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Abstract

The chances of congestion in deregulated market are quite high as compared to the monopolistic market as the customers
would like to purchase electricity from cheapest available sources. Ways for Congestion management are: Generation
rescheduling, Interruptible load curtailment, Transmission system expansion etc. Transmission expansion planning is the last
way for congestion management if congestion is not managed by Generation rescheduling and Interruptible load curtailment.
A high mean of Locational marginal price (LMP) at a bus indicates no access to cheap generation and a low mean of LMP
indicates access to excess cheap generation and no access to enough loads. Hence, constructing a new line between two
buses with low and high mean of LMP will allow the dispatch of the excess cheap generation and flow of energy from low
LMP bus to high LMP bus due to price potential difference. Consequently, the flatness of price profile is improved. The final
plan is selected by economic analysis.

Keywords: Deregulated power market, Locational marginal price, congestion, Generator Company (GENCO),
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1. Introduction

Deregulation in power industry is a restructuring of rules and economic incentives that government
sets up to control and drive the electric power industry. As electric loads and generation grow,
transmission expansion planning should be carried out in timely and proper way to facilitate and
promote competition.

In deregulated power systems participants take their decisions independently. They change their
strategies frequently to acquire more information from the market to maximize their benefits.
Consumers adjust their loads according to the price signals. In deregulated power system, there are
choices of GENCO for DISCO, consumer; based on their bidding price, reliability, power quality and
mutual agreement. In order to deliver the power from GENCO to DISCO, transmission line is used.
So that the power flow from transmission line also depends upon market participant choice. The
scarcity of transmission capacity and a continuous demand for power from less expensive sources
lead to transmission system congestion.

2. Marginal cost

Marginal cost is the cost of supplying next MW of load at a specific location. It is important
characteristic of a generator. It is a measure of how costly it will be to produce the next increment of
power. For example, it may cost a generator $1000/hr to produce IMW of power, but it does not cost
$2000/hr to produce 2MW. The marginal cost can be obtained from the derivative of cost function of
generator(C (P,)) with respect to power generated by corresponding generator (Py). In accordance to
the theory of marginal costs, the marginal cost at bus i defined by eq™:

(MC)=O(C(Pg)/OPygi. e vevrieeireinnnnnn(2.1)
Where, C (Py;) is the cost function of it generator.
3. Congestion

When the producers and consumers of the electric energy desire to produce and consume in amounts
that would cause the transmission system to operate at or beyond one or more transfer limit, the
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system is said to be congested. Generator rescheduling and interruptible load curtailment are startup
way for congestion management. Transmission expansion planning is the last way for congestion
management if congestion is not managed by Generation rescheduling and Interruptible load
curtailment. Congestion management is one of the most challenging tasks of the system operator in
the deregulated environment.

4. Algorithm

The following algorithm is used:

1. Calculate the marginal cost of each bus by Powerworld Simulator software.
2. Calculate the daily congestion cost of each transmission line using eq" (4.1)
Congestion cost = | (MC of bus i*" — MC of bus j™))|
x Power flow through ij transmission line ...... ... ... o cee vee e e o (4.1)
3. Calculate the yearly congestion cost of each transmission line using eq" (4.2)

Yearly congestion cost of transmission line
= Hourly congestion cost of transmission line * 24 x 365 ..........(4.2)

4. Set a Specified value (SV) to compare with yearly congestion cost. Specified value is the
value up to which congestion cost is allowed.

5. Compare the each yearly congestion cost with specified value (SV).
If yearly Congestion cost > SV, then suggest constructing new transmission line parallel to
existing transmission line which is indicated by 'Plan needed' otherwise indicated by 'OK'

6. Count the total number of transmission line extension plan for particular Specified value.

7. If number of transmission line extension plan is greater than 6 then increase specified value
and go to step 5.
If the limit of number plan for extension of transmission line is more then it leads towards
more accurate plan for extension of line but also it becomes more complex and time
consuming. If the system planners have sufficient time and money then they can suggest
working on large number of plan. Due to limited time, for this thesis up to 6 number of plan is
considered. As the process of analysis is same for large number of plan, so this algorithm
also works for large number of plan by changing only in step 7 in which it should declared to
maximum limit of plan.

8. Determine the most economical plan by economic analysis

Economic analysis of plan

1. Calculate the daily and yearly congestion cost after extension of transmission line by using
eq" (4.1) and eq" (4.2).

il. Calculate the total yearly congestion cost before and after extension of transmission line by
using eq"(3)

Total yearly congestion cost =
Sum of all yearly transmission line congestion cost ... (4.3)

1ii. Calculate the decrease in annual congestion cost after extension of transmission line.
1v. Calculate the annual increase in transmission line cost after extension of transmission line.
V. Calculate the economic ratio

Economic ratio =
Annual decrease in congestion cost after extension of tranmissio line

Annual increase in transmission line cost after extension of transmission line
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Vi. Compare the economic ratio and determine the highest economic ratio.
vii. The highest economic ratio means most economical plan for extension of transmission line
which is desire output.

5. Software Tool

PowerWorld Simulator is used as software tool to calculate the bus marginal price and line flow by
optimal power flow (OPF) analysis.

6. Test system

The IEEE 30 bus systems have 6 generators, 30 buses, 21 load buses and 41 transmission lines is
shown in figure A.1. The generator data, load data and transmission line data are shown in appendix
A. It is better to work on our Nepalese power system network but our system is not in deregulated.
So, The IEEE 30 bus is used as test system.
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Fig 1 IEEE-30 bus system simulated in power world simulator
7. Results and Discussions

From the simulation results, the congestion cost of each line is calculated. The number of transmission
line extension plans for different specified values (SV) is listed below:
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Table 1 Number of extensions of transmission line plan for different SV

Congestion Congestion Congestion | Congestion | Congestion
Specified value Charge> Charge> Charge> Charge> Charge>
$5000 $50000 $500000 $1000000 $2000000
Number of plan 38 23 6 5 4

From above table it can be concluded that it is better to take specified value of $500000 as it has
suitable number of plans. But if the transmission system operator has sufficient time and money then
he/she can work on higher number of plans for highly efficient performance of the line.

Identification of plan

For planning of transmission line SV, is taken as $500000. Name of plan for extension of
transmission line parallel to corresponding lines are given below.
Table 2 Identification of plan

| o | e Consion st
2 5 632910 Plan 1
10 21 2057764.2 Plan 2
10 22 2221032.3 Plan 3
15 23 2077888.4 Plan 4
22 21 5812031.9 Plan 5
27 28 1121763.6 Plan 6

Economic analysis

The extension of transmission line under different plan changes the marginal cost and congestion cost
of transmission line which plan is the most economical plan among all of the plans is decided by
economic analysis.

Change in Congestion cost

The yearly decrease in congestion cost and yearly increase in congestion cost is shown in Figure 2.
From this figure, it is clearly observe that plan 2 has lowest yearly decrease in congestion cost
whereas Plan 1 has highest yearly decrease in congestion cost. From this figure, it is also clearly
observe that Plan 1 has highest yearly increase in transmission line cost whereas Plan 4 has lowest
yearly increase in transmission line cost.
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Fig 2 Chart diagram of change in congestion cost and change in transmission line cost
Economic ratio

After calculation of economic ratio of different Plans it is clear that in spite of same annual decrease
in congestion cost, the economic ration may be different as shown in Fig 3. The economic ratio
becomes high if decrease in annual congestion cost is high and increase in yearly transmission line
cost is low.
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Fig 3 Chart diagram of economic ratio of different plan

Economic ratio of different plan is shown in Figure 3. From this figure it is clearly observe that Plan 1
has lowest economic ratio and Plan 4 has highest economic ratio i.e. Plan 4 gives more return with
less investment than other plans. If economic ratio analysis is not considered there are conflicts in
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decision as there are Plan 1 has highest yearly decrease in congestion cost and also Plan 4 and Plan 6
creates conflicts in decision because they have same yearly decrease in congestion cost as shown in
Figure 2.

From above it is concluded that Plan 4 has highest economic ratio so that the Plan 4 is most
economical plan.

8. Conclusions

Constructing a new line between two buses with low and high mean of LMP allows the dispatch of
the excess cheap generation and flow of energy from low LMP bus to high LMP bus due to price
potential difference.

The specified value of congestion cost must be selected so that reasonable number of candidates is
suggested. In the proposed method, when SV is Set as SV=$500000 through hit and trial method, then
there existed 6 number of transmission line extension plan. From the economic analysis, there is no
congestion cost for either Plan 4 or Plan 6. But from the economic ratio analysis of six different plans,
Plan 4 has the highest economic ratio (16.2741) and hence needs to be implemented. Therefore, plan
4 is recommended for construction from bus 15 to 23 which has the highest economic ratio. The
recommended plan, if implemented, increases the transmission cost $1007500 per year but decrease
the congestion cost by $16396200.77 per year providing great platform for power market.

9. Recommendations for further study
During the course of study, following recommendations are proposed for further research:

1. The study is done on IEEE 30 test bus system. For further work it is recommended to do on
real de-regulated power system of a particular country/area.

2. Flat variations on each load are considered at one time. For further work it is recommended to
do the variation on load by combination variation of load.
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