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Modeling Battery Storage in Integrated Resource Planning 
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U.S. DOE Lawrence Berkeley National Laboratory Training “State of the

Art Practices for Modeling Storage in Integrated Resource Planning,” October 12, 2021

Portland General Electric, 2016 Integrated Resource Plan, Chapter 8
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State of the Art Practices for Modeling 

Storage in Integrated Resource 

Planning

Chandler Miller, Berkeley Lab  

Jeremy Twitchell, Pacific Northwest National Laboratory 
Lisa Schwartz, contributor, Berkeley Lab

Innovations in Electricity Modeling 

Training for National Council on Electricity Policy

October 12, 2021

The  presentation was funded by the U.S. Department of Energy’s Office of Electricity and Building 

Technologies Office under Lawrence Berkeley National Laboratory Contract No. DE-AC02-05CH11231. 
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Lab research that informs this training

This training was informed by three research efforts by Berkeley Lab and Pacific

Northwest National Laboratory (PNNL) that address energy storage practices in IRPs:

A 2019 PNNL study that examined how 21 U.S. utilities are treating energy storage

in IRPs

A forthcoming PNNL study that builds on that work by identifying practices that

utilities are developing to more accurately evaluate the costs and benefits of energy

storage in the IRP process

Berkeley Lab research in response to a request from a state regulatory commission

to identify best practices that utilities use to model utility-scale and distributed-scale

energy storage in IRPs

• See list of IRPs Extra Slides
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Key IRP assumptions create barriers for storage

Preparing an IRP is a complex exercise.

Load and generation must be kept in constant balance.

There are dozens of generators, market interfaces, fuel costs, and changing load

patterns (e.g., related to distributed generation, electric vehicles).

For each interval, solving the load/generation equation requires consideration of

many complex variables.

A 15-year plan looking at hourly intervals must solve for 131,400 data points.

As a result, resource plans make several simplifying planning assumptions.

Hourly planning resolution

Substitution of reserve margins for ancillary services

These assumptions cause the flexibility and scalability benefits of energy storage to be

undervalued.

Hourly planning resolution: Flexible, intra-hour benefits omitted

Reserve margins: Ancillary service benefits omitted

Generation focus: Transmission often not included; distribution benefits typically

omitted
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Guidance for reviewing storage modeling 

practices in IRPs (1)

Look for storage assumptions, rationales, and references included within each

component of the IRP.

Near term action plan: may include pilots, customer programs, or procurement

solicitations in development

Resource development plan: outcomes of modeled scenarios, often with a portfolio

identified, including capacity, technology type, and procurement year of resources

Resource characteristics: assumptions used for costs, technical parameters, and

resources available for selection

Load forecast/demand-side modeling: assumptions for adoption of distributed

storage, its impact on demand-side modeling, and how storage is integrated into bulk

system analysis

Future conditions: may include sensitivities for technology maturity and environmental

regulations that could influence storage costs and value

Portfolio modeling: a description of capacity expansion and production cost models

used, how they interact within the analysis framework, sensitivities and assumptions for

each scenario, resources selected for each portfolio, and a comparison of outcomes
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The same principles should apply to all assumptions or methodologies for

modeling storage.

Based on the best information or methods available

Supported by traceable references to external sources

Acknowledges uncertainty and identifies possible alternatives

Consistent with treatment of other potential resources

Considers non-conventional behavior of storage resource

Determine if potential stages of storage modeling are present and performed

either within the IRP or calculated externally and supported by references.

Technology maturity forecast (i.e., cost and technical parameters)

Behind-the-meter storage adoption

Distribution system analysis of potential storage capacity and locational value

Loss-of-load-expectation studies

Capacity expansion modeling

Production cost modeling

Side calculations of additional value streams (e.g., flexibility, sub-hourly modeling)

Guidance for reviewing storage modeling 

practices in IRPs (2)
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Opportunities for Improvements
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Enhanced models and methods

Use additional tools (e.g., sub-hourly production cost models, effective load carrying

capacity studies, and resource adequacy models) to more accurately capture benefits from

storage (e.g., flexibility, ancillary services, and ELCC) and other electricity resources, rather

than simply use assumed values in capacity expansion models or omit values entirely

These additional tools could more accurately assess value streams and dispatch for

storage, improving its relative cost-effectiveness compared to other resources.

These tools also could improve resource adequacy assessment and representation of

renewable energy sources.

Attachment 4



www.5lakesenergy.com

Integrating Batteries into 

Resource Planning: A Day 

in the Life of a Battery

Douglas Jester, Managing Partner

5 Lakes Energy

djester@5lakesenergy.com
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Energy Arbitrage

MISO makes the day-ahead market by merit order dispatch of the available 

generators at an hourly scale, subject to transmission constraints. This is very 

similar to standard IRP modeling. The graph below is the resulting day-ahead 

locational marginal prices (LMPs) at MISO generation node DECO.OSHEA.BAT, 

DTE’s O’Shea Park on April 8 2022. 
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Energy Arbitrage

This graph depicts revenue-maximizing operating plan of a 1 MW throughput, 

4 MWH storage battery at MISO generation node DECO.OSHEA.BAT, DTE’s 

O’Shea Park on April 8 2022, assuming MISO’s day-ahead hourly LMPs. Net 

revenue is $117.35.
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Actual Hourly LMPs are more variable than projected 

LMPs. Stuff happens. 
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Energy Arbitrage

This graph depicts revenue-maximizing operating plan of a 1 MW throughput, 

4 MWH storage battery at MISO generation node DECO.OSHEA.BAT, DTE’s 

O’Shea Park on April 8 2022, assuming the actual hourly LMPs. Net revenue is 

$177.65.
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Energy Arbitrage
5 Minute Ex-ante LMPs at DECO.OSHEA.BAT show much greater volatility than 

the hourly day-ahead LMPs or the actual hourly average LMPs.
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Energy Arbitrage

This graph depicts revenue-maximizing operation of a 1 MW throughput, 4 

MWH storage battery at MISO generation node DECO.OSHEA.BAT, DTE’s 

O’Shea Park on April 8 2022, if the battery operator responded to the ex-ante 

5-minute LMPs with a simple optimized cost-triggered control band. Net 

revenue is $253.43 due to the opportunity to exploit volatility in the 5-minute 

market. A model-predictive controller or approximate dynamic programming 

solution would do even better.
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Energy Arbitrage

This graph contrasts LMP as seen in an IRP model with LMP as seen in a 

battery operator’s ability to buy low and sell high to generate revenue. This 

mismatch drives erroneous battery economic analysis in the IRP. On April 8 

2022 an IRP modeler would have made $117.35 on battery operations while a 

market arbitrager would have made $253.43. 
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Energy Arbitrage

This graph contrasts battery charging and discharging as seen in an IRP model 

with charging and discharging as seen by a battery operator. If batteries are 

deployed at scale, this drives erroneous hourly battery contributions to load 

balance. An IRP modeler sees larger load shifts than a market arbitraging 

battery operator.
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Energy Arbitrage

• Deterministic dispatch models understate price 
variation and battery revenue from energy 
arbitrage.

• Hourly dispatch models, deterministic or 
stochastic, understate price variation and battery 
revenue from energy arbitrage.

• Standard models understate energy arbitrage 
value of a battery and therefore overstate net 
capacity cost of batteries under current grid 
conditions.
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Energy Arbitrage

• Energy Arbitrage is not the only value of a battery
– Operating value for ancillary services, including reserve capacity

– Contribution to resource adequacy

– Locational transmission and distribution considerations

• These can also be addressed through similar modeling for 
current grid conditions

– Co-optimize battery operations for energy arbitrage and 
ancillary services including capacity availability using current 
grid conditions

– Calculate Effective Load-Carrying Capacity (ELCC) of a battery 
using the usual methods

– Substation and circuit analyses
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Analyzing Near-Term Resource Additions

• What can we do about this in IRP modeling?

– Model battery operations outside IRP software to 
determine net cost of capacity and buy batteries if 
justified as a pure capacity resource priced at net 
cost of capacity.

– Issue an RFP for battery capacity credits and let a 
battery operator determine net cost of capacity, 
competing on operating algorithms as well as 
overnight capital cost, round trip efficiency, and 
cost of capital.
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Analyzing Long-Term Resource Portfolios

• Preceding methods do not work for analysis of 

resource portfolios that are very different from 

the current grid

– LMP stochastic process will be different so battery 

operations will be different

– If economics indicate battery additions, the preceding 

methods do not help to determine the right quantities 

of batteries in the portfolio because they do not 

characterize how battery and other resource values 

change with portfolio changes
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Analyzing Long-Term Resource Portfolios

• Until we have new planning methods and tools that 
incorporate stochastic optimization,
– Climate and cost considerations suggest high future use of 

renewables

– With high renewables penetration, all resources including 
batteries are valued primarily as reliability resources rather 
than net energy margin

– My 15 minutes today does not allow deep exploration of 
storage in reliability modeling

– Suggestion: model hourly energy sufficiency with limited 
or no fossil generation to determine renewables and 
storage quantities and begin building that in steady 
increments
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