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ABSTRACT

The overall goals of paper will be improved he financial and environmental benefits of the combined operation of hydro and
thermal power plant. Considering both of reduction fossil fuel usage and the power generation cost by coal-fired units, the power
generation scheduling problem of the power system with cascade hydropower three stations. The schedule of this problems of
cascade hydropower stations are the power generation, the hydropower water consumption, the thermal power generation
pollutant emissions, and the total thermal power cost. The schedule dispatch model established by this can not only determine the
best output of thermal power and the best water storage and release strategy of hydropower, but also describe the complementary
effects of hydropower and thermal power, and fully reflect the concept of energy conservation and benefit. So Genetic Algorithm
has been applied to find out the solution of pollutant and economic of hydrothermal plant dispatch. The short term scheduling is
determined for studying and to calculate the hydro and thermal power plants. Some of thermal restrictions and hydro restrictions
are considered in the processing such as storage limitation, discharge limitation of the reservoir and generation of each unit
limitation. The hydrothermal short term schedule calculation has been included 3 hydro units and 3 thermal units from power

system. The study case has been gotten the data and the situation in Cambodia.
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Introduction

In general, economic emission dispatch (EED)
concept and summarizes EED models in an
electricity network and multiple energy system
(MES). Moreover, the illustrative studied cases
are presented to show the embedded flow of
economic and emissions in real power systems.
The EED model can effectively quantify
economic emission footprints of energy systems,
providing better results. The EED analysis
provides useful and reasonable advice for
mitigating global climate change [1].

Greenhouse Gas emissions in  Cambodia
according to the World Resources Institute
Climate Analysis Indicators Tool (WRI CAIT), in
2013 Cambodia’s GHG emissions dominated
from the land-use change and forestry (LUCF)
sector for 47.6% of the total emission in the
country, agriculture (36.4%), Energy (14.1%),
industrial processes (1.2%) and waste (0.7%,) [2].
The emission reduction targets need be set and
allocated not only in Cambodia but also to others
countries involved in climate change negotiations.
The case study results indicate that a considerable
amount of emissions flow EF among countries.
Many countries that exported the energy should

www.psychologyandeducation.net

take additional emission responsibility according
to the international energy system trade. Without
considering EF, emissions can be attributed only
to energy production, and thus, the evaluation
results will be unfair to energy export countries.
To this end, the EF model would facilitate rational
and equitable agreement in climate change
negotiations by reasonably attributing economic
and emissions.

The Cambodia annual plan constitutes of energy
supply and demand & supply plan. The core of
energy supply plan is hydropower and coal fired
thermal unit operation plan.  Especially,
hydropower units are the center of it. This is

because of the viewpoints of (a) Effective use of
hydropower generation capacity to minimize
expected discharged overflow water from
reservoirs during rainy season. (b) Effective use of
expected unused generation energy (=defined as
“extra energy”’) based on unused retained water in
hydropower plants and effective use of coal fired
thermal power plants whose generation cost is low
and competitive. (c) Maximizing efforts on export
energy increase and distribution consumption
expansion  (such as housing complexes
construction) using (b) in cooperation with other
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related departments. (d) Rational promotion and
suggestion on hydropower plants’ construction
plan from the viewpoints of (b), (c) and system
demand increase situation. A huge amount of
water is still kept on being thrown away as
discharged overflow water from reservoirs for any
minutes during rainy season. (e) Water saving
hydropower generation on planning basis while
supplying required amount of electricity during
the time period from mid-November to December
in preparation for dry season and during dry
season when almost no rainfall is expected. Proper
operation planning of generating units considering
effective and efficient use of hydropower
generation, and proper estimation of extra
generation energy from hydropower plants and
coal fired thermal power plants will facilitate
realistic export energy increase negotiation and
distribution  energy consumption expansion
planning and will contribute to finding one of the
deciding factors of timely power plants
construction in terms of contribution to Ministry’s
Grand Policy [3].

In these works, Cambodia network system is
adopted as a sample system for the simulations. In
Cambodia Transmission System, Peak load of
weekday occur at daytime and nighttime for
holiday. In dry season, the monthly peak system
demand (MW) dramatically increases while
hydropower plants have to be operated at
minimum output at the peak time. Fuel power
plants shall be kept as standby units so that coal
power plants, import power from Vietnam, and
hydropower plants are the major supplies for
Cambodia Transmission System (CTS). Based on
this reason, CTS network configuration shall leave
some load supplied from Thailand system.
Function Dispatch of Economic and Emission
Dispatch Definition Economic and Emission

The dispatch economic and emission purpose are
to focus on the minimize fuel cost and reduction
greenhouse emission with the restriction are
considered.

A. Obijective function and constraints

The work issue of hydrothermal power system
(HPS), such as economic, emission, have
considered as the problem of multi-objective
optimization, that the purpose is to minimize of
each objective function of the system, also
satisfying to both equality and inequality
constraints. The HPS constraints of ¥: thermal
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plants and ¥ hydro power plants in K time sub-
intervals will be included.

1. Modeling of Fuel Cost
The modeling of fuel cost function of each power
plants are demonstrated as the quadratic equation

(1) [4] [5] [6]-

C(Py) = a; + b;Py +:P5(3/h) (1)

where P« generated power ™ generator; o,
b; ci:coefficients of the cost curve; ¢(F:) :cost of

generating P« by i unit. So sum of generation
cost has calculated by equation (2) below [7]:

F =Xl 0; + biPy + ;P (3/h) @)

Where F: sum of generation cost, N: number of
generation in operation.

The solution of problem for this paper is
considered both the economic and emission.

2. Economic Dispatch

Economic function Ec: the thermal generator cost
is profoundly nonlinear; the cost equation is more
reasonable signified as a portioned piecewise
nonlinear equation instead of a single quadratic
equation. The overall fuel cost can be precisely
signified in term of genuine power output as a
non-smooth cost equation (3) [8]:

E; = ZE: 51l Tl + bi Py + 6 PE1() 3)

Where £: is overall generation cost equation, T« is
the duration sub-interval generation, P power
generated by i** thermal plant in ¥ sub-interval.

3. Emission Dispatch

In this model, the sum of transmitted CO?2 is taken
as the chosen file from the viewpoint of natural
preservation. The pollutant from each generator is
given as a work of its yield, which is the entirety
of a quadratic and an exponential equation the
pollutant objective can be numerically modeled as

(4) [91[10]:

Ep =Ty il T o + BiPa +viPR1Ge/) (g
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4. Characteristics equation of Hydro Power plant
is absolutely related to the water discharge
variable (Px), water storage variable (&) and the
coefficient of the hydro reservoir. (5) [11].

Poge = Ayi Snie)® + Azzi (D )* + Azai (Snire) Orsie) +
Agsi (Srin) + Assi (Dri) + Agsi

(5)

The hydro power generation value Fux is based on
the constraints of water availability in ¥
equalities, 411 and Ass are the coefficients of A
hydro power plants, & and Dy are storage and
discharge with @ (unit and reservoir) at ™
available time interval of water of 5™ hydro power
plant.

5. Economic and Emission Combination Dispatch
(EECD)

The EECD objective model have been changed to
a single objective equation by using penalty factor
(pf) approach as (6) [12] [13].

Ptc = Ec + pf * Em (6)

where the total pure cost in the system execution
is Ptc. And to provide a minimization of emission
and fuel cost (6) should be formed as (7) [14]:

1.

(7)

where wt is the specifies optimization type weight
factor; in case wt = 1, the model is economic load
dispatch (ELD); in case wt = 0, the model is
emission dispatch (EmD); and in case wt = 0.5,
the model have been called EECD [15].

Tc = wt * Ec + (1-wt) * pf * Em

By the taking after these step, pf for indicated
power demand can be calculated:

Step 1: ™ of each unit could be calculated:

EC(PT5)

P = h; . iris counting number (3 /kg)

(8)

2. Step 2: h: value will be sorted as ascending.
Step 3: Include the output (max) of each one at a
time beginning from the unit with littlest % until
EPl_rr.r:x = E"_.l

Step 4: M related with the final unit is pf for the
given power demand.
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6. System Constraints

The balance power and equation of water
availability constraint of the hydrothermal power
system are:

TP + D P =Pip + P k=1..K  (g)

The balance power constraints are K equalities,
P is the power produced by A" hydro power
plant in k™ sub-interval, and P2 is the full
demand in ™ sub-interval.

For this model iz have not included, (9) equation
becomes as below (10):

Ny N — —
I P+ X3 B =Fp. k=1..K (10)

3. The imbalance constraints for hydrothermal
power system unit output were respectively as
the form below [16][17]:
> Thermal power generation limit Pen :
Produced the power with the specified
of the generations limits.
4.
Pri‘l_:‘:.li'! = Pn‘-: = P[‘?EEI
5.
> Hydro power generation limit Fa:
Produced the power with the specified
of the generations limits

P?Zr.[r! EP;-: Eﬁ:mﬂ
6.
> Hydro Reservoir Storage Sn: The
reservoir has to kept the available
volume of water for every hour.
1.

SR < Sy < ST
> Hydro Reservoir Discharge Dn: The
reservoir discharge should lie in
between specified limits.

min LTrE
Dnij” = Dagj = Dy

Genetic algorithm

The Genetic Algorithm fundamentals were the
first propped by Holland. Genetic algorithm was
primarily according to mechanics of natural
selection that belong to the larger class of
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evolutionary, it is a part of evolutionary algorithm
[18].

Apply GA for EED:

1. Read all related data of system such as
coefficients, population size, power demand then
creates the initial population randomly.

2. Check the any constraints, evaluate fitness
function and determine the total cost of generation
with satisfied variables.

3. Apply operators of GA.

4. Check for conditions, if the conditions not
satisfied, GA will not print the solutions, if the
conditions satisfied, GA will print the solutions
[19].

system studying

The hydrothermal system has 3 thermal power
generation units and 3 hydro power generation
units. The coefficients and any data of
hydrothermal to solve the problem have been
defined in the Table | to IV below including
generation limit, storage limit, and discharge limit
for hydro reservoir.

Table |

Generation limit, water storage limit and water
discharge limit

c1 1661.05 | 36.382 | 0.021 | 140. | 408.
685 29 14 00 00
C2 1358.69 | 38.327 | 0.018 | 135. | 400.
399 81 02 00 00
C3 452.001 | 46.228 | 0.106 | 75.0 | 237.
99 44 03 0 00
Table IV
Emission coefficients and limits of thermal
generation
tU e [} ¥ P Free
c1 57.8432 0.5119 0.0046 | 140.0 | 408.0
5 1 0 0
7
C2 42.9598 0.5119 0.0046 | 135.0 | 400.0
4 7 1 0 0
C3 | 9.88009 8'3281 2‘0042 75.00 337'0

Unit | /—- B 5. S D_.. D
51.0 | 102.0 12.7
Phl |0 246 0 0 5.10 5
85.0 | 204.0 125
Ph2 |0 338 0 0 8.50 0
59.5 | 136.0 | 11.0 | 21.2
Ph3 |0 400 0 0 5 5
Table |1
Hydro power generation coefficients
Un A A A A A
it 11 ra IT "'Ld-‘ = Bl
i’h 0.004 | 0.345 (7)'2051 1'031 ;g'g 80.5
6 00 0
Ph | _ 0.01 | 0.63 |6.32 |-
0.001 | 0.345
2 84 00 610 |25 50 46.0
gh 0.003 | 0.356 (1)503 (13'65 (1)8'1 103.
45 5 5
Table 111
Economic coefficients and thermal limitation
Ther
a b c P Eoo.
mal
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Results and Discussion

Normally, in Cambodia the operation of power
generation is according the seasons, initial
production cost of power plant, low cost energy in
which time subinterval (daytime and nighttime) in
this country. During dry season the power
generation thermal power plant is the priority
power generation source and hydro power plant is
to adjust to the total power load consumption, and
during raining season in the power generation is
depended on the hydro power generation sources
and others power thermal and any exports energy
sources are to adjust to the total load consumption.
In this case study the result not focus on dry
season or raining season, the solution is operated
thermal and hydro  power  generation
simultaneously. According to initial data from
power plant and national control center (NCC),
the total load demand in this case divide in 24
subinterval k for every one hours. In this case
study consists of three thermal and three hydro
power generation units. In table V, by considering
compositions of  Ec=1,278,293.50($) and
Em=97,653.58(kg), the minimum total cost is
received EECD=1,211,014.81($) by using weight
factor wt = 0.5 and the penalty factor pf for 24
hours. And Fig.1 Hydrothermal generation sharing
during subinterval, Fig.2 Reservoir storage of
hydro power plant.

Table V
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Hydro and thermal plant generation

418 |05 [14 |04 [3 [2 |26

T Pd -lc;r;ﬁrer?aatlion Hydro Generation
K Cl1 |c2 [c3 |pPhl [Ph2 |[Ph3
L |89 [ 268. [135.[131. [845 [17.2 | 254.
1 (o0 |00 |60 |5 3 52
, |86 [234.[177.[104. [88.6 |58.4 | 19%.
0 [45 |51 |00 |6 0 67
5 |84 | 268. [ 135 [102. | 76.9 |16.8 | 243.
2 |00 |00 |20 |1 7 35
, |84 [ 268|135 | 101 |682 |475 |220.
1 (o0 |00 |60 |4 2 70
¢ |85 |268. | 135 |100. |60.3 |67.4 | 214,
4 |00 |00 |40 |1 5 01
s |89 [240. [ 152. | 141. [82.1 [ 672 | 206.
1 |15 |77 |56 |8 6 92
S |10 [192. [294. [131. [72.8 [ 645 | 275.
31 |34 |06 |79 |3 4 41
g | 12 |233. 343 |157. | 106. |68.3 | 315.
25 |43 |99 |57 |51 |5 61
o | 13 [193. ]399, |186. [ 117. [ 98.3 | 304,
00 [32 |01 |99 |78 |0 16
1 [13 [274. [ 320. [ 208. | 134. | 141. | 259.
039 |74 |04 |61 |63 |40 |89
1 |12 [378. [ 219. | 154. | 51.9 | 123. | 325.
1|55 [14 |80 |59 |7 66 |94
1 |11 |256. | 281. | 167. [ 80.9 | 114. | 275.
2176 |72 |12 |71 |0 31 |39
1 [12 |280. [ 299. | 166. | 44.0 | 120. | 333.
3|44 |80 |22 |29 |8 40 |14
1 |13 |372. | 258. | 167. | 84.8 | 101. | 346.
431 |49 |79 |32 |3 00 |55
1 |13 |353. [ 233. | 208. | 116. | 97.1 | 317.
5127 |42 |81 |87 |60 |9 53
1 |12 |289. | 245. [ 185. [ 90.5 | 137. | 252.
6 |01 |27 |84 |43 |4 42 |36
1 [10 [268. | 227. [162. | 94.4 | 111. | 232.
7196 |00 |60 |00 |6 47 |82
1 [11 |268. [230. [ 162. [ 70.7 | 87.6 | 281.
8|01 |00 |60 |00 |5 5 80
1 |11 [268. | 244. [ 162. | 77.8 | 96.9 | 274.
9 |24 |00 |40 |00 |8 2 93
2 110 [202. [ 314. | 127. | 107. [31.9 | 290.
0|75 |37 |77 |36 |10 |4 88
2 110 |268. | 216. | 162. | 66.6 | 115. | 249.
178 |00 [80 |00 |3 45 |25
2 110 | 286. | 158. | 162. | 124. [ 73.9 | 205.
2 112 |30 |57 |76 |97 |0 58
2 95 |241. | 145. [185. | 102. | 35.7 | 243.
3|4 |61 |06 |36 |10 |0 62
2 189 |142. [180. |217. [ 88.2 | 15.9 | 255.
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Economic Dispatch (Ec)
1278293.50(%)
Emission Dispatch (Em)
97653.58(KkQ)
EECD
1211014.81(%)
_ 1600.00
2 1400.00
5 1200.00
3 1000.00
£ 800.00
£ 600.00
S, 400.00
= 20000
0.00
12345678 95101112131415161718192021222324
Time (hours)
c1 C2 =—#—(3 =#—Dh] =—==—"Th2 —=—"Th3

Fig.1 Hydrothermal generation sharing during

subinterval
500.00
‘£ 400.00
£
h ]
é 300.00
2 200.00
% 100.00 W
0.00
123435678 9101112131415161718192021222324
Time (hours)
—— 51 s2 s3

Fig.2 Reservoir storage of hydro power plant

4 1000 W’M

1234567 895101112131415161718192021222324

Time (hours)
) 1 D2 D3

Fig3. Reservoir discharge of hydro power plant

Conclusion

This paper proposes genetic algorithm to reduce
the financial dispatch and the pollutant dispatch of
thermal power system, which considering
generator characteristics nonlinear, such as
limitation of power thermal generation, power
hydro generation, limitation of hydro reservoir
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storage, limitation of hydro reservoir discharge.
The execution of the proposed model is illustrated
on 3 units of thermal power generation and 3 units
of hydro power generation. The result appears that
the model can look the best arrangement,
autonomous of the number of generator, request
conditions and able to handle the function
restriction effectively. It can be watched that
utilities ought to not continuously go for ideal
assignment of generation cost, pollutant cost, and
that value will give the effective dispatch of the
system operation.
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