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Overview

People save for retirement throughout their career because it is virtually impossible to save all you’ll need in retirement the year before you retire.  Similarly, without installing incremental amounts of clean fossil, renewable or transformative energy technologies throughout the coming decades, a radical and immediate change will be near impossible the year before a policy goal is to be achieved.  This paper builds upon the common Technology Readiness Level (TRL) framework by developing a new framework that incorporates regulatory and market adoption modeling methodologies.  This framework therefore allows one to develop a modeling framework to address research questions such as, ‘To meet our desired technical and policy goals, what are the factors that affect the rate we must install technology to achieve these goals in the coming decades?’  Existing models often do not include full regulatory constraints due to their often complex, and inflexible approaches to solve for ‘optimal’ rather than ‘resilient’ and multidisciplinary solutions.
Methods

This framework uses a system dynamics approach to incorporate feedbacks and time delays.  Future energy-economic-environment models, regardless of their programming platform, could adapt this framework to further vet the likelihood of new or innovative technology moving through the laboratory, regulatory and market space.  The model illustrates working results for the underlying novel market adoption framework.  Figure 1 illustrates the underlying concept driving the system dynamics approach for the TRL component of the framework.  The key driver behind the TRL, for example, is $US invested in research and development (R&D) whereas for the regulatory and market constraints they are political support and market share, respectively.
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Figure 1.  Technical Readiness Level (TRL) Causal Loop Diagram Illustrating the Core Driving Force ($US).
Results

The results indicate for a hypothetical technology, that increasing the key driver behind each TRL, regulatory and market components individually decreases the time required for the technology to progress through each readiness level by 63%, 68% and 64%, respectively.  For the TRL example, by increasing the funding to three times the base case the results indicate the TRL will drive from 1 to 9 in only 3.5 years rather than 9.5 years.  This decreases the entire supply chain timeline down from 22 years to 16 years from the beginning of a technology in the laboratory to appreciable market penetration.  This is an example of a stylized situation where policy could, through increased funding, succeed in speeding up a technology’s progression from the laboratory to deployment in the marketplace.  Similar scenarios were developed to help reduce the time a technology may require to progress through potential regulatory and market constraints to reach an appreciable market penetration level.
Conclusions

Under the current working assumptions, to decrease the time it may take for a technology to move from the conceptual stage to full scale market adoption one might consider expending additional effort to secure regulatory approval.  Doing so may reduce the uncertainty of the technology’s demand in the marketplace in addition to supporting the technology’s core engineering and scientific development.  Other scenarios indicate the efficiency of the drivers to the TRL, regulatory or market constraints, which greatly affects the time it may take a technology to progress from the laboratory to a full market application.  This framework offers a new method to quantify regulatory and market constraints within larger technology market penetration models.
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