2 Berkel ey Carne gi e Mellon

G0 =Nefs/ UNIVERSITY OF CALIFORNIA

Risk-limiting Economic Dispatch:
Electricity Markets with Flexible Ramping Products

Chenye Wu?! wucy@berkeley.edu, Gabriela Hug? ghug@ece.cmu.edu, Soummya Kar3 soummyak@andrew.cmu.edu
'Department of Mechanical Engineering, UC Berkeley
23Department of Electrical and Computer Engineering, Carnegie Mellon University

What Is Flexible Ramping?

How to Utilize the New Products?

* Definition: e Risk (variation of LOLP): Risk-limiting Economic Dispatch
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 Time Scale: Risk-limiting Economic Dispatch

Frequency Regulation

What If We Have an Oracle?

Why Brute-force not Efficient?

Step 1: Enumerate a feasible (f¢, f*) satisfying Step 1: Enumerate a feasible (¢, f*) satisfying
* Renewable energy is here: Pri—f¢ <d’—d' < f*} 2 p,vt. Pr{—f% < dt—d' < f4} > p,vt.
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Global Wind Installation (GW) . . .
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minimal. minimal.
(Data: GWES) Key Challenge: Step 2 is not efficient! Now, the brute-force search is just a linear search!
It injects huge ramps in minute scale.
. How to Construct the Oracle?
E.g., the output of one huge wind farm could
change several GW in several minutes. Parametric Analysis: 1 MinC(Fe, 1) Given (f£, f*), what is
: | 4
 Steep ramp across the day: w MinC(fg" f¢')?

MinC(f %, f*) = min Xt—; Xses, costs(4s)
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O.bservat.lonSF monotone, convex, piecewise linear, triangles is almost linear in the number of variables and
triple optimality. inequality constraints.

Benetfits: utilizing Lagrangian, the function can be
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Net load curves for March 31, from 2012 to 2020, based on analysis ..
by California ISO. Source: Inside Energy, Data: California ISO. constructed eff1€1€nﬂy.

Simulation Results: WECC 240-Bus System

Thus, we construct the oracle to enable efficient query:.

* Consider the following scenario: during the
steep ramp, what if there is a sudden drop in

the output of wind farm? What will happen Performance Evaluation: DS function ol 1100
if there is no other reserved ramping up DS(f4, £*) = MinC(f4, f*) — MinC(0,0) 190
capacities? . 180

Greedy Approach: Select the shortest interval that -

The combination of both factors warrant
incorporating flexible ramping products into

achieves the risk-limiting constraint
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In addition, the recent task force to evaluate S-t Pl:{) jh=d (Dfi =) } — p(C’JVt of -

power system flexibility by NERC demands
new products for the future electricity market
to enhance the total ramping capacity which
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