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Spatio-temporal variation in electricity demand

Data available at constancecrozier.github.io/code/

https://docs.google.com/file/d/1IbL7aO0GdUOJIaVfkWXejU4XronletA-/preview


Traditional operation: Supply follows demand
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Future operation: Coordination from both sides
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Real examples of demand response

Octopus “Agile” Tariff

ERCOT on Twitter 



How useful is this flexibility? 
Quantifying the value of flexibility

O
utlineHow much flexibility do we have?

Building aggregate models of flexible loads



Linear Programming Basics

Decision Variables

The “free variables” in our problem

(Linear) Constraints

Rules which our solution must satisfy

Linear Objective Function

Our expression for success – which we want to maximize or minimize

Convex problem → Single minima

Can be solved in seconds, even 
with thousands of variables



Definitions of flexible load

(1) Battery charging

(2) Thermostatically controlled loads

(3) Scheduling of processes 
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Considering optimal control of a single device (EVs)

Linear programming problem
Solves in under a second

Scales well

Requires knowledge of: EV 
miles driven, parking 

schedule, battery size.

Although we could solve this problem with 1000s of EVs, 
it is not realistic to get this sensitive data from them



Control via a third party aggregator

This solves at least one problem, 
but creates another:

The aggregator needs to build a 
temporal model for the total 

flexibility they have  



Challenge 1: Many governing factors

Time of day Temperature

Big events

All also influential factors in non flexible load 
and (in some cases renewable generation!



Challenge 2: Aggregation of many devices
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Effects of aggregation on uncertainty

ADMD

After Diversity Maximum Demand

Elombo et al, Africon, 2017



Can we model aggregate demand as a battery?



Batteries have nice linear dynamics

Linear programming problem

Convex

Solves is seconds

Can be directly included in traditional 
unit commitment problems (more on 
this to come)

“All models are wrong, but some are useful” – George Box



For flexible load capacity is time-variant

The only thing we can meaningfully quantify is the amount load can be reduced for a specific price at a specific time



Example using 1000 electric vehicles
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DC OPF: Finding the minimum cost generators

Locational marginal prices 
from the dual variables 



Flexibility has a time-dependency 

We need to include load specific constraints

With and without deploying flexible load at 4pm



Example profit from V2G charging using LMPs 

C. Crozier, A. Pigott, K. Baker, “Spatial arbitrage through 
bidirectional electric vehicle charging”, PESGM 23

Using DA prices 
as a forecast

Perfect forecast 
of RT prices Value 

depends 
strongly on 
a few “key” 
price spikes



“Value” may be in terms of deferred investments

Capital costs represent a large share of the total cost per MWh of generation

New Vogtle reactors cost $35bn for 1.1 GW of capacity

Assuming 35 year lifetime and 
95% capacity factor

320,616 GWh over 35 years

$109/MWh
Just CAPEX, without financing



DC UC: Finding the minimum cost generators



Capacity planning: how will we meet future peak demand



The chicken and the egg problem

Without establishing value streams for flexibility there is no incentive for development

While large scale flexibility remains at low TRL it is hard to build accurate models



Thanks for listening!

Happy to take questions, now or later

e: constance@gatech.edu
w: constancecrozier.com

mailto:constance@gatech.edu
http://constancecrozier.com

