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“The freedom to reshape 
technology and society 
depends on the depth of 
understanding.”
Freeman (1991, p. 228)
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A Deeper Understanding for Industrial 
Decarbonization

How and why do U.S. firms adopt and implement industrial 
process heat (IPH) decarbonization technologies?
 What are the technical and non-technical user 

requirements of IPH adoption and implementation and 
what do they imply for decarbonization technologies?
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What Do Industrial Users Have to Say about 
Adoption and Implementation?

• How would you evaluate an alternative source of heat for your production 
process?

• In the past have there been any significant changes made to your heating 
processes (equipment replacement, retrofits)? 

What user requirements & associated metrics?

Which individuals and groups involved?

What user requirements & associated metrics?

Which individuals and groups involved?

What problems & solutions?



Adapted from Tornatzky et al. (1983)
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Generic vs. Configurational Technology Systems 
(Fleck 1993)

• Identity
• Systematicity
• System dynamics Technology Producer-Centric Model Technology User-Centric Model

A Generic Technology System
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Generic Technology Systems (Fleck 1993)

• Identity
– An established identity across 

instances
– Standards for function and 

performance
– Existing markets for system and its 

standard components

"Recumbent bicycle Toxy CL" by EvaK is licensed under CC BY-SA 2.5. 

"Candles formed into the shape of a bicycle at Kings Cross Christmas 
Vigil" by londoncyclist is licensed under CC BY 2.0. 

https://commons.wikimedia.org/w/index.php?curid=1436187
https://de.wikipedia.org/wiki/Benutzer:EvaK
https://creativecommons.org/licenses/by-sa/2.5/?ref=openverse
https://www.flickr.com/photos/10978010@N07/6544999775
https://www.flickr.com/photos/10978010@N07/6544999775
https://www.flickr.com/photos/10978010@N07
https://creativecommons.org/licenses/by/2.0/?ref=openverse
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Generic Technology Systems (Fleck 1993)

• Identity
• Systematicity

– An underlying coherence that defines how 
components relate and how they’re integrated. 

– The existence of standard plans for building 
systems and the provision of standard parts to 
realize those plans.

"Assembly line" by randomduck is licensed under CC BY-SA 2.0. 

https://www.flickr.com/photos/96463101@N00/2738911767
https://www.flickr.com/photos/96463101@N00
https://creativecommons.org/licenses/by-sa/2.0/?ref=openverse
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Generic Technology System (Fleck 1993)

• Identity
• Systematicity
• System dynamics

– An inherent logic that firmly structures 
development over time.

– Because of the generic identity and systematicity, 
innovations happen in a well-defined space.

– Technology suppliers can innovate independently 
of application contexts. "eBike by Cannondale" by Ivan Radic is licensed under CC BY 2.0. 

https://www.flickr.com/photos/26344495@N05/48137334256
https://www.flickr.com/photos/26344495@N05
https://creativecommons.org/licenses/by/2.0/?ref=openverse


Adapted from Tornatzky et al. (1983)

Technology Producer-Centric Model

Basic research

Applied research

Development
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Manufacturing/packaging
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Awareness

Matching/selection

Adoption/commitment 

Implementation

Routinization

Technology User-Centric Model

Learning by trying

User requirements 
and contexts

Technical 
capabilities
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Configurational Technology System (Fleck 1993)

• Identity
– Ad-hoc

• Systematicity
– “Shape” defined by particular 

application and its contingencies
• System dynamics

– Uncertain technology development 
trajectory (“innofusion”)

Technology Producer-Centric Model Technology User-Centric Model

A Configurational Technology System
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IPH as a Configurational Technology System

• Identity
– Ad-hoc

• Systematicity
– “Shape” defined by particular application and 

its contingencies
• System dynamics

– Uncertain technology development trajectory 
(“innofusion”)
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IPH as a Configurational Technology System: 
Identity

“I mean, every plant is different because it makes different products. It has 
different configurations, and it might have different technologies. You might have 
different ages and so you have to look at it a plant at a time in order to determine 
what's the best transformation or change that you need to make.”.         
(Interviewee A12).

“… the company as a whole has embraced the understanding that, like, we're 
moving away from traditional fossil fuel generated heat…it’s a very local and a very 
site-specific answer to that question based on local resources and local 
things…”(Interviewee A8).

• Identity
• Ad-hoc
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IPH as a Configurational Technology System: 
Systematicity

• Systematicity
• “Shape” defined by an application and its contingencies

Interviewee A5

H2 available at site at acceptable 
cost and supply

>40% H2 blend<40% H2 blend

Landlord-tenant evaluation 

Customer requirements

New burner evaluation

Engineering requirements

Piping evaluation

Engineering requirements

Air permit evaluation
Regulator, environmental 
requirements

Safety procedures evaluation

Health & safety requirements

Financial evaluation 

Financial requirements
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IPH as a Configurational Technology System: 
System Dynamics

“Can't you, [the DOE’s national laboratories], just give us the answer? Guys like me, do 
each of us need to discover this for ourselves? Can't you just put out a paper that says, 
‘hey, if you've got a natural gas boiler that's giving you, like, this temperature steam, 
the best way to decarbonize is by following these five steps’...” (Interviewee A6)

“I know to electrify our plants, it was, you know—our engineers took almost two years 
of, ‘okay, is this gonna work for us?’ … In the first electrification project, you know, it's 
not just straight electric. They actually install[ed] the capability of both electrical 
heating and natural gas heating as a backup, but the subsequent electrification project 
they realized, ‘OK, we're confident with the electric heating elements. We no longer 
need the backup.’”  (Interviewee A7 )

• System dynamics
• Uncertain technology development trajectory
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IPH as a Configurational Technology System: 
System Dynamics

“I'll say there's a bias to looking for partnerships and sort of buying 
decarbonized energy in the future as opposed to buying the equipment that 
does it ourselves.” (Interviewee A9b)

• System dynamics
• Uncertain technology development trajectory
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Implications for Shifting from Generic to 
Configurational Framing

• User technical and nontechnical requirements and user contexts are 
essential for successful adoption and implementation

• Learning processes and innovation occur during implementation 
and diffusion 

• Questions framing of IPH technologies as “cross-cutting”
• Opportunities to accelerate adoption and implementation by 

– Linking users and technology developers
– Creating identity and systematicity by developing and 

transferring standardized knowledge of full range of user 
requirements and contingencies 
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A Policy Test for IPH Configurations: 
South Coast AQMD

• Proposed Amended Rule 1153.1: Emissions of Oxides of 
Nitrogen from Commercial Food Ovens

• Multi-phased: proposed zero NOx and CO by 2027-2030 

“‘Commercial bakeries do not all use the same ovens or vendors, and a “​one size fits 
all” approach is not possible,’ Rasma Zvaners, vice president of regulatory and technical 
services at the American Bakers Association, said by email. For oven-makers, a key 
challenge is delivering equipment that can produce the same taste, texture and 
appearance as their gas- or oil-burning counterparts.” (Gallucci, 2023)



www.nrel.gov
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purposes.

NREL/PR-6A20-87502



NREL    |    22

References

Fleck, James. “Configurations: Crystallizing Contingency.” International Journal of Human Factors in Manufacturing 3, no. 
1 (January 1993): 15–36. https://doi.org/10.1002/hfm.4530030104.

Freeman, Christopher. “Innovation, Changes of Techno-Economic Paradigm and Biological Analogies in Economics.” Revue 
Économique 42, no. 2 (1991): 211–31. https://doi.org/10.2307/3502005.

Galluci, Maria. “New California Rule Will Cut Carbon from Baking Cheetos, Chips And….” Canary Media, August 8, 2023. 
https://www.canarymedia.com/articles/clean-industry/new-california-rule-will-cut-carbon-from-baking-cheetos-
chips-and-more.

McMillan, Colin A., Carrie Schoeneberger, Jingyi Zhang, Eric Masanet, Parthiv Kurup, Steven Meyers, Robert Margolis, and 
William Xi. “Opportunities for Solar Industrial Process Heat in the United States.” Golden, CO: NREL, 2021. 
https://doi.org/10.2172/1762440.

McMillan, Colin, Richard Boardman, Michael McKellar, Piyush Sabharwall, Mark Ruth, and Shannon Bragg-Sitton. 
“Generation and Use of Thermal Energy in the U.S. Industrial Sector and Opportunities to Reduce Its Carbon 
Emissions.” Technical report. Golden, CO: NREL, 2016. doi:10.2172/1334495.

Tornatzky, Louis, J. D. Eveland, Myles G. Boylan, William A. Hetzner, Elmima C. Johnson, David Roitman, and Janet 
Schneider. The Process of Technological Innovation: Reviewing the Literature. Washington, D.C.: Productivity 
Improvement Research Section, Division of Industrial Science and Technological Innovation, National Science 
Foundation, 1983.

https://doi.org/10.1002/hfm.4530030104
https://doi.org/10.2307/3502005
https://www.canarymedia.com/articles/clean-industry/new-california-rule-will-cut-carbon-from-baking-cheetos-chips-and-more
https://www.canarymedia.com/articles/clean-industry/new-california-rule-will-cut-carbon-from-baking-cheetos-chips-and-more
https://doi.org/10.2172/1762440
https://doi.org/doi:10.2172/1334495

	A Deeper Understanding for Industrial Decarbonization
	A Deeper Understanding for Industrial Decarbonization

	What Do Industrial Users Have to Say about Adoption and Implementation?
	Technology
	Generic vs. Configurational Technology Systems (Fleck 1993)
	Generic Technology Systems (Fleck 1993)
	Generic Technology Systems (Fleck 1993)
	Generic Technology System (Fleck 1993)
	Technology
	Configurational Technology System (Fleck 1993)

	IPH as a Configurational Technology System
	IPH as a Configurational Technology System: �Identity
	IPH as a Configurational Technology System: Systematicity
	IPH as a Configurational Technology System: �System Dynamics
	IPH as a Configurational Technology System: �System Dynamics

	Implications for Shifting from Generic to Configurational Framing
	A Policy Test for IPH Configurations: �South Coast AQMD
	References



