PNNL-SA-228076

Introduction of COSTIME for information release

What COSTIME does

COSTIME is an Al-assisted software platform that helps people understand how a
battery technology could be designed, manufactured, supplied, commercialized, and
what it would cost. The name COSTIME combines “COST” and “TIME”. The logo is
designed from cent ¢.

@ COSTIME

A new battery technology may perform very well in a laboratory, but that does not
necessarily mean it can be manufactured economically at large scale. Before
companies or government programs invest heavily in a technology, they need answers
to questions such as: How many cells are needed for an electric vehicle? What
materials are required? How large would the factory need to be? How much would the
materials, labor, equipment, utilities, and factory operations cost? What'’s the impact of
labor and manufacturing economics after introducing humanoid robotics? Where do the
critical materials come from? And how long might it take before technology can
realistically reach the market?

COSTIME brings these questions together in one software environment. Instead of
requiring separate specialists and separate models for battery design, manufacturing,
cost, supply chain, and commercialization, COSTIME connects these analyses into a
common workflow:

Battery Design — Materials — Manufacturing — Cost — Supply Chain —
Commercialization

The software supports established technologies such as lithium-ion batteries as well as
emerging technologies such as lithium-metal, sodium-ion, and solid-state batteries. It
can analyze batteries for electric vehicles and large stationary energy-storage systems.
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For users who are not battery-design experts, an Al-assisted design function can also
generate reasonable starting parameters, allowing them to evaluate a technology
without first performing a detailed professional cell, module, and pack design.

Examples of COSTIME outputs

The output is not simply one number such as "$100/kWh." COSTIME produces a
collection of engineering, manufacturing, economic, and supply-chain results that
explain why a battery has a particular cost and what could change that cost. Some
software snapshots can be seen in final section.

Analysis

Example of what COSTIME can produce

EV battery design

More than 1,000 possible battery-pack configurations,
including cell arrangement, module configuration, pack
dimensions, energy, voltage, cell count, weight, and interactive
3D visualization

Grid energy
storage

Designs for 40-foot battery containers, showing cells, packs,
racks, system voltage, energy capacity, and physical
arrangement

Bill of materials

Detailed quantities of cathode, anode, electrolyte, separator,
current collectors, housing, pack components, and other
materials required to manufacture the battery

Material prices

Current material-price information collected with the COSTIME
Al DataMiner, together with price trends and projections

Manufacturing
plant

A model of a modern battery factory, including individual
manufacturing zones, equipment, workforce, material flow,
utilities, HVAC/dry-room requirements, yield, maintenance, and
other operating requirements

Cost analysis

Breakdown of direct materials, direct labor, manufacturing
overhead, SG&A, R&D, and profit, along with sensitivity
analysis and future cost projections

Supply chain

Tracking of a battery material backward through suppliers and
processing steps toward upstream minerals, together with
supply-risk and critical-material information

Commercialization

Assessment of the maturity of an emerging technology and an
estimated pathway or timeline toward commercial-scale
production

Smart
manufacturing

Evaluation of humanoid robotics and its effect on factory
operation and cost

For example, someone evaluating a new lithium-metal battery could enter its
performance characteristics into COSTIME. The software could first design an EV
battery pack around that cell, determine how many cells and materials are required,
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construct a corresponding manufacturing scenario, calculate its production cost, identify
important materials and supply-chain risks, and then examine whether the technology
appears technically and economically ready for commercialization.

Another user could start with a material such as a cathode precursor rather than a
complete battery. COSTIME can trace that material backward through the supply chain
toward its constituent minerals and help identify suppliers, processing steps, geographic
dependencies, and potential supply risks.

COSTIME also contains substantial supporting data, including approximately 630
specialist-reviewed pouch-cell performance records, hundreds of smart-manufacturing
data points, and an Al assistant having knowledge base containing roughly 10,000
pages of publicly available technical and market information. These databases help the
software compare a user's assumptions with real-world information. For users without
professional battery design expertise, COSTIME provides an Al-assisted design
approach that simplifies and bypasses complex battery design processes.

How COSTIME was created

COSTIME was developed at Pacific Northwest National Laboratory (PNNL) with support
from the U.S. Department of Energy's Advanced Materials and Manufacturing
Technologies Office (AMMTO).

The software grew from the recognition that battery cost cannot be accurately
understood by looking at material prices alone. Battery design affects the amount of
material required; battery chemistry affects manufacturing equipment and factory
environment; factory design affects labor and energy consumption; supply-chain
conditions affect material price and availability; and the maturity of a technology affects
when large-scale manufacturing can realistically occur.

Therefore, COSTIME was developed as an integrated, bottom-up modeling platform
rather than a simple cost calculator.

The development combined several types of expertise. Battery scientists and engineers
developed models describing cells, modules, EV packs, and energy-storage containers.
Manufacturing models were created to represent processes and factory zones at
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commercial production scale, including a modern 20-GWh-class battery plant. Cost
models were then connected to the engineering models so that changes to battery
design or manufacturing assumptions automatically influence the economic analysis.

Large technical databases were assembled for battery performance, manufacturing,
and battery knowledgebase. Al tools were subsequently incorporated to make these
databases easier to use. The DataMiner, for example, helps obtain and organize
material-price information, while the Al Assistant can retrieve and synthesize technical
and market information relevant to an analysis.

Importantly, COSTIME uses Al as an assistant to engineering models rather than as a
replacement for them. The core calculations are based on battery design, material
balance, manufacturing, and cost models. Al helps users find information, generate
inputs, analyze data, and interpret results.

Safety Practice in COSTIME

COSTIME is developed in Python and currently supports Windows operating systems. A
macOS version is under development. The Al functions in COSTIME do not involve data
training, machine learning model development, or creation of new Al models. Instead,
COSTIME uses API services from OpenAl to access and analyze publicly available
information. COSTIME does not use Al models developed outside the United
States, such as DeepSeek, in its software development or implementation.

For Al applications such as Data Miner, COSTIME checks whether data can be legally
accessed and parsed from a website by reviewing the site’s robots.txt file and
applicable terms of use. Data collection is performed in a legal and ethical manner.
For Al applications such as the Al Assistant and Material Supply Chain, users may enter
their own questions, materials, or other inputs. COSTIME performs a safety screening
of user-provided inputs to help ensure that the requested use is lawful and
appropriate. COSTIME screens user inputs in the following areas:

1. Never involve any assistance in attacking power grids, water systems, or financial
networks.

2. Never involve the creation of cyberweapons or malicious code that could cause
significant real-world damage.
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3. Never violate the intellectual property rights of others or making defamatory claims
about real people.

4. Never help individuals or small groups gain illegitimate societal, military, or economic
control (e.g., through election interference or unconstitutional power grabs).

5. Never involve the generation of Child Sexual Abuse Material (CSAM) or providing
"uplift" for the creation of biological, chemical, or nuclear weapons.

6. Never process personal identification data.

7. Must respect the legal and creative frameworks of the information it processes.

One practical restriction of COSTIME is that battery designs exceeding 350 Wh/kqg
require an appropriate export-control license key; without one, the software limits the
design energy density to 350 Wh/kg. COSTIME provides a computer-specific license
key only to users who have been cleared for export control by the PNNL'’s appropriate
management team.

Disclaimer of the software is listed here for review:

This tool, including any data, figures, features, function, or output described herein, or
any part thereof (collectively the “Tool”) is Al-powered COSTIME software exclusively
for non-profit purposes to facilitate the public dissemination of knowledge based upon
information generally available to the public and from sources believed to be reliable.
This tool may be freely distributed, subject to appropriate citation. The Tool shall not be
used for any unauthorized or unlawful purposes. In no event shall COSTIME be liable to
any party for any direct, indirect, incidental, exemplary, compensatory, punitive, special
or consequential damages, costs, expenses, legal fees or losses (including without
limitation lost income or lost profits and opportunity costs or losses caused by
negligence) in connection with any use of the Tool even if advised of the possibility of
such damages. The Tool should not be relied on and is not a substitute for the skill,
judgment and experience of the user, its management, employees, advisors and/or
clients when making investment and other business decisions. THIS TOOL HAS BEEN
DEVELOPED AS AN ACCOUNT OF WORK SPONSORED BY AN AGENCY OF THE
UNITED STATES GOVERNMENT. NEITHER THE UNITED STATES GOVERNMENT
NOR ANY AGENCY THEREOF, NOR PACIFIC NORTHWEST NATIONAL LAB, NOR
ANY OF THEIR EMPLOYEES OR OFFICERS, MAKES ANY WARRANTY, EXPRESS
OR IMPLIED, OR ASSUMES ANY LEGAL LIABILITY OR RESPONSIBILITY FOR THE
ACCURACY, COMPLETENESS, OR USEFULNESS OF ANY INFORMATION,
APPARATUS, PRODUCT, OR PROCESS DISCLOSED, OR REPRESENTS THAT ITS
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USE WOULD NOT INFRINGE PRIVATELY OWNED RIGHTS. REFERENCE HEREIN
TO ANY SPECIFIC COMMERCIAL PRODUCT, PROCESS, OR SERVICE BY TRADE
NAME, TRADEMARK, MANUFACTURER, OR OTHERWISE, DOES NOT
NECESSARILY CONSTITUTE OR IMPLY ITS ENDORSEMENT, RECOMMENDATION,
OR FAVORING BY THE UNITED STATES GOVERNMENT OR ANY AGENCY
THEREOF. THE VIEWS AND OPINIONS OF DOCUMENT AUTHORS EXPRESSED
HEREIN DO NOT NECESSARILY STATE OR REFLECT THOSE OF THE UNITED
STATES GOVERNMENT OR ANY AGENCY THEREOF, PACIFIC NORTHWEST
NATIONAL LAB. This Tool has been developed with the integration of Al tools, including
large language models (LLMs), generative Al systems, and web search tools provided
by OpenAl. Al assistance may have been used for content generation, summarization,
data collection, and analysis. Users remain solely responsible for verifying the safety
and appropriateness of any link before accessing it. COSTIME shall not be liable for any
damages or losses resulting from the use of external links referenced in this Tool. The Al
workflow and tool's structural framework were subjected to human oversight to ensure
rigorous accuracy and reliability. However, despite these efforts, the content may not be
complete, current, or free from errors. Users are advised to independently verify critical
information and to consult qualified professionals before making legal, financial, or other
significant decisions. Be advised that advanced features—such as supply chain
tracking, commercialization analysis, the Al assistant, data miner, database, and
automated report generation—consume a high volume of tokens. To ensure data
privacy, commercial Al models only process publicly available information, while a
native, localized LLM is utilized to handle sensitive cell, pack, and battery container
designs and cost data. COSTIME does not collect, process, or store user credentials.
COSTIME respects intellectual property rights and is committed to the ethical use of
publicly available data.

Other practices include_reminders to users about responsible Al use. E.g.:

B Supply Chain Scope X
Select material category to proceed with supply chain
tracking

Direct materials only

. | Cancel oK
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Provide sufficient citation for Al generated contents to users.
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COSTIME Ul snapshots

1 Homepage

1.1 Start Al/Database: access database (battery performance, smart manufacturing), Al
Assistant (and Data Miner), and Supply chain of interested materials directly without the
need to open a specific project/task.

@ Form - [u] X

Al/Database

ata Miner, and track m: ns without entering the main UI.

1.2 Start BEV project or BESS project: select BEV or BESS application. Choose design
by yourself if you are battery expert or Quick Start with Al if not a battery expert.

@ Form — a x

Name

Skip Complex Cell-Module-Pack Design. Get the Cost!

BEV Application iquid Lithium Metal Battery Sam

Quick Start with Al

g (Humanoid Robots): No

Go to Folder Delete
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1.3 Settings: provide OpenAl API key, Export control licence key if desinged above 350

Wh/kg battery.

@ Form

youl nAl API key to enable COSTIME Al features. The key is available through the official Openal API platforr
locally only.

; OpenAl API key

lication

h APl Settings

Miner web search. Thi l ptional and available at h

xport-control license has been entered.
art-control license is required for battery designs above 350 Wh/kg.
the code to the PO d under About. The license is bound to this PC and V
TPM is required; no online activation d
Appearance Settings
Home logo color Dark Green
Appearance mode Night N

Fon

latform.openai.com/api-keys and stored

icing; Without it, Data Miner will use local

rking Wi

2 Ul for a specific project/task (use BEV as example, BESS is similar)

2.1 Define battery pack input

i e

Pack Setting
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2.2 Select battery grouping configuration

2.3 Select Pack layout




PNNL-SA-228076

2.3.1View how a selected battery pack looks like

2.4 Design a battery
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2.5 Battery specification after designed

2.6 Weight, cost, and Bill of materials summary of battery, module and pack.
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2.6.1 Cost summary of battery and battery Pack

2.6.2 Bill of Materials table creation and price input.
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2.6.3 Double click dark blue cells in above BOM table, triggers Data Miner. Search price
data of materials by Al Data Miner.

T oo

2.6.4 Switch to “Al Assistant” ask any questions about battery.
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2.7 Define how to manufacture the designed battery in a plant

2.7.1 Define the material, equipment, cost, labor, utility in each manufacturing zone
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2.7.2 Define the HVAC (Heating, ventilation, and air conditioning) needs for the plant

2.7.3 Define the labors for the battery plant
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2.7.4 Define the application of humanoid robotics.

| sz |

6.9%

s10.21m

2.7.5 Determine the Cost rates for cost estimation
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2.7.6 Summarize the final cost for plant, equipment, materials, labor, utilities and overall
impact

Step 10

¥ Plant Cost Summary

Apply Changes + Recalculate

Plant Equipment t Utilities Overall

CapEx:

5, direct labor, and manufacturing overhead):

ufacturing Impact

Annual plal

Direct materials change:
Indirect materials change:
Labor change:

Utilities change:

ance and maintenance change:

Annual cell productivity change:

Cell number produced change:

CapEx Breakdown
Plant
Equipment

Total CapEx

$1.18B

Annual OpEx Breakdown

Plant (Insurance and Maintenance)
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2.7.7. Same work flow as cell plant for battery pack manufacturing plant

2.8 Final cost summary according to standard cost accounting.
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2.8.1 Perform sensitive analysis

2.8.2 Perform Cost projection
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2.9 Market Demand and Supply Chain tracking (Use BESS examples)

2.9.1 Market demand projection for materials, batteries, packs/containers

2.9.2 Supply chain tracking for battery materials, including suppliers, risk, manufacturing
and equipment.
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2.9.3 Supply chain tracking for battery parts of packs/containers

2.10 Market investigation of Battery technology.

2.10.1 If battery technology is commercialized, COSTIME will do vendor analysis from
perspectives of technology, stock, news release.
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2.10.2 If a battery technology is not commercialized, COSTIME will do
commercialization timeline estimation based on Market investigation.

2.10.3 If a battery technology is not commercialized, COSTIME will do
commercialization timeline estimation based on Battery performance database provided
in COSTIME.

BEV Lithium metal battery (liquid) technology-to-market prediction
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3 Database

3.1 >600 pouch cells database from published paper, report, online resources. All cited
and validated.

3.2 >500 data points about smart manufacturing practice of different industries. All cited
and validated.
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4 Menu Bar. Reach database, Al assistant/Data Miner, Abbreviations and software info.

4 .1 Reach all abbreviations and units in COSTIME.

4 .2 Reach software information in About

@3 About COSTIME — [} b

About COSTIME Point of Contact Disclaimer Manual
Developed by Pacific Northw
wfacturing Technologie
ner design for EV

ufacturing proc

pply chain trac
ume a high volume of token

tilization of public d )
ct the designated Point of Cont

es that will be addressed through




4.3 Reach POC

TIME Point of Contact

For questions or feedback, please contact:

pnnl.gov

Mond Guo: mond.guo

an.tu

4.4 Reach Disclaimer

@ About COSTIME

s tool, including any data, figures, featur:
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ool may be freely d
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4.5 Reach Manuals

Manual

BESS APPLICATION USER MANUAL

Version: COSTIME v0.9 Beta

PURPOSE

The BESS Application guides an All-in-one 40ft battery container from cell settings,

through material costing, manufacturing, supply-chain analysis, and commercialization

analysis.

This manual explains the current workflow, each tab, the meaning of key entries, and the

main buttons. Calculated values may change after an upstream design input is changed.

Review the final summary and BOM before treating a result as final.

Zoom Out || Zoom In




