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Project Objective

Background & Motivation
• U.S. power system is experiencing rapid 

load growth and requires reliable and 

affordable investment solutions

• ESSs dominate interconnection queues 

and there is a need to improve ESS 

modeling in open-source CEP models

• Need to better characterize 

uncertainties to identify cost-optimal 

ESS, generation, and transmission 

investments via CEP

• Ensure reliability criterion is met while 

optimizing investments in the CEP

Approach
1. Open-source tool development:

• QuESt Planning provides user defined model 

flexibility: spatio-temporal scope, scenarios & long-

term uncertainties, investment candidates

• Collaborate with utilities for industry-based 

research (e.g. Public Service Company of New 

Mexico)

• QuESt Planning provides a user friendly GUI to 

enable model design, scenario generation, and 

enhanced results viewer & scenario comparison

• Model a broad range of ESS technologies to 

optimally site & size ESS onto transmission network

2. Research thrusts:

• Deploy iterative MIP to evaluate reliability of 

incumbent solutions and present reliability for years 

with reliability constraints

• Assess tradeoffs of modeling assumptions:

• Interregional transmission investments with 

ESSs

• Spatio-temporal scope in CEP

Future Work

Overview of QuESt Planning

Progress
• Open-source python package released on 

Sandia Labs GitHub (v 1.0.0) & QuESt 

platform

• Development of framework to incorporate 

reliability-based constraints

• Enhanced visualizations via GUI including: 

improved mapping software, interactive 

results viewer, and scenario comparison 

dashboard

• EESAT26 abstract accepted, conference 

paper to follow

• ESS Modeling Best Practices briefing written 

for the Michigan Public Service Commission
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• Develop open-source long-term capacity expansion planning (CEP) model focused on energy storage systems (ESS)

• Improve ESS models to ensure cost-optimal ESS, generation, and transmission investments are identified to build a reliable and 

affordable grid

Reliability-based CEP Framework

• Develop integrated workflow 

for QuESt Planning, ProGRESS, 

and QuESt PCM via QuESt 

Workspace

• Write a journal paper on 

modeling ESS in planning 

models

• Develop a reliability-constrained capacity expansion 

planning framework for reliable planning decisions

• Leverage the mixed-integer programming (MIP) 

persistent interface to introduce reliability cuts 

• Develop an analytical reliability assessment 

framework and interface it with the CEP framework 

for fast reliability evaluation

Without reliability constraint

With reliability constraint

• Interfaced a discrete convolution-based 

analytical reliability model with Quest Planning

• Used persistent solver interface to present 

reliability cuts to a MILP-based Quest Planning

• Preliminary results show that the proposed 

method is able to keep reliability indices 

within limit by optimizing investment decisions

• Perform case study for US power systems to determine role of ESS in delivering 

affordable and reliable investment portfolios— consider load growth due to data 

centers, nuclear energy, and firm capacity retirements

QuESt Planning Optimization Model

Enables robust uncertainty characterization and model assumptions for 

scenario-based planning & model flexibility
Spatial-scope

Temporal-scope

Planning uncertainties

Model assumptions

Load forecasts Capital Costs Fuel Costs

Transmission 

model:

Candidate Investments Retirements

Ensure CEP models are sufficient to 

identify reliable, cost-optimal 

solutions

QuESt Planning Tool Structure

Objectives:

Progress:

Analytical 

Reliability Model

Persistent solver interface

Reliability violations, 

reliability sensitivity 

vectors

Incumbent solution

Reliability cuts

Final 
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solution
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indices

Planning 

Horizon

Annual Costs:

𝑪𝒚
𝑮 - Generation Inv.

𝑪𝒚
𝑻 - Transmission Inv. 

𝑹𝒚
𝑬𝑺 - ES Replacement

𝑶𝒚
𝑭𝑶𝑴 - Fixed O & M 

𝑶𝒚
𝑽𝑶𝑴 - Variable O & M 

𝑶𝒚
𝑭𝒖𝒆𝒍 - Fuel Cost

𝑷𝒚
𝑳𝑺 - Load Shed Penalty
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User defines ESS by 

round-trip efficiency, 

capital costs, duration 

range, and operational 

strategies to assess ESS 

technology tradeoffs 

Options to use QuESt Planning
Start Page

Data Input

Data Input

Scenario Builder

Execute Model

Results viewer

Nomenclature:
𝝁𝒚

𝑬𝑺𝑺−𝑷 - ESS power cost

𝝁𝒚
𝑬𝑺𝑺−𝑬 - ESS energy cost 

𝑷𝒚, 𝑬𝒚 - ESS power & 

energy capacity

𝑺𝑶𝑪 –  State-of-charge

𝑷𝒄𝒉 –  ESS charge

𝑷𝒅𝒊𝒔 –  ESS discharge

𝜸𝒚 - Discount factor Sets/Indices:

VER 1
VER 1  
VER  RT  

VER  2  
VER 2  

VER  2  

VER  1  

VER  RT  

VER  2 - New  

VER  1 - New  

VER  2 - New  

VER  1 - New  

VER  1  

VER  RT    .  

VER  2  

VER  1  

VER  RT    .  

VER  2 - New  

VER  2  

VER  1 - New  
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https://github.com/sandialabs/quest_planning

	Slide 1: QuESt Planning: A Long-term Capacity Expansion Planning Tool for Energy Storage Systems & Modeling Flexibility

