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Chapter 1

Introduction

Scilab code Exa 1.1 efficiency and energy

//Chapter 1
//Example 1.1
//Page 6

clear;
clc;

Pi = 4200;
E = 120;

I = 32.2;

printf (" (i) Input Power, Pi =%.4f J/s = 4200 W\n
77, Pi)

Po = ExI;
printf (7 Output Power, Po = %.4f W\n”, Po)

// Calculation of efficiency
n = Po/Pi*100;
printf (7 Efficiency , n = %.2f %%\n”, n)

P1 = Pi-Po;

14



21
22
23
24
25

printf (7 (ii) Power lost , Pl = %.4f W\n”, P1)

// Calculation of energy lost per minute of operation

E1 = P1%60;

printf (7 Energy lost per minute(=60s) of
operation= Plxt = %.4f J\n” ,EL)

15
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Chapter 2

Generating Stations

Scilab code Exa 2.1 calorific value fuel

//Chapter 1
//Example 2.1
//Page 16

clear;
clc;

n_overall = 20;
W = 0.6;

printf ("Let x kcal/kg be the calorific value of fuel
.\Il” )

printf (" Heat produced by 0.6 kg of coal = 0.6 x kcal
\Il”)

printf ("Heat equivalent of 1 kWh = 860 k cal\n”)

// Calculation of calorific value of coal
printf ("Now, n_overall = Electrical output in heat

units/ Heat of combustion\n”)

x=860/(0.6%0.2) ;

16



19

© 00 J O O b W N

[ T T T =
N O U W N = O

—
oo

19

20

printf ("x = %.4f kcal/kg\n”, x)

Scilab code Exa 2.2 annual coal bill

//Chapter 2
//Example 2.2
//Page 17

clear;
clc;

max_demand = 20000;
n_boiler = 0.85;
coal_consumption = 0.9;
load_factor = 40;
n_turbine = 0.90;
cost_per_ton = 300;

// Calculation of thermal efficiency

printf (” (i) Thermal efficiency = %.2f %%\n\n"”,
n_boiler*n_turbine*100) ;

printf (”(ii) Units generated per annum = %.3f kWh\n
” , max_demandx*load_factor*8760) ;

printf ("\t Coal consumption/annum = %.3f tons\n”,
coal_consumption*7008%*1e4/1000) ;

printf ("\t Annual coal bill = Rs %.4f\n",
cost_per_tonx*xcoal_consumption*7008%*1e4/1000) ;

17
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Scilab code Exa 2.3 average load

//Chapter 2
//Example 2.3
//Page 17

clear;
clc;

cost_per_annum = 300000;
cal_value = 5000;
cost_per_kg = 0.03;
n_thermal = 0.33;
n_electrical = 0.90;

n_overall = n_thermal*n_electrical;

%.2t %% \n\n",

printf (" Overall efficiency =
n_overall*100) ;

coal_per_annum = cost_per_annum/cost_per_kg;
printf (” Coal used/annum = %.2f kg\n\n”",

coal_per_annum) ;

hoc = coal_per_annum*cal_value;

//hoc—heat of combustion

printf ("Heat of combustion = %.2f kcal \n\n”, hoc);

heat_op = n_overallx*xhoc;

printf (”Heat output = %.2f kcal \n\n”, heat_op);

upa = heat_op/860;

//upa— units generated per annum
printf (" Units generated per annum = %.0f kWh \n\n”,

upa) ;
avgl = upa/8760;

//avgl— average load on station
printf (" Average load on station = %.1f kW \n\n”,

avgl) ;
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Scilab code Exa 2.4 limiting value

//Chapter 2
//Example 2.4
//Page 17

clear;
clc;

w=13500;
kWh1=7.5;
c=5000;
kWh2=2.9;
hours=8;

//limiting value
printf (" Limiting value =%.2f kg \n\n”, (w+kWh1l)/(c+
kWh2)) ;

//coal consumption per hour

printf (" Coal consumption per hour = %.1f kg \n\n”, c
/hours) ;

Scilab code Exa 2.5 coal consumption per hour

//Chapter 2
//Example 2_5

19
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//PAge 18
clear;clc;

power=100;

cv=6400;

n_thermal =0.3;

n_electrical =0.92;

//coal consumption

n_overall = n_thermal*n_electrical;

ugpa=power*1000;

h=ugpa*860/n_overall;

printf (” Coal consumption per hour = %.1f kg \n\n”, h
/cv);

Scilab code Exa 2.6 total energy available

//chatper 2
//example 2_6

//page 23

clear;
clc;

capacity = 5%1076;
h = 200;

n_overall = 75;
density=1000;

W = capacity*density*9.81;

printf (" Weight of water available is W= %.2f N \n”,
w);

20
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e = wxh*n_overall/3600/1000;
//e — electrical energy
printf (" Electrical energy available = WxHxn _overall

= %.2f kWh \n”, e);

Scilab code Exa 2.7 yearly gross output

//Chapter 2
//Example 2_7
//Page 23

clear;clc;

w=94;
h=39;
n_plant=0.8;

work=wxh*x9.81;
printf ("Work done/sec = %.1f kW \n\n”, work);

printf (" This is gross plant capacity\n”);

fc=n_plant*work;
printf (" (i)\t Firm capacity = %.1f kW \n\n”, fc);

printf (" (ii)\t Yearly gross output = %.1f kW \n\n”,
fc*8760) ;

Scilab code Exa 2.8 energy per hour

21
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//Chapter 2
//Example 2_8
//Page 23

clear;clc;
h=100;

n_hydraulic=0.86;
n_electrical=0.92;

n_overall=n_hydraulic*n_electrical;

w=9.81%x1e3;

printf (" Weight of water available = %.1f N \n\n”, w)

I

power=wxh*n_overall;

printf (”Power produced = %.1f kW \n\n”, power/1000) ;
printf (" Energy produced per hour = %.1f kWh \n\n”,

power /1000) ;

Scilab code Exa 2.9 maximum demand

//Chapter 2
//Example 2_9
//PAge 23

clear;clc;

area=5e9;
h=30;
rainfall=1.25;
k=0.8,;
n_overall=0.7;
1£f=0.4;
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//generator rating

vol=area*rainfallxk;

printf (" Volume of water which can be utilised per
annum =%1.0f m"3 \n\n”, vol);

w=areax9.81%1e3;

printf (" Weight of water available =%2.2f N \n\n”, w)

e=wxh*n_overall/1e3/3600;

printf (" Electrical energy available pr annum = %1.2f
kWh\n\n”, e);

ap=e/8760;

printf (" Average power = %.1f kW \n\n”, ap);

printf ("MAximum demand = %.0f kW \n\n”, ap/1f);

Scilab code Exa 2.10 level of reservoir

//Chapter 2
//Example 2_10
//Page 24

clear;clc;

area=2.4;
capacity=beb6;
head=100
n_penstock=0.95;
n_turbine=0.9;
n_generation=0.85;
load_kWh=15000;

//calculation of total electrical energy that can be
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generated
w=capacity*1e3*9.81;
printf ("Wt. of water available= %.2f N \n\n”, w);
n_overall=n_penstock*n_turbine*n_generation;
printf (" Overall efficiency= %.2f \n\n”, n_overall);
energy=wxhead*n_overall/1000/3600;
printf (" Electrical energy that can be generated= %.1
f kWh \n\n”,energy);

//calculation of fall in reservoir level

printf (" Level of reservoir= %.3f m \n\n”, capacity/
area/l1e6);

printf ("kWh generated in 3 hours=0%.2f kWh \n\n”,
load_kWh*3) ;

fall= capacity/area/le6xload_kWh*3/energy=*100;

printf (”Fall in reservoir level= %.2f e¢cm \n\n”,fall)

I

Scilab code Exa 2.11 excess power

//Chapter 2
//Example 2_11
//PAge 25

clear;clc;
h=25;
power=400;
vol=[10 6 1.5];
months=[4 2 6];

n_overall=0.8;

//standby capacity
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pdl=vol (1) *1e3*9.81*n_overall*h/1000
pd2=pdix*vol (2) /vol (1)

pd3=pd1x*vol (3)/vol (1)

cap=power —-pd3

printf (" (i)\t Capacity of standby unit = %.1f kW \n\

n”, cap);

//excess power

discharge = vol.*months

avg_dis=sum(discharge) /12

pd=avg_dis*pdl/vol (1)

ep=pd-power

printf (" (ii)\t Excess power available = %.1f kW \n\n
7, ep);

Scilab code Exa 2.12 load factor

//Chapter 2
//Example 2_12
//Page 25

clear;clc;

md=10;

h=20;
n_overall=0.8;
1f=0.4,

//river discharge

ugpw=md*x1f *x24*x7*x1e3;

printf (7 (i) Units generated per week =0.1f kWh \n\n”
, ugpw);
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app=1e3%*9.81*%h*n_overall/1000;
upw=app*24x7;
q=ugpw/upw;

printf ("\t River dishcharge required = %.2f m"3/sec”

, 4D

//load factor
flow=20;
pd=app*flow;
ug=pd*24;
1f=ug/led/24;

printf (”(ii) Load factor =/%.2f %% \n\n”, 1£x%100) ;

Scilab code Exa 2.13 installed capacity 1

//Chapter 2
//Example 2_13
//Page 26

clear;clc;

d=[500 520 850 800 875 900 546];
days=7;

h=15;

n_overall=0.85;

1f=0.4,

scf (0)

bar(d, 1, ’'red’);
xlabel ('Days’);
ylabel ("Discharge )
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xgrid (0) ;

//Average daily discharge

avg=sum(d) /days;

printf (" (i) Average daily discharge = %.0f m"3/sec \
n\n”, avg);

//Pondage required
vol=0;
j=0;
for i=1:7
if d(i)<avg
vol= vol+d(i);
Jj=j+1;
end ;
end ;

v=vol*24%3600;

v_req=]j*xavg*24*x3600;

p=v_req-v;

printf (”(ii) Pondage required = %.0f m"3 \n\n”, p);

//Installed capacity

w=avg*1000%9.81;

app=wxh*n_overall;

ic=app/1f;

printf (7 (iii) Installed capacity of the plant = %.0f
MW \n\n”, ic/1e6);

Scilab code Exa 2.14 engine efficiency

//Chapter 2
//Example 2_14
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//Page 28
clear;clc;

fc=0.28;
cv=1e4;
n_alternator=0.95;

heat=cvxfc;

printf (" Heat equivalent of ikWh =860 kcal\n”);

n_overall = 860/heat;

printf (" (i)\t Overall efficiency = %.2f %% \n\n”,
n_overall*100) ;

printf (7 (ii)\t Engine efficiency =%.2f %% \n\n”,
n_overall/n_alternator*100) ;

Scilab code Exa 2.15 thermal efficiency

//Chapter 2
//Example 2_15
//PAge 30

clear;clc;

fc=1e3;

ugpd=4e3;

cv=1e4;
n_alternator=0.96;
n_mech=0.95;

//specific fuel consumption
printf (" (i)\t Specific fuel consumption = %.2f kg/
kWh \n\n”, fc/ugpd);
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//overall efficiency

heat_per_day = fcx*xcv;

e=ugpd*860;

printf ("\t\t Electrical output in heat units per day
=%3.0f kcal \n\n”, e);

n_overall = e/1e7%*100;

printf (" (ii)\t Overall efficiency = %.2f %% \n\n",
n_overall);

//thermal efficiency

n_engine = n_overall/n_alternator;

printf ("\t\t Engine efficiency = %.2f %% \n\n",
n_engine) ;

printf (" (iii)\t Thermal efficiency = %.2f %% \n\n”,
n_engine/n_mech);

Scilab code Exa 2.16 overall efficiency

//Chapter 2
//Example 2_16
//PAge 30

clear;clc;

pl1=700;
p2=500;
nl=1;
n2=2;
fc=0.28;
cv=10200;
days=30;
pcf=0.4;
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max_energy=(pl*nl+p2+*n2) *24x*days;

printf (7 (i)\tMaximum energy that can be produced in
a month = %.1f kWh \n\n”, max_energy);

act_energy=pcf*max_energy;

printf ("\t\t Actual energy produced = %.1f kWh \n\n”
, act_energy);

f_c=act_energyx*xfc;

printf ("\t\t Fuel consumption in a month =0.0f kg \n
\n”, f_c);

op=act_energy*860;

ip=f_c*cv;

printf (7 (ii)\t Overall efficiency =%.2f %% \n\n”, op
/ip*100) ;

Scilab code Exa 2.17 nuclear power 1

//Chapter 2
//Example 2_17
//Page 34

clear;clc;

p=300%*1e6;
e=200%*1e6;

eph=p*3600;

printf (" Energy recieved per hour = %.0f*10°10 J \n\n
7, ephx*1e-10) ;

epf=ex1.6x1e-19;

printf ("Energy released per fission = %.2fx10"—11 J
\n\n”, epfx*lell);
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n=eph/epf;

printf (" Number of atoms fissioned per hour = %.2f

*10721 \n\n”, nxle-21);
m=235/6.023/10"23%*n;

printf ("Mass of Uranium fissioned per hour = %.2f g

\n\n”, m);

Scilab code Exa 2.18 energy per second

//Chapter 2
//Example 2_18
//Page 35

clear;clc;

d=30;
m=2;
e=200%*1e6;

n=m/235%6.023%x10726;
fr=n/d/8760;
epf=ex1.6*x10"-19;
p=epfx*fr;

printf (" Number of atoms = %.2f%10"°24 \n\n”, n*le-24)

printf (" Fission rate = %.3{%10°18 \n\n”, fr*10--19);
printf (”Energy per fission = %.2f%10"—=11 J \n\n”,

epf*10711) ;

printf (" Energy released per second = %.3f MW \n\n”,

p*10°-7);

32



33



© 00 J O U i W N

—_ = =
N = O

Chapter 3

Variable Load on Power
Stations

Scilab code Exa 3.1 energy per year

//Chapter 3
//Example 3_1
//Page 50

clear;clc;

max_dem=100;
1£f=0.4;

//energy generated
printf (”Energy generated per annum = %.1f kWh\n\n”,
max_dem*1f*x8760%1000) ;
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Scilab code Exa 3.2 load factor

//Chapter 3
//Example 3_2
//Page 50

clear;
clc;

cl = 43;

max_dem = 20;

ugpa = 61.5e6;

//Demand factor and load factor

printf ("Demand factor = %.3f \n\n”, max_dem/cl);

avg_dem = ugpa/8760;
printf ("Load facor = %.3f \n\n”, avg_dem/max_dem
/1000) ;

Scilab code Exa 3.3 annual load factor

//Chapter3
//Example 3_3
//PAge 50

clear;clc;
max_dem =100;
p1=100;

t1=2;
p2=50;
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t2=6;
no_operation =45;

//Annual load factor

e_per_day=(plx*xtl)+(p2*t2);

printf (" Energy per day = %.2f MWh \n\n”, e_per_day)
operation_days=365-no_operation;

e_per_year = e_per_day*operation_days;

printf ("energy per year = %.2f MWh\n\n”, e_per_year)
alf= e_per_year/max_dem/(operation_daysx*24);
printf (" Annual load factor = %.2f %% \n\n”, alfx*100)

I

Scilab code Exa 3.4 maximum energy

//Chapter 3
//Example 3_4
//PAge 50

clear;
clc;

max_dem=25;
1£f=0.6;
pcf=0.5;
puf=0.72;

//reserve capacity

avg_dem=1lf*max_dem;

pc=avg_dem/pcft;

printf (" (i)\t Reserve capacity of plant = %.1f MW \n
\n”, pc-max_dem);
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printf (" (ii)\t Daily energy produced = %.1f MWh \n\n
7, avg_demx*24) ;

printf (?(iii )\t Maximum energy produced = %.1{ MWh/
day \n\n”, avg_dem*24/puf);

Scilab code Exa 3.5 diesel station

//Chapter 3
//Example 3.5
//PAge 51

clear;clc;

ic=1500;

ce=750;

dp=100;

d1=450;
max_dem=2500;
e_per_year =45eb;

//diversity factor and annual load factor

printf (” Diversity factor = %.2f \n\n”, (ic+ce+dp+dl)
/max_dem) ;

avg_dem = e_per_year/8760;

printf (” Average demand = %.2f kW \n\n”, avg_dem);

printf ("Load factor = %.1f %% \n\n”, avg_dem/max_dem
x100) ;

Scilab code Exa 3.6 reserve capacity
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//Chapter 3
//Example 6
//PAge 51

clear;clc;
max_dem=15000;
1£f=0.5;
pcf=0.4;

//reserve capacity

e_per_annum=max_dem*1f*x8760;

printf (" Energy generated per annum = %.0f kWh \n\n”,

e_per_annum)
pc=e_per_annum/pcf/8760;

printf (" Plant capacity =%.0f kW \n\n”, pc)
printf (" Reserve capacity =/4.1f kW \n\n”, pc-max_dem)

I

Scilab code Exa 3.7 connected load

//Chapter 3
//Example 3_7
//Page 51

clear;
clc;

md1=1500;
dl=1.2;
df1=0.8;
md2=2000;
d2=1.1;
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df2=0.9;
md3=10000;
d3=1.25;
df3=1;
odf=1.35;

//Maximum demand and connected load

sum_md=md1+md2+md3;

printf ("Maximum demand on supply system = %.1f kW \n
\n”, sum_md/odf);

sum_domestic = mdlx*dil;

printf (" Connected domestic load = %.1f kW \n\n”,
sum_domestic/df1l);

sum_commercial = md2%*d2;

printf (” Connected commercial load = %.1f kW \n\n”,
sum_commercial/df2) ;

sum_industrial =md3*d3;

printf (" Connected industrial load = %.1f kW \n\n”,
sum_industrial/df3);

Scilab code Exa 3.8 feeder max demand

//Chapter 3
//Example 3_8
//Page 52

t1=[10 12 15];
tdf=[0.65 0.6 0.7];
tdg=[1.5 3.5 1.5];
df=1.3;

total=0;

//maximum load
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n=3;
for i=1:n;
sum_md (i) =t1(i)*tdf (i) ;

printf ("Sum of maximum demands on transformer %i

%.2f kW \n\n”, i, sum_md (i) ) ;

md (i)=sum_md (i) /tdg(i);

printf ("Maximum demand on transformer %i = %.3f kW

\n\n”, i, md(i));
total=total+md (i) ;
end ;

mdf=total/df;

printf (”Maximum demand on feeder = %.2f kW \n\n”,

mdf)

Scilab code Exa 3.9 max capacity

//Chapter 3
//Example 3_9
//PAge 52

clear;
clc;

houses=1e3;
cl=1.5;
dem_fac=0.4;
div_fac=2.5;
factories=10;
md_£=90;
tubewells=7;
mdt=7;
df=1.2;
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Figure 3.1: load curve

//Minimum capacity of power station

sum_md=clx*xdem_fac*houses;
md_dl=sum_md/div_fac;
md_t=mdt*xtubewells;
total_md=md_dl+md_t+md_f£;
md_station=total_md/d4df;

printf (”Minimum capacity of station

\n\n”, md_station);

required=%.2f kW
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Scilab code Exa 3.10 load curve

//Chapter 3
//Example 3_10
//Page 53

clear;clc;

time=[6 4 2 4 4 4];
load_mw=[40 50 60 50 70 40];

scf (0) ;

y=[40 40 40 50 50 60 50 50 70 70 40 40];
bar(y, 2, ’'red’);

xlabel ("Time in hours’);

ylabel ('Load in kW7);

xgrid (0)

md=max (y) ;
printf ("\t (i)Maximum demand = %.0f MW \n\n”, md);

area=0;

n=6;

for i=1:n;
area=area+time(i)*load_mw (i) ;

end ;

printf ("\t (ii)Units generated per day = %.0f kWh \n
\n”, areax*1000) ;

al=areax*x1000/24;

printf ("\t (iii)Average load = %.0f kW \n\n”, al);

1f=al/md/1000;

printf ("\t (iv)Load factor = %.2f %% \n\n”, 1£x100);
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Scilab code Exa 3.11 diversity and load factor
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1=[200 100 50 100]
p=[100 150 350 300 100];
t=[6 2 2 8 6];

scf (2);

y=[100 100 100 150 350 300 300 300 300 100 100 100];
bar(y, 2, ’'green’);

xgrid (0)

xlabel ('Time in hours’) ;

ylabel ('Load in kW7);

md=max (p) ;
printf (?Maximum demand = %.0f kW \n\n”, md);
sum_l=sum(l);

printf (7 (i) Diversity factor = %.3f \n\n”, sum_1/md)

I

ugpd=0;

for i=1:5
ugpd=ugpd+p (i) *t (i) ;

end ;

printf (”(ii) Units generated per day = %.0f kWh \n\n
7, ugpd);

al=ugpd/24;
printf (”(iii) Average load = %.1f kW \n\n”, al);

printf ("\t Load factor = %.1f %% \n\n”, al/md*100) ;

Scilab code Exa 3.12 station load factor
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//Chapter 3
//Example 3_12
//Page 54

clear;clc;

c=[0 600 200 800 0; 200 O 1000 O 200; O 200 1200 O
2007 ;
t=[8 6 2 6 2];

for i=1:3
energy (i)=0;
sum_md=0;
md(i)=max(c(i,:));
printf ("Max demand of customer %i = %.0f W \n\n”,1i
, md(i));

for j=1:5

energy (i)=energy (i)+c(i,j)*t(j);
end ;
sum_md=sum_md+md (i) ;

1f (i) =energy (i) /md (i) /24%100;

printf ("Load factor of customer %i = %.2f %% \n\n”
, 1,1£(i));

end ;
for j=1:5
sum_c (j)=0;
for 1i=1:3
sum_c (j)=sum_c (j)+(c(i,]));
end;
end ;

sim=max (sum_c) ;
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df=sum(md) /sim;
printf (" Diversity factor = %.2f \n\n”, df);

slf=sum(energy)/sim/24;
printf (" Station load factor = %.2f %% \n\n”, slf
*100) ;

Scilab code Exa 3.13 15 min peak

//Chapter 3
//Example 3_13
//Page 55

clear;clc;

peak=3000;
area=12;
area_per_cm=1000;
peak_time=15;

ad=area_per_cm*2xarea/24;

printf (" Average demand = %.0f kW \n\n”, ad);
lf=area_per_cm/peak*100;

printf (”Load factor = %.2f %% \n\n”, 1f);

Scilab code Exa 3.14 heat rate

//Chapter 3
//Example 3_14
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//Page 56

clear;clc;

p=[260 200 160
t=[6 8 4 6];
sets=4;

p_set=75;
cv=10000;
heat=2860;

//load factor

n=4;

upd=0;

for i=1:n

upd=(upd+(p(i)*t(i)));

end ;

100];

dlf=upd/max(p)/24;

printf (" (i)\t Daily load

x100) ;

//average demand per day

adpd=upd/24;

printf (" (ii)\t Average demand per day=%.0f kW \n\n”,
adpd*1000) ;

sc=p_set*1000*sets;
pcf=adpd/sc*1000;

printf ("\t Plant capacity factor =%.2f %% \n\n”, pcft

x100) ;

//fuel per day
hpd=heatx*upd;

fpd=hpd/cv;

printf (7 (iii)\tFuel required per day = %.1f tons \n\

n

”

b

fpd);

factor=0.2f %% \n\n”, dlf
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Figure 3.3: load duration curve

Scilab code Exa 3.15 load duration curve

1 //Chapter 3
2 //Example 3_15

3 //Page 56

4

5 clear;clc;

6

48



© 00

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

1=[20 40 60 20 50 20];
t=[2 4 4 4 4 6];

scf (0);

subplot (1,2,1)

y=[20 20 40 60 20 50];
bar(y, 1, ’'red’);
xgrid (0) ;

xlabel ('Time of day’);
ylabel ('Load in kW7);
title(’Load curve’);

subplot(1,2,2)

r=[60 50 40 20 20 20];
bar(r, 1, ’'green’);
xgrid (0) ;

xlabel ("Hours duration ’);
ylabel ('Load in kW7);

title(’'Load duration curve’);

area=0;

for i=1:6
area=area+1 (i) *t (i) ;

end ;

printf (" Units generated per day = %.0f MWh \n\n”,

area) ;

Scilab code Exa 3.16 utilisation factor

//Chapter 3
//Example 3_16
//Page 57
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clear;clc;

const=4;
max1=20;
tgl=10;
tg2=10;
tg3=5;

ic=tgl+tg2+tg3;
ad=0.5*(maxl+const) ;
pf=ad/ic;
ugpa=ad*x1000*8760;
l1f=ad/max1*100;
uf=maxl/ic;

printf (" Installed capacity = %.0f MW \n\n”, ic);

printf (" Average demand = %.0f MW \n\n”, ad);

printf (" Plant factor = %.2f %% \n\n”, pf*100);

printf (" Units generated per annum = %.2f%10°6 kWh \n
\n”, ugpaxle-6);

printf ("Load factor = %.2f %% \n\n”, 1f);

printf (" Utilisation factor = %.2f %% \n\n”, ufx100);

Scilab code Exa 3.17 maximum load on feeder
//Chapter 3

//Example 3_17

//Page 57

clear;clc;

//Transformer 1— general power service and lighting
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ahp=10; akw=5;

bhp=7.5; bkw=4;

chp=15;

dhp=5; dkw=2;

// Transformer 2 — residence lighting

ekw=b;

fkw=4;

gkw=8;

hkw=15;

ikw=20;

//Transformer 3 — Store lighting and power

jkw=10; jhp=5;

kkw=8; khp=25;

lkw=4,;

n=0.72;

//Referring to Article 3.8 for demand factor values
for wvarious load types

//The factor used to convert HP to kW is 0.746

a=ahp*0.746/n%*0.65+akw*0.6;

b=bhp*0.746/n*0.75+bkw*0.6;

c=chp*0.746/n%*0.65;
d=dhp*0.746/n*0.75+dkw*0.6;

tl=a+b+c+d;

//diversity factor for consumers of this type is 1
as per Article 3.8

mdli=t1/1.5;

e=ekw*0.
f=fkw*0.
g=gkw*0.
h=hkwx*0.
i=ikwx*0.

o e
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t2=e+f+g+h+i;

//diversity factor is given to be between 3 and 4,
taking average of these two values

md2=t2/3.5;

j=jhp*0.746/n*0.75+jkw*0.5;
k=khp*0.746/n%0.55+kkw*0.5;
1=1kw*0.5;

t3=j+k+1;
//diversity factor is 1.5
md3=t3/1.5;

//diversity factor between transformers is 1.3
max_load=(md1+md2+md3) /1.3;

printf ("Individual maximum demand of the group of
consumers connected to transformer 1 as obtaiined
from Article 3.8 are as follows: \n”);

printf ("\t a: %.2f kW \n”,

printf ("\t b: %.2f kW \n”, b);

printf ("\t c¢: %.2f kW \n”, c);

printf ("\t d: %.2f kW \n\n”, 4d);

printf (" Total = %.2f kW \n”, t1);

printf (”Maximum demand on transformer 1 = %.2f kW \n
\n\n”, mdil);

printf ("Individual maximum demand of the group of
consumers connected to transformer 2 are as

follows: \n”);

printf ("\t e: %.2f kW \n”, e);
printf ("\t f: %.2f kW \n”, £);
printf ("\t g: %.2f kW \n”, g);
printf ("\t h: %.2f kW \n”, h);

printf ("\t i: %.2f kW \n\n”, 1i);

printf (" Total = %.2f kW \n”, t2);

printf (”Maximum demand on transformer 2 = %.2f kW \n
\n\n”, md2);
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printf ("Individual maximum demand of the group of
consumers connected to transformer 3 are as
follows: \n”);

printf ("\t j: %.2f kW \n”, j);

printf ("\t k: %.2f kW \n”, k);

printf ("\t 1: %.2f kW \n\n”, 1);

printf (" Total = %.2f kW \n”, t3);

printf (”Maximum demand on transformer 3 = %.2f kW \n
\n\n”, md3);

printf (" Diversity factor between transformers is 1.3
\n77 ) ;
printf ("Maximum load on feeder = %.2f kW \n\n”,
max_load) ;

Scilab code Exa 3.18 daily load cycle

//Chapter 3
//Example 3_18
//Page 61

clear;clc;

1=[20 40 50 35 70 40];
t=[8 3 5 3 3 2];

scf (0);

y=[20 20 20 20 20 20 20 20 40 40 40 50 50 50 50 50
35 35 35 70 70 70 40 40];

bar(y, 1, ’red’);

53



Al W1 pEST]

1 2 3 4 5 6 7 8 3 101112 131415 16 17 12 13 20 21 22 23 24

Tirne in hours

Figure 3.4: daily load cycle

o4



13
14
15
16
17
18
19
20
21
22

23
24
25
26
27

© 00 J O U i W N+~

I = T
B~ w N ~ O

xlabel ('Time in hours’);
ylabel (’Load in MW’);
xgrid (0) ;

ugpa=0;

for i=1:6;
ugpa=ugpa+l(i)*t (i) ;

end ;

printf (" Units generated per day = %.0f MWh \n\n”,
ugpa) ;

al=ugpax*x1000/24;

1f=al/max(1)/1000;

printf (" Average load = %.1f kW \n\n”, al);
printf ("Load factor = %.2f %% \n\n”, 1£%100);

Scilab code Exa 3.19 installed capacity

//Chapter 3
//Example 3_19
//Page 61

clear;clc;

pl=[10 5 8 7];
df=1.5;
1f=0.6;
sets=4;

//maximum demand

md=sum (pl)/df;
printf (" (i)\t Max. demand on station = %.0f MW \n\n”
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, md) ;

//units generated per annum

printf (?(ii)\t Units generated/day = %.0f kWh \n\n”,

md*1f*x8760%1000) ;

//installed capacity

printf (7 (iii)\t Installed capacity = %.1f MW \n\n”,

1.2*xmd) ;

printf ("\t\t Suitable unit sizes

1.2*md/sets) ;

are %.1f MW \n\n",

Scilab code Exa 3.20 capacity factor

//Chapter 3
//Example 3_20
//Page 64

clear;clc;

bl1=18;

sc=20;
asso=7.35x1e6;
ablso=101.35%x1¢e6;
pl=12;
hours=2190;

printf (” Standby station\n\n”);
alf=asso/pl/1000/hours;

printf (”\t Annual loadfactor = %.2f %% \n\n”, alf

*100) ;
apcf=asso/sc/1000/8760;

printf ("\t Annual plan capacity factor = %.2f{ %% \n\
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n”, apcfx*100);

printf (" Base load station\n\n”);

alf_base=ablso/bl/1000/8760;

printf (" Annual load factor = %.2f %% \n\n”, alf_base
*100) ;

Scilab code Exa 3.21 steam plant capacity

//Chapter 3
//Example 3_31
//Page 64

clear;clc;

max_1=60000;
min_1=20000;
peak_1=50000;
1f=1,
n_steam=0.6;

s=poly(0,”7s”);
p=333*s"2+24000%xs-338000;
r=roots (p);

x=r(1);
y=40000*round (x) /24;
steam_capacity=max_1-y;

printf ("x=%d \n”, x);

printf ("y=%d kW \n”, y);
printf (” Capacity of steam plant = %d kW \n”,
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steam_capacity);

Scilab code Exa 3.22 generated units

//Chapter 3
//Example 3_22
//Page 65

clear;clc;

ratio = [7, 4, 1];
1f=1;

//Referring to the graph in page 66

ugpa=1000%(1/2%(320+160) *8760) ;
steam=ugpa*ratio (1) /sum(ratio);
ror=ugpa*ratio (2)/sum(ratio);
reservoir=ugpax*ratio(3)/sum(ratio);

md_ror=ror/8760;
y=sqrt(reservoir*32/876000) ;
md_res=y;
md_steam=320-y-md_ror/1000;

1f _res=reservoir/md_res/1000/8760;
1f _steam=steam/md_steam/1000/8760;

printf (" Units generated per annum = %.2f%10°6 kW \n\

n”, ugpa/107°6);

printf (" Units generated by steam plant = %.2{x1076

kWh \n”, steam/1076);

printf (" Units generated by run of river

x10°6 kWh \n”, ror/1076) ;
printf (" Units generated by reservoir
x10°6 kWh \n\n”, reservoir/1076) ;
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printf (” (i) Maximum demand of run of river plant =
%d kW \n”, md_ror);

printf (7 Maximum demand of reservoir plant = %d
MW \n”, md_res);

printf (7 Maximum demand of steam plant = %d MW \n
\n”, md_steam);

printf (" (ii) Load factor of run of river plant = %d
%% \n”, 1£*100) ;

printf (" Load factor of reservoir plant = %d %%
\n”, 1f_resx*100);
printf (7 Load factor of steam plant = %.2f %% \n

7, 1f_steam*x100) ;
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Chapter 4

Economics of Power (Generation

Scilab code Exa 4.1 annual depreciation charge

//Chapter 4
//Example 4_1
//Page 74

clear;clc;

p=90000;
n=20;
s=10000;

adc=(p-s)/n;
printf (" Annual depreciation charge = Rs. %.0f \n\n ”
, adc);

Scilab code Exa 4.2 payment for sinking fund
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//Chapter 4
//Example 4_2
//Page 74

clear;clc;

p=200000;
s=10000;
n=20;
r=0.08;

q=(p-s)*r/((1+r) "n-1);
printf (” Annual payment for sinking fund = Rs. %.0f \
n\n”, q);

Scilab code Exa 4.3 value after 20years

//Chapter 4
//Example 4 _3
//Page 75

clear;clc;

p=1560000;
s=60000;
n=25;
y=20;
r=0.05;

printf (” (i) Straight line method\n”);

ad=(p-s)/n;

vall=p-adx*y;

printf ("\t Value of equipment after %.0f years = Rs.
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%.0f \n\n”, y, vall);

printf (” (ii)Diminishing value method\n”);

x=1-(s/p) "~ (1/n);

val2=p*(1-x) y;

printf ("\t Value of equipment after %.0f years = Rs.
%.0f \n\n”, y, val2);

printf (7 (iii)Sinking fund method\n”) ;

q=(p-s)*r/((1+r) "n-1);

sf=qx((1+r) y-1)/r;

val3=p-sf;

printf ("\t Value of equipment after %.0f years = Rs.
%.0f \n\n”, y, val3d);

Scilab code Exa 4.4 fixed and running charges

//Chapter 4
//Example 4 _4
//Page 76

clear;clc;

md=50000;
p=95%*1e6;
1£f=0.4,
fuel_o0il=9%*1e6;
tax=7.5*%1e6;
rate=0.12;

ugpa=md*x1f*x8760;

printf (” Units generated per annum = %.0f kWh \n\n”,
ugpa) ;
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afc=ratex*p;
printf (" Annual fixed charges = Rs. %.0f \n\n”, afc);

arc=fuel_oil+tax;

tac=afc+arc;

cpu=tac/ugpa;

printf (” Cost per unit= Rs. %.2f \n\n”, cpu);

Scilab code Exa 4.5 cost per unit

//Chapter 4
//Example 4 _5
//Page 76

clear;clc;

ic=50000;
units=220%*1e6;
afc_per_kW=160;
rc_per_kWh=0.04;

afc=afc_per_kWxic;
arc=rc_per_kWh*units;
tac=afc+arc;
cpu=tac/units;

printf (" Annual fixed charges = Rs. %.0f \n\n”, afc);
printf (” Annual running charges = Rs. %.0f \n\n”, arc

) ;

printf (" Total annual charges = Rs. %.0f \n\n”, tac);
printf (" Cost per unit = Rs. %.5f \n\n”, cpu);
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Scilab code Exa 4.6 load factor values

//Chapter4
//Example 4_6
//Page 76

clear;clc;

md=100;
cost=160000;
afc_rate=0.12;
interest=0.05;
dep=0.05;
tax=0.02;
1f1=1;
1£f2=0.5;

afc=afc_rate*cost;
printf (" Annual fixed charges = Rs. %.0f \n\n”, afc);

printf ("When laod factor is 100%% \n”);

ugpal=md*1f1*8760;

fcl=afc/ugpal;

printf (" Units generated per annum = %.0f kWh \n”,
ugpal);

printf (”Fixed charges per kWh = Rs. %.5f \n\n”, fcl)

I

printf ("When laod factor is 50%% \n”);
ugpa2=md*1£f2*8760;

fc2=afc/ugpa?2;

printf (” Units generated per annum = %.0f kWh \n”,
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ugpa?2) ;

printf (" Fixed charges per kWh = Rs. %.5f \n\n”, fc2)

I

Scilab code Exa 4.7 cost per kWh

//Chapter 4
//Example 4_7
//Page 77

clear;clc;

pc=50;

1£f=0.4;
p=12x1e6;
tax=400000;
other_cost=0.01;
interest=0.05;
dep=0.06;

md=pc;

printf (" Annual fixed charges\n”);
i_and_d=p*(interest+dep);
afc=i_and_d+tax;

printf (" Interest and depreciation = Rs. %.0f \n”,

i_and_d);

printf ("”Wages and taxation = Rs. %.0f \n”, tax);

printf (" Total annual fixed charges
afc);

printf (" Annual running charges\n”);

ugpa=md*1f*8760*x1000;
cost=other_cost*ugpa;
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tac=cost+afc;

cpkWh=tac/ugpa;

printf (" Units generated per annum = %.0f kWh \n”,
ugpa) ;

printf (" Cost of fuel and lubrication = Rs. %.0f \n”,

cost) ;
printf (" Total annual charges = Rs. %.0f \n”, tac);
printf (" Cost per kWh = Rs. %.4f \n\n”, cpkWh);

Scilab code Exa 4.8 reserve capacity and kWh

//Chapter 4
//Example 4 _8
//PAge 77,

clear;clc;

ic=300;
cf=0.5;
1£f=0.6;
cost=9%1e7;
p=1e9;
i_d=0.1,;

md=ic*xcf/1f;
rc=ic-md;
printf (" Reserve capacity = %.0f MW \n\n”, rc);

ugpa=md*1f*8760*x1000;
afc=1i_dx*p;

arc=cost;
tac=afc+arc;
cost=tac/ugpa;

66



23

24
25
26
27

© 00 J O O i W N+~

NN RN NN = = = = s e
= W NN = O © 00 O U ix W = O

printf (" Units generated per annum = %.0f kWh \n”,
ugpa) ;

printf (" Annaul fixed charges = Rs. %.0f \n”, afc);

printf (” Annual running charges = Rs. %.0f \n”, arc);

printf (" Total annual charges = Rs. %.0f \n”, tac);

printf (" Cost per kWh = Rs. %.3f \n”, cost);

Scilab code Exa 4.9 two part form

//Chapter 4
//Example 4 _9
//Page 78

clear;clc;

md=40;

1f=0.6;
cost=7*x1eb;
fc_rate = 0.2;

ic=50;

p=1000;
dep=0.1;
r_per_kW=1;
r_per_kWh=0.1;

ugpa=md*1f*1000*8760;
cc=ic*leb;

printf (" Annual fixed charges\n”);
d=dep*cc;

sm=fc_rate*cost;

afc=d+snm,;
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c_per_kW=afc/md/1000+r_per_kW;

printf ("\t Depreciation = Rs. %.0f \n”, 4d);

printf ("\t Sales, maintainence = Rs. %.0f \n”, sm);

printf ("\t Total annual fixed charges = Rs. %.0f \n”
, afc);

printf ("\t Cost per kW = Rs. %.2f \n\n”, c_per_kW);

printf (" Annual running charges\n”);

s_m=(1-fc_rate)*cost;

c_per_kWh=s_m/ugpa+r_per_kWh;

printf ("\t Salaries , maintainence = Rs. %.0f \n”,
s_m) ;

printf ("\t Cost per kWh = Rs. %.4f \n\n”, c_per_kWh)

I

printf (" Total generation cost in two part form is
given by: \n \t\t\t\t\t\t\t Rs. (%.2f «kW 4+ %.4f
«kWh) \n\n”, c_per_kW, c_per_kWh);

Scilab code Exa 4.10 a b ¢ form

//Chapter 4
//Example 4_10
//Page 78

clear;clc;

md=60;

1£f=0.5;
b_and_e=5%1e6;
fotw=900000;
int_dep=0.1;
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org=500000;

ugpa=md*x1f*8760*x1000;

a=org;

asfc=int_dep*b_and_e;
b=asfc/md/1000;
c=fotw/ugpa;

printf (" Units generated per annum = %.0f kWh \n\n”,

ugpa) ;

printf (" Annual fixed cost

printf (" Annual semi

printf (" Annual running cost

Scilab code Exa 4.11 overall generation cost

//Chapter
//Example
//Page 79

clear;clc;

cost=3000;
i=0.05;
dep=0.02;
om=0.02;
i_r=0.015;
1=0.125;
d=1.25;
m_d=0.8

4
411
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1£=0.4;

//assume ic=100kW
ic=100;

md=m_d*ic;
ad=md*1f;
cc=cost*x100;

fc=cc*(i+dep) ;
agg_md=md*d;
afc=fc/agg_md;

rc=cc*(om+i_r) ;
ugpa=ad*8760;
u=ugpax*x(1-1);
arc=rc/u;

printf (" Annual fixed charges\n”);
printf(” Annual fixed charges = Rs. %.0f \n”, fc);
printf (” Aggregate of maximum demamd = %.0f kW \n”,

agg_md) ;
printf (” Annual fixed charges = Rs. %.0f per kW of
max demand\n\n”, afc);

printf (" Annual running charges\n”);
printf (" Annual running charges = Rs. %.0f \n”, rc)

printf (” Units generated per annum = %.0f kWh \n”,
ugpa) ;

printf (” Units reaching customer = %.0f kWh \n”, u
)

printf (” Annual running charges = Rs. %.5f \n\n”,
arc) ;

printf (” Generation cost in two part form is: \n \t\t
\t\t\t Rs(%.0f = kW + %.5f % kWh)\n\n", afc, arc)

I
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t=fc+rc;

printf (" Total annual charges = Rs. %.0f \n\n”, t);
printf (" Cost per kWh = Rs. %.4f \n\n”, t/u);

Scilab code Exa 4.12 private and public supply

//Chapter 4
//Example 4 _12
//Page 80

clear;clc;

md=1;
1£f=0.5;
cc=12%x1eb5;
rm=0.005;
fc=1600;
id=0.1;
fcon=0.3;
w=50000;
c=150;
rc=0.15;

ugpa=md*1000*x1f*8760;

printf (7 (i) Private oil
afc=fconx*ugpa;
a_f_c=afcxfc/1000;
arm=rm*ugpa;

aw=w;

aid=id*cc;

engine generating plant\n”);
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printf (" Annual fuel consumption = %.0f kg \n”, afc)

printf (7 Annual cost of fuel = Rs. %.0f \n”, a_f_c);

printf (" Annual cost of maintainence and repair = Rs
. %.0f \n”, arm);

printf (” Annual wages = Rs. %.0f \n”, aw);

printf (" Annual interest and depreciation = Rs. %.0f
\n\n”, aid);

printf (” Total annual charges = Rs. %.0f \n\n”,
a_f_c+arm+aw+aid) ;

afc2=c*x1000;
arc=rc*ugpa;
t=afc2+arc;
printf (7 (ii) Public supply\n”);
printf (" Annual fixed charges = Rs. %.0f \n”, afc2);
printf (" Annual running charges = Rs. %.0f \n”, arc);
printf (" Total annual charges = Rs. %.0f \n\n”,t);

Scilab code Exa 4.13 steam and hydro

//Chapter 4
//Example 4_13
//Page 80

clear;clc;
md=100;
1£f=0.3;

hp=1e8;
max0 (2) =40;
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cc=[1250 2500];
id=[0.12 .1];
oc=[0.05 0.015];
tc=[0 0.002];

ugpa=md*1f*8760*x1000;
printf (" Units generated per annum = %.0f kWh \n\n”,
ugpa);

printf ("STEAM IN CONJUNCTION WITH HYDRO STATION\n”) ;

u(2)=hp;

u(1l)=ugpa-u(2);

printf (" Units supplied by hydro station = %.0f kWh \
n\n”, u(2));

printf (" Units supplied by steam station = %.0f kWh \
n\n”, u(1));

max0 (1) =md-max0 (2) ;
printf ("Maximum output of steam station = %.0f MW \n
\n”, max0(2));

for i=1:2
if i==
printf ("\n(a) Steam station\n”);
end ;

if i==
printf ("\n(b) Hydro station\n”);
end ;

capc (i)=max0 (i) *1000*cc (i) ;
aid(i)=id (i) *capc (i) ;
opc(i)=oc(i)*u(i);
trc(i)=tc(i)*u(i);
tac(i)=opc(i)+trc(i)+aid(i);

printf (" Capital cost = Rs. %.0f \n”, capc(i));
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printf (" Annual interest and depreciation = Rs. %.0
f \n”, aid(i));

printf (" Operating cost = Rs. %.0f \n”, opc(i));

printf (" Transmission cost = Rs. %.0f \n”, trc(i));

printf (" Total annual cost = Rs. %.0f \n\n”, tac(i)
)

end ;

t=sum(tac);

printf (" Total annual charges for both steam and
hydro stations = Rs. %.0f \n”, t);

o_c=t/ugpa;

printf (” Overall cost per kWh = Rs. %.5f \n\n”, o_c);

for j=1:2

if j==
printf (" \nSTEAM STATION\n") ;

end ;

if j==
printf (7 \nHYDRO STATION\n") ;

end ;

cct(j)=cc(j)*md*1000;
a_id(j)=1id (j)*cct(j);
fc(j)=a_id (j) /ugpa;

opct (j)=oc(j);

trct (j)=tc(j);

ovet (j)=fc(j)+opct(j)+trct(j);

printf (" Capital cost = Rs. %.0f \n”, cct(j));

printf (" Annual interest and depreciation = Rs. %.0
f \n”, a_id(j));

printf (" Fixed charges/kWh = Rs. %.5f \n”, fc(j));

printf (" Operating cost /kWh = Rs. %.4f \n”, opct(j)
)
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79 printf (" Transmission cost/kWh = Rs. %.4f \n”, trct
(i)

80 printf (" Overall /kWh cost = Rs. %.5f \n\n”, ovct(j)
)

81 end;

Scilab code Exa 4.14 unit cost

//Chapter 4
//Example 4 _14
//Page 81

clear;clc;

mw=150;

cc_steam=1600;
cc_hydro=3000;
oc_steam=0.06;
oc_hydro=0.03;
interest=0.07;

© 00 J O Ut i W N
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md=mw*x10"3;

printf ("MAximum demand = %d MW \n”, mw) ;
printf ("STEAM PLANT: \n”);
cc_s=cc_steam*md;

ai_s=interest*cc_s;

fc_s=ai_s;

rc_s=oc_steam;

[ R R e e i
NN = O © 00 O Ot

printf (” Capital cost = Rs. %dx10°6 \n”, cc_s/1076) ;

printf (" Annual interest = Rs. %.2f%10°6 \n”, ai_s
/10°6) ;

printf (" Fixed cost/unit = Rs. %.2f%x10°6/x \n”, fc_s

[\
w

)
=~
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/10°6) ;
printf (" Running cost/unit
printf (" Total cost/unit =
, ai_s/10°6, rc_s);

= Rs. %.2f \n”, rc_s);
Rs. %.2f%10°6/x+%.2f \n\n”

printf ("HYDRO PLANT: \n”);
cc_h=cc_hydrox*md;
ai_h=interest*cc_h;
fc_h=ai_h;

rc_h=oc_hydro;

printf (” Capital cost = Rs. %dx10°6 \n”, cc_h/1076) ;

printf (" Annual interest = Rs. %.2f%10°6 \n”, ai_h
/10°6) ;

printf (" Fixed cost/unit = Rs. %.2f%x10°6/x \n”, fc_h
/10°6) ;

printf (" Running cost/unit = Rs. %.2f \n”, rc_h);

printf (" Total cost/unit = Rs. %.2f%10°6/x+%.2f \n\n”
, ai_h/10°6, rc_h);

x=490%1076;
printf ("By equating the overall cost, we get x = %.2
f kWh \n”, x);

1f=x/md/8760;
printf ("Load factor = %.2f %%, 1£%100);

Scilab code Exa 4.15 generation cost

//Chapter 4
//Example 4_15
//Page 82
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clear;clc;

cc_h=2100;
cc_s=1200;
rc_h=0.032;
rc_s=0.05;
id_s=0.09;
id_h=0.075;
resc_h=0.33;
resc_s=0.25;
units=40%x10"6;

u=8760;

printf (7 x kW — maximum demand \ny —annual load
factor at which cost for both stations are same \
nUnits generated per annum = %dxy kWh \n\n”, u);

ic_s=1+resc_s;

ic_h=1+resc_h;

printf (" Installed capacity of steam plant = %.2fx kW
\n”, ic_s);

printf ("Installed capacity of hydro plant = %.2fx kW
\n\n”, ic_h);

printf ("STEAM STATION: \n”);

ccs=cc_s*xic_s;

ids=id_s*ccs;

rcs=rc_s*8760;

printf (” Capital cost = Rs. %dx \n”, ccs);

printf ("Interest and depreciation = Rs. %dx \n”, ids
)

printf (” Running cost/annum = Rs %dxy \n”, rcs);

printf (" Overall cost/kWh = Rs (%dx+%dxy) /(%dxy) \n\n

? ids, rcs, u);

printf ("HYDRO STATION: \n”);
cch=cc_h*ic_h;
idh=id_hx*cch;
rch=rc_hx*8760;
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printf (" Capital cost = Rs. %dx \n”, cch);

printf (" Interest and depreciation = Rs. %dx \n”, idh
) ;

printf (" Running cost/annum = Rs %dxy \n”, rch);

printf (” Overall cost/kWh = Rs (%dx+%dxy) /(%dxy) \n\n
?  idh, rch, u);

y=47.46;
printf (" Equating operating cost, Load factor y = %.2
f %% \n”, y);

md=units/8760/y*100;

printf ("Max demand = x = %.2f%x10"3 kW \n”, md/1000) ;

cost=(ids*md+rcs*md*y/100) ;

printf (" Cost of generation = Rs. %.2f%10"°3 \n\n”,
cost/1000) ;

Scilab code Exa 4.16 hours of operation

//Chapter 4
//Example 4_16
//Page 83

clear;clc;

cap_b=17241;
cap_a=50000-cap_b;
y=8760*cap_b/50000;

printf (” Capacity of station B = %d kW \n”, cap_b);

printf (” Capacity of station A = %d kW \n”, cap_a);

printf (" Number of hours if station B operation = %d
hours \n\n”, y);
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Chapter 5

Tariff

Scilab code Exa 5.1 simple tariff 1

//Chapter 5
//Exxample 5_1
//PAge 91

clear;clc;

md=200;
1£f=0.4,
mdc=100;
ec=0.1,;

ugpa=md*1f*8760;
ac=mdc*md+ecx*ugpa;
oc=ac/ugpa;

printf (” Units generated per annum = %.0f kWh \n\n”,
ugpa) ;

printf (" Annual charges = %.0f kWh \n\n”, ac);

printf (" Overall cost per kWh = Rs. %.5f \n\n”, oc);
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Scilab code Exa 5.2 flat rate 1

//Chapter 5
//Example 5_2
//Page 91

clear;clc;

i=20;

v=220;
e=8760;
t=500;
et=0.2;
et_plus=0.1;

1f=1;

md=i*xv*1f/1000;

printf (" Assuming load factor to be unity\n”);
printf ("Maximum demand = %.1f kW \n\n”, md);

u=mdx*t;

c=etx*xu;

ru=e-u,;
c_extra=et_plus*ru;
total=c+c_extra;
eqfr=total/e;

printf (” (i) Units consumed = %.0f kWh \n\n”, u);

printf (7 Charges = Rs. %.0f \n\n”, c);
printf (7 Remaining units = %.0f kWh \n\n”, ru);
printf (7 Extra charges = Rs. %.0f \n\n”, c_extra)

I
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printf (”
total) ;

Total

annual

bill =

printf (" (ii)Equivalent flat

eqfr);

rate

Rs. %.0f \n\n\n”,

= Rs.

%.5f \n\n”,

Scilab code Exa 5.3 economical tariff

//Chapter
//Example
//Page 92

clear;clc;

rs=100;

)
2.3

exceed=0.15;

fr=0.3;

x=rs/(fr-exceed) ;

printf (" Number of units
tariffs become equal = %.2f units \n\n”, x);
if consumption is

printf (" Tariff (a)

is economical
more than %.2f units \n\n”, x);

at which charges due to both

Scilab code Exa 5.4 number of units

//Chapter
//Example
//Page 92
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clear;clc;

fc=30;
rc=0.03;
fu=400;
rfu=0.06;
add_u=0.05;

rate=fuxrfu-fuxadd_u;
x=(fc-rate)/(add_u-rc);

printf ("x is the number of units taken per annum for
which the annual charges due to both tariffs

become equal. \n\n”);

printf (” Annual charges due to first tariff = Rs. (%d
+%.2 fxx) \n\n”, fc, rc);

printf (" Annual charges due to second tariff = Rs. (
%d+%.2 fxx) \n\n”, rate, add_u);

printf (” Equating the two equations, x = %.2f kWh \n)\

b

n’, x);

Scilab code Exa 5.5 two part 1

//Chapter 5
//Example 5_5
//PAge 92

clear;clc;
md=50;

u=18%*1e7,;
ad=75;
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£c=9000000;
fcg=2800000;
fctnd=3200000;
1=0.15;
rc=0.9;

printf (” Annual fixed charges\n”);

fuel=(1-rc)*fc;

tac=fcg+fctnd+fuel;

printf (” Total annual charges = Rs. %.0f \n”, tac);
cmd=tac/ad/1000;

printf (" Cost per kW of maximum demand = Rs. %.0f \n\

2

n”, cmd);

printf (" Annual running charges\n”);
cf=rcxfc;

udc=(1-1) *u;

c=cf/udc;

printf (" Cost of fuel = Rs. %.0f \n”, cf);

printf (" Units deliivered to consumers = %.0f kWh \n”
, udc);

printf (" Cost per kWh = Rs. %.3f \n\n”, c);

printf (" Tariff is Rs. %.0f of maximum demand plus %
.3f rupess per kWh \n\n”, cmd, c);

Scilab code Exa 5.6 substation and consumer

//Chapter 5
//Exampl 5_6
//PAge 93
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clear;clc;

md=75;
1£f=0.4;
gcc=60;
goc=0.04;
tcc=2000000;
dcc=1500000;
tdf=1.2;
ddf=1.25;
n_tr=0.9;
n_dr=0.85;

printf (" Cost at Substation\n\n”);

printf ("\t (i) Annual fixed charges\n”);
gc=gccxmd*1000;

tafc=gc+tcc;

agg=md*x1000*tdf;

ac=tafc/agg;

printf ("\t\t Generation cost = Rs. %.0f \n”, gc);
printf ("\t\t Transmission cost = Rs. %.0f \n”,tcc);
printf ("\t\t Total annual fixed charges at the
substation=Rs. %.0f \n”, tafc);
printf ("\t\t Aggregate of all max demands by various
substations = %.0f kW \n”, agg);
printf ("\t\t Annual cost per kW of maximum demand =

Rs. %.2f \n\n”, ac);

printf ("\t (ii) Running charges\n”);

c=goc/n_tr;

printf ("\t\t Cost per kWh at substation = Rs. %.4f \
n\n”, c);

printf (" Cost at Consumers premises\n”);
cp=tafc+dcc;
aggm=aggx*xddf ;
ckW=cp/aggm;
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ckWh=c/n_dr;

printf ("\t\t Total annual fixed charges at consumers

premises = Rs. %.0f \n\n”, cp);
printf ("\t\t Aggregate of max demands of all
consumers = %.0f kW \n\n”, aggm);

printf ("\t\t Annual cost per kW of max demand =

%.0f \n\n”, ckW);
printf ("\t\t Cost per kWh at consumers premises
. %.41f \n\n”, ckWh);

Rs.

= Rs

Scilab code Exa 5.7 solving for L

//Chapter 5
//Example 5_7
//Page 94

clear;clc;

fcd=300;
fcs=1200;
rcd=0.25;
rcs=0.0625;

printf ("Let L be the load factor\n”);

printf ("DIESEL STATION: \n”);

apd=100/8760;

fc_d=fcd*apd;

rc_d=100*rcd;

printf (" Average power = %.4f kW \n”, apd);
printf (”Maximum demand = %.4f/L kW \n”, apd);
printf (" Fixed charges = Rs. %.2f/L \n”, fc_d);
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printf (" Running charges = Rs. %.2f \n”, rc_d);
printf (" Fixed and running charges = Rs. (%.2f/L + %
2f) \n\n”, fc_d, rc_d);

printf ("STEAM STATION: \n”);

aps=100/8760;

fc_s=fcs*aps;

rc_s=100%xrcs;

printf (" Fixed charges = Rs. %.2f/L \n”, fc_s);

printf (" Running charges = Rs. %.2f \n”, rc_s);

printf (" Fixed and running charges = Rs. (%.2f/L + %
.2f) \n\n”, fc_s, rc_s);

1=54.72;
printf (" Equating the two charges and solving , we get

L =%.2f %% \n\n", 1);

Scilab code Exa 5.8 annual bill 1

//Chapter 5
//Example 5_8
//PAge 95

clear;clc;

md=100;
pf=0.8;
1f=0.6;
fc=75;
rc=0.15;

ucpy=md*1f*8760;
mdkva=md/pf;

87



15
16
17

18
19

© 00 J O O i W N+~

NN RN NN = = = = s
= WO N = O © 00 O Ui W = O

bill=fcx*mdkva+rc*ucpy;

printf (" Units consumed per year = %.0f kWh \n\n”,
ucpy) ;

printf ("Max demand in kVA = %.0f kWh \n\n”, mdkva);

printf (" Annual bill = %.0f kWh \n\n”, bill);

Scilab code Exa 5.9 annual saving 1

//Chapter 5
//Example 5_9
//PAge 95

clear;clc;

ml=240,
pf=0.8;
ac=50000;
fc=50;
rc=0.1;

md1l=ml/pf;
abl=fc*mdl+rc*ac;
flatl=abl/ac;

md2=ml/1;
ab2=fc*md2+rc*ac;
as=abl-ab2;

printf (?With power factor = %.1f \n”, pf);

printf ("Maximum demand = %.0f kVA \n”, md1);
printf (" Annual bill = Rs. %.0f \n”, abl);
printf (" Flat rate per unit = Rs. %.3f \n\n”, flatl);
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printf (”With power factor unity \n”);
printf ("Maximum demand = %.0f kVA \n”, md2);
printf (”Annual bill = Rs. %.0f \n”, ab2);

printf (" Annual saving = Rs. %.0f\n”, as);

Scilab code Exa 5.10 monthly bill 1

//Chapter 5
//Example 5_10
//Page 96

clear;clc;

md=50;
ec=36000;
re=23400;
fc=80;
rc=0.08;
plus=0.5;
pfl=86;

al=ec/24/30;

arp=re/24/30;
phi=atan(arp/al);

pf=cos (phi);
pfsc=ecxplus*(pfl-pf=*100)/100;
mb=fc*md+rcxec+pfsc;

printf (" Average laod = %.0f kW \n\n”, al);
printf (" Average reactive power = %.1f kVAR \n\n”,
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arp) ;

printf ("Power factor angle = %.2f radians \n\n”, phi
);

printf ("Power factor = %.4f \n\n”, pf);

printf ("Power factor surcharge = Rs. %.1f \n\n”,
pfsc);

printf (" Monthly bill = Rs. %.2f \n\n”, mb);

Scilab code Exa 5.11 cost at varying pf

//Chapter 5
//Example 5_11
//Page 96

clear;clc;

fc=150;
rc=0.08;
1£f=0.3;
pfl=1;
pf2=0.7;

md1=fc*100/8760/1f/pf1;
ocl=md1l+rc*x100;
printf (" (i) When power factor is unity\n ”);

printf (” MAx demand charge per unit = %.2f paise
\n”, mdil);

printf (7 Energy charge per unit = %.0f paise \n”,
rc*x100) ;

printf (7 Overall cost per unit = %.2f paise \n\n”
, ocl);

md2=fc*100/8760/1f/pf2;
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oc2=md2+rc*x100;
printf (7 (i) When power factor is unity\n 7);

printf (7 MAx demand charge per unit = %.2f paise
\n”, md2);

printf (” Energy charge per unit = %.0f paise \n”,
rc*100) ;

printf (7 Overall cost per unit = %.2f paise \n\n”
, 0C2);

Scilab code Exa 5.12 difference in cost annually

//Chapter 5
//Example 5_12
//Page 97

clear;clc;

h=8;
d=300;
kwh1=0.05;
kval=4.5;
kwh2=5.5;
kva2=5;
al=200;
pf1=0.8;
md=250;
hvc=50;
1lhv=0.04;
id=0.12;

mdl=md/pf1l;

cap=md1/(1-1hv) ;
ci=hvc*cap;
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aid=ci*id;
acl=cap*kvalx*x12;
ucl=alxh*xd/(1-1hv) ;
ackwhl=kwh1l*ucl;
tacl=aid+acl+ackwhil;

printf (7 (i) High voltage supply\n”);

printf (7 Max demand in kVA = %.2f \n”, md1);

printf (7 Considering losses in hv equipment, the
capacity is = %.2f kVA \n”, cap);

printf (” Annual interest and depreciation = Rs. %
0f \n”, aid);

printf (7 Annual charge due to max kVA demand = Rs

%.0f \n”, acl);

printf (7 Units consumed/year = %.0f kWh \n”, ucl)

printf (7 Annual charge due to kWh consumption =
Rs. %.0f \n”, ackwhl);

printf (7 Total annual cost = Rs. %.0f \n\n”, tacl
)

md2=md/pf1l;

ac2=md2*xkva2x*12;

uc2=alxhxd;
ackwh2=kwh2*uc2/100;
tac2=ac2+ackwh?2;

printf (7 (ii)Low voltage supply\n”);

printf (7 Max demand in kVA = %.2f \n”, md2);
printf (7 Annual charge due to max kVA demand = Rs
%.0f \n”, ac2);

printf (7 Units consumed/year = %.0f kWh \n”, uc2)

printf (” Annual charge due to kWh consumption =
Rs. %.0f \n”, ackwh2);

printf (7 Total annual cost = Rs. %.0f \n\n”, tac2
)
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printf (" Difference in annual costs of two systems =
Rs. %.0f \n”, tac2-tacl);

Scilab code Exa 5.13 cheaper alternative

//Chapter 5
//Example 5_13
//Page 97

clear;clc;

p=1000;
md=2500;
inc=5.5%1e6;

ds=1000;
rs=400;
id=0.1;
fc=75;
rc=0.05;

gcc=120;
grc=0.03;

cc=rs*ds;
aid=id*cc;
ep=md-2%*ds;
kwl=fcx*xep;
kwhl=rc*inc;
tacl=aid+kwl+kwhil;

printf (7 (i) Purchasing diesel set: \n”);
printf (" Capital cost = Rs. %.0f \n”, cc);
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printf (" Annual interest and depreciation = Rs. %.0f

\n”, aid);

printf (" Extra power to be generated = %.0f kW \n”,

ep);

printf (" Annual charge due to extra kW max demand =

Rs. %.0f \n”, kwil);

printf (" Annual charge due to extra kWh consumption =
Rs. %.0f \n”, kwhl);
printf (" Total Annual cost = Rs. %.0f \n\n”, tacl);

kw2=epx*xgcc;
kwh2=grc*inc;
tac2=kw2+kwh2;

printf (" (ii) Purchasing from grid supply: \n”);
printf (" Annual charge due to extra kW max demand =

Rs. %.0f \n”, kw2);

printf (" Annual charge due to extra kWh consumption =
Rs. %.0f \n”, kwh2);
printf (" Total Annual cost = Rs. %.0f \n\n”, tac2);

cheap=abs(tacl-tac2);
if tacl<tac2

printf (" Alternative
cheap) ;
else
printf (" Alternative
cheap) ;

(1)

(ii)

is cheaper by Rs. %.0f\n”,

is cheaper by Rs. %.0f\n”,
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Chapter 6

Power factor improvement

Scilab code Exa 6.1 extra power supplied

//Chapter 6
//Example 6 _1
//Page 109

clear;clc;

kw=300;
pf=0.6;

kva=kw/pf;
p=kva-kw;

printf ("kVA = %0.f kW \n\n”, kva);
printf ("Increased power supplied by the alternator

%0.f kW \n\n”, p);

Scilab code Exa 6.2 capacitance in parallel
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//Chapter 6
//Example 6_2
//Page 109

clear;clc;

v=400;
£f=50;
im=31.7;
pfl1=0.7;
pf2=0.9;

acim=imx*pfl;
i=acim/pf2;
rcim=im*sin(acos (pfl));
rci=i*sin(acos(pf2));
ic=rcim-rci;
c=ic/v/(2x%pix*xf);

printf (" Active component of Im = %.2f A \n\n”, acim)
printf (" Active component of I = %.1f«xI A \n\n”, pf2)

printf (" Reactive component of Im = %.2f A \n\n”,
rcim) ;

printf (" Reactive component of I = %.2f A \n\n”, rci)

printf (" Current through capacitor = %.2f A \n\n”, ic
);

printf ("C = %.2f uF \n\n”, c*1le6);

Scilab code Exa 6.3 kw kva and pf
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//Chapter 6
//Example 6_3
//Page 110

clear;clc;

kw=[20 100 50];
pf=[1 -0.707 0.9];

tkvar=0;
for i=1:3
kva(i)=abs (kw(i)/pf(i));
printf ("kVA %i = %.2f kVA \n”, i,kva(i));
kvar (i)=kva(i)*sin(acos (pf(i)));
printf ("kVAR %i = %.2f kVAR \n”, i,kvar(i));
end ;
tkvar=kvar (1) +kvar (2) +kvar (3) ;
tkva=sqrt (sum(kw) "2+ (tkvar) "2) ;
printf (" Total kW = %.2f kW \n”, sum(kw));
printf (" Total kVAR = %.2f kVAR \n”, tkvar);
printf (" Total kVA = %.2f kVA \n”, tkva);
printf ("Power factor = %.2f lagging\n”, sum(kw)/tkva
) ;

Scilab code Exa 6.4 rating of capacitors

//Chapter 6
//Example 6_4
//Page 111
clear;clc;

p=5;
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pf1=0.75;
pf2=0.9;

phil=acos(pfl);
phi2=acos (pf2);

lead_kvar=p*(tan(phil)-tan(phi2));

c=lead_kvar/3;

printf (" Leading kVAR taken by condensor bank = %.2f

kVAR \n\n”, lead_kvar);

printf (" Rating of capacitors

.3f kVAR \n\n”,c);

connected in phase = %

Scilab code Exa 6.5 capacitance of each capacitor

//Chapter 6
//Example 6_5
//Page 111

clear;clc;

f=50;
v=400;
op=74.6;
pfl1=0.75;
n=0.93;
pf2=0.95;
nc=4;
vc=100;

p=op/n;
phil=acos(pfl);
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phi2=acos (pf2);

lead=p*(tan(phil)-tan(phi2));

lead_each=1lead/3;
icp=2*Ypixfx*v;
kvar=v*icp/1000;
c=lead_each/kvar;
c_each=c*nc;

printf (" Leading kVAR taken by the condensor bank = %

.2f kVAR \n\n”, lead);

printf (" Leading kVAR taken by the each of the three

sets = %.2f kVAR \n\n”, lead_each);

printf (" Phase current of each capacitor is = %.2{xC

A \n\n”, icp);

printf ("kVAR/phase = %.2{«C \n\n”, kvar);

printf ("C = %.2f uF \n\n”, cx*le6);
printf (" Capacitance of each capacitor

n\n”, c_each*1e6);

is = %.2f uF \

Scilab code Exa 6.6 annual saving 2

//Chapter 6
//Example 6_6
//Page 112

clear;clc;

p=800;
pf1=0.8;
pf2=0.9;
h=3000;
fc=100;
rc=0.2;
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cap=60;
id=0.1;

phil=acos(pfl);
phi2=acos (pf2);

lead=p*(tan(phil)-tan(phi2));

printf (" Leading kVAR taken by the capacitors = %.2f
\n\n”, lead);
printf (" Annual cost before pf correction\n”);

mdl=p/pfl;
kval=fc*xmd1l;
ucl=px*h;
ecl=rcx*xucl;
tacl=kval+ecl;

printf ("Max kVA demand = %.2f \n”, mdl);
printf ("kVA demand charges = Rs. %.0f \n”, kval);
printf (” Units consumed per year = %.0f kWh \n”, ucl)

I

printf (”Energy charges per year = Rs. %.0f \n”, ecl)
printf (" Total annual cost = Rs. %.0f \n\n”, tacl);
printf (" Annual cost after pf correction\n”);

md2=p/pf2;
kva2=fc*md2;
ec2=rc*xucl;
cc=cap*lead;
aid=id*cc;
tac2=kva2+ec2+aid;

printf ("Max kVA demand = %.2f \n”, md2);
printf ("kVA demand charges = Rs. %.0f \n”, kva2);
printf (”Energy charges per year = Rs. %.0f \n”, ec2)
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printf (" Capital cost of capacitors

cc);

printf (" Annual interest and depreciation = Rs. %.0f

\n”, aid);

printf (" Total annual cost = Rs. %.0f \n\n”, tac2);

as=tacl-tac?2;

printf (" Annual saving = Rs.

Scilab code Exa 6.7 annual saving 3

//Chapter 6
//Example 6_7
//PAge 112

clear;clc;

pl1=200;
pf1=0.85;
pf2=0.9;
h=2500;
fc=150;
rc=0.05;
cap=420;
loss=100;
id=0.1;

phil=acos(pfl);
phi2=acos (pf2);

ini=pl*tan(phil);

x=(ini-pl*xtan(phi2))/(1+0.1*tan(phi2));
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printf ("Lead kVAR taken by tha capacitor is = %.2f
kVAR \n\n”, x);

printf (" Annual cost before pf correction\n”);

mdl=pl/pfl;
kval=fc*xmd1l;
ucl=plx*h;
ecl=rc*ucl;
tacl=kval+ecl;

printf ("Max kVA demand = %.2f \n”, mdl);
printf ("kVA demand charges = Rs. %.0f \n”, kval);
printf (" Units consumed per year = %.0f kWh \n”, ucl)

I

printf (”Energy charges per year = Rs. %.0f \n”, ecl)
printf (" Total annual cost = Rs. %.0f \n\n”, tacl);
printf (" Annual cost after pf correction\n”);

md2=pl/pf2;
kva2=fc*md2;
ec2=rc*ucl;

aid=x*cap*id;
cap_loss=0.1%xxh;
al=cap_lossx*rc;
tac2=kva2+ec2+aid+al;

printf ("Max kVA demand = %.2f \n”, md2);

printf ("kVA demand charges = Rs. %.0f \n”, kva2);

printf (”Energy charges per year = Rs. %.0f \n”, ec2)

printf (" Annual interest and depreciation = Rs. %.0f
\n”, aid);

printf (" Annual energy loss in capacitors = %.0f kWh
\n”, cap_loss);
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printf (" Annual cost of losses
= Rs. %.0f \n”, al);

printf (" Total annual cost = Rs. %.0f \n\n”, tac2);

as=tacl-tac?2;

printf (" Annual saving = Rs. %.0f \n”, as);

Scilab code Exa 6.8 net annual saving

//Chapter 6
//Example 6_8
//PAge 113

clear;clc;

md=750;
pf=0.8;
nc=250;
pr=8.5;
ic=20000;
fc=0.1;

phi=acos (pf);
ac=md*pf;

rc=md*sin (phi);
lead=rc-nc;
kva=sqrt(ac”2+lead"2);
red=md-kva;
m_saving=pr*red,;
y_saving=m_saving*12;
fc_year=fcx*xic;
net=y_saving-fc_year;
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printf (" Monthly demand = %.0f kVA \n”, md);

printf ("kW component of demand = %.0f \n”, ac);

printf ("kVA component of demand = %.0f \n”, rc);

printf (”Lead kVA = %.0f kVA \n”, lead);

printf ("kVA after improvement = %.2f kVA \n”, kva);

printf (" Reduction in kVA = %.2f kVA \n”, red);

printf (" Monthly saving on kVA charges = Rs. %.2f \n”
, m_saving);

printf (" Yearly saving on kVA charges = Rs. %.2f \n”,
y_saving);

printf (" Fixed charges per year = Rs. %.0f \n”,
fc_year);

printf (”Net annual saving = Rs. %.0f \n\n”, net);

Scilab code Exa 6.9 motor power factor

//Chapter 6
//Example 6_9
//Page 113

clear;clc;
p1=200;
p2=80;

pf1=0.8;
pf2=0.9;

p=pl+p2;
phil=acos(pfl);
phi2=acos (pf2);

//From the figure given,
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lead=pl*tan(phil)-p*tan(phi2);
kva_rating=sqrt (p2~2+lead”~2);
pf=p2/kva_rating;

printf (” Combined load = %.0f kW \n\n", p);

printf (7 (i) Leading kVAR taken by the motor = %.2f
kVAR \n\n”, lead);

printf (" (ii) kVA rating of the motor = %.2f kVA \n\n
7, kva_rating);

printf (7 (iii) pf of the motor = %.2f \n\n”, pf);

Scilab code Exa 6.10 total annual bill

//Chapter 6
//Example 6_10
//Page 114

clear;clc;

im=37.3;
pf1=0.8;
n_im=0.85;
sm=18.65;
pf2=0.9;
n_sm=0.9;
11=10;
pf3=1;
fc=60;
rc=0.05;
h=2000;

ip_im=im/n_im;
lag_im=ip_imx*tan(acos (pfl));
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printf ("Input power to induction motor = %.2f kW \n”
, ip_im);

printf (" Lagging kVAR taken by induction motor = %.2f
kW \n\n”, lag_im);

ip_sm=sm/n_sm;

lead_sm=ip_sm*tan(acos(pf2));

printf (" Input power to synchronous motor = %.2f{ kW \
n”, ip_sm);

printf (" Leading kVAR taken by synchronous motor = %
.2f kW \n\n”, lead_sm);

net=lag_im-abs(lead_sm);

tap=ip_im+ip_sm+11;

tkva=abs (sqrt(net"2+tap~2));

dc=fcx*xtkva;

ec=tap*h;

aec=abs (rcxec) ;

t=dc+aec;

printf ("Net lagging kVAR = %.2f \n”, net);
printf (" Total active power = %.2f \n”, tap);
printf (" Total kVA = %.2f \n”, tkva);

printf (” Annual demand charges = Rs. %.2f \n”, dc);
printf (" Energy consumed per year = %.2f kWh \n”, ec)

printf (” Annual energy charges = Rs. %.2f \n”, aec);
printf (" Total annual bill = Rs. %.2f \n”, t);

Scilab code Exa 6.11 synchronous motor power factor

//Chapter 6
//Example 6_11
//Page 114
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clear;clc;

11=500;
11=400;
pf1=0.707;
12=800;
pf2=0.8;
13=500;
pf3=0.6;
dcg=540;
n=0.9;

tlag=1l1l*tan(acos(pfl))+13*xtan(acos(pf3));
lead=12*tan(acos (pf2));

tlead=tlag-lead;

ip=dcg/n;

tan_phi=tlead/lead;

phi=atan(tan_phi);

pf=cos (phi);

printf (" Total lagging kVAR taken = %.2f \n”, tlag);

printf (" Leading kVAR taken = %.2f \n”, lead);

printf (" Total leading kVAR taken = %.2f \n”, tlead);

printf (”Motor input = %.2f kW \n”, ip);

printf ("phi = %.2f radians\n”, phi);

printf ("Power factor of synchronous motor = %.2f
lead\n”, pf);

Scilab code Exa 6.12 annual saving 5

//Chapter 6
//Example 6_12
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//Page 115
clear;clc;

sm=100;
im=200;
pf2=0.707;
n2=0.82;
11=30;
fc=100;
rc=0.06;
pf1=0.8;
n1=0.93;

printf (" (i) When synchronous motor runs at %.1f pf
lag:\n\n”, pfl);

ip_sm=sm*735.5/n1/1000;

lagl=ip_sm*tan(acos(pfl));

printf ("\t Input to synchronous motor = %.2f kW \n”,
ip_sm);

printf ("\t Lagging kVAR taken by synchronous motor =
%.2f kVAR \n\n”, lagl);

ip_im=im=*735.5/n2/1000;

lag2=ip_im*tan(acos(pf2));

printf ("\t Input to induction motor = %.2f kW \n”,
ip_im);

printf ("\t Lagging kVAR taken by induction motor = %
.2f kVAR \n\n”, lag2);

tlagl=lagl+lag?2;

tapl=ip_im+ip_sm+1l1l;

tkval=sqrt (tlagl~"2+tapl~2);

dcl=tkvalx*xfc;

ecl=tapl*8760;

aecl=ecl*rc;

tabl=aecl+dci;

printf ("\t Total lagging kVAR = %.2f kVAR \n”, tlagl
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printf ("\t Total active power = %.2f kW \n”, tapl);

printf ("\t Total kVA = %.2f kVA \n”, tkval);

printf ("\t Annual kVA demand charges = Rs. %.2f \n”,
dcl);

printf ("\t Energy consumed per year = %.2f kWh \n”,
ecl);

printf ("\t Annual energy charges = Rs. %.2f \n”,
aecl);

printf (”\t Total annual bill = Rs. %.2f \n\n”, tabl)

I

printf (” (ii) When synchronous motor runs at %.1f pf
lead :\n\n”, pf1l);

net=-lagl+lag?2;

tap2=ip_im+ip_sm+1l1l;

tkva2=sqrt (net " 2+tap2~2);

dc2=tkva2x*xfc;

ec2=tap2*8760;

aec2=ec2*rc;

tab2=aec2+dc?2;

printf ("\t Net lagging kVAR = %.2f kVAR \n”, net);

printf ("\t Total active power = %.2f kW \n”, tap2);

printf ("\t Total kVA = %.2f kVA \n”, tkva2);

printf ("\t Annual kVA demand charges = Rs. %.2f \n”,
dc?2);

printf ("\t Energy consumed per year = %.2f kWh \n”,
ec?2) ;

printf ("\t Annual energy charges = Rs. %.2f \n”,
aec?) ;

printf ("\t Total annual bill = Rs. %.2f \n\n”, tab2)

I

as=tabl-tab2;
printf (" Annual saving = Rs. %.0f \n\n”, as);
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Scilab code Exa 6.13 economical pf operation

//Chapter 6
//Example 6_13
//Page 118

clear;clc;

md=175;
pf=0.75;
fc=72;
pae=120;
id=0.1;

x=fc;
y=paex*xid;
ec_pf=sqrt (1-(y/x)"2);

printf ("MAx demand charges = Rs. %.0f per kVA per
annum\n”, fc);

printf (" Expenditure on phase advancing equipment =
Rs. %.0f /kVAR/annum \n”, y);

printf ("Most economical power factor at which
factory should operate = %.3f lag \n”, ec_pf);

Scilab code Exa 6.14 annual saving 6

//Chapter 6
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//Example 6_14
//PAge 119

clear;clc;

ad=400;
pf1=0.8;
1£f=0.5;
fc=50;
rc=0.05;
pf2=0.95;
pae=100;
id=0.1;

p=ad/1f;
printf ("Max kW demand = %.0f kW \n\n”, p);

phil=acos(pfl);
phi2=acos (pf2);

lead=p*(tan(phil)-tan(phi2));

printf (7" (i) Leading kVAR taken by the phase
advancing equipment = %.2f kVAR \n”, lead);

printf (7 Capacity of phase advancing equipment =
%.2f kVAR \n\n”, lead);

x=fc;

y=paex*xid;

maxl=p/pfl;

max2=p/pf2;

as=fc*(maxl-max2);

aexp=y*lead;

net=as-aexp;

printf (” (ii) Max demand charges = %.0f kW \n”, x);

printf (7 Expenditure on phase advnacing
equipement = Rs. %.2f /kVAR/annnum \n”, y);

printf (7 Max demand at %.1f pf = %.2f kVA \n”,
pfl,maxl);
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printf (7 Max demand at %.1f pf = %.2f kVA \n”,

pf2,max2) ;

printf (7 Annual saving in max demand charges =
Rs. %.2f \n”, as);

printf (” Annual expenditure in max demand
charges = Rs. %.2f \n”, aexp);

printf (7 Net Annual saving = Rs. %.2f \n”, net);
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