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By 2030, the world will need 45% more energy,

while reducing greenhouse gas (GHG) emissions.



Working Group on Catalysis

Objective: To elevate public and private sector interest in advancing R&D 
associated with improving the top energy consuming catalytic processes.

Goal: To promote exchange of ideas on ways to increase opportunities for 
R&D in catalysis and address barriers to such activities.



ACC. Shale Gas and New U.S. Chemical Industry 
Investment: $164 Billion and Counting. 2016. 



IEA, ICCA, DECHEMA. Technology Roadmap: Energy and GHG 
Reductions in the Chemical Industry via Catalytic Processes. 2013.



10 years ago, this talk could not have happened.









Active site design

In silico formulation and 
performance evaluation

Thermodynamics

Selectivity optimization 



A.C.C. Advancing Energy and Sustainability Goal (2016), Washington DC.

Which areas of R&D would be most 
important for reducing barriers/gaps?

Number of Survey Participants

Catalyst structure/property work

New material research

Kinetics combined with in situ characterization

High throughput testing/characterization

Separations/membranes

Novel reactors/membranes

Process/catalyst integration

Do cost/process sensitivity to focus on greatest impact

Focus on technology scale-up not discovery



Farrell, B.L., A Viewpoint on Direct Methane Conversion to Ethane and Ethylene Using 
Oxidative Coupling on Solid Catalysts. ChemInform. 2016; 47(37), 4340-4346.





Kinetics

Parametric product 
distribution studies

In operando
characterization

Physical and mechanical 
testing and improvement 



Gao, J., Catalysis. Identification of Molybdenum Oxide Nanostructures on Zeolites for Natural Gas 
Conversion. Science. 2015, 348, 686-690.

Gao, J., Y. Structure of Mo2Cx and Mo4Cx molybdenum carbide nanoparticles and their anchoring sites on 
ZSM-5 zeolites. J. Phys. Chem. C. 2014. 118(9), 4670-4679.





Multi-scale 
simulation

Flexible and
accessible test beds

Research on 
scaling principles for
cross-cutting impact



Zurcher, F.R., Nanowire Catalysts and Methods for their Use and 
Preparation. US Pat. 8,962,517, February 24, 2015.





Process intensification

Reactors

Power plants

Heat and mass transport

Separations



Kim, Y., et al. Modular Chemical Process Intensification: A 
Review. Annu. Rev. Chem. Biomol. Eng. 2017. 8, 16.1–16.22.



“Almost every advance in petrochemical processes
came about because of the invention of a new material.” 

– Jeff Bricker, UOP Honeywell, Changing Landscape Report

Haber Process 
Enabled by

High-Strength 
Steel

Fluid Cracking 
Enabled by 

Zeolites 

Ceramics for 
High-Temperature 

Applications

Fluoropolymers 
and Glass for 
Aggressive 
Chemicals 



Separations and Recycling account for 

Leverage of “Ancillary” Processes

50% 80% 
for an ethane cracker

&
of CapEx of OpEx 

IHS Chemical. Process Economics Program Report 29H, 
Ethylene via Ethane Steam Cracking. 2014.





National 
priority level

Sustained 
public and private

commitments



$800 BN Revenue of the U.S. 
Chemical Industry

$470 MM Federal Grant Funds for 
Basic Chemical Research in 2016

$15-30 MM over 10 Years Envisioned 
Funding for Hydrocarbon Conversion

$20 MM ACS PRF Grant for Petrochemical Research

$189 MM in NSF Grant Funds for MPS/CHE

$92M Chemical Transformations Research from 
DOE Basic Energy Sciences 

$169 MM in NSF Grant for ENG/CBET Chemical 
Process Systems
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Chemical Industry

$470 MM Federal Grant Funds for 
Basic Chemical Research in 2016

$15-30 MM over 10 Years Envisioned 
Funding for Hydrocarbon Conversion

$20 MM ACS PRF Grant for Petrochemical Research

$189 MM in NSF Grant Funds for MPS/CHE

$92M Chemical Transformations Research from 
DOE Basic Energy Sciences 

$169 MM in NSF Grant for ENG/CBET Chemical 
Process Systems





User facility 

Shared 
access model

Public/private
Partnerships





Accelerated economic growth 
and innovation

New high-paying STEM jobs and a 
resurgence in chemical manufacturing

Energy efficiency improvement 
and lower emissions

Potential Benefits Potential Losses

Enhanced living standards 
and communities

Lower barriers to the adoption of
new technologies

Building scientific capital in chemistry, 
a field that’s vital to our nation

Weakened global competitiveness 
of U.S. companies

Slower economic growth

Higher labor costs and 
erosion in skill levels

Stagnation in resource efficiency and 
optimization of materials

Capital inefficiencies through project 
overruns, opportunity expenses, 

and failed commissioning



What Does Industry Want?

20% 
improvement in 
Figures of Merit 

(FOM)

Bridge over 
industrial 

“valley of death” 
to 

commercialization

Develop public 
partnerships for 

workforce & 
technological 
development

Leverage 
chemical 

industry’s global 
competitiveness

Achieve
economic growth 

and reduce 
commodity costs

The Perennial Question:
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