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1. Introduction:

	 

	The objective of this project is to investigate the usefulness of the power system simulator  PowerWorld program developed by “Glover, Overbye &Sarma”. The results obtained from the power simulator program were presented for different case studies. The following power system network was used  in this study. The system consists from 6 buses. Area 1 includes bus 1-5 while Bus 6 will be part of Area 1 in some case studies, or will form separate area 2 in other case studies  for comparison purpose. Note that the Available Transfer Capability (ATC) analysis add-on which determines the maximum MW transfer possible between two parts of a power system without violating any limits, and the voltage adequacy and stability tool (VAST) add-on that can solve multiple power flow solutions in order to generate a PV curve for a particular transfer or a QV curve at a given bus, was not studied here because we don’t have yet VAST add-on and the ATC add-on packages.    
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2. Theory Related To Project:

	 

	2.1 Load frequency control:

	 

	The turbine governor control eliminated the rotor acceleration and deceleration following a load changes during normal operation. However there is a steady state frequency error  . One of the objective of load frequency control is to return the  to zero.

	 

	In power system consisting of interconnected areas, each area agrees to export or import a scheduled amount of power through a transmission line connections or tie line to neighboring area. Thus , a second objective is to have each area absorb its own load during normal operation. This is achieved by maintaining the net tie line line power flow out of each area at it is scheduled value

	The following summarizes the the two basic LFC objectives for an interconnection  power system:

	 

	
		Following a load change, each area should assist in returning the steady ate frequency error  to zero

		Each area should maintain the net tie line power flow out of the area at its scheduled value in order for the area to absorb its own load
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2.2 Economic Dispatch:

	 

	The previous section described how LFC adjusts the reference power settings of the turbine governors in an area to control frequency and the net tie line power flow out of the area. This section describes how the real power output of the controlled generating unit in the area is selected to meet a given load and minimize the total operating costs in the area. This is the economic dispatch.
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2.3 Coordination of Economic Dispatch with LFC:
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	2.4 Optimal Power Flow:

	 

	The solution to the problem of optimizing the generation while enforcing the transmission lines is to combine economic dispatch with power flow. The results is known as optimal power flow. There are several methods for the solving the OPF, with the linear programming (LP) approach. The LP OPF solution iterates between solving power flow to determine the flow of power in the system devices using LP to economically dispatch the generation subject to transmission lines limits. In absence of the system limits the OPF generation dispatch is identical to economic dispatch.

	 

	The PowerWorld Simulator (Simulator) is an interactive power system simulation package designed to simulate high voltage power system operation.  In the standard mode Simulator solves the power flow equations using a Newton-Raphson power flow algorithm.  However with the optimal power flow (OPF) enhancement, Simulator OPF can also solve these equations using an OPF.  In particular, Simulator OPF uses a linear programming (LP) OPF implementation.  

	 

	The objective of the OPF algorithm is to minimize the OPF objective function, subject to various equality and inequality constraints.  Currently two objective functions are available in Simulator OPF: Minimum Cost and Minimum Control Change.  Minimum Cost attempts to minimize the sum of the total generation costs in specified areas or super areas.  Minimum Control Change attempts to minimize the change in the generation in the specified areas or super areas.

	 

	 In solving a constrained optimization problem, such as the OPF, there are two general classes of constraints, equality and inequality.  Equality constraints are constraints that always have to be enforced.  That is, they are always "binding".  For example in the OPF the real and reactive power balance equations at system buses must always be satisfied (at least to within a user specified tolerance); likewise the area MW interchange constraints.  In contrast, inequality constraints may or may not be binding.  For example, a line MVA flow may or may not be at its limit, or a generator real power output may or may not be at its maximum limit.

	 

	An important point to note is because the OPF is solved by iterating between a power flow solution and an LP solution, some of the constraints are enforced during the power flow solution and some constraints are enforced during the LP solution.  The constraints enforced during the power flow are, for the most part, the constraints that are enforced during any power flow solution.  These include the bus power balance equations, the generator voltage set point constraints, and the reactive power limits on the generators.  What differentiate the LP OPF from a standard power flow are the constraints that are explicitly enforced by the LP.  These include the following constraints:

	(Area MW Interchange, Bus MW and Mvar power balance   , Generator Voltage Setpoint , Super Area MW Interchange , Transmission Line and Transformer (Branch) MVA limits )

	 

	In Simulator OPF the LP OPF determines the optimal solution by iterating between solving a standard power and then solving a linear program to change the system controls to remove any limit violations.  The basic steps in the LP OPF algorithm are :

	 

	·      Solve the power flow

	 

	·      Linearize the power system about the current power flow solution.  Both constraints and controls are linearized.    

	 

	·      Solve the linearly-constrained OPF problem using a primal LP algorithm, computing the incremental change in the control variables.  Slack variables are introduced to make the problem initially feasible.  That is, the slack variables are used to satisfy the equality and inequality constraints.  The slack variables typically have high costs so that during the iteration the slack variables change to satisfy the constraints.  The LP then determines the optimal, feasible solution for the linear problem.  

	 

	·      Update the control variables and resolve the power flow.

	 

	·      If the changes in the control variables are below a tolerance then the solution has been reached; otherwise go to step 2.

	 

	·      Finish by resolving the power flow.  

	 

	 


2.5 Contingency Analysis:

	 

	Contingency analysis is a vitally important part of any power system analysis effort. Whether you are investigating the long-term effects on the transmission system of new generation facilities or projected growth in load, or you are considering whether to accept a transaction for next-hour’s energy trade, it is extremely important that you analyze the system not only for its current topology but also for the system that results from any statistically likely contingency condition. Industry planning and operating criteria often refer to the n-1 rule, which holds that the system must operate in a stable and secure manner for the loss of any single transmission or generation outage. Therefore, it is very important to pay attention to the effects contingencies may have on the operation of your system.

	 

	PowerWorld Simulator is equipped with a set of tools for analyzing the effect of contingencies in an automatic fashion. The current edition of Simulator can process lists of contingencies involving the switching of transmission lines and transformers, the loss or recovery of a particular generating unit, or the shifting of load from one bus to another. Simulator uses a full Newton solution to analyze each contingency. 

	 

	 

	 

	 


2.6 Faults Analysis:

	 

	The power system simulator can perform a fault analysis study on the currently loaded power system.  The power system simulator can compute the following types of faults on any location :

	 

	1) Single Line - to – Ground: Computes a single phase line - to - ground fault using a user defined ground fault impedance.  The phase evaluated is always referenced as phase A

	 

	2) Line - to -  Line: Computes a line - to - line fault, assuming an impedance of 999 + j999 to ground.  Phases B and C are always referenced as the faulted phases.

	 

	3) Three Phase Balanced:      Balanced three-phase line fault - to - ground using a user defined ground fault impedance.

	 

	4) Double Line - to – Ground: Computes a line - to - line - to - ground fault, using a user defined ground fault impedance.

	 

	 

	 

	 


3. Description of the Project:

	 

	The objective of this project is to investigate the usefulness of the power system simulator program developed by Sarma. The results obtained from the power simulator program were presented for different case studies. The following power system network was used  in this study. The system consists from 6 buses. Area 1 includes bus 1-5 while Bus 6 will be part of Area 1 in some case studies, or will form separate area 2 in other case studies for comparison purpose.

	 

	Different case studies were analyzed in order to evaluate the usefulness of the power system simulator in the solution of power system problems. The following analysis were carried on : 

	 

	1. Load flow study on the following cases

	
		All power system buses participate to one area (Area 1), and the AGC status of Area 1 is ED, and load scalar=1

		Buses 1-5 participate to Area 1 while bus 6 forms separate Area 2, and the AGC status of Area 1 and Area 2 is ED, and load scalar=1

		Buses 1-5 participate to Area 1 while bus 6 forms separate Area 2, and the AGC status of Area 1 and Area 2 is OPF, and load scalar=1

		Buses 1-5 participate to Area 1 while bus 6 forms separate Area 2, and the AGC status of Area 1 and Area 2 is ED, and load scalar=2
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Both the load frequency control (LFC) and economic dispatch objectives are achieved by
adjusting the reference power settings of turbine governors on control. The following
figure shows the automatic generation control strategy for achieving both objectives in a
coordination manner. The area control error ACE is first computed and the share K,
ACE is allocated to each unit. Second the deviation of total actual generation from total
desired generation is computed and the share Ky, Y (P, ~P)is allocated to unit i. Third
the deviation of actual generation from the desired generation of nit i is computed and
Py~ Pis allocated for unit i. An error signal formed from these three components and
multiplied by control signal K, determines the lower and raise signal that are sent to
turbine govemor of each unit I on control.

In practice the raise and lower signals are dispatched to units at discrete time intervals
from 2 to 10 seconds. The desired output Py, pf units on control, determined by

economic dispatch program are updated typically every 2 to 10 minutes.
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The following control strategy can be used
AACE = (pye = Puiesn) + B, (f —60) &)

Where Ap,,is the deviation of the net tic line power out of area from scheduled value

while Af is the deviation of area frequency from 60 Hz

The change in the reference setting Ap,,; of cach turbine govemor operating under LFC

is proportional to integral of area control error, that is
D :—K,[Acm @

Each area monitors its own tie line power flow and frequency in the area control center
ACE is computed and the percentage of the ACE is allocated to each controlled turbine-
‘generator unit. Raise or lower commands are dispatched to turbine-governors at discrete
time interval of two or more seconds in order to adjust the reference power settings. As
the commands accumulate, the integral action is achieved ACE is zero in cach area only
if both Ap,, and Af are zero
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For the area of an interconnected power system consisting of N units operating on
economic dispatch, the total variable cost C; of operating these units is

C =GB+ (P, Cy(Py, ®

Where C,(P) expressed in S/hx includes the fuel cost as well as the any other variable

cost of unit i Let P, equal to total demand on the area, neglecting the transmission

losses,
B=R+B+ B @

The economic dispatch problem can be stated as:
Find the values of B, P, P, that will minimize C; subject to the equality
constraint (4)

A criterion forthe solution to this problem, l units on economic dispatch should operate
at equal incremental cost
dC, _dC, _dC;  dCy

i

d  dar dt T dr

All units have the same incremental operating cost denoted by 4 in order tominimize
total operating cost C;





