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Abstruct - In this paper, a Graphical User
Interface (GUI) has been develo@ in modeling
and solving short tenn hydrothermal scheduling on
powgr system. This graphical user interfrcc (GUI)
can be an educational tool that helps in improving
the interest and undentanding of the users on short
term hydrothermal scheduling problem in more
interactive and interesting way.

problem can assume the head to be fairly constant.
Different methodologies for solving ihort term
hydrothermal problem have been proposed such as
hybrid solution[l], cultural aigorithm[2] and
genetic algorithm[3].
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I. INTRODUCTION

- The usage of educational tools in helping
the users to understand problems related to power
engineering has become essential. By simulating
the problems in software like MATLAB@, dG
rsers can get a better picture on specific problems
and the ways to solve it. These simulations can
serve as self-paced leaming modules, where the
rs€rs can try using it themselves and understand

low every system works. tn this paper, the poblem
that been discussed is regarding short tenn
hydrothermal scheduling. In this paper, short term
hydrothermal scheduling problem is represented in
Graphical User Interface (G[II).

Basically, short term hydrothermal
scheduling is essential in order to optimize the
operational cost for generating electricity. Short
term operation planning usually covers a time
range between one day to a week. The primary
objective of short-term hydrothermat scneau[ng ii
to determine the amount of hydro and thermal
generations to meet the load demands in a schedule
horizon so that the fuel cost required to nrn the
thermal generators can be minimized In dealing
this problem" the thermal system may G
represented by an equivalent therrral generator
unit. As the scheduling interval of short range
problem is small, the solution of the short-range

Some technical papers proposed the
impleme,ntation of educational tools as m example
in 

_ 
enhancing the undentanding of power

engineering.
For example, in t4l a mathematical

software named "CPMSU that can handles general
and specific mathematical forrnulas and is packed
with a vast array ofcodes has been used to perform
many scientific and engineering functions in an
interactive mode. Other technical paper like [5J
stressed about the application of Spice simulations
software on power electronics circuits that been
used for power quallty improvement and to
simulate the undesirable effects on a power
system.

Many electrical and power systems
engineering laboratories must be in virnrai form
due to the risky condition and some of the
equipments required are often expensive. For
example, the practical cannot be done in HV
transmission system as it is too dangerous and
dslry. In [6],NEPLAN softrrare has been used for
the assessment of laboratory activities for the
Power Systems course.

Meanwhile, Badrul H. Chowdhury and
Dennis E. Clark in [7] introduced a tooi calls
COPERITE that has user interfaces completed with
menus and attactive graphical representations.
This tool can be used to demonstrate power flow,
contingency analysis, economic dispitch, system
sability and fault analysis.
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List Of Svmbols

crt.pucu Coefficient for hYdro Plant

\ lncremental cost
F; Cost function forthermal Plant
qeifu,.c6, Coefficient for thermal plant

atJmax
Lj=t Por* Z Pro"4i

j = 1.......j.o
(l)

However, the enerry that can be supplied by the

hydro plant is insufficient compare to the load
requirement

Xl?i' P166.;x n;s E!;f Proaa; x q Q)
g : numbers of houn in period j

E!;tr trj = T,o = total interval (3)

In order to minimize tho cost of running the
thermal plant, the therrnal enerryrequired is

Et;f P66x n;'X[=o Pu' ni: EIjr Poj* nj

(4)

Thermal Plant
For thermal plang the cost function is given by

c = XI=, XI!1 trF(Pa) (5)

F;={I6;P5;2+B6P5+c5 (6)
k = 1.....T,i = 1.......N,

Hydro Plant

W1:q6Pp2+ P6P1+c6 0)
i = 1.......N

Load demand equality constaint

X[, P* = Bo"r * P1*.r (8)

Transmission loss duringk6 int€rval is given

Pbssk= XlloXLo P*BIP&+ Bi,oP*.+ Boo (9)

Min Ft = XI=o eFt (10)

Z!;f nrwk : Wtml : total water discharge

Pr-ai-Pqi-pafo, 
(11)

j :r....j*

C6
Yt
Pr""ai
Pbucj

Por
W6061

Pr*t
Pr-*

Loss coeffrcient for thermal
gamma forthermal plant
Load power during j time
Transmission loss
Thermal power at k iteration
Total volume of water
Transmission loss at k6 iteration
Load dErnand duringkt iteration

III. METHODOLOGY

A. Classical Method

A general and basic short-term hydro&emal
scheduling problem requires that a given amount of
water be used in such a way to minimize the cost of
running the thermal rmits. In this paper, the

classical method has been used to solve the short
tenn hydrothermal scheduling. In Figure I below,
the thermal system is represented by an equivalent
uniq P6;. In this case, there is a single hydroelectric
plan! Pry The hydro plant is supplying power to
the load at maximum. [t is assumed that the hydro
plant is not sufficient to supply all the load
demands during the period and that there is a

maximum total volume of water that may be

discharged throughout the period ofTr,, hours. ln
setting up this problem and the examples that
follow, all spillages, S; are assumed to be zero. The
only other hydraulic constraint being impose
initially is that the total volume of wafier discharged

must be exactly as deftrcd.

lffioPm IhgfilHd

Load Pr

Figure I : Relationship bctween thermal plmt and hydro plant

(Load enerry) - @ydro enerry) = lThermal
enerry)

Let n; : length ofjdinterval
<,imatLai':; nj:T* (12)

Assume constant head operation and assume a W
versus P characteristic is available, so that

Po

I

Pn

I

,,

For any time p€dod j,

W6o6:Wx Py (13)
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Lagrange firnction without considering the
tansmission loss

[ : XIj, F( P$q + \ (Pua.i -Pni- Paf 0 ) + T (njwj
(&i) - W.*r (14)

for a specific interval j : lq
u, _,

0Pth

:1& (ls)

aPhk
dv

Tn** -Xr

tly
"jA

at
0and

Gives (16)

Consider the network loss
Pmraj+Pr*j-Puj-Pq:0 (17)

Finally, the Lagrangian function with transmission
loss becomes

g = xfj, F( Ph,)nj + \ (Pr*a: * Pussj -Pr,r Pnj

+y(ni\@hi)-W*J :0 (18)

Final coordination equation for hour (j) :

dFt " dPlossj

"'mij* l\ffi=\ (re)

dw(Phj) . " ?Plossjtp'ffi*\ff\ (20)

Figure 2 below shows the flow chart in
solving short term hydrothermal scheduling. On the
first stage, the users insert the values of coefficients
for both thermal and hydro plant together with
other variables. All this variables will then be
inserted into coordination equation to determine
power loss, thermal power and hydro power. On
the next step, the total power produced is compared
with coefficient, e 1 : 0.1,and if the condition is
satisfied, total water required in generating power
for hydro plant will be calculated. The required
water volume needed by the hydro plant is

compared with the available water at the hydro
plant. If the value of comparison does not lower
than e2 : 50, the process will retum to coordination
equation in order to deterrnine the new value ofy.
Finally, the final value for P5, Pn, Volume of water
required, Vo* , lma md yr*r will be displayed for
the users.

No

Yes

3

Start

Insert values :

o&, p6, crt, oh, h, W*"itolo Proua, Iioitia' Tiritirr,
transmission loss(Tl), time interval and loss
coefficients (Ca and Cr)

Coordination Equation
For thermal plant

\ : q (2onsP6 + Ftd+U2qrP6)
Forhydro plant

L:v*ni(fu)+\(2cf1)

Pr*aj + Proj - Phj - Pn'j < 0. I

Wt*"1: W - Pn

Yes

No
JJtE

1=1+ 1

Yes

W*a-W*irru. <50

Display P6. P1,W66, In .l and

Yontt

End

Figure 2: Flow chart to solve short term hydrothermal problern
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B. The Developed Grephical User Interface

Figure 3 : Front page ofthe GUI

Figure 3 above shows the front page for
graphical user interface. There are 3 btrttons labeled
as'ENTER','INFO' and'[IELP'.'ENTER' button
directs the users to calculation for short term
hydrothermal scheduling. Meanwhile,'INFO' button
grve a short overview on short term hydrothermal
scheduling and 'IIELP' button gives some

instructions in using the GUI.

Figure 4 : Display for both themral and hydro plant coefficients

The interface in Figure 4 above allows the
users to insert the value of coefficients for each

thermal and hydro plant. The users also can insert the
present volume of water that available hydro plant. In
this paper, the loss coefficients for both hydro and

thermal are considered as 0"

Figure 5 : Total load and initial values display

While on the interface in Figure 5, the users

can insert the total load at specific time. For initial
values, the transmission loss(Tl), initial incremental
cost, lt urr, initial gamma, Tmitia imd time interval in
hours are defined as in Figure 5.

Figur€6:FinalResult

Figure 6 is for result displaying where the
users can obtained the final value of generated

thermal power, P6, generated hydro power, P6
volume of water required, actual lambda l, and actual
gamm4 7 are displayed. With all the known values,
the users can compare them with self calculation and
determine any differenc€s between the interface and
the user's calculation.

4
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Figure 7 : Info Page On Short Tenn Hydrothermal Scheduling

Figure 7 shows the info page regarding the short term
hydrothermal scheduling. This interface gives a short
introduction to the users on short term hydrothermal
scheduling problem. When the us€rs press the

'BACK', the display will turn back to the front yage.

Figure 8 : Insfuction Oo Using The Developed OUI

Figure 8 shows the instructions on using the
developed GUI. This interface also provides the user
with related equation on short tenn hydrotherrral
scheduling problem which in this case are the cost
fimction forthermal plant md hy&o plan.

Iv. RESULTS AIYD DISCUSSIONS

A. Data

All the initial data in this paper is taken from

literature[8]. All the rlata are shown in Table I and

Table2 below:

Table l: Coefficient for Thermal Plant and Hydro Plant

Thermal Plant Hydro Plant

a 0.0002 6000

b I 10000

c 1200 0

Table 2 : Others

Period (Hours) t2

Volume Of Water Available
(m3)

32000000

Transmission Loss (Tl) 0.0000045*Ph2

P1o.6 (MW) 800

Gamma (li.i,i"r) 0.0016

Lambda (Ibr'd"J 9.6

Powertolerance , e1 0.01

Water tolerance, e2 50

'BfE'.

alb att?G.qair0t rdcdn

ftlrd C.r,b tut fisb r fco*a :
Frdrtlfz +ffllh+c0r

Eo Dh,[ilirtc0on - rtoldt,:
I'lt?h+Ur

b€lodfidd dtt d.aFD9H,Col.ld Ch

'I* 
tlra t ar n3d $rB' CLqlllE' hloo,L

'ULX',l' rafptdi!rirm1

bm*llcd.$rltot
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x. T

Pe

(Mw)
P6

(MrY) P,otrt

I
9.6 0.0016 400 0 400

2 l0.l 0.0016 525 ss00.55 5889.4

J
9.85 0.0016 462.5 2820.08 3246.79

4
9.725 0.0016 431.25 1428.16 1850.23

5
9.6625 0.0016 415.625 718.701 tt32

6
9.63125 0.0016 407.813 360.s16 767.7U

7
9.64688 0.0016 4tt.719 539.898 950.306

8 9.$$6 0.0016 409.766 450.28 859.133

9
9.63s16 0.00r6 408.789 405.416 813.466

10
9.6332 0.0016 408.301 382.971 7X).612

ll
9.63418 0.0016 408.545 394.195 802.04

t2
9.63369 0.0016 408.423 388.583 796.326

t3
9.63369 0.0016 408.423 388.s83 796.326

t4
9.634M 0.0016 408.514 392.792 800.612

B. Result generstd in M Iile

For.l : I, Pu"a: t00MW

Table 3: Result Generated In M File

Based Table 3 above, for P1o"6 : 800 MW, the best
combination of thermal power, P6 and hydro power, P1 8r€ at
iteration k : 15. For Table 3, the generated thermal power, p6
is equal to 408.499 MW and generat€d hydro power p1 is
equal to 392.09 MW. Basically, the combination of the
thermal power generated and hydro power generated have
only satisfied the power tolerance, e1 only. This can be seen in
Table 3 when the lambda is equal to 6.34, the total generated
power by thermal plant and hydro plant is almost equal to p1o"6

in Table 2. The constant value of gamma, y at 0.0016 indicate
that the combination of thermal plant and hydro plant still not
satisry the water tolerance, e2. In order to obtain the best
combination for both thermal plant and hydro planq the
combination of thermal plant and hydro plant must also satis$
the water tolerancen e2.

C. Simulation Result

AII data in Table I and Table 2 were inserted into the
developed GUI as shown in Figue 7 and Figure 8. Then, all
the generated result displayed as in Figure 9.

Figure 7 : Coefficients For Thermat Plant And Hydro plant

Figure 8 : P56 And Initial Values
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Figure 9: Result For P1o6 = 800MW
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From the result display in Figure 9, the graphical user
interface only displayed the generated thermal power, P5 and
generated hydro power, P1 at iteration k:2. According to the
gsnerated result in Table 3, atk= 2, the total power generated,

P,*r by thermal plant and hydro plant is equal to 5889.4 MW
which is too hiCh when compared to the desired load. This
indicates that in graphical user interface callback has failed to
satisfy e1 and 12. Thus, the volume of water that needed to
generate desired hydro power cannot be determined.

v. coNclusroNs

In conclusion, a graphical user interface to solve
short term hydrothermal scheduling problem has been
developed in this project. The GUI shows the best
combination of thermal plant and hydro plant in order to meet
the load demand. The developed GUI can help to ease the
calculation of short term hydrothermal scheduling by saving
required time for the manual calculation. Hence, the
possibility for erors to occur can be reduced ,o 611ia1rrm
level. This GUI also can be a useful and helpful educational
tool to help the wers for better understanding about short rcrm
hydrotrermal scheduling.

VI. RECOMMENDATIONS

Some modification can be made to improve the
appearance of the GUI. For example, more components can be
added to the GUI. The animation of thermal plant and hydro
plant also can be added to make the GUI more attractive. The
programming for this GUI also can be improved in order to
enable the GUI dealing with morc complex problems.
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