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Abstract: The occurrence of a large disturbance in a power system can lead to a decline in the system frequency
and bus voltages due to a real and reactive power deficiency or due to the formation of islands with generation—
load imbalance. Load shedding is a last line of control action that can prevent a blackout in the power system by
relieving the overload in some parts of the system. This paper describes a new algorithm for load sheding under
emergency condition to avoid risk of voltage instability. For this purpose minimum eigen value of load flow
Jacobian has been selected as proximity indicator, which is obtained using continuation power flow methodology.
The amount of load to be shed is decided by sensitivity index so as to maintain a threshold value of proximity
indicator and all load bus voltages within limit. Sensitivity of indicator with respect to load (real & reactive power)
to be shed has been used to rank the load buses and, simultaneously minimize the computation time and amount of
load to be shed. Higher order load buses are selected for load sheding to avoid voltage collapse problem in
stipulated time to maintain the reliability of the supply system. Developed algorithm has been implemented on a
IEEE 14-bus system, 20-line test system.
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1. Introduction

Usually the power system operates in a correctively secure state till all operating constraints are satisfied. In the case of
contingency or increased load condition, system falls into non correctable emergency [1, 2, 3]. This may arise due to (i)
Sudden loss of generation/increase in load which will result in decrease infrequency (ii) Outage of one or more
transmission line thus reducing network (iii) Over loading of the transmission line. Thus heavy loading may lead to
voltage instabilities or collapses or in the extreme to complete black outs. At first a gradual voltage drop in one or several
consumer regions may lead to increased reactive losses in the system and push transformer taps towards maximum values.
Some generators or compensators can reach their limits of reactive power. Then voltage drops rapidly and it may drop so
far as to cut off generating units and lines one after the other thus causing a complete collapse of the system. Thus a
common limiting factor for power transmission is the risk of voltage instability in recent years. One technique of avoiding
voltage instability is to shed some consumer’s loads in Order to draw the operating point away from the critical voltage
value[4].Voltage collapse can be avoided by taking urgent measures such as (i) decreasing voltage set point. (ii) blocking
on load tap changers. (iii) appropriate load shedding on consumer network. Under voltage load shedding scheme is
normally the primary choice for most of the utilities due to its simplicity. Load bus voltage level alone is not a good
indicator to assess the security of the operating conditions, especially when the shunt compensation and/or some other
voltage control devices are heavily used in the modern power systems. Moreover, the load shedding amount is difficult to
be minimised only based on the voltage levels at some particular buses. In order to optimise the load shedding schemes,
several methods which are aimed at minimising the load shedding amount have been proposed in recent years [4-7]. The
sensitivities of the load-ability margin and the sensitivities of voltage with respect to the load parameters are often used to
determine the optimum load locations. By using the sensitivities information, an optimization problem is usually formed
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and the minimum load shedding amount is determined by solving it. Load shedding amount which is computed based on
the sensitivities obtained before the load shedding is applied [8-11].

This paper proposes a method for determining the amount of the load to be shed in order to avoid risk of voltage
instability. The method defines clearly the bus where load shedding should make. Minimum eigen value has been used as
indicator. A threshold value of this indicator can be assumed for a specific system. Emergency load shedding is required if
this value falls below the threshold value. In practice at collapse point the minimum eigen value is very small [12-14].
Sensitivity relations have been derived between indicator changes and load shed at a bus. Buses having large sensitivities
are selected for load shedding. A relation between voltage stability indicator and load power to be shed is developed.
Using the relation the amount of load to be shed is determined. Operating constraints on the load to be shed have been
accounted. Due to operating constraints there is a maximum limit to the load that can be shed at the selected buses to
ensure a minimum service. The proposed method is valid for any system of any size at any loading conditions.

2. Sensitivity derivation of indicator with respect to load shed at buses

An estimate of absolute sensitivity of minimum Eigen value with respect to real and reactive power changes at bus can be
written as follows[3]-

aﬂ.min - a aAmin =b,
o, ~ v 9@ "
Almin =a;.AP;+b;.AQ; (1)

Since when load shed takes place at a bus, then AQ; bears a fixed ratio AP; with (decided by power factor at that bus) as
follows:

Q; = B;- AP, 2
Adin = (@; + B;-b;). AP (3)
Almin = Si' APl (4)
where,

Si = al‘ + ﬁi' bi
B; = tan ¢;

¢,—Power factor angle at i-th load bus
Amin =Minimum eigenvalue of load flow Jacobian

Expression for a,can be written as follow

daL;

Amin Amin Amin Amin Amin TRy
ar = ZL] 9H OP le IN le oM BP ZL] AL aP, (5)
daL;
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where Hjj ,Nj , M, Lj; the elements of sub jacobian matrix of the load flow.
3. Formulation of load-shed optimization problem

It is understood that load shedding should take place at minimum number of buses. These buses should be selected and
then upper limits of load shed (LS) must be decided from operating constraint view point. Buses are selected, which are
having highest sensitivity in descending order of change in minimum eigenvalue with respect to load shed. Once the buses
are selected for load shedding the following objective function is minimized.
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] = APT.AP
where, AP is a vector of bus power shed at the pre-selected buses. The above objective function is minimized subject to
the desired change in minimum eigenvalue due to load shedding at pre-selected buses.
Subjected to following inequality constraints:

Vn = Vmin

where, ‘n’ lies in the set of buses where still voltage magnitudes are less than specified value.

4. Algorithm for determining Load to be shed on load- buses

The step by step procedure of load shedding algorithm is given as follows-

Step-1: Carry out load flow by Newton Raphson Method using following algorithm and compute Ayn
i) Choose the initial values of the voltage magnitudes [V| ©@of all np load buses and n — 1 angles & © of the voltages of all
the buses except the slack bus.

AS

H PZ

o | | ]
j| Al :| AR,

V2] | AQ, |
Wainoll | AQy 4 )

L |V1+n0|—

i) Use the estimated [V| © and 5 © to calculate a total  n — 1 number of injected real power Pcalc @andequal number of
real power mismatch A P ©,

Calculate voltage stability indicator for all load buses

iii) Use the estimated V| © and & © to formulate the Jacobian matrix J ©.
iv) Solve for 8 @and A[V| @ = |v| ©

v) Obtain the updates from
SW = §0) 4 A5

A|V|(°)
|V]©

VD = |v|© [1 +

vi) Check if all the mismatches are below a small number.
Terminate the process if yes. Otherwise go back to step-1 to start the next iteration with the updates given by (v).

Step2: Calculate voltage stability indicator for all load buses.

Step 3: Calculate the required load to be shed using eqg. (3).
Step 4: Remove this load and go to step (1)

5. Results and Discussions

The developed algorithm has been implemented on IEEE 14-bus, 20-line test system. The acceptable range as per IEEE
standard, of voltages on generator bus: 0.95-1.10pu, load buses voltage: 0.95-1.05pu, Shunt compensation on load buses:
0.0000 - 0.055pu, settings of Taps on OLTC: 0.9 -1.1. For this purpose system has been stressed by uniform loading
where all type of rescheduling are exhausted and the value of proximity indicator has been reduced to very small value
and system is at the verge of violation of inequality constraints. To save the system load shedding was carried out on
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predicted buses as per developed algorithm based on sensitivity Index. Amount of load has also been calculated in single
step due closed form relationship. Load sheding recommended is 0 — 80% of the load bus capability, which violates
operating constraints.

Under stressed condition minimum eigen value = 0.19

Threshold value of proximity indicator = 0.4

After Load sheding minimum eigen value = 0.42

Bus no.
Best solution based  load
Base case .
shedding

Load Voltage Load Voltage

(pu) (pu) (pu) (pu)
1 0.0000 1.0929 0.0000 1.0929
2 0.5154 1.0379 0.5154 1.0379
3 1.9699 1.0323 1.9699 1.0323
4 0.2763 0.8722 0.2763 1.0224
5 0.0000 0.8389 0.0000 0.9843
6 0.9831 0.9289 0.9831 1.0134
7 0.0000 0.8389 0.0000 0.9843
8 0.1601 0.9262 0.1601 1.0058
9 0.6939 0.808 0.6939 0.9744
10 0.2195 0.7994 0.2195 0.9719
11 0.0806 0.8262 0.0806 0.9894
12 0.1292 0.8412 0.1292 1.0031
13 0.3012 0.8235 0.3012 0.9972
14 0.1681 0.7804 0.1681 0.9691

6. Conclusion

This paper proposes a load shedding scheme for providing voltage stability. The overall load shedding scheme is divided
into two sub-problems: selection of load buses and determine amount of load to be shed. The decomposition of the overall
problem into different sub-problems minimizes the risk of failure in obtaining the solution, and allows the operator to
choose an appropriate number of buses to obtain a good sub optimal solution quickly. Moreover, the decomposition can
give the reasons that lead to unfeasible power flow solution or insufficient VSM. The test results on 14- bus systems show
that the load shedding method can be obtained to restore power flow solvability in a computationally efficient manner and
the number of control actions calculated using the proposed method is less than solving a single optimization problem
directly, although the solution cannot be guaranteed to be the global optimum of the problem, it is a local optimum
satisfactory enough in practice.

References

1. C.W. Taylor, Power System Voltage Stability, McGraw-Hill, Inc., 1994.

2. C.W. Taylor, ‘Concepts of Under voltage Load Shedding for Voltage Stability’, IEEE Transactions on Power
Delivery, Vol. 7 No. (2), 1992.

3. F. Capitanescu, T. Van Cutsem, ‘Unified sensitivity analysis of unstable or low voltages caused by load increases or
contingencies’, IEEE Trans. on Power Systems, Vol. 20, No. (1), 2005, pp. 321-329.

4. Thalassinakis EJ, Dialynas EN, Agoris D., * Method combining Ann’s and Monte Carlo simulation for the selection
of the load shedding protection strategies in autonomous power system’, IEEE Trans on Power Systems Vol. 21,
2006, pp.1574-82.

Page | 21
Research Publish Journals



www.researchpublish.com
http://www.researchpublish.com/

10.

11.

12.

13.

14.

International Journal of Electrical and Electronics Research ISSN 2348-6988 (online)
Vol. 2, Issue 2, pp: (18-22), Month: April - June 2014, Available at: www.researchpublish.com

A. Wiszniewski, ‘New criteria of voltage stability margin for the purpose of load shedding’, IEEE Trans. on Power
Delivery Vol. 22, No. (3), 2007, pp. 1367-1371.
S. Kolluri, K. Tinnium, M. Stephens, ‘Design and operating experience with fast acting load shedding scheme in the
energy system to prevent voltage collapse’, Proc. IEEE PES Meeting, Singapore, 2000, pp. 1489-1494.

Feng Z, Ajjarapu V, Maratukulam DJ., ‘A comprehensive approach for preventive and corrective control to mitigate
voltage collapse’, IEEE Trans on Power Systems, Vol. 15, No. (2), 2000, pp.791-797.
Greene S, Dobson I, Alvarado FL, ‘Sensitivity of the loading margin to voltage collapse with respect to arbitrary
parameters’, IEEE Trans on Power Systems Vol. 12, No. (1), 1997, pp.262—72.
Rudez U, Mihalic R., ¢ Monitoring the first frequency derivative to improve adaptive under frequency load-shedding
schemes’, IEEE Trans on Power Systems, Vol. 26, No. (2), 2011, pp.839-846.
M.M. Hosseini-Bioki, M. Rashidinejad and A. Abdollahi, ‘An implementation of particle swarm optimization to
evaluate optimal under-voltage load shedding in competitive electricity markets’, Journal of Power Sources, Vol.
242, 2013, pp. 122-131.
Otomega B, Van Cutsem T., < Local vs. wide-area under voltage load shedding in the presence of induction motor
loads’, Proceedings of the IEEE Power Tech Conference, 2009. pp. 1-7.
L.D. Arya, V.S. Pande, D.P. Kothari, ‘A technique for load-shedding based on voltage stability consideratio’,
International Journal of Electrical Power and Energy System, Vol. 27, 2005, pp. 506-517.
Chang L, Wub Z., © Performance and reliability of electrical power grids under cascading failures’, International
Journal of Electrical Power and Energy System, Vol. 33, 2011, pp.1410-9.
Theodoro EAR, Benedito RAS, London Jr JBA, Alberto LFC, ‘Algebraic-graph method for identification of
islanding in power system grids’, International Journal of Electrical Power and Energy System, Vol. 35, 2012, pp.
171-9.

Page | 22
Research Publish Journals



www.researchpublish.com
http://www.researchpublish.com/

