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Abstract. Electricity production using fossil fuel and coal may cause adverse effects to the environment, However,
regardless the amount of emission produced. these practices are common due their ability to reduce cost, particularly in
providing electricity as the basic needs for human being, One way that can be done to minimize the adverse effects is to
optimize the power plant collaboration. This paper performs simulations to choose the best location for additional power
plants. Simulation 1s done based on multi-echelon economic dispatch model. The advantage of this model i1s pnmarily its
high flexibility to be applied in various conditions with two objectives: minimizing costs and emissions. The model is
devised on the electricity system in East Kalimantan by using artificial data and computed using Excel Solver as the
analytical tool. The result shows that zone A 1s the best location for additional production capacity in term of cost point
of view. Whilst from the emissions perspective. zone C is the best location to increase production capacity.

INTRODUCTION

There are two serious problems related to the global energy demand, namely the declined oil reserves and CO2
gas emissions. Depleted oil reserves lead to the increase in fuel prices, while emission-related problems become one
of the causes of global warming. Both of these issues must be taken very seriously due to their potential menace to
endanger human life.

In this regard, electricity producers have a significant role in reducing emission by applying certain technology
means or methods to minimize emission generated from production activity. Among other, there are two methods
that have been commonly conducted. First. replace the use of oil with renewable energy. and second, save oil usage
by collaborating power plants. Collaboration between suppliers can be done with economic dispatch as has been
carried out by [1]. Initially. the economic dispatch only considers costs that have a potential negative impact on the
environment [2]. Therefore, economic dispatches are developed by involving emissions as performed by [3].

Although the process of electricity production has the potential to trigger adverse effects on humans, the practice
is still going on until today because electricity has become a major part of human life. In fact, every year, there is a
need to increase the power plant production capacity to meet the needs of community. The use of coal-fired power
plants can reduce fuel costs, but it increases emissions. Meanwhile, the use of gas fuel can reduce emissions, but it
increases fuel costs [2]. Therefore, the right way to do a combination of the use of these fuels must be examined.

Exploring Resowrces, Process and Design for Sustainable Urban Dy 1
AIP Conf. Proc. 2114, 060016-1-060016-9; hitps:/doi.org/10.1063/1.51 12487
Published by AIP Publishing. 978-0-7354-1850-9/830.00

060016-1




The present study presents the results of the simulation of two conditions, which are costs and emissions. Each
condition consists of 4 (four) scenarios and the simulations are carried out based on the combination of two models
in [4] and [5]. The result will provide recommendation for the best location for a power plant that can minimize
costs and emissions.

ECONOMIC DISPATCH

History of Economic Dispatch

Economic dispatch was introduced in 1928 by three researchers who extensively introduced this model, namely
[6-8]. The initial economic dispatch, also known as the classic Economic dispatch, uses the concept of the base load
method and the best point load method. The way it works is by sorting its etficiency. The most efficient power plant
will be assigned first. Furthermore, the load allocation will be given to the power plant with the lowest efficiency,
and so on until the last power plant.

Load base method is carried out based on load allocation, which is less effective when applied to different power
plant characteristics. This new developed technique is known as equal incremental cost that considers the
characteristics of each different power plant. After that, one find the meeting point of all power plants, and the
optimal allocation is decided based on this meeting point. This equal incremental cost technique is still used until
today. This technique is introduced by [9] with its ability to produce cheaper total fuel cost for all power plants
involved in the system as one of its advantages [10-12].

Economic dispatch will produce optimal load allocation for all power plants involved, but there is no guarantee
that the produced electricity can flow in the transmission network because each network has a maximum capacity in
a certain time. For this reason, [13] introduced a new method to solve economic dispatch problems with security
constraints in the form of DC load flow. Network security constraints are flow limits on the network. By considering
this factor, the electricity load that has been allocated to each power plant can flow in a particular transmission
network accordingly, as explained in [14].

Characteristics of Power Plant

The characteristics of the power plant determine the use of fuel for electricity production. Fuel costs for each
power plant can be seen from the input/output curve and the incremental cost curve. The unit for the function of
power plant fuel consumption is the amount of Btu/hour heat input (or MBtu/hour). The output for the power plant
is symbolized by PG, which is the number of megawatts generated by the power plant.

The input-output characteristics for the power plant system can be determined by a combination of boiler input-
output characteristics and input-output characteristics of the turbine-generator unit as in the following Fig. 1.

4

[nput (MBtuh or $/h)
\

PGmin PGmax P
Output (MW)

FIGURE 1. The mput-output charactenstics of power plant.

The figure explains that the characteristics of input-output power plant, which is the power output, is limited by
the minimum and maximum capacity of the power plant as shown in the equation below:
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Pirm’n = Px’ = Pimax (1)
If the input-output characteristics of all power plants are identical, the entire power plant can be assigned to the
same task. However, the power plant generally has different input-output characteristics. It means that by entering
the same amount of fuel, each power plant does not necessarily produce the same amount of power (Pi). This fact
causes the importance of allocating electricity loads to be managed in such a way that the total cost becomes
minimal.
Generally, the power plant cost function is nonlinear. The input-output characteristics used for a power plant unit
are the following functions:
F= qP?+ biP + ¢ )

Where a, b, and ¢ are coeflicients for input-output characteristics. The constant ¢ is equivalent to the use of fuel
without power output as shown in Fig. 1.

Environmental Dispatch

The I[EEE Working Group Report states that Environmental dispatch is the allocation or change in the allocation
of electrical resources, which is connected to the system at a certain time, to meet the system load at that time which
can minimize costs and environmental impacts, or still within the acceptable limit.

Minimum emission dispatch (MED) is in the form of a simple single criteria optimization problem. The emission
problem of the dispatch is explained in [15]. Based on the types of pollutants and the available data, the emission
curve for thermal units is described in three types, namely: linear function, quadratic function, and combination of a
straight line forming polynomial or exponential.

Emission dispatch is also introduced by [16]. In this concept. it is assumed that the goal is cost. Emission limits
can be applied to total system emissions or group or unit emissions. The solution that is obtained from this concept
is often at the limit of the system, so that it can cause boundary violations if there 1s an error in forecasting or the
availability of a power plant. A new problem arises in the form of how to expand the concept of costs and
simultaneously develop conversions from generating units, which are in line with environmental objectives into one
monetary unit. The idea raised by [16] is to calculate costs without emissions in advance as initial costs, and then
include emission factors into the allocation of expenses. Furthermore, the difference is the cost of emissions.

Economic Dispatch does not only minimize fuel costs but also minimize emissions as found in [17-20].
Emissions are measured using the quadratic function approach that is expressed as follows:

E; = P} + BiP; + & (3)

Where:
a;, fi, §; = Emission constants for power plant i,
A = Electrical power generated by the power plant i.

MODEL DEVELOPMENT

Model

The simulation carried out in the present study is based on a combination of two models. The models are the load
allocation power plant model [4] and the multi echelon economic dispatch model as in [21]. Both of these models
have advantages because they are potential to optimize the combination of production and distribution. This
combination makes this model is very flexible to be used in a variety of application. including planning for
additional production capacity.
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Scenario

The simulation is done under two main conditions. First, simulation focused on minimizing costs as the
objective, and second. simulation with the aim of minimizing emissions. Each simulation consists of 4 (four)
scenarios as follows:

1) Existing condition.

2) Additional production capacity of 500 MW in zone A.

3) Additional production capacity of 500 MW in zone B.

4) Additional production capacity of 500 MW in zone C.

All simulations are completed with Solver Excel and compared to each other to determine the best solution for
the establishment of planning power plant by using cost and emission parameters.

RESULTS

Existing condition

TABLE 1. The resulis of the simulation of existing conditions

Power Fuel Cost (Rp) Emission (gram) Transm. Losses Instr. Losses
Plant (MW) (MW)
1 2 3 1 2 3 1 2 3 1 2 3
Zone A 1.250015  1.250,01 1250015 1000450 1000450  1.000450 200 200 200 798 926 88
5 3
Zone B 2,216,549  2,806,70 3,438,327 123,759 157,114 192,854 99 112 124 358 363 41
6 6
Zone C 3,103,555 3.659.17 4,294,001 122,768 144,874 170,142 140 152 165 393 454 54
0 0
Sub 6,570,118  7.71589 R982342 1246977 1302438 1363446 440 464 489 1.549 174 18
Total 0 2 38
1393 5.130
Total 23,268,351 3912861 6,523

In existing conditions as detailed in Table 1, the fuel needed to provide electricity demand is Rp. 23.268.351.
The total emissions produced by all power plants in all three zones are 3,912,861 grams, losses on the transmission
network are 1,393 MW while losses in the distribution network are 5,130 MW. In overall, the total system losses
are 6,523 MW,

Additional Production Capacity with Cost Parameters

a. Zone A
TABLE 2. The results of the simulation of additional capacity in zone A with cost parameters
Power Fuel Cost (Rp) Emission (gram) Transm. Losses (MW) Distr. losses (MW)
Plant
1 2 3 1 2 3 1 2 3 1 2 3
Zone A 1,483,015 1485015 14850135 1.210.495 1.210.495 1.210.495 220 220 220 89 098 982
4
Zone B 1,884,572 2.324.587 2.993.016 105018 129,862 167,653 92 102 16 33 349 395
0
Zone C 2,638,787 3.254.808 3.737.911 104,285 128,785 148,007 129 144 154 5 422 473
4
Sub Total 6008373 7064410 8215942 1419797 1469142 1,526,155 441 165 90 15 17 1850
77 69
1,396 5,196
Total 21,288,726 4,415,004 6,592
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If the power plant production capacity in zone A is increased by 500 MW | the fuel needed to provide electricity
demand is Rp. 21,288,726. The total emissions produced by all power plants in three zones are 4.415,094 grams.
Losses on the transmission network are 1,396 MW, and losses in the distribution network are 5,196 MW. This
simulation found that the total system losses are 6,592 MW as specified in Table 2.

b. ZoneB
TABLE 3. The results of the simulation of additional capacity in zone B with cost parameters

Power Plant Fuel Cost (Rp) Emission {gram) Transm. Losses (MW) Distr. losses (MW)

] 2 3 ] 2 3 1 2 3 1 2 3
Zone A 1.250.015 1.250,015 1.250,015 1,000,450 1.000.450 1.000.450 200 200 200 798 926 895
Zone B 2216549 2806706 3,701,001 123,759 157,114 207,727 99 12 129 358 363 427
Zone C 3,103,554 3,659,170 4,040,030 122,768 144,874 160,032 140 152 160 393 434 510
Sub Total 6,570,118 7.715.890 £.991.046 1.246.977 1.302.438 1.368.209 440 464 489 1.549 1.742  1.832

1393 5.123

Total 23,277,055 3917624 6.516

If the power plant production capacity in zone B is increased by 500 MW, the fuel needed to provide electricity
demand is Rp. 23.277,055. Total emissions produced by all power plants in all zones are 3,917,624 grams. Losses
on the transmission network are 1,393 MW, and losses in the distribution network are 3,123, In overall, total loss in
the system is approximately 6,516 MW as clarified in Table 3.

c. ZoneC
TABLE 4. The results of the simulation of additional capacity in zone C with cost parameters

Power Plant Fuel Cost (Rp) Emission (gram) Transm. Losses (MW Distr. losses (MW)

1 2 3 1 2 3 1 2 3 1 2 3
Zone A 1,250,015 1.250,015 1.250,015 1.000.450 1.000.450 1.000.450 200 200 200 T98 926 883
Zone B 2.216,549 2,806,706 3438327 123,759 157,114 192,854 99 112 124 358 363 416
Zone C 3.103,554 3,659,170 4,294,001 122,768 144,874 170,142 140 152 165 393 454 540
Sub Total 6,570,118 7715890 8982342 1246977 1302438 1363446 440 464 489 1549 1742 1.838

1.393 5.130

Total 23.268.351 3912861 6,523

If the power plant production capacity in C zone is increased by 500 MW, the amount of fuel needed to cover
electricity demand is Rp. 23.268.351. Total emissions produced by all power plants in three simulation zones are
3.912,861 grams. Losses on the transmission network are 1.393 MW while losses in the distribution network are
5,130 MW, thus the total system losses are 6,523 MW as detailed in Table 4.
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Additional Production Capacity with emission parameters

a. Zone A
TABLE 5. The results of the simulation of additional capacity in zone A with emission parameters

Power Fuel Cost (Rp) Emission (gram} Transm. Losses (MW)  Distri. Losses (MW)

Plant
1 2 3 1 2 3 1 2 3 1 2 3

Zone A 561,892 723,879 905,866 403429 540461 697,493 127 147 167 491 699 776

Zone B 4973,12 5,351,608 5,688,020 279815 301,279 320,361 150 155 160 477 482 502
7

Zone C 4,040,03 4,040,030 4,040,030 160,032 160,032 160,032 160 160 160 509 510 510
0

Sub Total 9.575.04 10,115,51 10633916 843276 1,001,771 1.177.886 437 462 487 1476 1.692 1,7
8 7 88

1,386 4,956
Total 30324 481 3022933 6.341

If the power plant production capacity in zone A is increased by 500 MW, the fuel needed to cover the electricity
demand 1s Rp. 30,324.481. Total emissions produced by all power plants in the zones are 3,022,933 grams. Losses
on the transmission network are 1,386 MW, and losses in the distribution network are 4,956 MW. The losses of the
total system are 6,341 MW as detailed in Table 5.

b. ZoneB
TABLE 6. The results of the simulation of additional capacity in zone B with emission parameters
Power Fuel Cost (Rp) Emission (gram) Transm. Losses Distr. Losses (MW)
Plant (MW)
1 2 3 1 2 3 1 2 3 1 2 3
Zone A 413,429 554,431 715434 28115 397.19 533,245 106 126 146 415 573 693
0 7
Zone B 6300473 6883976 7.186.520 35885 388.23 405,406 169 176 180 524 579 554
7 0
Zome C 4,040,030 4,040,030 4,040,030 160,03 160,03 160,032 160 160 160 509 339 518
2 2
Sub Total 10,819.93 1147843 11.941,98 800,03 945.46 1.098,68 435 462 486 1.44 1.69 1,7
2 7 4 9 0 2 8 2 64
1.383 4.904
Total 34,240,353 2.844.181 6,287

If the power plant production capacity in zone B is increased by 500 MW, the amount of fuel needed is Rp.
34.240.353. Total emissions produced by all power plants in all zones are 2.844.181 grams. Losses on the
transmission network are 1,383 MW while losses in the distribution network are 4,904 MW. Thus, the total system
losses are 6.287 MW as clarified in Table 6.
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c. ZoneC

TABLE 7. The results of the simulation of additional capacity in zone C with emission parameters

Power Fuel Cost (Rp) Emission (gram) Transm. Losses Distr. Losses (MW)
Plant (MW)
1 2 3 1 2 3 1 2 3 1 2 3
Zone A 419,905 561,892 723,879 286,39 403,42 540,461 107 127 147 371 579 656
7 9
Zone B 4,973,127 5,351,608 5,688,020 279,81 301,27 320,361 150 155 160 477 482 502
5 9
Zone C 5,107,530 5,107,530 5,107,530 202,53 202,53 202,536 180 180 180 629 630 630
6 6
Sub Total 10,500,356 11,021,03 11.519.42 768,74 907,24 1.063,35 437 462 487 1.47 1.69 1.7
1 0 9 8 3 8 ] 2 88
1.380 4,956
Total 33041019 2,739,349 6,341

If the power plant production capacity in zone B is increased by 500 MW, the fuel needed to cover electricity
demand i1s Rp. 33.041.019. Total emissions produced by all power plants in three zones are 2,739,349 grams, while
losses on the transmission network are 1.386 MW, and losses in the distribution network are 4,956 MW. Hence, the
total system losses are 6,341 MW as presented in Table 7.

ANALYSIS

Based on the results of four simulations on three scenarios of power plant allocation, i.e. the existing conditions,
capacity additions in Zone A, capacity addition in Zone B, and capacity additions in Zone C with cost parameters,
the results showed that the addition of production capacity in Zone A is the best way to reduce costs. The simulation
revealed a decrease in costs by 9.3%, but at the same time, the result showed negative impact on emissions as well
as losses on transmission and distribution networks. Furthermore, it found that there was an increase in emissions by
11.8% and losses by 1.05%.

TABLE 8. Comparison of scenario based on two parameters

Cost Parameter Emission Parameter
Smslation Fuel Cost Emission Losses Fuel Cost  Emission  Losses
(Rp) (Rp) (MW) (Rp) (Rp) (MW)
Existing condition 23268351 3912861 6.523 23268351 3912861 6523
Additional production capacity in zone A 21,288,726 4,415,094 6,592 30324481 3022933 6.341
Additional production capacity in zone B 23277055 3,917,624 6,516 34240353 2.844.181 6,287
Additional production capacity in zone C 23,268,351 3,912,861 6,523 33,041,019 2,739.349 6,341

Based on the same simulation using emission parameter, it is known that by adding a production capacity of 500
MW in zone C, it can decrease emissions by 42.84% and losses by 2.86%. This is the lowest emission compared to
other scenarios. however, this decision will cause an increase in cost of production by 29.58% as depicted in Table
8.

As can be observed in Fig. 2, large losses do not necessarily produce the greatest total cost. This result is caused
by a unique relationship that occurs between power plants, where costs are not only affected by the amount of
production, but also by the characteristics of the power plant of each supplier as well as losses in each network.
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mmm Fuel Cost (Rp) Emission (Rp) = Fuel Cost (Rp) Emission (Rp)

| 0s5ES (MW) | p5ses (MW)
25,000,000 6,600 40,000,000 6,600
6,580
20,000,000 6,560 30,000,000 6,500
15,000,000 6,540 6,400
20,000,000
10,000,000 6,520 6,300
6,500
' 10,000,000
5,000,000 6,480 6,200
0 6,460 0 6,100
1 2 3 4 1 2 3 a

FIGURE 2. Comparison of each scenario with cost and emission parameters.

CONCLUSION

The addition of a production capacity of 500 MW in zone A is the best way to reduce the cost of production

using fossil fuel-based oil. However, this decision has a negative impact on the environment and losses on the
transmission network. The addition of a 500 MW power plant in zone C has a good impact for the environment
because it reduces emissions by almost half. However, this decision has a negative impact on production in term of
the increase in fuel costs.

[1]
(2]
(3]
[4]
[3]
[6]
(7]
[8]

(9]
[10]

[11]
[12]
[13]
[14]

REFERENCES

U D S Muslimin. Power Plant Allocation In East Kalimantan Considering Total Cost and Emission. In: The
International Conference on Industrial and System Engineering. Denpasar: [Conise; 2017.

S B Wahyuda,. Dynamic Pricing in Electricity: Research Potential in Indonesia. Procedia Manuf.
2015:4:300-6.

V Bhattacharjee and Khan I. A non-linear convex cost model for economic dispatch in microgrids. Appl
Energy. Elsevier; 2018;222(January):637-48.

B S Wahyuda and A Rusdiansyah. Load allocation of power plant using multi echelon economic dispatch.
AIP Conf Proc. 2017:020007.

B S Wahyuda and A Rusdiansyah. Cost analysis of an electricity supply chain using modification of price
based dynamic economic dispatch in wheeling transaction scheme. IOP Conf Ser Mater Sci Eng. 2018;

EC Stahl. Economic loading of generating stations. Electr Eng. 1931:50(9).722-7.

H Estrada. Economical Load Allocations. Electr World. 1930:96:685-90.

A Wilstam. Dividing load economically among power plants by use of the kilowatt. ] AIEE.
1928:47(6):430-2.

MJ Steinberg and TH Smith. Incremental loading of generating stations. Electr Eng. 1933:52(10):674-7.

Y Ahlem, H Bouzeboudja and F Zohra . The combined economic environmental dispatch using new hybrid
metaheuristic. Energy. Elsevier Ltd; 2016;115:468-77.

DC Secui. A new modified artificial bee colony algorithm for the economic dispatch problem. Energy
Convers Manag. Elsevier Ltd: 2015:89:43-62.

VS Aragon, Esquivel SC, Coello Coello CA. An immune algorithm with power redistribution for solving
economic dispatch problems. Inf Sci (Ny) 2015:295:609-32.

K Aoki and T Satoh. Economic Dispatch with Network Security Constraints Using Parametric Quadratic
Programming. IEEE Trans Power Appar Syst. 1982:PAS-101(12):4548-56.

FP Mahdi and P Vasant, Kallimani V, Watada J, Fai PYS, Abdullah-Al-Wadud M. A holistic review on
optimization strategies for combined economic emission dispatch problem. Renew Sustain Energy Rev

060016-8




[15]

[16]
[171

[18]
[19]
[20]

[21]

Elsevier Lid; 2018:81(March 2017):3006-20.

MR Gent and Lamont JW. Minimum-Emission Dispatch. IEEE Trans Power Appar Syst. 1971:PAS-
90(6):2650-60.

JK Delson. Controlled Emission Dispatch. IEEE Trans Power Appar Syst. 1974:PAS-93(5):1359-66.

J Zhou, C Wang, Li Y, Wang P, Li C, Lu P. A multi-objective multi-population ant colony optimization for
economic emission dispatch considering power system security. 2017:45:684-704.

J Zhou, Wang C. Li Y, Wang P, Li C, Lu P. A multi-objective multi-population ant colony optimization for
economic emission dispatch considering power system security. Appl Math Model. 2017:45:684-704.

D Zou, Li S, Li Z, Kong X. A new global particle swarm optimization for the economic emission dispatch
with or without transmission losses. Energy Convers Manag. Elsevier Ltd; 2017:139:45-70.

G Li, R Zhang, Chen H, Jiang T, Jia H. Security-Constrained Economic Dispatch for Integrated Natural gas
and Electricity Systems. Energy Procedia. Elsevier B.V.; 2016;88:330-5.

B S Wahyuda and A Rusdiansyah. Cost analysis of an electricity supply chain using modification of price
based dynamic economic dispatch in wheeling transaction scheme. In: IOP Conference Series: Materials
Science and Engineering. 2018.

060016-9




Analysis of Cost

ORIGINALITY REPORT

9 % 4 % 8 % 3 %

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

3%
* aip.scitation.org

Internet Source

Exclude quotes On Exclude matches Off

Exclude bibliography On



	Analysis of Cost
	by Irwan Gani

	Analysis of Cost
	ORIGINALITY REPORT
	MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)


