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Roulette Wheel Selection

Selects good string in a given population from their fitness
function (objective function) value )
String with higher fitness value will have a higher probability @.
of contributing more or more offspring in the next generation ',
NPTEL
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So, we will follow from where we stopped actually. So, this particular corresponding to this
option there will be you know it would be repeating 32 percent of the time. So, this is how
you can get is actually a question of Roulette Wheel Selection because as if we have got this
pie diagram, this is 38 percent, 5 percent etcetera for that simple algebraic problem that I

took.



So, as if you are rotating and more probably that it will actually, the wheel will stop here.
Wheel is rotated and obviously less number of time it will stop here or stop there or stop there
and so on. So, this is how it is done. So, weakest individual has smallest share roulette wheel

and fittest individual.

So, there are other ways of doing it, there are advanced ways of doing it also. But my purpose
here is to tell you that this type of algorithm is best suited for energy efficient building design
or energy efficiency in building where you have discreet variable and qualitative variable.

Because you are operating on coded variables.
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Roulette Wheel Selection
—
Roulette Wheel Selection

- Also known as fitness proportionate selection.

- Every individual is allocated a section in the roulette
wheel, e

. Sections are different sizes, proportional to the individual's
fitness. 5

. The fittest candidate has the biggest slice of the wheel \‘Q D
and the weakest candidate has the smallest, =~

— . The wheel is then spun and the individual associated with
LS
(:)
NPTEL

the winning section is selected.
So, basically roulette wheel selection is fitness proportionate selection. Every individual is

- Wheel is spun as many times as is necessary to selec
the full set of parents for the next generation.

allocated a section in the roulette wheel of course. Sections are of different size proportional
to individual’s fitness that is what it is. The fittest candidate has got the biggest slice in the
roulette wheel and the weakest candidate has a smallest slice. The wheel is then spun and the

individual associated with the winning is selected.

So, that is basically generating random numbers. Wheel is spun as many times as it is
necessary. So, you had original population 40, if you check their fitness, then after that when

you want to skip them. So, this is what you will be doing.
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Roulette Wheel Selection
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So, this is how it goes about. So, example problem was there very much. So, this is how we

do it, so probability of been selection is given by (fxi) fxi divide by sigma fxi.
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Crossover

Exchanging information through some part of information (representation)

0000011011100011 ]

Parents 1101010100101101 [ eecreoeo
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Each pair of selected string produce new offspring (children) string

The two mating string are cut at a point

The resulting pairs are swapped with one another to form two new
strings f“
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So, then we do what we call crossover. From 2 parent population, I want to generate new
children, new generation. So, what is done, you do the procedure called crossover. Crossover

is the thing, suppose this is my (())(02:54) and this is the 1 pair is the parent pair and I

generate new children out of those.



Now, how do I do it. Basically, I will generate again a random number and this time it will be
random number of this many digits. I had how many digits here? 16 digits here. In this one

the chromosomes string is 16 digits.

So, I generate a random number, 2 digits random number, but divided by 1 by 16. For
example, if I find it between up to 0 to 06, then this is the point. If it is 7 to12 this will be you
know; so basically 0 to 16 and 16 to 32 etc. so, I can divide by 16 to get 1 by 6 here. So, 1 by
6 etc. So, suppose I found out, it is somewhere between 18 to 24, the random number is. Then

this is the position which I have selected for crossover.

So, what I do? I take these 3 strings of this one and these 7 strings of (this was how many) 16.
So, this 13, now I make a crossover, these goes here and this goes down here. So, this goes
here, so this one is 0, 0, 0, 0, if you look at this the colour is disturbing, this colour is not the

right one, so I use a colour is something like this colour.

This is a crossover location. So, 0, 0, 0 and rest all from here. And in this case, 1, 1, 0, and
rest all from there. So, I have generated new population from the fittest population itself. First
step is (to find the fitness and generate the) to have randomly your choice. Your choice might
generate a random number and generate a population size of even population size, find out

the fitness and from that you generate your new 40 population.

So, 40 times you generate a random number, which are fitted, that you will keep and then do
a crossover. Crossover means, from the parents you will generate new children. Both are
relatively fit, because you have selected that fit 40 population. From there you are doing the
crossover, which means that, you know currently the new orientation that I am likely to get,

the shape I am likely to get, they are only from the fittest ones.

So, new children you have got. So, out of 40 you will generate, randomly you will generate
40 children. A new generation has come. So, there are 40 parents from that you will generate
40 children, because you will do crossover. So, each pair of selected string produce new
offspring and the two mating strings are cut at a point, the resulting pairs are swapped with

one another to form the two new strings.
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Children from CROSSOVER Parents for Mutation

0001010100101101 0001010100101101
1100011011100011 1100011011100011

Mutation Parent | 1100011011100011 | M:.Lf _.

MutationChild | 1101011010100010 | \*®ecossg®

Randomly change of binary digits from 0 to 1 and vice versa
to avoid local minima
It is needed because even reproduction and crossover
effectively search & recombipne. to produce belier & EE]{;;
populations, occasionally they may lose some potenha‘l
useful genetic material

—

So, this new string now you evaluate again. So, then once in a while this might lead to, what
is called local optima. Sometimes, you might get stuck local minima (or something like that)
And leaving the global one, bigger one. Supposing something like values are, fitness values
are coming something like this. You will obviously maximise the fitness, so it is all fit for
only maximisation, as you can see. And sometime you might find it, where is the variable let

us say, decision variable like this.

You know, you are trying to maximize it. There is a small maxima, then there are global
maxima is much higher. You might get stuck here, because you will be operating around
those population. So, what is done? Sometime you do, what is called mutation. So, in
mutation what you do, randomly you change, again generate random number and randomly

you change at one location, change 0 to 1 or 1 to 0. Because here are only two cases.

Supposing, you know the; suppose the this was green. Now here, you suddenly change it to
the, green standing for this particular one, I mean this was, blank is 0. Red one is 1. So, let us
say this was in the new population everything will remain same, but this was red, now it
becomes blank. That means, 1 2 you have changed. So, randomly you change 1 to 0, so that it
can come out from. Now, this probably itis very less, you do not do it every time. You do it

in, once in a while.

So, you do the mutation. So, randomly change the binary digit from 0 to 1 and vice versa to

avoid local minimum. But this is not done every time, it is done once in a while and



probability such thing is also fixed. You already decide, possibly 1 in 1000 times you will do

this or something of that kind.

It is needed because, even reproduction and crossover effectively search and recombine to
produce better and better population, occasionally they may lose some potentially useful
genetic material. So, this is actually a kind of (())(08:47) the natural evolution process.

Sometime you may have.
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The GA Cycle

So, basically the GA cycle would be what then? To start with, you have a population, from
there you are selecting, keeping the bests and then reproducing through crossover, mutation

once in a while. Look at this population, find out the best.

So, this process continues, till you do not improve upon the fitness value. Now, what will
happen, after sometime, you know fitness value of all the members in the population are

same. That means, there is no scope of improvement further.
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Roulette Wheel Selection
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So, in our case, if you t

that, algebraically whatever is the fitness value of this one, you will arrive at that. and all this

ake this example and now, you go on doing this process, you will find

members of the population will have the same fitness value.

Because you are combining and recombining, doing also something crossover, same

orientation will come,

values. That is the idea.
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you know they will repeat and finally all population will be same

This is what is done.

9)

Fitness Function

GA is based on mechanics of natural selection & natural genetics

GA uses the survival of fittest principle . ——
Therefore, there is need &f objective function _-

In optimization problem objective function handled as the fitness
function

) ( o | where, /(x) =

(( Minimization of heating/cooling
load (for air-conditioned bylldmg]

Maximization of thermal comfort
i {for non-air-conditioned building) =
tj':er.:t:\.re function (or fitness function) cannot be explicitly related
e decision variable —_— —
However the same (for building thermal desdgn) can be calculated
through step by step backward design procedure
(:)
NPTEL

Two standard procedure a:?er
Frequency domain
Time domain ~/

And now here, there is one problem, because this is always maximisation. And survival of the

fittest principle is adopted. Therefore, the need for objective function. So, fitness function




maximises. How do you minimise it? Because we have minimisation function, minimise the

cooling load might maximise the thermal comfort but minimise the cooling load.

So, therefore you can use function like 1 by fx, where fx is the cooling load or one can use 1
by fx to the power 3, various one’s can be use. Fx is minimisation of heating or cooling load.
And if it is maximisation of thermal comfort, then obviously you do not write, maximisation
from deviation, maximization of thermal comfort, which it means, the deviations from the

comfort zone is minimise.

So, you can do its objective function cannot be explicitly related to the decision variable in
our case, cannot be explicitly related. However, it can be calculated by step by step design
procedure. So, as I said, frequency domain and time domain solution procedures are there,
which am not going to discuss here, I just told you, that you can use GA together with such

procedure, to come out to the best solution.

(Refer Slide Time: 11:47)

Decision Variables

Eight possible Orientations for building /

Shape options: For different possible plan, different
ground coverage options and ii_pegt ratios are taken

Roof options: Eight possibl_e alternatives of roof
_._F._._________..-"'

sections -
Wall options: Eight possible alternatives of wall
sections —_

Glass options: Eight possible glazing options

®

So, this is eight possible orientations of a building, for different possible (())(11:52) aspect

ratio one thing. Roof, (eight) this 16 as I said. And this is 8 possible and 8 possible glazing,

examples are been shown here.
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Decision Variables

Shape involves length, breadth and height of the building
including number of storey

—_—

They are formed according to building by-laws, as per DDA

Master Plan for Delhi, considering: —_—
various possible ground coverage (30%, 31%, 32% and 33%)
of plot area e

Aspect ratios (1, 1.5, 2 and 2. 5; %
Floor area ratio (FAR=0. 83)
Plot size of 60m X 35m

Using these data sixteen different possible shape of building is
finalized —_—

G
Height of each storey is assumed 3.0 meter H)

Shape involves, length, breadth and height of the building, which I showed earlier. They are
formed according to the building by laws. For example, you can take DDA master plan of
Delhi. And ground coverage 31 percent, 32, 33 percent. Aspect ratio, 1, 1.5, 2 and 2.5. Floor

area ratio you take fixed, plot size is fixed.

So, you are actually getting 16 cases. 31 percent ground coverage, aspect ratio 4, 31 percent
ground coverage, aspect ratio, what is aspect ratio? L by L and B. So, this ratio is 1 is been
square, 1.5 longer dimension 1.5 times then the shorter dimension and then 2, 2.5, etc. and

ground coverage, so you can get 16 variables, that is how you get 16.

And plot size is fixed and these are constant, this also fixed, one can keep them constant. So,
using this data 16 different possible shape of the building can be finalized. Height you can

keep as fixed. If you vary, you can vary the number of variables and increase only.
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Fitness Function

—
GA is based on mechanics of natural selection & natural genetics
GA uses the survival of fittest principle

Therefore, there is need of objective function

In optimization problem objective function handled as the fitness

ion
functio Minimization of heating/cooling

load (for air-conditioned building)

r T ~
)= [m] where, f(X)™ | uumization of harmai comert
-t {for non-air-conditioned building)

Obtjpiactive function (or fitness function) cannot be explicitly related
to the decision variable

However, the same (for building thermal design) can be calculated
through step by step backward design procedure
Two standard procedure are there:

Frequency domain

Time domain *

Overview of Thermal Optimization
Model

Building thermal design methodology based on forward
analysis (genetic algorithm) is developed in MATLAB 7.0 for
initial stage of construction

Genetic algorithm is coupled with admittance method
(described by Milbank et al) to develop quick and easy tool to

optimize energy efficient building

The aim here is to generate a quick and more accurate
thermal optimization model that can yield global optimum
solution with handling discrete as well as qualitative

parameters of building —
@
upfhL




Decision Variables

S

= Orientation, roof, wall and glazing have eight alternatives each
and shape have sixteen alternatives .

= One alternative from each variable type is taken and combined,
then generates a chromosome having sixteen bits. In this
manner, the entire population is generated

» Each string represents a physically possible building option

w Thus, the number of different possible alternatives (options
forming the entire solution space) are 65536 (845*2=65536)
options

w This means that the total number of possible strings, each
representing a building type formed out of a specific
combination of the given set of decision variables, is 65536

= Thus, among these various possible alternatives, the GA with its
operation, working on these strings, brings out the best optio
by optimizing the objective function (or fitness function)

So, fitness function, something like this one can use. And then, one can write it in some
programme. But for the class purpose, you do not have to really write the programme. But
one simple method is using admittance procedure, which I am not teaching you in this class.
In building science class of course we have covered. And generate in a quick and more

accurate thermal optimisation model you can generate based on this. So, this is what I said.
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Various Alternatives of Roofing Material

opti U-value
on " el WimK)

25 mm brick tile + 25 mm CM + 100 mm RCC + 70 mm glass wool + 12 mm caleim silicate

1 | ioos for Oypeum bowd

[}
A

2% mm brick file + 2% mm CM + 100 mm RCC + 50 mm EPS + 12 mm calewm silicate board 0.558

=
i 25 mm brick tile + 25 mm CM + 100 mm RCC + 40 mm PIR + 12 mm caleium ubeate board 0.508

4 25 mm brack tile + 25 mm CM + 50 mm XPS + 100 mm RCC + 12 mm caleium silicate board 0.493

5 25 mm brack tile + 25 mm CM + 50 mm PUF + 100 mm RCC + 12 mm caleim silicate board 0349

2% mm brick tile + 25 mm CM + 60 mm mud phuska + 100 mm RCC + 12 mm caleum silicate 3 049
board .

25 mm brick tile + 25 mm €M + 75 mm mud phuska + 100 mm RCC + 12 mm calerum slicate
board

24 mm brack tile + 25 mm €M + 112 mm high hollow mverted clay pot + 100 mm RCC + 12 mm

- caleitimm silicate board B I:Y;
L




Various Alternatives of Walling Material

—
Option Type of Wall U-value (W/mK)
1| 12 mm PL + 220 mm AAC + 12mm PL 0915
2 | 12 mm PL + 200 mm AAC + 50 mm glass wool + 12 mm caleium silicate board 0404
3| 12 mm PL + 200 mm AAC + 30 mm PUF + 12 mm caleium silicate board 0484
4| 12 mm PL + 230 mm brick + 50 mm PUF + 12 mm caleim ulicate board 0431
5 | 12 mm PL + 230 mm brick + 30 mm XPS + 12 mum calcium wlicate board 0.651
6 | 12 mm PL + 230 mm brick + 50 mm EPS + 12 mm calcium silicate board 0.540
7 | 12 mm PL + 115 mm brick + 50 mm EPS + 115 mm brick + 12 mm PL 0.563
8 | 12 mm PL + 230 mm brick + 50 mm glass wool + 115 mm brick + 12 mm PL oso2
‘\.
NPTL

Various alternatives of glazing material

= = = ———————
Option | Type of Wal | Thickness | Gas | Tickness e e
| | Sunergy Green 6 41 0.42
2 Sunergy Green 6 Air 18 21 0.33
3 | Sunergy Green ] Argon 18 19 0.33
4 Sunergy Azur 6 41 045
5 Sunergy Azur -] Air 18 24| 0.36 l
6 | Sunergy Azur 6 Argon 18 19 0.36 /
7 | Sunergy Clear 8 Alr 18 24 052/
8 | Sunergy Clear 6 | Argon 18 19 o‘s@
Wi
Parameters of GA
—_—
Number of Generation 50 <
Population Size 20
Probability of Crossover 06
Probability of Mutation 003 —
Selection Method R°”'S;°E‘I§c“;';ﬁe'/
Crossover Method Single Point Cmssoverf/
Mutation Method Uniform Mutatir.ya'
=4




These are the roofing materials, 8 roofing materials. I can show you similar examples earlier,
there U-values are like this. Then various walls and their U-values could be something like

this. Various glazing material, they could be something like this.

And number of generations, so population size has been taken 20 here. Crossover probability
is 0.6, probability of mutation is 0.3, procedure is roulette wheel selection, single point
crossover and uniform mutation, you know you can also have double point crossover and all,

here is single point crossover and uniform mutation.
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Flow chart of the optimization model
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Input clmatic
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Application of Model on Tropical Climate

—_——

% A program is developed in MATLAB 7.0 by combining
admittance method and genetic algorithm for designing and
optimization of air-conditioned and non-air-conditioned
commercial building situated in three different locations of India,
which comes under tropical climate

= In the tropics, the thermal problem gets more complicated due to
large diurnal swings of temperature and high intensity of solar
radiation

u Tropical climate comprises of the three climates: composite, hot
dry and warm humid

= Three representative cities, viz. Delhi (composite climate),

Jodhpur (hot dry climate) and Mumbai (warm humid climate) are
selected

= Latitude of the cities are 26.18°N, 18.54°N and 28.35°N

respectively and longitudes are 73.01°E, 72.49°E and 77.12
respectively R
ﬂ : NPTRL

So, that would be the start. Give the input building data, obviously the climatic data is needed
for the building. Then decision variables, then program, plant load calculation, GA operations
and the stopping criteria is well, let us say, 90 percent of the values are all same, fitness

values are same, that could be stopping criteria and that is the end of it. So, this is what it is.
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Inputs for Thermal Optimization Model

e
» Plot area = 60mX35m

= FAR=0.83

(as per DDA, 1996. Master plan for Delhi: Perspective 2001)

= Ground coverage = [30, 31, 32, 33] (max is 33.33%)

(as per DDA, 1996. Master plan for Delhi: Perspective 2001)

Aspect ratio =[1, 1.5, 2, 2.5]

Height of each storey = 3m

% of glass on front wall =25%

% of glass on other wall =15%

hig = 10 W/m?K, hog = 23 Wim?K

hiw =10 Wim?K, how = 23 W/im’K

hir =15 W/im?K, hor =23 W/im?K

alpha(w) = 0.6, alpha(r) = 0.6, alpha(g) = 0.4

Set temperature = 25°C

Working hour = 9:00 to 18:00 hr

No. of air changes per hour = 0.6 (infiltration)

= 1 (ventilation for AC building)
QOD@O®

= 5 (ventilation for Non AC building)

Building bye-laws from Master Plan of
Delhi

DDA, 1996. Master plan for Delhi: Perspective 2001. New Delhi @




Application of Model to Air-conditioned Building

Calculation for Objective Function

f(x)=min [(2 x Coolingload) + (Heatingloa d)]

e —

Q

Supposing I take an example, plot area, etc which I gave you. And you can take even building

master plan into account in this one. So, for this kind of plot areas, if you have taken, these
sum of this maximum height and all those as prescribed then objective function is minimised,
two times cooling load plus the heating load. You are minimising, therefore two times cooling
load. Minimising the heating load, cooling load is taken twice the weightage is given because

the cost and heating load is just once, that is what I said.
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Fitness Curve with each Generation for
Composite Climate

Fitness Value
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Fitness Curve with each Generation for Hot
Dry Climate

Fitness VValue

:' [ —s— maximum |
| ==%== avperage

12 A'._- S W C— ——T T -
0 5 10 15 2 b E o] ] 40 45 50 (
No. of Generation _Q
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Fitness Curve with each Generation for
Warm Humid Climate

x 107
5

Fitness Value

2 ,‘ — AT
m———— Ora0e

15 " — - i i e e L | Fe—— - -
(1] -] 10 15 20 25 30 » 40 45 50 6\
No. of Generation )

And if you see that, after number of generations, the fitness value is average fitness value.
Average fitness value becomes constant, that means all of them have got same fitness value.
So, this is the average fitness value, the blue one. And maximum value is here this much, then
it is this much, then this so maximum and average, they all become same when after that you

need not.

So, therefore we can actually do an exercise initially, you say that after 35 cycles, I will not
do further or depending upon your case, sometimes it may be around 50 cycles, which when

it will tell you that it is (())(16:38) optimisation.

So, this is for a given climate let us say, in composite climate something the Delhi kind and

this is something of the kind of Jodhpur- hot dry desert. So, after some period you find it all



becomes same. Warm humid climate something like Chennai, Mumbai, Kolkata is similar.

So, there you can find something of this kind.
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Rectangle Building (Optimum Solution 1)

—
— Hoi dry climaie Warm humid climaie
e — (Jedhpur) (Mumbai)
Orientation Noth o~ Noth-east North-sast
Shape (dimension) 2Im¥X2 TmX6m 27mX2 TmXom 2Im¥X2m¥em
(Option 2) - 25 mm brick | (Optien 2) - 25 mm brick
(Opton 1) o3 mmorek e =2 | tle+25 mmCM+ 100 | 6o+ 25 mm CM + 100
e glase wool + 12 mm caleium ailicats | WRREC* S0 mmEPS+ | mm RCC + 30 e HPS +
12 mim ealenim wilicate 12 i calenim silicate
‘board (or Gypsum borad) o |
. (Option4) - 12mm PL+ | (Option 6) - 12 mm PL +
sy A e sl oot + 12 | 210 beick = 0mm | 230 mam bk + 50
PUF + 12 mm caleium EPS + 12 mm ealenm |
TRIRITEE ulicate board wlicate board
P (Option 2) - Sunergy (Option 2) - Sunergy
Glazing (Option 3) - Sunergy Green (Argon) S T
Cooling load (kW) 82350 92875 675 g
Heating load (KW) 925 500 o

o
|

Rectangle Building (Optimum Solution 2)

Composite climate Hol dry climate Wari himid climaie
(Delhi) (Jodbpur)
Orientation North-sast North North
Shape (dimension) 2TmX2TmX6m 2TmX2TmX6m 27TmX2 TmX6m
(Option 1) - 25 mm brick | (Option 1) - 25 mm brick
(Option ). 22 mmbrck | o+ 25 mmen+100 | tle+25 mm cM+ 100
Rool mmROC + 0mmEps+ | PMRCC+70mmglas | mmRCC + 70 mm ghee
1 wool + 12 mim caleiim wool + 12 mm caleiim
'““"'I ““’ siticate |y ate board (or Qyprum | silioats board {or Cypeam
borad) borad)
(Option 3) - 12mmPL+ | (Option2)- 12mmPL+ | (Option 2)- 12 mm PL +
wall 200 mm AAC + 30 mm 200 mm AAC + 50 mm 200 mm AAC + 50 mm
PUF + 12 mm caleium plass wool + 12 mm plass wool + 12 mm
i (Option 2) - Sunergy (Option 2) - Sunergy {Option 3) - Sunergy
Ciroen (A} Green (A} Gireen (Asgon)
Cooling load (kW) $5300 91450 70525
Heating load (kW) 1200 a3 o




Rectangle Building (Optimum Solution 3)

o) T

Composite climate ot dry climate Warm humid climate
(Delhi) (Joddhpur)
Orientation North North-east North-east
Shape (dimension) BmX22mXém 3ImX2 2 mX6m ImX2 2mX6m
(Option 1) - 25 mm brick {Opison 1) - 25 mm brck oy %
tile + 25 mm CM + 100 tils =+ 25 mm CM + 100 EW"“’“““
ule + 25 mm CM + 100
Roof mm RCC + 70 mm glass mm RCC + 70 mm glass mm RCC + 40 mm EPS +
wool = 12 mm calomm wool + 12 mm calerum 12 oo caboimns silionte
silicate board (or Gypsum | silicate board (or Gypsum - 3
borad) borad)
{Option3)- 12 mmPL+ | (Option3)-12mmPL+ | (Optiond)- 12 mmPL +
wall 200 mim AAC + 30 min 200 i AAC + 30 mi 230 min bk + 50 mm
PUF + 12 mim calcum PUF + 12 mm calcium PUF + 12 mm calewm
uibicate board wiheate board silicate board
—_ ol {Option 3) - Sumergy (Option 3) - Sunergy (Option 2) - Sunergy
Cirean (Argon) Cirean (Argon} Chreen (A
Cooling load (kW) 78325 92850 73425
Heating load (kW) 1000 73 (]
NPTEL

And you find, that this is your finally optimum solution 1, for such kind of situations. So, you
know the orientation for each climatic situation you can get, you can get the best solution.
You can get the best solution using such kind of optimisation process. And optimum solution
2, that is the next to the best, if you look at it, that also you can look into. And next, 3™ best

also you can look into. For shape of the building was considered to be the rectangle one and

another L-shaped.
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L Shaped Building (Optimum Solution 1)

Composite climate ot dry climate Warm humid climste
(Delhi) iJadhpur)
Orientaiion North North North
Shape (dimension) FImX2ImXom 3ImX22mNém 3ImX2 ImXém
(Option 1) - 25 mm brick | (Option 1) - 25 mm brick | (Option 1) - 25 mm brick
tile + 25 mm CM + 100 tile + 2% mm CM + 100 tile + 23 mm CM + 100
Roof mn RCC + 70 mam glass mm RCC + 70 mm glass mim RCC + 70 mm glass
wool = 12 mm calomum wool + 12 mm calewm wool = 12 mm calemm
silicate board (or Gypsum | mhcate board (or Gypsum | silicate board (or Cypsum
barad) borad) borad)
(Option 2)- 12 mmPL+ | (Option2)- 12mmPL+ | (Option 2)- 12 mm PL+
Wall 200 mm AAC + 30 mm 200 mm AAC + 30 mm 200 mm AAC + 30 mm
lass wool + 12 mim lass wool + 12 mm gl wool + 12 mm
caleum ulicate board calcium silicate board calerum silicate board
(S {Option 2) - Sunergy (Option 3} - Sunergy (Option 3) - Sunergy
e Gireen (Atr) Gireen (Argon) Groen (Argon)
Cooling load (kW) 57475 63625 33650
Heating load (kW) 373 15 (1]

ﬁ ."_!




L Shaped Building (Optimum Solution 2)

—
Composite climste ot dry climate Warm humid climate
(Delhi)
Orientation North-east North North
Shape (dimension) 2TmX2TmXbm 2TmX2 TmX6m 2TmX2 TmXem
(Option 1) - 25 mmbrck | (Option 1) - 25 mm bnck | (Option 1) - 25 mm brick
tile + 25 mm CM + 100 tile + 23 mm CM + 100 tile + 2% mm CM + 100
Rool mm RCC + 70 mm plass min RCC + 70 mm glass mm RCC + 70 mm glass
wool = 12 mm calemm wool + 12 mm calenm wool + 12 mm calenm
sibicate board (or Gypsum | sibicate board (or Gypsum | wilicate board {or Gypsum
borad) borad) borad)
(Option 2) - 12 mmPL+ | (Option)-12mmPL+ | (Option2)- 12 mmPL +
wall 200 i AAC + 50 min 200 mm AAC + 50 mim 200 mm AAC + 50 mim
glass wool + 12 mm glass wool = 12 mm plass wool + 12 mm
calerum silicate board calemm silicate board ealem uhcats board
{Option 3) - Sunergy (Option 2) - Sunergy (Option 2) - Sunergy
Glaxing Grea (Argon) Cirsen (Aur) Gireen (Aur)
Cooling load (kW) 56500 62575 32800
Heating load (kW) 473 £ o

L Shaped Building (Optimum Solution 3)

Composite climate Mot dry chimate Warm humid climate
(Ihelhi) (dadhpur) (Mumbaiy
Orientation North-east North-east North-east
Shape (dimension) FImX2ImXbm 2TmX2 TmX6m 3ImX2 ImXém
(Opiion 1) - 25 mm brick
Pl el ey
Rost m RCC - 50 mm EPS + i o RCC + 50 mm B95 +
12 mm ealeium silicate :l_ — 12 mm calemm slicate
vonrd i board
(Option 2) - 12 mmPL+ | (Option2)- 12mmPL+ | (Option2)- 12 mmPL+
wall 200 i AAC + 50 min 200 mim AAC + 50 mm 200 min AAC + 50 mim
glass wool + 12 mm glass wool + 12 mm plass wool + 12 mm
ealeim silicate board calemm silicate board caleium silicate board
(Option 3) - Sunergy (Option 3) - Sunergy (Option 6) - Sunergy Arur
Glazing Cireen (Argon) Cirean (Argon) {Argon)
Cooling load (kW) 18650 62750 57875
Heating load (kW) 650 150 1]

D@ ®

Comparison of Optimized Building With

Conventionally Designed Building




Parameters for conventionally

designed building

= Orientation: Same as optimized solution

= Dimension: Same as optimized solution
» Roof: 12 mm PL + 100 mm RCC + 25 mm mortar +

25 mm brick tile
= Wall: 12 mm PL + 230 mm brick + 12 mm PL

= Glass: 5 mm single clear
'@
ll L

So, separately for L-shaped building, with different aspect ratios. And L-shaped building and

optimized building with conventionally designed building, then one can compare by using

software or using the same basically, you can calculate the cooling load.

(Refer Slide Time: 18:06)

Comparison of optimized and conventionally
designed Rectangle building
g Optimized Conventionally
designed
Orientation ape
E] (dimension) |Cooling load [Heating load|Cooling load | Heating load
& (KWh) KWh) (KWh) (KWh)
i 1 Norh | 27mX27mX6m @ 925 168281 | 5044
; 2 Northeeast |27mX27mX6m| 85300 | 1200 | 169500 | s468
(5] L T North 33mX22mX6m f?s.—‘_iz_'!__ Qooo‘, 168863 ‘@E)
- 1 North-east | 27mX27mX6m| 92875 500 | 192488 | 1613
= 2 Norh | 27mX27mXém| O1450 | 425 | 191419 | 1394
=
_— = 3 North-east | 33mX22mX6m| 92850 | 675 | 194625 | 1613
i North-east | 27mX27mX6m| 72675 0 183844 0
5 E 2 Norh  |27mX27mXém| 70523 0 181594 0
E3 e
3 North-east | 33mX22mX6m| 73429 0 183863 o(;{r
npiL




Comparison of optimized and conventionally
designed L-shaped building
Optimized Conventionally
| ! designed
= Orientation e
2 (timension) |Cooling load |Heating load|Cooling load | Heating load
7 RWH) | RWEY | RWE | (kWE)
& 1 Norh | 33mX22mX6m| 57473 375 19456 | 3528
% 2 North-cast |27mX27mXém| 36500 473 118336 | 3823
=} 3 North-east | 33mX22mX6m | 58650 650 122006 KRS
" 1 Nomh | 33mX22mX6m| 63629 7 1353 | 1238
; 2 Nomh | 27mX27mXém| 62650 78 1327% | 1238
— L 3 Nornh-east | 33mX2ImX6m | 62750 150 133931 1236
1 Noh | 33mX22mX6m| $3650 0 130519 0
=
E ] 2 North 2TmX2TmX6m | S2800 0 127931 0
§_= N
3 North=east 33mX22mX6m 57873 ] 133706 0 (*
weThL

You will find that, you will get much better cooling load for conventionally designed as
practiced. It would give you something of the kind of let us say kilo-watt-hour 168281. In this

case, is nearly half. This is the 3" best solution, even that is nearly half of this.

So, you can look at, heating load is this much, heating load here was 1000, here was 5000.
So, you can see that, best even 2™ best or 3™ best solutions are much better than just using

arbitrary solutions. And L-shaped building also similar sort of thing one can see.



(Refer Slide Time: 18:51)
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Snapshot of TRNSYS Simulation Studio




Snapshot of TRNBuild

Snapshot of the Annual Results Obtained
from TRNSYS

Comparison of Plant Load of Optimized
Rectangle Building (All Climate)

iy

[Soiution 1 _[Slution2 [Solution3 |Selution 1 |Solution2 |Soiution3

; Compaiite Hot dry

DGAModsi| 83278 | sast0 | mam | saars | wiane | sasm

TRNSYS | 108704, | 100600 | 94,040 95006 | 91520 | 91608
S




And if you use a software, to see the value. For example: TRNSYS is one of the software. So,
if you, these not requires snapshot, unless you know TRNSYS or no. So, you will find that,
this is solution one, this is from TRNSYS and this is from GA model using a procedure of

calculation which is much, you may available to hand calculation.

Relative results are more or less same. This was the best, well this near best. So, if you are
selecting between this three, this also says that, this best. If you compare the conventional,
you will find the difference, you know the best, if you calculate them out, so they are

something like this.

For example, these 3 are from the best 3 for optimisation and they give similar result, based
on the software, any software. So, since I am selecting relatively best one., a very
sophisticated (()) (19:58) software may not be needed. Relative result will still be same. To
start with design, you might verify this, but if you are interested in calculating or estimating

annual energy load, then you have to use the software to verify the same.

(Refer Slide Time: 20:17)

Comparison of Plnat Load of Optimized L-
shaped Building (All Climate)

100,000

Compaite Hast ey Warm humid

Solsion 1 |Solution? [Solutiond |Sohutien ! |Solution2 | Solution 3 }mmnl Solution 2 _wm:H

2

So, L-shaped building also it will show you similar, this is from admittance procedure,

s | 280 | orars
wmz | wem | aen
N

[0AModel| 87050 | 8878 0,300 wre | ez | easo
oTRNSYS | misas | 7sas | raem nm: | eso | em

optimal once and this is from the software, this is from similarly again from the software and

this one.

(Refer Slide Time: 20:30)



Comparison of optimized and conventionally
designed Rectangle building

OXOXCXORCK )

Proposed GA madel
Climates | Solutions | Optimiged | "™ ™8l | o otio= |  Optimized Ratio=
butaing | vo= |y [ ovosamg | DTN [ gy
bullding bullding
® ® @ @
Solution 1 83,278 173,328 208 99,952 227476 28
clmate | 002 | gss00 174,956 20 100,600 209,660 208
Solstiend | paus 173,944 219 96,840 200,792 217
Solution1 [ 93,379 194,101 208 95,056 199,756 210
Hot & dry -
climate | 20002 | o1 p7s 193,013 210 91,820 199,786 218
Solution 3 93,525 196,238 210 91,696 199,360 217
Solution 1 | 1474 183,844 28 64,922 137,285 211
Warm & humid[
climate | oltiond | 5835 181,594 257 62,450 137,288
Solution3 | 73,425 183,863 250 64,766 136,686 ;
[}

Comparison of optimized and conventionally
designed L-shaped building

Annual plant load (KWh) Annual plant load (kWh)
Climates | Solutions | Optimized | "™ ™My | o oo~ |  Optimized Ratio =
butaing | vom | ey [ susamg | DT g
® building © bullding
) @
Solution 1 57,850 122981 213 54376 112,550 0
Compuosite :
: Solution 2 56,975 122381 218 s1410 101,040 197
Sahition 3 59,300 125,850 212 54310 103,000 190
Salution | 61,700 136,351 EA L) 67,185 138,542 208
el Solution 2 62,650 133,988 114 63,823 136421 207
Solution 3 62,900 135,187 2158 68,872 139,937 203
Solution 1 53,650 130,519 24 59,957 120,507 20
Warm & humid :
Solution 2 42,800 12794 242 99,055 120271 T
Solution 3 57,875 133,706 -2 1] 60,545 117438 l‘ 3

Comparison of EPI from proposed model with
GRIHA benchmark (Rectangular building)

e s | e —
Ansual
3 e e | 52 |
2 Breal v el o I IR D
(3" y+(c))iim)

1 1458 8275 173325 ns " 150 140
1 2 1438 86,500 174956 s 91 151 140
i 1452 79,325 173,944 ns 86 151 140
P 1458 93,375 194,101 s 96 165 140
A E 1458 91,875 193,013 s 95 164 140
i[5 1452 93,925 196,238 s 96 167 140
= 2| 1458 72615 183 844 s 51 158 m
E] 2 1458 70,525 181,494 s 50 156 140

| 1452 13425 163, 863 s 2 158




So, in all cases, it would give a much better than a conventional design buildings. So, this is

fine.
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Application of Model to Non-air-

conditioned Building

2

5 NP

Application of Model to Non-air-conditioned

Building =
e N A
Iropical Summer Index (TSI) @__

TSl is defined as the temperature of calm air, at 50 perc
relative humidity, which imparts the same therma
the given environment [SP 41]

Maximization of thermal comfort in terms of TSI %
.__--'--"-_.

Absolute deviation from TSI is taken

The merit of TSl lies in fact that it is simple to compute and is

based on the relevant climatic conditions, living habits and )

clothing patterns in the India (‘?
H‘F L

But I think, I will just tell you about non-air-conditioned building at the last part of it. Now, in
the non-air-conditioned building, cooling load you do not calculate. We calculate what is
called (()) (20:54). Now, there are various (()) (20:58). One which is simple and suitable for

country like India, tropical countries is called tropical summer index.

These are actually developed by selecting healthy individuals, between the age group of 20 to
60, putting them into the given environment and asking their subjective response. There are
other ones, there are improved ones, also there are modern ones, some software also can give
you some idea. But this is a classical one, and it has got its simple algebraic. So, it is pretty

useful in that sense.



Now, what is the factor which governs your thermal comfort? Number one, it is a
temperature. Number two, relative humidity. Number three, air velocity, fan etc. Number
four, radiation from surfaces. What [ mean to say is, the temperature inside the room, if it is
high you start feeling uncomfortable. So, there is an, temperature is aspect. But even the
temperature is low, relative humidity is high, you start feeling discomfort, why? Because
body can cool itself by evaporative cooling. From the scheme, sweat can evaporate and

cooling occurs.

In still air this cooling will depend only on the relative humidity. If the relative humidity is
high, this cooling will not occur, evaporation cannot take place. But supposing I have a fan,
then that will remove some of the heat from my skin. If the surfaces are very hot, they would

also radiate heat into my body.

So, temperature, relative humidity, air velocity, local air velocity from fan or something of
that kind, it was naturally ventilated, even if you can design from natural ventilation air
coming from outside, if it is cool air, then that can actually remove some heat from your body
and radiation from the surfaces. So, all these are combined in tropical summer index or for

that matter any thermal comfort index.

(Refer Slide Time: 23:27)

Calculation for Objective Function

TSI =0.308 *@- 0.745 '@2.()6\EV +0.841

O Comfort range of TSI = 25°C to 30°C
O Upper tolerable limit = 34°C

U Lower tolerable limit = 19°C Z TSI, = Z [Tsru TSl (t))

_ 1 "
e II“]_:\Z'!S!, 'Z?'Sh-] ‘ DTSty = ) (TSl (9 = TStur)

Inside room temperature is calculated through admittance procedurg.

"

So, this is given by this formula, tropical summer index is given by this formula. DBT stands
for Dry Bulb Temperature, temperature inside the space. V stands for air velocity. WBT is
called Wet Bulb Temperature, thus actually related to relative humidity. Difference between

DBT and WBT gives me relative humidity. Just let me now explain what it is actually. So, let



me just explain what is, because some of you may not have been exposed to cyclomatic chart

or similar thing.

(Refer Slide Time: 24:15)
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Application of Model to Non-air-

conditioned Building

“FE= =
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Calculation for Objective Function

ST =0.308* 0.745%DBT

2.06vV +0.841

O Comfort range of TSI = 25°C to 30°C

U Upper tolerable limit = 34°C

U Lower tolerable limit = 19°C [Tsru = T'S-'m,‘,‘(t))
- o —

TSl Z(TSI‘,‘“ (&) =Tsly,)
e —

L
Inside room Temperature is calculated through admittance ptocadu?.

e

NPTEL

What you do is, when you want to find out relative humidity this is if I have a thermometer,
you know mercury thermometer, if I measure the temperature, that I called it DBT, Dry Bulb

Temperature.

Now, supposing same thermometer, now this bulb is kept wet by putting wet jute.
Evaporation will occur from here; evaporation will occur from here. So, this height and
height here would be less, there will be difference in this height, this is called wet-bulb
thermometer temperature, Wet Bulb Temperature. And WBT will be less than DBT, except



for the case, where it is, relative humidity is 100 percent. Where no evaporation can take

place from here and therefore relative humidity is 100.

So, relative humidity is a function of DBT minus WBT, this will call as wet bulb depression.
So, therefore in this model as you have seen, WBT is directly taken, which is a measure
together with the DBT, is a measure of relative humidity. So, this is the formula. Now, this
easily you can calculate out. Now, the range of, comfort range for this one is also given, 25 to

30, these all expressed in degree centigrade.

These is an empirical equation. So, simple way is to, if you know the air velocity, inside the
room there may not be any air velocity, you might assume to be 0 or whatever it is, if there is
no air velocity. So, you can find out and if it is within 25 to 30 it is comfortable. So, what we
can do is, we can actually find out the deviation from this. So, lower limit of this is 25,

tropical summer index lower limit is 25 and upper limit is 30.

So, the value which is there at a given time, lower limit minus this TSL lower and TSL upper,
which is 30, this is negative. So, both will be negative. Actually, lower limit is less than the
room temperature, upper limit is also less than the temperature, this will be negative. This
one, the deviation from this I can actually minimise or negative deviation I can maximise. So,

these are negative values as you can see and I can maximise.

Now, how do I find out this T, this has to be again calculated through the admittance
procedure or some such procedure. The inside room temperature every hour has to be
calculated, knowing the outside condition and all, using the same procedure that I talked

about.

So, once you know this, deviation from this one can minimise or if you have to maximise
negative deviation from this one you can maximise or you can use a fitness function like this.
One over this deviation, simply absolute value of this solution. One over this deviation and
this is summed up for 24 hours and this is maximised, fitness function, because minimisation
of a negative function is equivalent to maximisation, negative values maximisation. So this is

how, what we do.



(Refer Slide Time: 28:04)

List of Fitness Functions

e %

1 1 o (2 - i
o] T

If(_‘l') = [ average(151, ) - average(TSi, )~ 10 x (absolute(TSI, - TSI, )]]l

[j' () = [~ averagd751, ) - averagds1,, )~ 1000 < (absolue(TS1, — TSI, )]]]

Lf(,r} = [— averagd TSI, ) -2 x averagd TSI, ) - 10 x(absolutd TSI, - TSI, ]]“

[70) =F X1, -2xF 751, ] " - ! ] :
STTSI, + 25, 151, @
L] L

Deviations of TSI in composite climate
(Rectangular Building)

Summer Winter
Total weighted
Fitness | Average deviation S Average No. of deviation =
function °e) deviation (°C) | heurs
® 2(arbrert)
(a) (e) (a)
“
1 28 / 52~ 57 46 583
2 16 % o 69 55
3 29 52 | 58 45 583
4 42 s | 54 43 2t
5 42 56 53 43 698
6 43 57 53 43 718
7 16 36 6.9 55
8 16 3 7.0 55 | 500

| P

So, fy is this, sometime one may use a power and so on so forth. And therefore, you can find
out which is better. So, rest all remain same, average deviation we can find out, number of
hours etc. And you can find out the best selection, total weighted, you know you can use

some weighted function. For example, deviation is 28 for 52 hours, for 1.6 is the deviation for

36 hours and so on. So, you can actually find it out this deviation.




(Refer Slide Time: 28:40)

Deviations of TSI in hot & dry climate

(Rectangular Building)
—
Summaer Winter
Total welghted
Fitness | Average deviation Moot hodre Average No. of deviation =
function (°C) deviation (°C) hours
) 2'(a)(b)He)'(d)
@ f©) (0
1 22 a7 48 42 408
2 19 29 5.3 51 381
3 22 48 4.6 43 409
4 4.0 62 4.0 36 6403
L] 36 56 4.0 41 567
6 4.0 62 4.0 a 644
7 2.0 29 5.4 49 381
8 2.0 33 5.0 47

OJOROXEXORY )

Deviations of TSI in warm & humid
climate (Rectangular Building)

DOBBE

()

1
Summer Winter
Total weighted
Fitness | Average deviation g Average No. of devistion =
function (=] deviation (*C) hours
(b) 2*(n)*(b)+{e)"(d)
(a) (e) ()
1 08 16 0.7 16 37
2 1.1 53 0.3 4 18
3 08 13 08 13 _
4 o8 28 08 14 56
5 07 21 0.7 16 41
6 08 22 0.7 13 44
7 06 10 1.0 23 35
. o a w w
¥




Deviations of TSI in all climate (L Shaped
Building)

_—
Total weighted deviation
i emins e mpomiet o [ Dt ol B S S
climate

1 554 382

2 502 289

3 528 528 22

4 761 761 42

5 740 740 &1

(-] T44 744 83

7 497 4907 20

Rectangle Building (Optimum Solution)

.
Composite climate Hot dry climate Warm humid climate
Orlentation North North South
N A3mX 1 TmX6m 40mX16mXom ADmMX 16mXom
(Dimension)

(Option &) - 25 mm brick tile
+25mm CM + 112 mm

(Option ) - 25 mm brick tile +
2% mm CM + 112 mm high

(Option &) - 25 mum brick tile +
25 mm CM + 112 mm high

Roof high hollow inverted elay | hollow inverted elay pot + 100 | hollow invered elay pot + 100
pot + 100 mm RCC + 12 mm RCC + 12 mm calcium mm RCC + 12 mm calcium
mim ealeium silicate board silicate board silicate board
(Option 7) = 12 mm PL+ 113 | (Option 7) = 12 mm PL + 113 (Option 7) = 12 mm PL + 113
Wall mm brick + 50 mm EPS + | mm brck + 50 mm EPS + 115 | mm brick + 50 mm EPS + 115
115 mm brick + 12 mm PL mm brick + 12 mm PL mhi:kvlsz_t.h
Glating | COPSOu)-Buegy Orven | - (Option )~ Bunergy Greea (Option 7) - § P
(Argon) (Argon) (Air)

L Shape Building (Optimum Solution)

- =
Composite climate Hot dry climate Warm humid climate
Orlentation North South South
Ehapy ) A3mX17TmXém 43mX1 TmX6m A3mX1TmXém
(Option §) - 2% brick tile ‘Option 8) - 25 brick tile
o) (Optisn ) - 23 men bricktte | © T e il
+ 25 mm CM + 112 mm 25 mm CM + 112 mm high
+ 25 mm CM + 50 mm PUF +
Roof high hollow inverted clay hollow inverted clay pot + 100
100 mum RCC + 12 mm
pot + 100 mm RCC + 12 mm RCC + 12 mm calcium
caleium silicate board
mm calcium silicate board silicate board
(Option 7) - 12 mm PL + 115 | (Option 7)< I2mm PL + 115 | (Option 7) - 12 mm PL + 115
Wall mm brick + 30 mm EPS + | mm brick + 50 mm EPS « 113 | mum brick + 30 mm EPS + 112
115 mm brick + 12 mm PL mm brick + 12 mm PL mm brick + 12 mm PL
(Option 2) - Sunergy Green | (Option 3) - Sunergy Green {Opdonél-Sunm&
X (Air) (Argon) (Amgon)  *




And thus you can select the best one, who gives you the best value, based on least deviation

in a way. So therefore, same procedure follows for all kind of building that there.



(Refer Slide Time: 28:56)

TSI of Optimized and Conventionally
Designed Building (Composite Climate)

Month January
_m_.—-—'--‘

-
19 S ~ Totpratie L
.
18
17
186
- -
18 — —

14

Tropical Surmmes Index (°C)

13 4

=

1"

13 14 18 18 17 W
R I_SP“L&“'-__M';,{-&;&)
— ,
NPTEL

And you can find out optimised building and conventional building. So, conventional
building for month of January, it shows beyond tolerable lower limit, sometime it is above
this. So, this is conventional is, optimised building sometime it could be below or depending

upon composite monsoon climate.

(Refer Slide Time: 29:16)

TSI of optimized and conventionally

designed building (warm & humid climate)
Month May ;

Todwrpbd e Lt
34 [Urpnr )

-

8

Comior Limit
b == p— (Uppar)

8 10 11 12 13 14 15 18 17 1w
Time (hr) [~ Optimized = Conventional ?

NPTEL




TSI of Optimized and Conventionally
Designed Building (Composite Climate)

Month June

»

k]

£

Tropical Summer Index (°C)

Toterable vt
34 Uppe] ——
-
n - —
=l az o -
ni
Comion Limit
{Uppar)
30 v - :
9 10 " 12 13 14 15 18 17 18,7
Time (hr) [~ optimized = Conventonal| 9
PTEL

L]

TSI of optimized and conventionally

designed building (hot & dry climate)
Month June

L) 10 " 12 13 14 1

] 1" " "o
Time {hr} |~ Optimized -=- Conventional | @
NPTHL

So, this is what it is, upper limit, this will be cooling it, comfort limit, it was not comfortable
for a given type of building. Month of June. For each month, one can look into this upper
limit, so most of the time this is below lower limit, these above. So, one can find out in this

manner. And upper limit, lower limit, this is also here.

So, it has a tendency, if you use 2, that factor 2 times, depending upon the type of objective
function you are using, if you use a weightage function, for the summer heating and you think
that summer discomfort is more important than winter discomfort. Then you can put a

weightage factor or appropriately one can do.
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Deviation of TSI for optimized and
conventional building

Total weighted deviation
Fitness function
Rectangular building L shaped building
Climaie
Rectangular L shaped Commonly Commonly
Optimized Optimized
building building adopted adopied
Composite 2 8 493 636 493 933
| Hot & dry 8 2 367 359 379 840
Warm &
3 1 i3 241 19 799
humid s
(?
NPTREL
ﬁ ool

Financial Evaluation of Optimized

Building

# % E

So, this procedure can be used to actually find out both for conditional and unconditional.
And if you are using financial evaluation, then you can calculate it out the energy load, and
cost of the energy and so on. Operational cost, that we talked about in the beginning,

operational energy.



(Refer Slide Time: 30:23)

Calculation of Life cycle Cost (LCC)

A+i)" -1
i(l+1')”

e,

i = InterestRate = 10%

n = 50years

So, economical, you can use something like this. So, initial cost of the envelope, operational

cost you can look into and energy cost and then put the present worth with some interest rate

and you can check.

(Refer Slide Time: 30:40)

LCC of optimized and conventionally
designed air-conditioned rectangular building

TILEE (O ptimi zed)
BOLEE (Conventional)

Rs. 20,000,000
rs. 20,000,000 4o | oo o R e e R e

Ry, 16,000,000 4.

§

Rs. 12,000,000 4--

Ry, 8,000,000 4

RE. 4,000,000 -

Solution 1 | Solution # | Solution 3 | Soiution 1 IWU\M![IMMJ Solution 1 | Soiution 2 | Soi
Composite Clim ate Haot Dry Clim até Wam humia Climate




LCC of optimized and conventionally
designed air-conditioned L-shaped building
Ru. 20,000,000 p—— —
(ILEC (Optimi zad)
| BLCC {Canversonal) |
LTI 1Y T I -
R, 12,000,000 4
§
R 8,000,000 4
s, 4,000,600 4
LI
Satution 1 | Solutian 2 | Solution 3 | Solution 1 | Sotutian 2 | Sciution 3 | Solution 1
z " compesité Limate ot Dry Climate Wam numig Climate
Percentage reduction in LCC (Conventional to
optimized building)
Rectangular
butlding Le-shaped building
Solution | 40% 41%
Composite Climate Solution 2 3% 41%
Solution 3 41% 40%
Solution 1 40% 2%
Hot Dry Climate Solution 2 42% 42%
— Solution 3 41% 42%
Solution 1 49% 47%
Warm Humid
Solution 2 50% 47%
Climate -
Solution 3 47% 45% i
N
# NPTEL

And that is what it would show that, even life cycle cost wise optimised one will have much
less life cycle cost. Considering operational energy and energy cost it will be much less. So,
this is what it is for L-shaped building, for conventional and optimized that, we saving an

energy and that is it.

So, I think that, this is an optimisation process which you can adopt for minimising your
operational energy, which is important. Although the procedure for calculating the energy
load, I have not discussed. But the optimisation process that can be used for such a situation,

where your variables are qualitative and discrete, that is what I have discussed.



