
Chapter 5 

Mathematical Model and Results 

Chapter 3 discussed the practical situation and the analysis was done based on practical 
values. In order to implement a generalized model for selecting optimum room 
combination from each section (wing) of the hotel for a given number of rooms to be 
occupied, practical behavior as well as theoretical values have to be analyzed. 

To implement the generalized model, below procedure has been followed. 

Hotel could be divided into two sections; mainly as the guest rooms and the public and 
office areas. As described in Chapter 3, guest room area could be divided further into five 
sections considering the chilled water line distribution system and the possibility of valve 
operation. 

Each section has different number of guest rooms and each section room composition is 
completely different to the other. For an example, Section A contains altogether 52 
numbers of guest rooms including 47 deluxe rooms, 3 luxuries, one suite and one luxury 
suite while Section B contains only 21 guest rooms including only one upper category 
room. 

As there is a variation in room types inside a section, air conditioning load requirement is 
varying inside a section as well. Therefore the room air conditioning capacity is varying 
from 4 kWthcnnal to 18.5 kWthermah in other words 1.1 refrigerant tones to 5.3 refrigerant 
tones. For easy reference average cooling capacity has been taken for each section. 

As the room types are different, hence the expected profit margins also difference from one 
type of room to other. Therefore average profit level for each section has been taken for 
easy reference. 

Following table shows the average cooling capacity of each section and the expected profit 
margm. 
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l i Section Number of Average Cooling Average Profit 
! 

I 
I Guest rooms capacity TR Level Rs. 

A 52 1.41 2,060 

B 21 1.22 2,025 

c 23 1.46 2,090 

D 29 1.88 2,260 

E 29 1.40 2,060 

!'able 5.1 - Section wise AC consumption and profit level 

In addition there is a cooling load requirement in public areas and at the back of the house 
areas, which is 108.8 RT and this is mainly the base load as this areas should be operated 
what ever the occupancy level in the hotel. An average operational hour of public areas and 
the back ofthe house is about 14 hours per day. 

Further more some portion of Section A to be added as the correction factor as once any 
section has been open for operation, definitely there will be some air conditioning 
requirement for that particular section though the rooms are unoccupied as the hotel room 
temperature is maintaining at 26°C when the room is non-occupied. 

Average outdoor temperate is 30°C at Heritance Ahungalla and the temperature to be 
maintained at 26°C when the rooms are un occupied as mentioned earlier, also the average 
room temperature is 22°C when the rooms are occupied. Therefore considering linear 
relationship between temperature and the cooling load requirement considered 50% of 
Section A total AC requirement is needed when the rooms are unoccupied. 

But when the room is unoccupied and once the room temperature reaches the set value, 
then the requirement is much lesser than the original requirement as the losses are low. 
Therefore instead of taking 50% from the total requirement, it is better to get a smaller 
percentage. about 35% during the unoccupied period. 

Then the correction factor to the base AC load is 18.4 RT, as the Section A is always open 
for regardless of the occupancy level at the hotel. As the average operational hours of a 
guest rooms is about 20 hours per day, the corrected base AC load cab be given as, 
1,455kWhclectricai per day. Therefore the hotel electricity consumption for AC operation can 
be formulated as following equation (2) if the total occupied room of the hotel is given by 
equation ( 1 ). Sample AC energy cost calculation for a guest room per day as follows, 

Average cooling capacity per room (Section B) 
Average operational hours 
Thermal power required 

Electrical energy consumption for AC 
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1.22 RT 
20 hours 
1.22 X 3.5 kWthermal 
4.27 kWthcrmal 
4.27x20x65%/ 4.9 kWhelcctrical 
11.348 k Whclectrical 



... 

variable AC energy cost per room in Section B Rs. 11.348 x 11.2 
Rs. 127.1 

1 AC plant coefficient of performance - COP: 5; 65% of total is the variable load and 
r1verall unit cost of electrical energy is Rs. 11.2/kWh) 

;_+jJ+y+cS+¢ 

Where, 
1·,- number of occupied rooms of the hotel 
r<- number of occupied rooms in Section A 
I · Number of occupied rooms in Section B 

~umber of occupied rooms in Section C 
,i · Number of occupied rooms in Section D 
()-Number of occupied rooms in Section E 

16,296+(1(a)+ JH(/3)+ fr (y)+ f~)(c5)+ !1(¢) 
\\'here, 

i ().296 is the cost on base AC load 

/ 1 (a)- Cost incurred due to A Con SectionA 

t H (jJ)- Cost incurred due to AC on SectionB 

I (y)- Cost incurred due to AC on SectionC 

t , (5)- Cost incurred due to AC on SectionD 

f (¢)-Cost incurred due to AC on Section£ 

=XI (I) 

=x2 (2) 

Functionf4(a) is a linear function as the Section A AC consumption when the occupancy is 
zero (a = 0) is already included in the base AC load, where as all the other functions are 
discrete functions. 
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...... 

f 4 (a)=i47.3a (3) 

r (jJ r o 
!i ) =~ 

11A37+127.ljJ 

iffJ=O 

if/3>0 
(4) 

. {0 ify=O 
fc(r)= 

1,886+152.3y ifr >O 
(5) 

j • • r o if6=0 
I. I ( ()) = \ 
. l3.068 + 196.4 () ([6>0 

(6) 

. e if¢=0 
ff (¢) = 

2,279+146.0¢ if¢>0 
(7) 

There arc constraints for each section occupied rooms as there is maximum number of 
rooms per section, which can be given as, 

0:<::: a :s: 52 

0 :s: jJ :s: 21 

o :s: r :s: 23 

o:s: 5 :s: 29 

o:s: ¢ :s: 29 

Function from fs to J£ are discrete because whenever whichever the section has been 
opened for operation, there will be a base load since hotel rooms have to maintain 26°C 
though the room is unoccupied as mentioned earlier. As the different section has different 
room combination, base load as well as the per room incremental cost for AC requirement 
also varies. 

As described earlier, since the room types are different, the expected profit per room is also 
different. As each section has different combination of each type of rooms, each section has 
ditTerent profit function per selling guest room. which can be given as follows. 

2.060a + 2,025 jJ + 2,090y + 2.2605 + 2,060¢ =X, 
.l 

(8) 

From the profit margin, possible electricity cost for AC consumption has not been removed 
as it is varying with room occupancy. 
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fo obtain the maximum profit for a given number of occupied rooms following equation 
r9) to minimized, 

y_- X~ (9) 

There can be one or more combination of a., fJ, y, 6 and 0 for minimum x3-x2 for a given 
number of occupied rooms x 1. Suitable room combination with a., fJ, y, 6 and 0 shall be 
selected considering the above mentioned constraints on a., fJ, y, 6 and 0. 

To achieve this requirement simple program has been created and the followed algorithm is 
~1s t<JIIows. 

5.1. Algorithm 

Variable defining 

'\Jumber of rooms occupied in Section A- a 

Number of rooms occupied in Section B - ~ 
Number of rooms occupied in Section C - y 
Number of rooms occupied in Section D - 8 
Number of rooms occupied in Section E- 0 

And the total number of occupied rooms- r 

Checking of all possible permutation and combination for a, ~, y, 8, and 0 which satisfy 
the 

r=a-r~+y+8+0 

All possible combinations store in an array 

SI 

So 

y 
• I 

s" 

ai f3I Y1 b'I ¢I 

a" f3o Yo b'o ¢o - - - - -

a, /3, r, 6, ¢, 

all /311 r/1 611 ¢11 

Check the validity of each Si for following constraints 
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..... 

Constraints 

o-s:a <::;52 

0..::; j)..::; 21 

o -s: r -s: 23 

o-s: 8-s:29 

o-s: ¢ -s: 29 

Reject all Si which not satisfy any of above constraints and calculate following cost 
function and profit function for accepted S, 

c, = 4,999+ f(aJ+ J(fJJ+ f(rJ+ f(8J+ f(¢J 

~ = 2,060a, + 2,025 fJ, + 2,090y, + 2,2605, + 2,060¢, 

H'here 

j(a,)=147.3a, 

f(J1,)~{~,437 + 121.1 P, 
iffJ, =0 

(ffJ, >0 

f(r,) ~ { ~,886 + 152.3 r, 
!tr, =o 

ifr, >0 

/(5,)~{~,068 +196.45, 

if5, =0 

ifb', >0 

/(¢,) ~{ ~,279 + 146,0¢, 
if¢, =0 

if¢, >0 

Prepare an array of cost and profit values for each set of combinations 

sl \cl ~ 
s c p2 2 2 

= 
s, C, P, 

c 
1/ P,, 
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...... 

Calculate net profit function for given number of occupied rooms 

\ = p -C 
' ' 

l)repare an array of net profit for the set of combination of each section rooms 

sl [ ~~~ 
.~. I lv2 

' I l ,y 
'I ..._ I 

N" J 

Select the maximum net profit value Ni for a given number of occupied rooms. r. 

Clive the output Si, 

[s, ]=[a, /3, r 1 5, ¢,] 

This would be the optimum room configuration for a given number of occupied rooms at 

lleritance Ahungalla. 

42 



43 

..... 

5.2. Schematic diagram 

~ 
r=a+~+y+8+0 

Finding of Permutation 
and Combinations 

s2 

s 
I 

s" 

r
aJ /31 rl 51 ¢1 

a2 /32 r 2 52 ¢2 

a, /3, r, 5, ¢, 

all /311 r/1 511 ¢11 

O:S:a :S:52 

0 :s; f3 :s; 21 

O:s:y:s: 23 

o:s:5:s:29 

0 :S:¢ :s; 29 

1 YES 

Number of rooms occupied in Section 
A-a 
Number of rooms occupied in Section 
B-~ 
Number of rooms occupied in Section 
C-y 
Number of rooms occupied in Section 
D- 8 
Number of rooms occupied in Section 
E~0 

And the total number of occupied 
rooms~ r 

---

NO 
_______. Out of the 

process 



I 
I 

44 

... 

c, == 4.999+f(a,)+f(fJJ+ f(rJ+ f(o,)+ f(¢,) 

~ == 2,060a, + 2,025 {J, + 2,090r, + 2,2605, + 2,060¢, 

where 

f(a,)==147.3a, 

f(fJ,) =={~437 + 127.1/3, 

'o 
f(r,) =={ 1,886+ 152.3 r, 

/(5,)=={~,068 + 196.45, 

f(¢;) =={ ~,279 + 146.0¢, 

s I 

s2 

s, 

sn 

if/3, == 0 

if/3, >0 

cl 

ifr, == o 
ifr, >0 

if5, ==O 

if5, >O 

if¢, ==0 

if¢, >0 

~ 

c2 p2 

c 
I P, 

ell pn 

N, == P,-C, 
Calculating net profit 



~ I 
[ '¢ 'g 'A-'rJ 'v] =[ 's] 



5.3. Results 

Section A, Section B, Section C, Section D, Section E, Profit 
I i I I 

I I o,o,8,24,28, 106388 
I I 

0,0,2.29,29.1 06994 0,0, 10,29,21, I 07183 

0.0,3,28,29, 106868 0,0,8,25,27, I 06538 0,0, 11 ,20,29, 105861 

i -----

0.0,3,29,28, I 07018 0,0,8.26,26, I 06687 0,0, II ,2 [,28, I 060 I 0 

~ 0,0,4,27,29, 106742 0,0,8,27,25, 106837 0,0, 11 ,22,27, 106160 

~0,4,28,28, I 06892 0,0,8,28,24, 106986 0,0, 11 ,23,26, I 06310 

0,0,4,29.27, I 07041 0,0,8,29,23, 107136 0,0, 11 ,24,25, 106459 

0,0,5,26,29, 106616 0,0,9,22,29, 106113 0,0, 11 ,25,24, I 06609 

l_0.0.5,27,28.1 06766 I I 0,0,9,23,28, I 06262 0,0, II ,26,23, I 06758 
' ' 

I ; -

I 0,0,5,28,27,106915 0,0,9,24,27, I 06412 0,0, II ,27,22, I 06908 I 

I 

j 0,0,5,29,26, I 07065 0,0,9,25,26, I 06561 0,0, II ,28,21, I 07058 I 

i 
I 

' 0.0.6,25,29, 106490 0,0,9,26,25, 106711 0,0, 11 ,29,20, 107207 

0.0,6.26,28, I 06640 0,0, 9,27 ,24, I 06861 0,0, 12, 19,29,105735 

i 0,0,6,27,27, 106789 0,0,9,28,23, 107010 0,0, 12,20,28, I 05 884 
I I I I 

I 

' 
I 

' 0.0,6.28,26, 106939 0,0, 9,29,22, 107160 0,0, 12,21,27, I 06034 

I 
~-

0,0,6,29,25, 107089 0,0, I 0,21 ,29, I 05987 0,0, 12,22,26, I 06184 

0,0,7,24,29, 106364 0,0, 1 0,22,28, 106136 0,0, 12,23,25, I 06333 

, 0,0,7 .25,28, I 06514 0,0, 1 0,23,27, I 06286 0,0, 12,24,24, I 06483 
I 

I 0,0,7,26,27, I 06664 0,0, 1 0,24,26, 106435 0,0, 12,25,23, 106632 
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Section A ,Section B, Section C, Section D, Section E, Profit 
I . I 
! I 

·.0. 7 .28,25,1 06963 I I 0,0, 1 0,26,24, 106735 0,0,12,27 ,21,1 06932 
-

l,0.7.29.24.107112 0,0,1 0,27,23, 106884 0,0, 12,28,20.1 07081 

~---~- 0,0, 12,29, 19, I 072J l 0.0,8,23,29, 106238 0,0, I 0,28,22, 107034 

~.13, 18,29,105609 0,0, 13,29, 18,107255 0,0, 14,27;19, 106979 

I 
n.o, 13, 19,28,105759 0,0, 14,17 ,29, 105483 0,0, 14,28, 18, 1 07129 

I I i I 
I 

0.0.13.20,27, 105908 0,0, 14, 18,28, 1 05633 0,0, 14,29, 17,107278 
I 

0.0, 13,21 ,26, 106058 0,0, 14, 19,27,105782 0,0, 15, 16,29, I 05357 

0,0, 13,22,25, 106207 0,0, 14,20,26, 1 05932 0,0, 15, 17,28,105507 

0.0.13.23.24.1 06357 0.0, 14,21.25, 106081 0,0, 15, 18,27,105656 
-----

0.0, 13,24,23, 106507 0,0, 14,22,24, 106231 0,0, 15, 19,26,105806 

0,0, 13,25,22, 106656 0,0, 14,23,23, 106381 0,0, 15,20,25, 105956 

i 

0.0, 13.26,21.1 06806 0,0, 14,24,22, 1 06530 0,0, 15,21 ,24.1 061 05 
----

I I 
---

0.0, 13,27,20, I 06955 0,0, 14,25,21, I 06680 0,0, 15,22,23, 106255 

0,0, 13,28, 19,107105 0,0, 14,26,20, 106829 0,0, 15,23,22, 106404 
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Room Combination- Section A,B,C,D,E 

r igure 5.2- Profit Level with DitTerent Room Combination 

Above shows only a fraction of output data when consider the occupied room is 60. 

Best Solution: 31, 0, 0,29,0,111071 

I hat means room allocation can be done as follows. 

~ection A: 31 rooms 
Section 0: 29 rooms 

Other sections: 0 

I \pectcd profit level: Rs. 111, 071/= 

It has been pre assumed that Section A to be fully occupied if the total rooms to be 
occupied is less than or equal to 52 number of rooms. But with the consideration of 
revenue, the pre situation is not much accurate. No doubt that it is always feasible to have 
."2 guest rooms from Section A and balance from some other, but above combination is the 

he st. 

1\hovc calculation has been done with following assumptions; all costs are constant except 
expense for AC for all kind of rooms. Further expected profit level has been calculated 
based on last few months data. 
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