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Introduction
Calculating the power flows that result in a power system from a given set of loads and generator power outputs is an analytical tool central to the energy and market management systems. Two solution methodologies exist: ac power flow (AC PF) and the dc power flow (sometimes called simultaneous feasibility test or SFT). An AC PF is the most accurate. Its complexity can obscure relationships and its performance inadequate for some use. The DC PF (again, otherwise called SFT) assumes that only the angle of the complex bus voltage vary, and that the variation is small. Voltage magnitudes are assumed to be constant. Branches are assumed to have no resistance and therefore no losses. The assumptions create a model that is a reasonable first approximation of the real power system. The model has the advantage of speed of computation, and the useful property of superposition – flow on a line can be broken down into a sum of components, each directly attributable to an injection (load or generating unit).
The table below shows where AC PF and DC PF exist in the Market Redesign projects:

	
	NMMS
	MMS
	EMS
	CRR

	AC PF
	X
	X
	X
	

	DC PF
	
	X
	
	X


The issue at hand is how does ERCOT guaranty consistent results for the power flows supplied by the different vendors. Two options have been proposed:
Option 1: Only one DC PF and one AC PF to be used by all systems.

Option 2: Each system has a separate AC PF and/or DC PF that uses same ERCOT stipulated methodology/algorithm 

IDA proposes OPTION 2: Each system having a separate AC PF and/or DC PF. 
Option 1 of using one DC PF and one AC PF by all system does not seem feasible and would require a whole new development effort by all the vendors to be able to correctly interface and use the single PF.
In order that ERCOT achieve the objective of ensuring consistent results from the power flows supplied by the different vendors, it would be necessary to stipulate methodology, algorithm and tolerances to be used. The remainder of this white paper focuses on that.
DC Power Flow

Reference bus: This is the zero angle bus. It must be possible to specify either a load bus or a generator bus. Use generator bus as default.
DC Algorithm: Equivalent to the MW solution cycle of the fast decoupled power flow. Solves the MW power flow in an iterative manner, assuming flat voltage across the power system
Solution Tolerance: The DC PF is converged when the maximum bus mismatch is less than 1 MW

Distributed load reference based shift factors:  Shift factors are calculated using a chosen bus as reference. The shift factor with respect to a generating unit reference bus is, by definition, zero. It is therefore necessary to shift the reference bus and recalculate shift factors as follows: Suppose 
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 is the shift factor of branch i wrt bus j. A new shift factor wrt to distributed load reference is computed as:
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Where 
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AC Power Flow
Reference bus: This is the zero angle bus. It must be possible to specify either a load bus or a generator bus. Use generator bus as default.

Algorithm:  Capable of the Newton Raphson and the Fast Decoupled, with the Fast decouple as default.

Tolerances and Variables: 
· Convergence

· Max Bus Mismatch; 1 MW and 1 MVAR
· Local control start: Max bus mismatch before start of local controls: 10 MVA
· Declaration of divergence/non-convergence

· Min bus voltage 0.2 pu

· Max bus voltage 2.0 pu

· Min/max bus voltage angle: 
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· Max number of iteration: 100
Local Control Movement

· Load Tap Changing transformers can be used to regulate the voltage at a local or remote bus to set point within an analyst adjustable tolerance. It shall be possible to enable/disable LTC control globally or on an equipment-by-equipment basis.
· Phase shifters can be used to regulate the flow through it to a set MW value. It shall be possible to enable/disable PS control globally or on an equipment-by-equipment basis
· Unit Voltage regulation: Generating unit can regulate a local or remote bus voltage to a set point while the unit MVAR output is within the unit MVAR capability. It shall be possible to enable disable unit voltage control globally or on an equipment-by-equipment basis.

· Shunt Capacitor/Reactor can be used to regulate a bus voltage to within a specified range. It shall be possible to enable disable shunt capacitor/reactor control globally or on an equipment-by-equipment basis.
· Loss/Slack distribution: Network losses and slack power will be distributed according to a set of defined participation factors. In the Load slack option, the participation factors are socialized to the loads in proportion to the load MW.
· MVAR limiting: The MVAR limits of regulating equipment are respected. The maximum number of switching from PV to PQ bus will be set at 3
· Local Control Prioritization: The following prioritization order must be followed for multiple equipment regulating same voltage: 
· Capacitor/Reactor regulation

· LTC

· Generating unit

· Tap Discretization:
· LTCs, Capacitor/Reactors and PS can be treated as continuous variables during the power flow solution. Post solution, the LTCs, Capacitor/Reactors and PS tap is discretized to the nearest tap position
Other considerations
· Equipment ganging: Parallel equipment may be ganged. During post processing individual flows would be determined in such a way to avoid loop flow. 
· Zero Impedance branches: Zero impedance branches will be assigned an impedance value of x=0.001 pu
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