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Housekeeping
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NOTICE: This webinar, including all audio and images of participants and presentation materials, may be recorded, 
saved, edited, distributed, used internally, posted on DOE’s website, or otherwise made publicly available. If you 
continue to access this webinar and provide such audio or image content, you consent to such use by or on behalf of 
DOE and the Government for Government purposes and acknowledge that you will not inspect or approve, or be 
compensated for, such use.

• Attendees will be in listen-
only mode

• Audio connection options:
– Computer audio
– Dial in through your 

phone (best 
connection)

• Use the Q&A panel to ask questions
• Technical difficulties? Contact Erik 

Ringle through the chat section, 
lower right of your screen

• Recording will be available at: 
https://www.chemcatbio.org/webin
ars.html

https://www.chemcatbio.org/webinars.html
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Today’s Speaker
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Kurt Van Allsburg
Catalyst Scientist, National 
Renewable Energy Laboratory
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The Chemical Catalysis for Bioenergy consortium (ChemCatBio)

Accelerating the catalyst and process development cycle

https://chemcatbio.org

Subscribe to our newsletter The Accelerator

ChemCatBio
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ChemCatBio: Accelerating Catalyst Discovery
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Released in 2018: CatCost
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CatCost™
a free catalyst cost estimator
released in 2018
major update in May 2021
+ new mailing list

catcost.chemcatbio.org

PI: Fred Baddour
Team Members: Kurt Van Allsburg, John Super, Eric Tan, Lesley Snowden-Swan, John Frye, James 
White, Joshua Schaidle, Michael Talmadge, Jesse Hensley, Susan Habas, Nicholas Wunder, Kenny 
Gruchalla, John Yarbrough, Kristi Potter, Matt Jankousky, Andy Young

Excel and web app versions, with 
Python interconversion

Advanced visualizations built in

Detailed capital and operating costs
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Today’s Webinar: the Catalyst Property Database
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The Catalyst Property Database
a free database for catalyst research
released in 2020
opened to external contributions Sept 2021

cpd.chemcatbio.org
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Problem: Finding the right catalysis data in the literature is often slow and cumbersome

Why build a catalyst database?
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Find the right papers 
to read

Carefully read the 
papers to confirm 
methods match

Hand-copy data out 
of the journal PDF

Result: Because of the challenges in finding reliable, directly comparable datasets, it’s 
often easier to just collect/compute it yourself (duplication of effort, $$$, time)

Our goal: Reduce, Reuse, Recycle 
Accelerate catalysis research by making it easier to find and reuse catalyst data
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Our answer: make catalyst data more accessible
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Data in the CPD is:
 Centralized

 Enabling faster comparisons

 Searchable
 Search dozens of metadata fields directly
 Find the right data faster

 Publicly accessible to view and upload
 Uploads subject to quality control

• Computational catalysis (initial focus)
• Catalyst characterization
• Reaction performance

Data types:
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At initial release: Density functional theory-computed adsorption energies for 
intermediates on catalyst surfaces, from peer reviewed journals

Long-term goals:
• Add new data types to enable scaling relation and reactivity descriptor discovery
• Experimental and computational results
• Catalyst property and preparation details
• Researcher-users of the CPD to guide data types and structure

What sort of catalyst property data?

11
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Applications of the CPD
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Benchmarking & Validation
Researchers wanting to check their results

Interpretation of Experimental Trends Discovery of Scaling Relations and Reactivity Descriptors
Harnessing the power of a large, central database

Descriptor A

De
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rip
to
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)

Catalyst Screening
Applying reactivity data to identify new target compositions
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Part I: Why we built it

Part II: How we built it (and why you should care)
... and examples, upcoming additions, etc.

Vision to Reality: Not So Easy

13

✓
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The CPD Team
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Kurt Van Allsburg

PI

Experimentalist

Carrie Farberow

Co-investigator

Computational 
researcher

Nalinrat Guba

Software engineer 
(previously at Oracle)

Sean Tacey

Computational 
researcher

Qiyuan Wu

Experimentalist

Experienced web 
developer

Advisors:
Josh Schaidle, CCB Director
Nick Wunder, NREL

CatCost
Alicia Key

Software engineer with 
computational 
chemistry experience

Rachel Hurst

Technical project lead, 
system architect

Tom King

UI/UX designer
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Collaborations:
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The CPD: Fast, simple searching
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 Search updates live as you 
add criteria

 Designed for use by both 
computational and 
experimental researchers

 Simple interface
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CPD Architecture: Designed for Scale
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Web App

Intuitive search-and-
filter interface

No coding 
experience needed

API
(application 

programming 
interface)

Provides direct, fast 
access to the data

PostgreSQL 
Relational Database

Where the data lives

Designed for 
performance at scale

Hosted in Amazon Web Services

The CPD uses a modern design for fast performance as the database grows

Casual Users

UI-based search and 
download

Power Users

Use scripts to upload & 
download 1000s of entries

User training, data curation, and 
edit control balance quality with 

community access (next slide)
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Developed a data structure for computed adsorption energies

Structuring the data
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This is key to our goal of helping users 
find the right data, faster
We’ll work with users to define 
structures for new data types
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Converted the data structure 
into a PostGreSQL database

Structuring the data

18

Database ready to 
efficiently scale up to 
millions of entries

We can do this faster 
for new data types 
(characterization, synthesis, 
reactor performance)

1....2....n....
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Parameter Guide for non-experts...
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 Making computational 
chemistry results 
accessible to more 
people

 Explaining ourselves if 
we’ve been unclear (it 
happens)
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...and a User Guide for all

20

 Explanation of features
 Documentation for 

power-users and 
uploaders
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Standardizing data & creating rules
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Molecular Formula Name SMILES
O2 (g) oxygen (g) [OO]
OO dioxygen OO
O2 oxygen O=O
HH hydrogen (g) [HH]
H2 hydrogen [H][H]
O oxygen, atomic [O]
N2 nitrogen N#N
CH3COOH acetic acid CC(=O)O
HCO formyl [CH]=O
CH2 methylene [CH2]
COOH carboxyl [C](=O)O

Created dictionaries of recurring entries, such as adsorbate/reference 
species, and rules for naming, data input/curation, etc.

Outcomes from dictionaries & data rules:
• Quality control
• Faster performance (fewer entries)
• Faster, easier search
• Gives users confidence in the data
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Sept 2021: CPD opened to uploads from the catalyst community
(previously, we added all data from the literature)

How data is uploaded and curated to ensure quality:

Opening the CPD to community uploads

22

(still working out kinks 
here; it will get easier)

Hope to recruit a team of 
curators a la Wikipedia
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Get started by cloning 
this repository. 
github.com/NREL/
cpd-batch-upload

Reach out anytime for 
help!
cpd@nrel.gov

Want to upload data? (adsorption energies)

23
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Two use case examples

Use cases
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New computational chemistry graduate student: “leg up” on their project

Use Case 1: Benchmarking

25
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Journal article reviewer: takes a lot of effort to do a “sanity check” on DFT papers

Use Case 2: Benchmarking

26

(we also hope editors and reviewers will encourage authors to upload their data)
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Benchmarking is an important challenge facing the field
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Currently in discussions that could lead to a larger collaboration:
Neil Schweitzer, Randy Snurr, Selim Alayoglu, Justin Notestein, Xijun Wang, Josh Kirkham
Reach out if you’d like to help us grow the database and this benchmarking effort!
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• We plan to continue adding data from the literature

• We need your help – work with us and upload your results!

• May relax the peer-reviewed journal article requirement – what are your thoughts?

• Machine learning/natural language processing

Future updates: growing the database

28
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Planned release this winter/spring
For example, adding pre-populated filters for the most common search preferences:

Future updates: UI upgrades

29
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Future updates: Reference Species Translation
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Background: Computed adsorption energies, the critical DFT output included in the 
Catalyst Property Database, may be reported with different reference species

Problem: Data reported with different reference species, while containing 
similar information, cannot be directly compared, limiting the scope of 
data that can be applied in predictive catalyst applications

CPD Solution: Create a Reference Species Translation feature to enable interconversion 
between compatible reference species sets. Planned release next summer.

This is a key differentiator not found in any public database or resource.
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Using the data generated for reference species translation, we could also generate 
reaction networks:

Future updates: Reaction networks

31

Figures from Norskov et al. Org. Process Res. Dev. 2016, 20, 1424–1430.

This would also allow us 
to cross-pollinate with 
databases containing 
reaction energies 
instead of adsorption 
energies, such as 
Catalysis Hub (SUNCAT)
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Create a catalyst deactivation mitigation resource in the CPD (release next fall)
• Adsorption energies for common catalyst poisons (alkali metals, halides, S, etc.) on 

common catalyst surfaces

Future updates: Catalyst deactivation mitigation data

32

Goal: enable researchers to make 
systematic predictions about 
catalyst deactivation rates
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Future updates: more data types
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• Computational catalysis (initial focus)
• Catalyst characterization
• Reaction performance

... we need your help with this!

Data types:
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Applications of the CPD

34

Benchmarking & Validation
Researchers wanting to check their results

Interpretation of Experimental Trends Discovery of Scaling Relations and Reactivity Descriptors
Harnessing the power of a large, central database

Descriptor A

De
sc
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to
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)

Catalyst Screening
Applying reactivity data to identify new target compositions



Bioenergy Technologies Office  |

Acknowledgements

35

Kurt Van Allsburg

PI

Experimentalist

Carrie Farberow

Co-investigator

Computational 
researcher

Nalinrat Guba

Software engineer 
(previously at Oracle)

Sean Tacey

Computational 
researcher

Qiyuan Wu

Experimentalist

Experienced web 
developer

Advisors:
Josh Schaidle, CCB Director
Nick Wunder, NREL

BETO:

Trevor Smith Jesse Glover

Andrea Bailey Nicole Fitzgerald

This work was authored in part by the National Renewable Energy 
Laboratory, operated by Alliance for Sustainable Energy, LLC, for the U.S. 
Department of Energy (DOE) under Contract No. DE-AC36-08GO28308, in 
collaboration with the Chemical Catalysis for Bioenergy (ChemCatBio) 
Consortium, a member of the Energy Materials Network (EMN). Funding 
provided by the U.S. Department of Energy Office of Energy Efficiency and 
Renewable Energy Bioenergy Technologies Office. The views expressed in 
the article do not necessarily represent the views of the DOE or the U.S. 
Government. The U.S. Government retains and the publisher, by accepting 
the article for publication, acknowledges that the U.S. Government retains 
a nonexclusive, paid-up, irrevocable, worldwide license to publish or 
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Thank you. Let’s Discuss.
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DISCLAIMER: This work was authored by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy, LLC, for the U.S. Department of Energy (DOE) 
under Contract No. DE-AC36-08GO28308. Funding provided by U.S. Department of Energy Office of Energy Efficiency and Renewable Energy Solar Energy Technologies Office. The 
views expressed in the article do not necessarily represent the views of the DOE or the U.S. Government. The U.S. Government retains and the publisher, by accepting the article for 
publication, acknowledges that the U.S. Government retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of this work, or 
allow others to do so, for U.S. Government purposes. 

Kurt Van Allsburg
kurt.vanallsburg@nrel.gov

Access the CPD: https://cpd.chemcatbio.org/

Subscribe to The Accelerator, a newsletter from ChemCatBio: https://public.govdelivery.com/accounts/USEERE/signup/21906

https://cpd.chemcatbio.org/
https://public.govdelivery.com/accounts/USEERE/signup/21906


Thank you!
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