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Goal: Develop a catalytic fast pyrolysis (CFP) technology platform for an 
integrated biorefinery concept, which is capable of producing both cost-
competitive biofuels at greater than 75 gasoline gallon equivalent 
(GGE)/dry ton of biomass and high-value co-products, and can be market-
responsive by controlling the product distribution to meet market demand

Outcome: Advance CFP state-of-technology and reduce commercialization 
risk by (1) demonstrating production of a fuel blendstockat a modeled 
minimum fuel selling price (MFSP) of $3.0/GGEand (2) developing 
strategies to reduce MFSP to $2.5/GGE

- Vertically-integrated, collaborative approach spanning from catalyst design 
to integrated bench-scale CFP with downstream hydrotreating (HT)

- Combined experimental-computational approach to catalyst design, 
coupled with catalyst evaluation across scales

- Evaluation of co-product and co-processing opportunities

Relevance to Bioenergy Industry: Addressing critical technical challenges 
limiting commercialization of CFP technologies: carbon efficiency and 
product diversity/quality

Goal Statement
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ChemCatBio Foundation
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Integrated and collaborative portfolio of catalytic technologies 
and enabling capabilities

Enabling CapabilitiesCatalytic Technologies

Consortium for Computational 
Physics and Chemistry

(ORNL, NREL, PNNL, ANL, NETL)

Advanced Catalyst Synthesis 
and Characterization

(NREL, ANL, ORNL, SNL)

Catalyst Cost Model 
Development
(NREL, PNNL)

Catalyst Deactivation Mitigation 
for Biomass Conversion

(PNNL)

Catalytic Fast Pyrolysis
(NREL, PNNL)

Catalytic Upgrading of Indirect 
Liquefaction Intermediates

(NREL, PNNL, ORNL)

Catalytic Upgrading of 
Biochemical Intermediates

(NREL, PNNL, ORNL, LANL, NREL*)

Electrocatalytic and 
ThermocatalyticCO2 Utilization

(NREL, ORNL*)

ChemCatBio Lead Team Support (NREL)

ChemCatBio DataHUB(NREL)

Cross-Cutting Support

Industry Partnerships 
(Directed Funding)

Gevo(NREL)

ALD Nano/JM (NREL)

Vertimass(ORNL)

Opus12(NREL)

Visolis(PNNL)

Lanzatech(PNNL) - Fuel

Gevo(LANL)

Lanzatech(PNNL) - TPA

Sironix(LANL)

*FY19 Seed Project
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Quad Chart
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Timeline
Å Project start date: October 1st, 2016

Å Project end date: September 30th, 2019

Å Percent complete: 83%

Total 

Costs 

Pre 

FY17

FY 17 

Costs

FY 18 

Costs

Total 

Planned 

Funding (FY 

19-Project 

End Date)

DOE 

Funded $6M $2.7M $3M $3.2M

Project 

Cost 

Share
N/A

National Lab Partners: NREL: 85%; PNNL: 15%

Industry Partners: Johnson Matthey, WR Grace, 
VTT, ExxonMobil

University Partners: Utah State, Georgia Tech, 
University of Michigan, University of Southern 
California

Barriers addressed
Ot-B: Cost of Production
Reducing MFSP for CFP technology platform

Ct-F: Increasing the Yield from Catalytic 
Processes
Developing catalysts and process operations 
to enhance carbon efficiency

Objective
Develop a catalytic fast pyrolysis (CFP) 
technology platform for an integrated biorefinery 
concept, which is capable of producing both 
cost-competitive biofuels at greater than 75 
gasoline gallon equivalent (GGE)/dry ton of 
biomass and high-value co-products, and can 
be market-responsive by controlling the product 
distribution to meet market demand

End of Project Goal
By September 2019, this project will (1) produce 
fuel blendstocks from at least one advanced 
CFP process that achieves a minimum fuel 
selling price of $3.0/GGE in 2016$ with greater 
than 25% (GGE basis) of the fuel in the 
diesel/jet range, and (2) identify viable routes to 
$2.5/GGE for further development in 2020-
2022.
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Project Overview: Catalytic Fast Pyrolysis
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Advantages of the Technology:
Å Cost of wood-based feedstock is de-coupled from petroleum price
Å Vapor-phase catalytic upgrading provides control over product slate
Å Reduces downstream hydrotreating (HT) costs as compared to fast pyrolysis
Å Upgraded bio-oil could be co-processed in existing refinery infrastructure
Å Produces a drop-in fuel blendstock, with co-product opportunities

D. Ruddy, et al. Green Chem 16 (2014) 454

Potential for whole biomass conversion to drop-in hydrocarbon 
fuels at high yields (>80 gal/ton)
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Project Overview:
Carbon Efficiency is Key to Commercial Viability 
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Process Sensitivity Analysis Relationship between Carbon Yield 
and Oxygen Content for CFP

Carbon Yield (wt/wt)
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R. Venderbosch, ChemSusChem8 (2015) 1306
A. Dutta, et al., CFP Design Report, 2015

Hydrotreating 
Carbon 

Efficiency

CFP catalysts and processesneed to achieve extensive 
deoxygenation AND high carbon yields

CFP 
Carbon 

Efficiency

CapEx
Feedstock
IRR
HGF



Bioenergy Technologies Office  |

ÅZeolite-based catalyst in an ex-situ riser reactor

ÅFeedstock: clean pine at $92/dry us ton

Project Overview: Baseline
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2016 state-of-technology for CFP + HT pathway resulted in 28% carbon 
efficiency to fuel products and a modeled MFSP of $4.90/GGE

$2.34
$2.04

$1.83
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Project Overview: Value Proposition
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Value Proposition: Reduce conversion costs for biofuel production by 
developingand advancing a versatile CFP technology platform that 

achieves high yields (>40%C yield)to biofuels and bioproducts

Objectives and SuccessFactors:
Å Evaluate CFP process configurations using a common basis

Å Leverage ChemCatBio enabling capabilities to develop catalysts and 
processes that achieve >40% overall carbon efficiency toproducts

Å Demonstrate bench-scale production of fuel blendstocksat a modeled 
MFSP of $3.0/GGE with greater than 25% of the fuel in the diesel/jet range

Å Provide early-stage R&D to enable BETO 2022 engineering-scale verification

Å Identify and demonstrate viable routes to co-products and $2.5/GGE MFSP

Differentiators:
Å Vertically-integratedapproach coupling hypothesis-driven catalyst design 

with multi-scale process evaluation, guided by TEA

Å Leveraging deep expertise in CFP and HT at NREL and PNNL

Å Cross-disciplinary partnerships with industry, academia,and BETO consortia
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Technical Approach: 
Evaluation of CFP Process Configurations
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Å Low capex

Å Harshconditions 
(catalyst mixed with 
biomass/char/ash)

Near-term Long-term
In-situCFP Ex-situEntrained Bed CFP

Modified Zeolites and Metal Oxide Catalysts

Ex-situFixed Bed CFP

Next Generation Catalysts

Å Controlled catalytic 
environment (char/ash 
removed)

Å Higher capex

Å More diverse catalysts 
and chemistry

Å Long catalyst lifetimes 
required

P
yr

o
ly

ze
r Char 

Combustor
(Fluidized 

Bed)

Pyrolysis
Vapor

Circulating 
Sand

Hot Gas
Filter

U
p

g
ra

d
in

g
C

a
ta

ly
st

Upgraded
Pyrolysis
Vapor

P
yr

o
ly

ze
r Char 
Combustor
(Fluidized 

Bed)

Pyrolysis
Vapor

Circulating 
Sand

U
p

g
ra

d
e

r Catalyst 
Regenerator

(Fluidized 
Bed)

Upgraded
Pyrolysis
Vapor

Circulating 
Catalyst

C
a

ta
ly

tic
 

P
yr

o
ly

ze
r Char 

Combustor
(Fluidized 

Bed)

Upgraded
Pyrolysis
Vapor

Circulating 
Catalyst

Approach: Evaluateeach configuration and prioritize R&D based on 
opportunities for cost reduction

Challenge: Numerous CFP process configurations exist, each with 
advantages and disadvantages
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Technical Approach:
Hypothesis-Driven Catalyst and Process Development 
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MFSP

CFP
HT

Approach: Improve carbon efficiency for CFP and HT through 
foundational catalyst and process R&D

Challenge: Low carbon efficiency due to coking and light gas formation



Bioenergy Technologies Office  |

Technical Approach: 
Foundational Catalyst-Process Development 
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Advanced 
Synthesis and 

Characterization 

Theory Performance 
Evaluation

Catalyst Scaling and
Integrated Testing

Catalyst Cost Estimation

Foundational Science

Enables hypothesis-driven catalyst 
design

Applied Engineering

Enables evaluation of key process 
metrics and deactivation

Mo2C
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Technical Approach: Balance Process Steps
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Balancing CFP 
and HT

MFSP

CFP
HT

Approach: Improve overall carbon efficiency by balancing CFP and HT

Challenge: Complex, multi-step process (CFP + HT) linked through 
quality/properties of bio-oil intermediate
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Technical Approach: Product Diversification  
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Approach: Expand product slate by evaluating opportunities for co-
products and developing catalysts that provide control over product 
distribution

Challenge: Heterogeneity of CFP bio-oil limits fuel quality 
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Management Approach: Project Structure 
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Project Structure

Task 1: CFP Catalyst Design and Development
Lead: Susan Habas

Task 2: CFP with Model Compounds
Lead: Mike Griffin

Task 3: CFP with Biomass Pyrolysis Vapors
Lead: Calvin Mukarakate

Task 4: CFP with Riser Reactor System (DCR)
Lead: Kim Magrini

Task 5: Hydrotreating
Leads: Huamin Wang and Kristiina Iisa

Task 6: Light Gas Incorporation
Lead: Matt Yung

Task 7: Co-Product Formation
Lead: Mark Nimlos

Purpose
Develop next-generation catalysts 

with enhanced performance

Provide mechanistic insight for 
catalyst development 

Evaluate catalyst and process 
performance with integrated 

systems

Generate fuel blendstocksfor 
analysis of fuel properties

Develop routes to re-incorporate 
light gases back into CFP oil

Develop viable routes to co-
products

Vertically-
Integrated 
Approach 

Enabling 
Technologies

Vertically-integrated approach spanning catalyst development to 
production of fuel blendstocks
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Management Approach: Project Interactions
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Feedstock Conversion Interface 
Consortium

Evaluate effect of feedstock quality 
(composition, impurities, ash species) 
on CFP catalyst performance/lifetime

CFP Process

ChemCatBio Enabling Capabilities 

First-principles catalyst design and 
operando catalyst characterization 
to understand deactivation modes

Cross-Cutting Technoeconomic Analysis

Advanced Development 
and Optimization (ADO)

Scale-up catalyst and 
process for BETO 2022 
verification

Separations Consortium

Evaluate and develop hot-gas 
filtration technologies and 
bio-oil separation strategies

Johnson-Matthey 
CRADA

Develop CFP catalysts 
and processes

Performance-Advantaged 
Bioproducts

Identify and synthesize 
performance-advantaged 
polymers and materials

ExxonMobil CRADA

Develop routes to 
chemicals via CFP

Co-Optima

Identify species 
best suited for 
fuels vs. chemicals

TCF

Pursue 
opportunities 
for bio-
derived 
graphite


