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Abstract—At Present, the environmental protection penetrates public awareness to decrease atmospheric emissions as
important efforts for increasing living quality in air from various gaseous effects. Technically, it has forced industrial
sectors to control pollutant productions while operating machineries of engineering processes to keep all contaminant
materials. This condition has also forced the power system operation to modify operational strategies of thermal power
plants considered pollutant productions from combustions of fossl fuels for reducing emissions. This paper
demonstrates new approaches for measuring pollutant penetrations embedded in the single priority function consider ed
an emission standard, a dynamic penalty factor, and Thunderstorm Algorithm (TA). By considering the IEEE 62-bus
system model, results obtained show that the hourly computation has different performances for the 24 hours operation.
It also indicates that pollutant discharges are dominated gradually by higher contributors associated with scheduled
power plants. The conver gence speed of TA issmooth and fast for determining the optimal solution, which areranged in
6-20 for the cycle and 1.8-3.8 s for the time consumption. Moreover, the 24 hours operation is powered totally in
60,826.10 MW for feeding the total load of 56,820.50 MW. This operation also spends in 291,870.60 $ for the fuel
procurement and 83,233.70 $ for the compensation of the pollutant production during existing 19 generating units. In
total, the accumulation of pollutant dischargesfrom 19 power plantsis 68,012.20 kg.

Keywords—economic operation; emission dispatch; penalty factor; power system; thunderstorm algorithm

general, electric energy is produced at power generations
[. INTRODUCTION corresponded to the power system operation under technical
conditions to maintain daily operations. In fact, demands are
progressed gradually hour to hour affected dynamically to
}he operation to serve energy customers. In addition, the

primary resources as long as customer usages for thei . b q . .
utilities. The energy consumption also steers up the electricoPeration becomes a dynamic power system operation
(DPSO) with its possibility fluctuations to face many

energy to drive many industrial sectors for supplying power , . o
demands and also provides for various load demands. “.problems while producing and transmitting power outputs at
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potential sections, such as generating units, transmission andesired solutions at feasible ranges for the optimal
distribution limits, loads and utilities. performance. Moreover, the DOP is advanced from a
Nowadays, the DPSO has also met a global warmingclassical dispatch with integrating an environmental aspect
change issue as an effort for controlling pollutant impacts in on TPPs for decreasing pollutant productions together with
air from the fossil fuel combustions [1-5]. Regarding in this the fuel consumption presented in the total operating cost
issue, the environmental protection is also considered on thehrough a dynamic economic dispatch (DED).
DPSO to present public awareness and to decrease For performingthe DED problem at over all intervals, it is
atmospheric emissions during producing energy at powercomputed using Equation (4) and it is required by several
stations. Furthermore, this problem is recommended toconstraints in terms of an equality power of the load demand
manage correctly in order to select the decision within and committed generating units, power flows with
suitable ranges of constraints and requirements associatedmbedding losses for the lines, capacity limits of powers,
with emission standards and operational conditions [5-11].each voltage at each bus, power transfer capability limits,
One of the most important problems in the DPSO is to and ramp limits. Matheatically, the DED and its limitations
reduce emission discharges from fossil fuel combustions atfor these works are presented as follows:
generating units during existing thermal power plants (TPPs)

2
for producing electric energy. This problem has forced to 21 DFCiotai= X1 X (Ci+b|-P}+a(Pit) ) 1)
modify operational strategies of TPPs considered decreasin ¢ n
air contaminants from the DPSO, such as COjy;CED;; t=1 DPPotar = Xitea By (vi + B B + cu(B)?) (2)
and NQ [_2—3], [12-14]. _ ST, DL =

In particular, the DPSO needs to pay doubl_e attention onw, (Y, DFCL,.,) + (1 — w). (B, h'. DPPS ) (3)
the management system to face the complexity operational _ o
problems and to cover the environmental protection POP dispatch = minimizg_, ®oca (4)
requirement. In these aspects, the atmospheric emissiorz?_«‘;1 Pt = PD! + PL (5)
reduction becomes one of popular issues on the DPSO
presented in an emission dispatch strategy for the decreasin§™" < P’ < B™# (6)
percentage contribution as well as the financial charge of angmin < gt < Qmax @)
environmental compensation [1-6], [15-17]. Moreover, a ' =~ ~' 7
conventional strategy cannot meet environmental protectionVp'™ < Vg < VX (8)
requirements because it only considers minimized fuel COStSgt - gmax )
to treat pollutant productions [12], [17-20]. Pq = “pa

To cover this condition, an optimization strategy is very pt pi(H) < UR; (10)

important for minimizing emission discharges subjected to
maintain the optimal committed power outputs [21-22]. Pi(
Practically, the DPSO is operated within 24 hours for the

: load I ‘s fluctuation f th ¢ where t is period intervals of time (t=1, 2, 3, ..., T), Tis a
given foads as fong as Its fluctuation rom present NOUr 10,4 jme operation, DF(G, is total financial charge for the

PeXt hO:JI’. :h's conl:c)iglgn |stalso use(:] to trealt tthg dtynatrr?'cfuel consumption of generating units ($/hr) Bpf time, =
inancial charge ( ) at every hour related to the is output power of' generating unit during time interval t

individual generating fuel cost and used to monitor the : : :
- . _— MW), ng is total number of generating units, &, ¢ are
dynamic pollutant production (DPP) inline the DPSO for 24 1£uel ():ostgcoefficients offi gene?rating ungi;t, DPE,, is total

hours [1-7], [9-12]. By considering financial and pollution o -t production of generating units (kg/hr)"aof time,
aspects, these problems become a crucial task to select the

. . . . . . . t
. , . .0, B, v are emission coefficients df generating unit'
combined generating units bas_ed on th_e balance of dynamlclzs DOP ($/hr) at't of time, His a penalty factor af'of time,

problems throughout a dynamic operational problem (DOP) " . . k
) ; .’ w is a compromised factor, PB power load demand during
considered demand changes under operational constraints ' o L
. . interval t, PLis transmission loss during time interval t, PG

the environmental requirement [5-7].

t . . . .
As one of the important issues on the DPSO, the pollutfant"’.lnd QQ are power |nJect|c¥n of load flow at bus p during
o . . . . time interval t, Plj and Q@Y are load demand of load flow
reduction is an interesting topic to evaluate from a different L t
; . 4 o . at bus p during time interval t,\&nd V4 are voltage at bus
view as presented in this paper with introducing a new i

: - =" p and g during time interval t,;"® is minimum output
approach for evaluating the produced pollutant domination h : it X .
of TPPs. As the novel approach, it is applied to the IEEE’s power of I" generating unit, ™ is maximum output power

-th . : ax in .
model to search the balance between DFC and DPPOfI generating unit, 3 and Q™ are maximum and

. ) . minimum reactive power of'igenerating unit, ®is reactive
problems solved using a new evolutionary algorithm. th . . . . .
power output of igenerating unit during time interval t

(Mvar), V,"* and ™" are maximum and minimum voltage
at bus p, §f is power transfer between bus p and q during
A. Dynamic Representation time interval t (Mvar), ™ is limit of power transfer
between bus p and g, WDs the up ramp limit of "l
generating unit and DRis the down ramp limit of "
generating unit.

Y _pt < DR, (11)

Il. MATERIAL AND METHOD

Concerning in the DOP, demand changes are very
important for every hour corresponding to ramp limits to
allow generation sites within permitted power changes at the
whole operating period with considering technical and B, Dynamic Factor

pollutant limits [5-7]. These constraints are used to pose Focused on power productions, generating units will be
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constrained by ramp limits for increasing and decreasingbeen made toward for understanding the multiple lightning,
power productions [5-7]. At the same time, the thunderstorms, and their consequences [23-25].
environmental requirements also force TPPs for reducing In this section, these mechanisms are adopted to become
pollutant discharges in air together with fuel consumptions. an intelligent computation using several stages and
Meanwhile, the DED consists of DFC and DPP problems procedures as the thunderstorm algorithm (TA) for
with the individual portion of fuel consumptions and mimicking natural processes of the thunderstorm. In
pollutant productions. It becomes main contributors for the particular, the searching mechanism of TA for selecting a
DPSO in accordance to power output productions atsolution is conducted to the striking processes using
generating units [5-7], [11-12], [14]. In particular, TPPs Equation (16). Moreover, TA also consists of various
discharge different amounts of the emission related to thedistances of the deployed streamer by a hazardous factor for
own hourly power output to meet demand changes. spreading positions of the striking points.

In this section, the domination of TPPs is presented in a

new penalty factor approach for integrating DPP and DFC —— -
problems as a dominant penalty factor (DPF). The DPF = =
assumes that pollutant discharges are dominated by largel || create the ciouss Select the prior streamer
emission producers exceeded the allowed emission — Y

. . . . | Evaluate the clouds | | Produce the striking directions | | Replace the streaming track |
(AllwEmi). To show involvements of larger contributors, it T T
is introduced an over rate emission coefficient (OREC) [Defne the piotteader | | [Evatuate e pa
associated with the produced emission (ProdEmi) and the S
AllwEmi as given in Equation (12). For each hour, it is
performed using following expressions: Fig. 1 Hierarchy processes of thunderstorm algorithm

Yo TPE:s Thi, TAES, o . o .
OREG ==l ot = (12) In principle, the sequencing order of TA is given in

NGy Loy TPESs .

. . several procedures as the pseudo-codes in terms of Cloud
h;={hG,s} (13) Phase, Streamer Phase, and Avalanche Phase [26-27]. In
t_ ¢ detail, these mechanisms are provided in Figure 1.
dh,=OREG,.rh, (14) Mathematically, main functions are presented as follow:
where ORE(;!S theT over rat(_a emission coefficient at_ tﬁ_e t Cloud chargeQ® = (1 + k. ¢). Q™ (15)
hour of the ¥ iteration; TPE; is the total produced emission Striki thD" = (0D bk ) 16
at the t' hour of the & generating unit of the"ziteration riking pathDg; = (Qsaep)-b- (16)

m
(kg/rg; TAES, is the total allowed emission at tHehour of Qsim for m
the s' generating unit of the"ziteration (kg/h); gu is the Probability charge: pron ZQﬁ
number of generating units at tiehour of the ¥ iteration; 1

nG, is the number of generating units at théour of the % . 20 .
iteration exceeded the allowed emission; t is period intervalsWhere @ is the current charge £ is the middle charges, s

. _ . . R is the streaming flow, Dis the striking charge’s position,
of time (t=1, 2, 3, ..., T), T is a total time operatiohiha ! . ; . L L
penalty factor set at th&" thour of the ¥ iteration ($/kg); QSdthLS the deployed distance, n is the _str|k|ng direction of
t S the h", k is the random number with [-1 and 1], c is the
hGisis the individual penalty factor at thié hour of the $ random within [1 and h], h is the hazardous factor, b is the
generating unit exceeded the allowed emission of the z random within (1-a) D (1.2..a), a is the num,ber of
iteration step ($/kg); dhis the dominant penalty factor at the variables. m is the cI(’)udl size’ e
t" hour of the ¥ iteration ($/kg); and this the selected hG ' '
at the f hour of the ¥ iteration for the highest TRE D. System Model

C. Thunderstorm Algorithm In these works, the DPSQ is simu_lated using the IEEE-62
. bus system as many previous studies adopted the standard

To evaluate the DOP as presented in the DED based Onngdejs. The IEEE-62 bus system is structured using 62
DFC and DPP problems, this aspect is addressed tQy,ses; 89 lines; and 32 load buses as detailed in References

generating units online the system. In this section, a newpy) 20]. Furthermore, technical data for these works are
evolutionary computation will be explored to carry out the given in following tables.

DED. In general, this method will be detailed as an

evolutionary algorithm which is constructed from a natural TABLE |

. . . . POWERAND RAMP LIMITS
inspiration [6]. The natural process is selected as the new

(17)
for n

inspiration for attempting a new evolutionary algorithm from Gen (ISIW) (lSIW) ( h?\?in o l\(/?\r/nax) (55\}) ('tAJ\I/?\i/)
thunderstorms. ar ar

Several years ago, Benjamin Franklin was demonstrated | _G1 50 300 0 450 65 102
early to test the theory of lightning practiced his idea of a | G2 | 50 | 450 0 500 65 153
flying object using a kite. Nowadays, it is known that the | -G3 | 90 450 50 500 65 153
lightning is considered as an atmospheric discharge which gg 500 é(())g go g%% %5; 1332
typically occurs during thunderstorms or other possibility C6 =0 250 :50 =00 ot 153
factors such as volcanic eruptions or dust storms [23-24]. In —~ 0 200 =0 250 65 68
particular, many studies of thunderstorms have rapidly —=g =0 500 100 600 65 170

advanced during the past century and many efforts have

1827



G9 0 600 -100 550 75 204
G10 0 100 0 150 25 34
G1l1 50 150 -50 200 65 51
G12 0 50 0 75 25 17
G13 50 300 -50 300 65 102
G14 0 150 -50 200 75 51
G15 0 500 -50 550 75 170
G16 50 150 -50 200 65 51
G17 0 100 0 150 25 34
G18 50 300 -50 400 65 102
G19 100 600 -100 600 130 204
TABLE Il
HOURLY POWERDEMANDS
Hour | MW MVar Hour | MW MVar
01.00| 1,701.7) 741.3 13.00 2,691.6 1,173.1
02.00| 1,828.1] 796.8 14.00 2,221.2 968.1
03.00| 2,165.0] 943.5 15.00 2,391.1 1,041.8
04.00| 2,221.2] 968.1 16.00 2,426.2 1,05b.8
05.00| 2,466.2] 1,0748 17.00 2,466.2 1,074.8
06.00| 2,221.2] 968.1 18.00 2,542.0 1,10[.8
07.00| 2,316.0f 1,009.5 19.00 2,6916 1,173.1
08.00| 2,391.1] 1,041.8 20.00 2,771.6 1,208.2
09.00| 2,476.0) 1,079.0 21.00 2,601.7 1,133.8
10.00| 2,836.9] 1,236.83 22.00 2,263.3 9863
11.00| 2,912.0f 1,269.3 23.00 1,926.4 839/6
12.00| 2,766.7| 1,206.1 24.00 11,5255 8052
TABLE Il
FUEL COSTCOEFFICIENTS OFGENERATORS
Gen| a(kg/MWR | b(kg/Mwh) | ¢
Gl 0.0070 6.80 95
G2 0.0055 4.00 30
G3 0.0055 4.00 45
G4 0.0025 0.85 10
G5 0.0060 4.60 20
G6 0.0055 4.00 90
G7 0.0065 4.70 42
G8 0.0075 5.00 46
G9 0.0085 6.00 55
G10 0.0020 0.50 58
G11 0.00450 1.60 65
G12 0.00250 0.85 78
G13 0.00500 1.80 75
Gl4 0.00450 1.60 85
G15 0.00650 4.70 80
G16 0.00450 1.40 9(
G17 0.00250 0.85 1(
G18 0.00450 1.60 25
G19 0.00800 5.50 9(
TABLE IV
EMISSION COEFFICIENTS OFGENERATORS
Gen | o ($IMWH) B ($/MWh) y
Gl 0.018 -1.81 24.30
G2 0.033 -2.50 27.02
G3 0.033 -2.50 27.02
G4 0.014 -1.30 22.07
G5 0.018 -1.81 24.30
G6 0.033 -2.50 27.02
G7 0.013 -1.36 23.04
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G8 0.036 -3.00 29.03
G9 0.040 -3.20 27.05
G10 0.014 -1.30 22.07
Gl1 0.014 -1.25 23.01
G12 0.012 -1.27 21.09
G13 0.018 -1.81 24.30
Gl4 0.014 -1.20 23.06
G15 0.036 -3.00 29.00
G16 0.014 -1.25 23.01
G117 0.014 -1.30 22.07
G18 0.018 -1.81 24.30
G19 0.040 -3.00 27.01

E. Procedures of Smulations

In these studies, the problem is simulated using hourly
demands as listed in Table Il and it is conditioned using
limitations in Table I. In detail, these works are also
simulated using 10% of the loss limit, 0.5 of the weighting
factor, and 0.85 kg/h of the emission standard. Moreover, the
function problem is also conditioned by other operational
constraints as presented in Equations (5) to (11) in order to
search the solution in suitable operational ranges as desired
in £ 5% of voltage violations, 95% of the power transfer
capability, banded on upper and lower power limits included
ramp limits for the increasing and decreasing powers.

Create the cloud

Evaluate the cloud

Define the
streaming track

v

Evaluate the
channel

¥

Evaluate the dead
track

m

Define the pilot
leader

Generate

Select the prior
streamer
'* Keep the channel
Produce the
striking direction R
$ Solution

Evaluate the
striking path

®

Fig. 2. Sequencing order of TA

Refer to Figure 1, TA is executed using several programs
covered in the main program, evaluate program, cloud
charge program, streamer program, avalanche program and
dead track program. The programs are developed to cover
sequencing processes of TA. These procedures are
conducted to the Figure 2 for expressing the mechanism to
search the optimal solution as detailed in pseudo-codes.
These programs are run in 1 of the avalanche, 50 of the
cloud charge, 100 of the streaming flows, 4 of the hazardous
factor, and 200 of the cloud size.



I1l. RESULTSAND DISCUSSIONS 11.00| 10,449.2 2,609.1 23.00 3,0485 1,799.9

. . . . 12.00| 14,089.4 2,582 24.00 15310 1,430.4

The Slmmathn re’sults ."’?r.e given in S(?veral performances PP: Pollutant Production, AD: Allowed Discharge
to show algorithm’s abilities for solving the DOP as

presented in the DED with considering operational

constraints to schedule committed power outputs of

Captured within 100 streaming flows at 08:00 and 14:00,

. . . . the running outs are given in Figure 3 as the convergence
generating units associated with DFC and DPP aSpGCt‘Q‘Speeds for determining the optimal solution in smooth and

Accord;ng 0 deslgnel:d .programsl .fo(;. 21’ hours,.”restultés dar.efast as detailed in Table V for all streaming flows. By
presented respectively in several indicators as illustrate 'nconsidering 24 hours, Table V also provides time

following figures and tables for the computation abilities and consumptions for searching the optimal solution. In

the dynamic operatlons._ _Table .V shows_ comp_utgnonal particular, hourly pollutant penetrations are given in Table
performances for -det_e.rmlnlng optimal solutions W'.th'n 24 VI covered in the pollutant production (PP) and the allowed
hours for each individual power demand obtained in discharge (AD). According to this table, it is known that all

d:ferent iterations ”as stregmmg ﬂOW33 (%tr) \r’:"th Eapt'r\]IEdd of the operation for 24 hours, power plants produce higher
characteristics as illustrated in Figure 3. On the other han 'emissions over the standard. The illustration for this

the optimal solution comes from various striking points (Sp) penetration is performed in Figure 4 associated with the

for each hour. OREC at 23.00 and 24.00, as the samples for all period time
TABLE V operation included the dominant penalty factor (dh).
COMPUTATIONAL PERFORMANCES
N . 0.350
Hour Str Sp Tég;e Hour Str Sp Tég;e 0300 ——OREC-24 dh-24 OREC-23 dh-23
01.00] 20 3| 25[ 13.00 1b 1y
02.00| 19 1 2.2 14.00 1Y 2.0 M
03.00| 19| 3 1.9 15.00 19 2.5 s 02 Y] _ 1
0400 20] 3| 3.0] 1600 20 24 =Sl i [\l} AF\I L_lwvaAWUA_' —
0500| 6| 1| 2.0] 1700 29 1 14 - 51 H A VM
06.00| 16] 4| 1.9] 18.00 30 2. M ?‘H\ PT)M; -
07.00| 11| 3 2.0 19.00 31 7 1.7 o050 u 1A w\'\.r',\-c"\];ﬁ)-(r#H ')
08.00] 11[ 4 1.8[ 2000 16 2 22
0900 6] 2| 20| 2100 22 4 31 [ T
1000| 8 2 20| 22.0 18 1 3.2 Fig.4 OREC and dh of the Y&ind 24" hours
11.00| 15| 1 1.8| 23.00 24 2.4
12.00] 15] 3] 21| 2400 165 2 3.8 TABLE Vil
Str: Streaming flow, Sp: Striking point | OPERATIONAL PERFORMANCES
210000 Hour Load Gen. Loss Fuel Emi.
I — s s (MW) | (MW) | (MW) | costs ($)| costs ($)
o L\ 01.00| 1,701.7 1,878.9 177 9,290[6 1,384.6
| 02.00] 1,828.1 1,934.9 1068 8,1203  333|8
_ 180000 l‘ 03.00| 2,165.00 2,313.5 1485 11,9158 3,550.6
2 170000 \ 04.00 | 2,221.2 2,320.0 98.9 11,427.3 3,397.1
£ 160000 \ \_\ 05.00 | 2,466.2 2,684.0 2178 12,72%2 4,254.4
150000 A 06.00 | 2,221.2 2,441.1 219P 11,170.8 1,885.7
14.000.0 07.00| 2,316.0 2,460.5 1445 11,690.2 1,705.6
13,0000 08.00| 2,391.1] 2,599.5 2084 11,9149 3,719.6
130000 v g G T 09.00 | 2,476.0 2,604.6 128/ 11,803.0 3,086.1
T T ammermew T 10.00 | 2,836.9 3,100.F 2638 16,005.9 8,994.8
F|g 3 Convergence Speeds of tmd 1&1 hours 1100 2,9120 3,069 b 1576 15,0814 5,78 96
12.00| 2,766.7 3,037.Yy 2710 15,856.1 8,539.6
13.00| 2,691.6 2,816.8 124)7 14,8325 5,891.3
EMISSlZﬁi;gDVJCTIONS 1400 | 222120 2,373.8 152 10,6956 14252
15.00 | 2,391.1] 2,519.6 1285 11,447.1 2,828.8
Hour PP AD Hour PP AD 16.00 | 2,426.20 2,536.y 1105 11,80%.7 2,941.7
01.00| 2,888.7| 1,597.0 13.00 10,190.4 2,393.8 17.00| 2,466.20 2,654.8 1881 13,416.1 4,495.5
02.00| 1,796.8| 1,644.y 14.00 3,609.2 2,017.7 18.00| 2,542.0 2,662.y 120[7 12,833.4 2,600.4
03.00| 6,228.7| 1,966.5 15.00 5,5733 2,141.6 19.00| 2,691.6 2,909.8 2182 13,639.6 4,310.2
04.00| 6,136.6| 1,972.0 16.00 5,8129 2,156.2 20.00 | 2,771.64 2,997.2 2256 149166 5171.4
05.00| 7,824.2| 2,281.4 17.00 8,1622 2,256.2 21.00| 2,601.7 2,779.y 1780 12,788.3 3,471.7
06.00| 4,252.6| 2,075.0 18.00 5,536|6 2,263.3 22.00| 2,263.3 2,377.9 1146 11,6724 1,884.9
07.00| 4,022.1| 2,091.5 19.00 18,1361 2,473.3 23.00 | 1,926.4 2,070.4 1440 9,6040 1,327.9
08.00| 6,872.7| 2,209.6 20.00 19,4730 2,547.6 2400 | 1,525.5 1,682.8 1573 7,217\8 243(2
09.00| 6,054.1| 2,2139 21.00 16,8202 2,362.7
10.00| 14,830.4 2,635.6 22.00 4,2795 2,021.3
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Technically, generated power operations are listed in
Table VII for describing operational performances on the

that both power outputs and the loss are fluctuated following
ramp limits and the total loss requirement. This figure also

optimal solutions considered the pollutant penetration atinforms, the produced power changed of the committed
each generating units. These results show that the balance gfower generation is changed from the present hour to the
power productions and demands covers the power loss fomext hour with different capacity for the decreasing or

24 hours. In detall, this table also provides operating costs ofincreasing power production.

fuel consumptions for integrating all power plants. The

pollutant penetration during the power production process is

IV. CONCLUSIONS

environmental protection for each hour.

3.500.00

3,000.00 f——\
2.500.00 M
& 2.000.00
= — N\
g 1,500.00
B 1.000.00
e Total Load
500.00 T otal Gen.
0.00
1 23 4 56 7 8 910111213 14151617 18 1920 21 2223 24
Hour
Fig. 5 Hourly power productions
400.0
H19:00 ®™11:00
g 3000 +
3
2.200.0
=
o]
% 100.0
= ’ I
o
. 111 |
1234567 8910111213141516171819
Generatingunits
Fig. 6 Power outputs at the™and 11" time
600
400 A
200
El
=
T o
% 1 2 3 4 5

\5/7 s 9 1011 1} 13 14/15 16 17 18 19 20‘1 22 23 24
) \I \/\
v

Hour

T otal Loss

——Power Change

Fig. 7 Hourly progressing operations

In particular, hourly total power outputs of generas are
given in Figure 5 for the balance of the total power usages
and the power serves with the power production is higher
than the power demand. From this figure, it is illustrated that
the generation system must cover the total power loss at th
network during supplying the total load, which is depicted in
Figure 7 for the fluctuated total power loss. Furthermore, the
individual contribution of the power output is illustrated in
Figure 6 for 19 power plants selected at 19.00 and 11.00 fo
describing the peak conditions. These productions are alst
performed in Figure 7 for the hourly progressing operations
of the total power productions. From this figure, it is known

1830

penetrations covered in dominated producers throughout the
OREC technique and the dominant penalty factor. This

paper also explores thunderstorm algorithm to solve the

DOP considered the DED problem and various technical

constraints. Results show that pollutant productions

penetrate dynamically to the power productions for 24 hours.

These penetrations also affect to the emission compensations
as the environmental fee included in the operating cost

together with the fuel cost. From these works, the real

implementation to the large system is devoted to the future

studies with various parameter combinations.
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