Supplemental Information on Scheduling / Pricing Run
and Nomogram modeling

1.1 RTD scheduling and pricing run modeling concepts

The core of CAISO RTD processing is implemented as a solution of two sequential security
constrained dynamic dispatch optimization problems, namely scheduling and pricing runs.

The problem to be solved in the scheduling run can be formulated as the following integrated
multi-interval optimization problem:

Minimize total generation production costs
Subject to:

- power balance constraints i.e. energy requirements (time interval based)
- generation upper/lower limits (time interval based)

- transmission constraints (time interval based)

- nomogram constraints (time interval based)

- energy constraints (inter-temporal)

- ramping constraints, both static and dynamic ramps (inter-temporal)

It is important to emphasize that in RTD we do not startup/shutdown resources, i.e. startup costs
and no-load costs are not taken into account. The pool of the resources committed and available
for dispatching is determined by previous RTPD runs (HASP, RTPD, STUC). However, the
modeling of dynamic ramps requires use of integer variables so the RTD scheduling run
formulation represents a Mixed Integer Optimization problem.

For a full understanding of differences between scheduling and pricing run models it is necessary
to point out that in a most general case generator price curves can have multiple segments
representing protected self-schedules and multiple segments representing regular segments
beyond the last self-schedule segment.

RTD scheduling run optimization problem is solved using MIP engine. After the scheduling run
the following modifications are made to obtain the pricing run mathematical model:

- For resources with dynamic ramp rate curves ramping ranges are selected for each
interval based on the scheduling run solution. This will eliminate a need to use
integer variables in the pricing run model, i.e. all dynamic ramp rate curves are
replaced with static ramp rates for each resource and each time interval
corresponding to the scheduling run solution

- For all resources with protected self-schedules the corresponding price curves are
modified such that penalty prices are replaced with bid floor value ($ - 30]

- For resources with self-schedules having MW schedules resulting from scheduling
run exactly at or above the least protected self schedule segment of the price curve,
resource low limit is changed to be exactly at the MW value of the last self schedule
segment.

- For resources un-economically adjusted in the scheduling run the low limit is set to
the scheduling run MW minus a small value (0.001 MW) to prevent further movement
of MW schedule in the pricing run in the direction of uneconomic adjustments.

- All other constraints remain the same as in scheduling run, with additional handling of
various relaxation variables in dealing with eventual infeasibilities. Details of this
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processing are not relevant for this discussion and if more details required please
refer to the CAISO document describing handling of infeasible scenarios.

- Pmin is considered a hard limit. Therefore the resource is not able to be dispatched
below the established minimum level in the pricing run.

Handling of price curves with protected self-schedules is illustrated in the following figure. The

following 3 scenarios are considered depending on the optimal MW schedule Posp‘;h calculated in

the scheduling run:

(a) Optimal MW schedule after scheduling run is above the least protected self-schedule
segment

(b) Optimal MW schedule is exactly at the end of the least protected self-schedule segment

(c) Optimal MW schedule is below the end of the least protected self-schedule segment, i.e.
we had uneconomic adjustment for this resource in the scheduling run

Price curves in the top row of the diagram correspond to the scheduling run setup, while those in
the bottom row correspond to the setup of the same curves for the pricing run.
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Figure 1: Handling of price curves with protected self-schedules in scheduling and pricing runs.

RTD pricing run model formulated above is a dynamic dispatch problem with continuous variables
only, i.e. no integer variables. This problem is solved using classical LP solver. The LP solver as
a byproduct provides dual variables for all constraints to be used in calculating prices without
requiring explicit perturbation of system load. What was shown in the August 1, 2008 presentation
by Ed Lo was just an example to demonstrate impact of multi interval optimization, i.e. cross
interval ramping, on prices. This example is completely in line with the results of RTD calculation
although the same goal is achieved as by product of LP solution instead of explicitly perturbing
system demand to obtain shadow costs.

(Refer to Slide 10-18 of the August 1, 2008 Presentation at the link below)

http://www.caiso.com/2016/201678cf236c0.pdf
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1.2 Modeling of Nomograms in DA and RT optimization
problems

A nomogram is a set of piece-wise linear inequality constraints relating resource output and
transmission interface flows. Only constraints that relate AC branch MW flows, MW generation,
and MW load, having the standard format of single branch or interface constraints, are
considered. Resource statuses can not be part of the nomogram model. The constraints must be
piecewise linear defining the convex set. Nomograms can consist of a family of piecewise linear
constraints. The constraint curve is selected prior to optimization.

The following are examples of typical nomogram variables:

1) AC Interface MW Flow vs. AC Interface MW Flow
2) AC Interface MW Flow vs. Area MW Generation

The nomogram constraint presents a single piecewise linear curve relating two or more
nomogram variables. The Nomogram constraints relating variables Vn ;N 1,2,...,N imposed by
k 1,2,...,K segments of a piecewise linear curve can be expressed as:

vV, av, .. avV, . aV,d k 12..K.

V, MW Flow for
A ACInterface2

k 2

V, MW Flow for
p  AC Interfacel

Figure 1: A Typical Nomogram Form

For example, the nomogram shown on above diagram relates AC Interface MW Flow variable:

linel linel node node
nodes NN

V Pbaset | SFnode ~Pt Pbaset
1 I

to another AC Interface MW Flow variable:
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V2 Pbaset : SFnode ~Pt Pbaset

line2 line2 node node
nodes NN

The nomogram variables can be the energy generation of some group of generating units:
t
V3 : Enmit
unit*G

and energy consumption of some group of loads:

V4 I Entoad

load «L

No other types of variables are supported at the current design. For selected nomogram
constraint curve the following three segments are specified:

aVv, a 'V, dc -segment K 1
aVv, aV, dc -segment K 2
avVv, aV, d -segment kK 3

The nomogram constraint curve is selected prior to the optimization process from a pre-specified
set of piecewise linear curves.

(Refer to Ed Lo’s Presentation: http://www.caiso.com/2016/201678cf236c0.pdf)
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