
Strategic Entry on the Electric
Grid

Drew Van Kuiken
March 25, 2026 • IO Workshop



Options:

1. Build | enough accidents?

2. Developer builds their own bridge

3. Bridges to nowhere

MOTIVATION



What is the best way to provide infrastructure with endogenous entry?

- Uncertain utilization

- Markets difficult or impossible to set up, large fixed costs

- 'Best' depends on setting: welfare/reliability/prices all can matter

Setting:  Texas electric grid

RESEARCH QUESTION



Evaluate how congestion prices  and entry fees  shift spatial allocation of entry

on the grid

1. Stylized facts

2. Structural model of spatial location decision, grid congestion, and grid

upgrades

3. Counterfactuals: test two main policy regimes, alternative infrastructure

funding

THIS PAPER



Background, Stylized Facts



Congestion prices:

- Lower above congestion

- Higher below congestion

Entry Fees:

- In TX, none

- Elsewhere, high

Upgrades:

- Centrally planned

- Paid for by ratepayers

3 POLICIES



Lots of data. From 2018-2024:

- Demand, hourly

- County-generator level marginal cost curves, 15-minutes

- Line-level Congestion, 15-minutes

- Generator Entry, monthly

- Line-level upgrade data, monthly

- Grid topography (2024 only)

Missing: Grid capacity, reactance

Visualizations

DATA
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QUERY RESULT

Do upgrade rules work? Underweight PS 1

How rare are upgrades? 128 upgrades total 2

Do they respond to congestion? Loosely 3

Does entry respond to upgrades? Yes 4

Does entry respond to congestion? Loosely 5

Are upgrades path-dependent? in-progress
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Entry Model



Goal  price-minimizing infrastructure provision

- What infrastructure to build? → Spatial entry model

- Spatial entry model? → Expected profits

- Expected profits? → Congestion, fixed costs, upgrades

OVERVIEW



1.  entrants appear. Choose county and enter or die.

2. Operator views last period congestion, quantity of generation in counties,

makes upgrade decisions

3. Production occurs for  hours in half-year 
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Each , generator reports marginal costs  and quantities .

Period profits:

To find , grid operator solves least-cost dispatch :

- Generators submit offer curves

- Demand forecasted

- Grid topology

- Selects 
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Details

PERIOD 3: PRODUCTION
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Recovering prices :

- Prices reflect marginal cost of production for the grid

- For grid capacity , location doesn't matter

- Binding  → spatial variation in prices

- Physically realistic dispatch model  to capture spatial price variation

- I need offer curves, demand, grid capacity  → need a panel 
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Graph Representation

PRODUCTION

https://drewvankuiken.github.io/modernslides/index.html?xml=/mar_26/transmission.txt#
https://drewvankuiken.github.io/modernslides/index.html?xml=/mar_26/transmission.txt#


I fit a dispatch model on observed prices, dispatch, offer curves, demand

- Initialize  based on voltage alone

- Run penalized-GMM to recover panel of grid capacities that fits data

- Moments: prices, distribution of prices, congestion frequency, congestion

costs

- Classify upgrades into 3 buckets, find average capacity increase due to each

upgrade type
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RECOVERING TOPOLOGY
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Fit is improving:

- Price level works overall, struggles in high-stress situations

- Reproduces spatial variation

Penalized-GMM:

- Avg capacity difference: 82MW

- Avg conditional on capacity being different: 200MW

- Ex: Chambers ↔ Harris - updated capacity 2133MW, initial guess 1200MW

FIT



Upgrades a function of line stress , line characteristics, FEs

- line stress  is endogenous

- Potential shifters: {forecast errors (load, renewable supply), unexpected

outages}  line exposure to shock×

PERIOD 2: UPGRADES



Consider a firm choosing to enter the grid in location :

- Let  be state variables:

- Entry incurs fixed costs .

- Let

.

- The value of entering is .
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PERIOD 1: ENTRY



Regions vary in expected profits and fixed costs

Entrants choose

Letting  be distributed T1EV yields logsum probability of :
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CHOOSING A REGION



- Entrants track own region state vars . Assume  evolves according to

own region quantity and aggregate quantities only

- Entrants assume aggregate quantities evolve according to AR-1 process

- Entry forms Moment-Based Markov Equilibrium (MME) ( Ifrach and

Weintraub, 2017 )
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EQUILIBRIUM



Dynamic competitive equilibrium:

- Expectations about evolution of  and  are correct

- Entry probabilities given by logsum prob.

- Upgrades given by upgrade policy function

- Dispatch satisfies least-cost optimization conditional on grid topology

k Q

CONSISTENCY



- MME helps with curse of dimensionality

- Still ~80 counties with substantial generation, 300 transmission corridors

- Proposal: using most frequently congestion lines, condense generation into

~40 regions, connected by X transmission lines, let grid evolve for each region

- Problem parallelizable

CONDENSING THE STATE SPACE



Appendix



The Grid The Backbone
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SETTING
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Black lines indicate each 

+ Yearly utility sales data for 88

utilities

- 207/213 counties covered

- 

-  calculated as share of  sales

attributable to utilities serving 
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DEMAND
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Back

SUPPLY CURVES

https://drewvankuiken.github.io/modernslides/index.html?xml=/mar_26/transmission.txt#
https://drewvankuiken.github.io/modernslides/index.html?xml=/mar_26/transmission.txt#


Back

ENTRY PANELS
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Back

CONGESTION COSTS AND SPREAD RISING
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Back

PLANNER UPGRADE WEDGE
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2019-2024:

-  backbone projects initiated

- Initiated  congestion: 

-  backbone projects completed

- Completed  congestion: 

- All lines  congestion: 

I use completion  in this paper

185

t − 1 11.0%

119

t − 1 10.3%

t − 1 11.2%

Back

HOW RARE ARE UPGRADES? DO THEY RESPOND TO CONGESTION?
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Upgrades sort of respond to congestion, surprising shape

Back

HOW RARE ARE UPGRADES? DO THEY RESPOND TO CONGESTION?
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Entry is probably a function of upgrades

Back

ENTRY A FUNCTION OF CONGESTION AND/OR UPGRADES?
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Entry not really a function of congestion, though counterfactual unclear

Back

ENTRY A FUNCTION OF CONGESTION AND/OR UPGRADES?
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-  → Data

-  → Data

-  → Choice Var.

-  → Model Output

-  → Model Output†

-  → Parameter

- → Parameter
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GRID OPERATOR'S PROBLEM
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[Assumption ] reactance only varies by voltage, line length, number of lines

between counties

Back

FROM GRID TO GRAPH
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- Initial : voltage

- Capacity mapping:

- Parameters:
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RECOVERING CAPACITIES



Objective:

Moments

1. Binding frequency

2. Mean shadow price

3. Mean/tail price spreads

4. Pre/post changes around upgrades

Upgrade Groups

1. New corridor

2. Existing corridor expansion

3. Station expansion
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RECOVERING CAPACITIES



Moments

Let  denote observed shadow prices for .

Let  with corresponding model moments,  and 

connected counties. Let 

1. , for observed and model data

2. 

3. , for observed and model data

4. , for observed

and model data Notes: Back
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Backbone congestion is t − 1



Backbone congestion is t − 1



Backbone congestion is t − 1



Backbone congestion is t − 1



Backbone congestion is t − 1



Backbone congestion is 

Back

t − 1
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