refer Slide Time: 07:31)

So, as I  told already. So, the basic principle  of solar thermal  is  to  transfer  the solar

radiations into the heat via a thermodynamics system which is essentially a generator or

maybe the engine. There are 5 steps to a conventional CSP systems. So, what are those?

First  one  is  called  the  concentrations.  Sun  light  incident  on  a  large  concentrator  is

redirected to a much smaller receiver. Then we are using the absorption materials  or

maybe sometimes you are calling is a absorber. So, sunlight incident on the receiver is

converted  to  heat  by  an observer. So,  simple  first  it  is  collecting  and then  it  is  not

allowing to heat to go outside. So, that is why it is basically acting as a absorber it is

observing the energy and that energy is converting into heat energy.

Then next one is called the transfer. So, heat is carried out from the absorber by the heat

transfer fluid. As I told already, so in this particular fluid basically we are adding the

nanoparticle, so that it can absorb or maybe it can transfer the maximum amount of heat

from one place to another. So, if I put any kind of ceramic materials which can absorb

the more heat. So, basically it will be a helpful. So, people are working basically on to

that because if we use the nanomaterials the metal is having the more surface energy than

the  volume.  So,  automatically  if  I  use  the  nanomaterials  the  nanofluid  can  carry

maximum heat from one place to another.

Next one is call the storage. The heat can be stored in a thermal energy storage systems

for later use. Generations, the HTF delivers heat. HTF is nothing but the heat transfer



fluid to a heat engine which generates the electricity. So, here actually we are getting two

advantages, one advantages is that some thermal energy which is not used we can used it

for may be heating some water or maybe some kind of plant or maybe we can do some

kind of other process also. So, that storage can be done. Simultaneously, with storage

also we can utilize that heat for certain other purpose and the rest we are using directly to

generation of the electricity or maybe it is a vice versa one. So, while transferring the

heat from one place to another maybe I am making another sub channel, so that I can

store the heat energy, the excess one and maximum we are utilizing for generating the

electricity.

(Refer Slide Time: 09:59)

So, basically what are the classifications of the solar collectors? First concentration solar

technologies it has been divided into 3 parts, first is called the low temperature which is

nothing,  but  below  100  degree  centigrade,  medium  temperature  or  may  be  the  line

focusing  which  is  below  400  degree  centigrade,  another  one  is  known  as  the  high

temperature or maybe the point focusing which is more than 400 degree centigrade.

If we talk about the low temperature then we are having 3 divisions, one is called the flat

plate  collectors,  solar  chimney  and  the  solar  pond.  If  we  talk  about  the  medium

temperature then we are having two types, one is called the parabolic trough collectors

that is PTC, Fresnel collectors. If we talk about the high temperatures we are having two,



one is called the central tower collectors another is called the parabolic dish collectors.

So, all this classifications I will discuss in my subsequent slide one by one.

(Refer Slide Time: 11:01)

So, just let us start with the low temperature collectors which is nothing but working

below 100 degree centigrades that means, boiling temperature of the water.

So, what is flat plate collectors? The flat plate collector is basically a black surface that is

placed at a convenient path of a sun. So, from this particular image you can see, basically

this kind of collectors basically we are putting on to the rooftop or maybe anywhere

where the direct sunlight is falling on to the earth itself.  So, the sun hits a dark flat

surface and then the energy is transferred to water, air or other fluid for further use. So,

from this particular image you can understand that outside surface that is a solar glass

which is basically observing the sunlight and then after that below we are putting certain

kind of pipe. May be through that pipe either we are injecting or maybe in letting the

water from one side to the another or maybe we can inject the air or maybe some kind of

gases.

So, while travelling through the convection process what will happen? The water or may

be the gas it will be heated up. So, that technology we are applying for making the flat

plate collectors. So, these are used in domestic household purpose like water heating,

space heating etcetera.  They operate  in the temperature ranges from 30 to 80 degree



centigrade, because we cannot go beyond 80 to 90 degree centigrade otherwise if we

inject the water over there, so automatically the water will start boiling.

(Refer Slide Time: 12:36)

Next come to the solar chimney. So, incident solar radiation hits the air under a large

transparent collector roof. The temperature difference causes a pressure drop over the

height of the chimney resulting in an upwind.

So, in this particular case it is a very low height chimney basically we are using. So,

automatically the height or may be the pressure over here and at this point it is totally

different. So, one is having the high pressure, one is having the low pressure. So, in the

top portion basically getting the low pressure. So, when the air is coming due to that

pressure difference automatically the after getting the sunlight this air is heated up in this

particular positions, we are putting two collectors over there. So, basically this is the

collectors over here. 

So, now, when the air is coming through this channel that air is heated up. So, when the

air is heated up, then when the air is try to come into this here the air pressure is a

maximum, here is the air pressure is the minimum. So, automatically the air will go from

this site to this site continuously and half of the way we are putting the turbine over

there. So, while going the hot air is rotating the turbine blades.



So, the up thrust of the air heated under the collector depends on air temperature rise in

the collector, here how the temperature is increasing and the volume of the chimney. If I

increase the volume of the chimney automatically the flow rate will be maximum.

(Refer Slide Time: 14:11)

Next let us discuss about the solar pond. This type of solar energy collected uses a large

salty lake that absorbs and stores energy from the sun. So, basically seawater which is

nothing but the brine solutions  also that  is  the mixing of the water  with the sodium

chloride. So, basically, we are using that technology over here.

So, a solar pond has 3 zones, one is called the surface zone. In this particular image you

can see that first is called the surface zone. Then second layer is called the insulation

zone, and the third one is called the storage zone. And if you see clearly on this particular

image you can see that surface zone is relative fresh water that is the top surface of that

particular water level. If we talk about the middle portions, it is the insulation zone and it

is  just  increasing the because the salt  is  precipitin.  So,  automatically  it  is  increasing

quantity of the salt. And when we talk about the below one the maximum salt has been

precipitin in that particular portions, so that has became the saturated salt water over

there.

Now, in this particular case what we are doing? We are putting the storage zone collects

and stores solar energy in the form of heat. So, here it has been heated up the water. And

then slowly the heat is coming down to the bottom. Now, we are putting the cool water



and into the hot water. Now, here we are using the salt  or maybe the salt  is already

present. So, now, salt is heavily having the ability that it can capture the more heat and it

will not allow to go heat outside. So, maximum heat will be concentrate in this particular

zone, so that means, the water will be heated up in this particular zone more.

So, we are putting now cool  water and what  hot water  in and out system over here

because I am getting the maximum temperature in this particular zone. That means, in

this particular case just we are putting one pipe, so through that inlet will be the cool

water and automatically that pipe will go through this storage zone, so that the water will

be heated up,  so outlet  will  be always the hot  water  out.  So,  now, the trapped solar

energy is then withdrawn from the pond in the form of hot brine from the storage zone.

(Refer Slide Time: 16:34)

Now, next is called the medium temperature collectors. As I told already it is also known

as the line focusing and which is below 400 degree centigrade. So, that is also several

types.

So, one is called the parabolic trough collector. So, basically the parabolic trough is the

linear focus collector. It consists of a cylindrically curved parabolic mirror in this. This is

the mirror basically, the half parabolic mirror basically we are using which reflects the

sunlight onto a tubular receiver positioned in the focus line of the parabola. So, through

this pipe either the gas or may be the water or maybe the air is passing through.



Now, we are having that mirror, so automatically the sunlight will drop on to this and

then after that it will be reflected and it will directly pointing out that particular pipe. So,

through this basically we are heating up the medium inside the pipe itself. Now, that

tubular receiver contains the fluid that absorbs heat and transfers it via a circulation to

the boiler or another device to produce stream; that means, after that it is going to the

boiler. 

PTC, which is also known as the parabolic trough collector are made by simply bending

a sheet of reflective or highly polished material into a parabolic shape. So, this is the best

examples or maybe we can see, that basically this type of equipment basically we are

using.

(Refer Slide Time: 11:04)

Next is  called the Fresnel collector. So, Fresnel collectors  use long thin segments of

mirrors to focus sunlight onto a fixed absorber located at a common focal point of the

collectors itself.

So, these mirrors are capable of concentrating the suns energy to approximately 30 times

its normal intensity. This concentrated energy is transferred through the absorber into

some  heat  transfer  fluid.  The  fluid  then  goes  through  a  boiler  or  maybe  the  heat

exchanger to power a steam generator. So, basically in this particular case what happened

we are having that in this particular case we are having the receiver over here. Now, we

can see simple, we are using so many plates over there so, the plates it into that different



angle. So, it depends upon where the sun will be there. So, anyway any where the sun

will be there automatically some portions will be reflected on always constantly it will be

heated up.

So, that is why we are putting so many plates in to different angle so that every time we

can get it. So, this is the more clear image over there, because according to the day time

the sun will change its particular positions. So, sometimes it will be into the west side,

sometimes  it  will  be into the east  side.  So,  automatically  whether  it  is  east,  west  or

maybe at the noon positions automatically this will be heated up. So, that is why you are

using the different Fresnel collectors over there.

(Refer Slide Time: 19:37)

Next is called the third one which is nothing, but the high temperature collectors or it is

known as also point focusing which is basically more than 400 degree centigrade. So,

that is also divided into several parts, one is called the central tower collector.

So, in this particular system multiple tracking mirrors or sometimes you are calling it as

a heliostats also positioned in the field around central receiver installed on a tower. These

systems  are  capable  of  reaching  of  much  high  levels  of  concentration  than  linear

systems. Typically, 80 to 95 percent of the reflected energy is absorbed into the working

fluid which is pumped up into the receiver. The working fluid is used as heat source to

produce steam and convert it to the electricity. So, simple basically actually what people



are doing, people are trying to heated up the receiver into different way so, if you able to

put the maximum energy. So, that is why so many different states has been invented. 

The generated thermal energy can be stored in a molten salt storage. So, in this particular

case we can see that is the heliostats, it is look like this. So, so many means our receiver

is almost covered by the heliostats number of heliostats. So, this is the actual practical

image. So, you can see their, this is that is the chance maximum it will get the maximum

temperature at that particular point because. So, all the mirrors are towards that particular

receiver sites. So, it will reflect the sunlight towards the receiver, that is why it is coming

more than 400 degree centigrade.

(Refer Slide Time: 21:23)

Next  second one is  called the parabolic  dish collector. So,  a parabolic  dish collector

looks like a large satellite dish it has mirror like reflectors and receiver at the focal point.

The best example I can tell you nowadays all our dish TV, so provided by any of the

company, so it looks like this. So, maybe in our home also we are fixing the dish TV

antenna like these shapes.  It looks like the same. So, in some systems a heat engine

Stirling  engine  is  linked  to  the  receiver  to  generate  the  electricity.  Parabolic  dish

collector systems can achieve above 1000 degree centigrade at the receiver. The working

fluid hydrogen or helium in the receiver is heated to 250 to 700 degree centigrade and

then used by a Stirling engine to generate the power.



So, in this particular case you see we are having the receiver in this particular point. So,

sunlight is coming on to this dish shape reflector. So, basically that is also a one kind of

mirror kind of things and then that receiver is heated up. So, when that is heated up, so

automatically that fluid is heated up. Through that fluid maybe the hydrogen or helium

basically  in  the receiver  is  heated  to 250 to 700 degree centigrade,  that  is  why it  is

coming more than 400 degree centigrade category and then used by a Stirling engine to

generate the power.

(Refer Slide Time: 21:51)

Now, one basic  question,  that  why or maybe where basically  we are using the nano

materials for solar thermal energy generations. So, total efficiency of the solar thermal

power plant divided into two parts, one is called the sunlight to heat conversion process

or  maybe the  receiver  efficiency  and second one is  known as  the heat  to  electricity

conversion process or maybe sometimes it is known as the generator efficiency.

So, absorber and anti-reflective layer coated tubes are majorly involved to improve the

receiver efficiency. From this particular case you can understand that this blue in color is

known as the absorbing materials which is absorbing the solar light. Now, on top of that

you can see this one is known as the anti-reflective. Why? Because its main advantage is

that or maybe the main working principle is that when the sunlight will go inside it this

anti reflective mirror will not allow to sunlight to go out. So, that automatically the heat,



maximum heat will be captured inside this particular systems. So, basically that is the

concept of this one.

Now, absorber tubes absorb heat from the reflectors or may be the mirrors and transfer

the heat to heat transfer fluid, so that means, inside this blue now we are passing the

water or maybe the gas or maybe any other air medium. Absorb a tubes are cover with

AR, anti reflective layer coated tubes which are used to entrap the sunlight and let not

reflect back in order to create the more heat.

Different nanomaterials  are used to improve the performance of the absorber and air

layer  coated  tubes.  Yes,  of  course.  Now, we are  using some kind of  high resistance

materials some materials maybe for the high resistance and it can be may be either ozone

free or maybe that oxidation free or maybe any kind of other problem or maybe it can

which  can  with  high  temperatures  the  mechanical  strength  also.  So,  basically  the

research is going on to that particular point.

(Refer Slide Time: 25:10)

Now, what will be the basic for selection of nanomaterials for solar absorber collectors or

may be the tubes? How? Which kind of materials we can choose? What are the criterias?

So,  coating  materials  that  are  used  in  solar  absorber  collector  should  possess  the

following properties, like high absorptivity, low emissivity, strong adhesion, corrosion

and wear resistance, high thermal conductivity and the high durability. So, basically there



are several examples, but I can give you a few examples over here like nano pyramid,

tungsten,  nickel,  silicon, copper oxide nanowires with cobalt  oxide nanoparticles.  So,

one case you can use only the tungsten one case you can use the nickel or maybe some

cases you can use the both that tungsten and nickel together. Then copper nickel cobalt

tandem layer, copper nickel manganese tandem layers. So, these all are the examples.

(Refer Slide Time: 26:06)

Next selection of nanomaterials for the anti-reflective coatings. So, coating material that

are used in anti-reflective coatings should possess the following properties like excellent

optical qualities, high temperature tolerance. Yes of course, because it is absorbing the

maximum temperature and then it is not allowing the temperature to go out. That means,

inside the maximum temperature generation is taking place and for a longer time it is

holding the temperature; that means, the material should have that capability that it can

hold the temperature for longer time. So, resistance to moisture and UV degradations

because we are putting it into the normal environment. So, maybe the night time that

moisture can come or maybe the rainy season rain water can come. So, it should be

corrosion free.

And of course, the last one is known as the low cost. It should be low cost materials.

What  are  the  examples?  Like,  silicon  dioxide  nano  structures,  magnesium  fluoride

nanoparticles, silicon dioxide titanium dioxide composite materials  basically there are



also other so many materials are available people are using for anti reflective coatings for

this kind of collector.

(Refer Slide Time: 27:15)

So, now there are different methods used for coatings on the tubes. What are those? First

one is known as the chemical method. So, in the chemical coatings are usually sprayed

onto the absorber plate metal with or without the use of electricity. So, simple you are

doing a coating on to the material or may be the substrate.

Next is called the electrodeposition method. In electrodeposition employs electricity to

reduce cations of a desired material from a solution and coat that material as a thin film

onto a conductive substrate surface. So, that is also another one.

Vapour  deposition,  simple  I  am having this  substrate  I  am having that  precursor, so

basically, I will heat the precursor it will generate the vapour and that vapour will grown

on to or may be will be deposited on to our substrate. So, sputtering instruments are used

to coat the absorber layer on the substrate itself.

Then next one is called the oxide method. In this particular case metals used in early

solar collectors such as copper and iron undergo natural oxidation which have desirable

absorptivity. Next last one is called the dip coating methods. So, from the name itself we

can understand I am having the reflective material  simple I am dipping that one into



some coating materials and then after taking it out we are drawing it. So, basically it is

also known as the sol gel method.

(Refer Slide Time: 28:40)

Then what are the advantages? So, there are several advantages, I will tell you one by

one. First is called that there will be no fuel cost as the power plant runs by the sun

energy. Second, it does not cause pollution and global warming effects because it will not

release any kind of toxic gases to the environment. Third, it uses existing equipment like

solar thermal mirrors turbines etcetera. Number fourth, can store energy using molten

salts instead of using batteries. Number fifth, use less space than photovoltaics for same

energy generation output. And number six, is that running cost of the solar thermal are

cheaper than coal or maybe the gas plants.

So, these all are the basically good things or maybe the advantage if we use the solar

thermal energy than the photovoltaics or may be the conventional energy systems.



(Refer Slide Time: 29:38)

Of course, there are certain disadvantages. What are those? The initial capital cost for

solar thermal is quite large, uses lot of water which is major problem in desert areas. Yes

of course, if some kind of in India may be the Rajasthan side where the water scarcity is

there. So, that time using this kind of facility is not so good or maybe it will not give you

that much of efficiency. Usage of massive arrays of mirrors impacts the wildlife species.

These plants can be installed only in places which have high amount of solar radiation.

Solar thermal cannot be installed in residential area. Build time would be longer than

other  forms  of  energy  generation.  So,  these  all  are  the  drawbacks  of  this  particular

technology.



(Refer Slide Time: 30:24)

So, of course, there are certain applications. So, as I mentioned here only the 6 types of

applications best, I can tell you there are n number of applications are available in the

system. So, basically  if  we talk  about  the electricity  generations,  solar  desalinations,

solar  cooker,  solar  water  heaters,  solar  sterilization  and  the  room  heating  cooling

systems. So, basically this all are the applications we are using in our day to day life.

Also, there are so many applications are available which we are also using.

(Refer Slide Time: 30:59)



Now, we have come to the last part of this particular lecture where basically in summary

we can say that solar thermal technology converts the sunlight into heat and then into

electricity. The electricity generation is more efficient in concentrated solar power plants

than photovoltaic solar cells. Flat plate collectors are used in water and space heating

applications.

Medium temperature collectors are focuses along the length of receiver tubes and these

are mostly used in electricity generation. High temperature collectors reaches high level

of concentrating sunlight than linear systems. Yes of course, we have seen that it is going

up to 700 degree or maybe the 800 degree centigrade. Absorber and anti-reflecting layer

coated tube plays major role in improvement of receiver efficiency. So, in this way we

can use this particular technology because it is having a numerous advantages, than the

disadvantages. 

Thank you.


