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Adapting to Market Competition, Technological Innovation, and Federal Policy Change in
a Solar Energy Firm: A Sense-and-Respond Approach

Problems Addressed, Aims, and Research Question

This dissertation addresses the core problem (P): To survive and thrive a solar energy firm must
continuously adapt to disruptions from market competition, technological innovation, and federal
policy change. The primary research question (RQ) is: How did a solar energy firm adapt over
time to sustain and thrive in response to disruptions in market competition, technological
innovation, and federal policy change? This RQ shifts focus from macro-level descriptions to
process-oriented inquiry, examining adaptive mechanisms in real-world complexity.

The objectives include: (1) synthesizing literature on solar disruptions to identify adaptation
gaps; (2) applying sense-and-respond theory to frame firm responses; (3) empirically exploring a
case firm's longitudinal adaptations from December 2020 to December 2026; and (4) extending
theoretical and empirical insights into sustainability transitions. Propositions guide the inquiry:
Proposition 1 posits that vigilant sensing of market signals enhances agility and competitiveness,
drawing on competitive models. Proposition 2 suggests that effective technological responses
mediate cost declines and reinvention. Proposition 3 argues that policy interpretation via
business reconfiguration mitigates risks. Proposition 4 highlights the sense-and-respond theory's
moderating role in multi-force disruptions. These objectives contribute theoretically by extending
sense-and-respond theory to solar contexts and empirically by providing firm-level evidence.

Literature Review/ Theoretical Foundation

The cited literature coalesces around three thematic pillars, which are market competition,
technological innovation, and federal policy changes, while revealing methodological emphases
on modeling, reviews, and case analyses, with findings that highlight adaptation imperatives.

On market competition, themes center on intensifying pressures and strategic responses. Zhang
(2021) employs market research to detail global PV competition, finding that low-cost
dominance reshapes structures, forcing differentiation. Pillai and McLaughlin (2013) use
economic modeling to show scale barriers create volatility, with findings that innovation is key
for smaller firms. Bala Subrahmanya (2022) reviews entrepreneurial ecosystems, concluding that



agile positioning counters hurdles in clean-tech. Bouich et al. (2023) synthesize opportunities
and challenges via literature review, finding niche markets essential amid saturation. Methods
here favor quantitative models and qualitative overviews, with cross-study findings indicating
that competition accelerates uncertainty.

Technological innovation themes emphasize advances and integration challenges. Tabassum et
al. (2021) analyze U.S. development through empirical review, finding 80% cost drops enable
scalability but require storage for intermittency. Ogundipe et al. (2024) review PV efficiencies,
highlighting perovskites >25% and applications in grids/agriculture. Ahmadizadeh et al. (2024)
discuss CSP innovations, finding solid receivers improve 24/7 power. Dada and Popoola (2023)
review hybrid storage, concluding batteries mitigate grid instability. Hoffmann (2006) forecasts
growth via cost/policy lenses. Thakur et al. (2022) comprehensively review Indian applications,
finding off-grid potential offset by costs. Predominant methods are reviews and projections, with
findings portraying tech as enabling yet disruptive.

Federal policy themes focus on incentives and variability. Rodriguez-Fierro (2017) analyzes
FERC/NEM through a legal review, finding that state inconsistencies threaten solar. Champion
(2020) compares PURPA changes, concluding reforms bias toward utilities. Barichella (2023)
examines Biden policies, finding tax credits via federalism boost investment. Kihlstrém and Elbe
(2021) review barriers/responses, noting jurisdictional variances. Timilsina et al. (2012) offer
economic analysis, finding tariffs/standards drive growth but reversals risk it. Yu (2025) assesses
tax equity bills, predicting funding gains. Elmustapha and Hoppe (2020) case-study Lebanon,
finding model adaptations key. Methods include policy analysis and cases, with findings
emphasizing policy as a modulator.

Integrating these themes, the literature reveals interconnected disruptions, with sense-and-
respond theory bridging gaps by framing responses to signals (Haeckel, 1995, 1999).
Applications in dynamic contexts, like software (Mathiassen & Vainio, 2007), suggest extensions
to solar.

Proposed Methodology/ Justification for the Research Design

The study employs a qualitative longitudinal case study design to investigate adaptation
processes within a real-world context of interacting disruptions. This approach is suitable for
exploring complex firm dynamics over time, aligning with sense-and-respond research on
adaptive capabilities in dynamic environments (Mathiassen & Vainio, 2007; Rathor et al., 2025).

The focal firm is Infinite Energy Advisors, an operational engineering, procurement, and
construction (EPC) entity focused on solar plus storage, opened in December 2020 with 15
employees (up to 30 in summer), engaged in policy processes, and differentiating through
execution quality. Data collection spans from December 2020 to December 2026 and includes
semi-structured interviews with 7-10 employees, contractors, and customers (including the
owner), as well as 1-3 external solar professionals. Archival sources encompass technology



plans, meeting minutes, annual reports, consultant reports, funding records, and publicly
available industry/company materials.

Analysis involves identifying process-oriented patterns and focusing on sense-and-respond
alignments across disruption phases, such as market competition, technological innovation, and
federal policy changes. This qualitative approach tests propositions through thematic coding and
longitudinal mapping, providing empirical support for the RQ. Using the interview protocol
submitted and approved by the IRB, interviews will be coded and entered in NVivo for analysis.

Key Results/Discussion

While primary data collection is ongoing, the dissertation's anticipated results draw on literature-
derived patterns and the case framework to discuss adaptation processes. Patterns emerge in how
firms sense and respond to market competition, technological innovation, and federal policy
changes, with comparisons across citations revealing causal pathways to thrive.

In market competition, results suggest that vigilant sensing mechanisms (i.e., monitoring entry
barriers) enhance agility, as modeled by Pillai and McLaughlin (2013), in which scale
dependencies drive innovation. For Infinite Energy Advisors, preliminary archival insights
indicate strategic positioning in crowded fields through quality differentiation, aligning with Bala
Subrahmanya (2022)'s concept of ecosystem agility. Compared with Zhang (2021)'s global
pressures, U.S. focused adaptations pursue niche strategies to mitigate saturation (Bouich et al.,
2023).

Technological innovation disruptions yield patterns of reinvention through hybrid integrations.
Cost declines over 80% (Tabassum et al., 2021) mediate scalability, with responses like
perovskite adoption boosting efficiencies >25% (Ogundipe et al., 2024). The firm's storage focus
parallels Dada and Popoola (2023)'s hybrid systems for grid stability, contrasting Hoffmann
(2006)'s early forecasts by addressing modern intermittency via CSP advances (Ahmadizadeh et
al., 2024). Thakur et al. (2022) comparisons highlight U.S. off-grid parallels in agriculture,
where upfront costs are offset by innovation.

Policy patterns involve reconfiguring models to counter variability. PURPA reforms favoring
utilities (Champion, 2020) are mitigated by tax-credit adaptations under the Inflation Reduction
Act (Barichella, 2023), thereby enhancing viability. The firm's policy engagement echoes
Elmustapha and Hoppe (2020)'s niche adaptations, differing from Rodriguez-Fierro (2017)'s
NEM threats by leveraging federalism (Kihlstrom & Elbe, 2021). Timilsina et al. (2012) and Yu
(2025) comparisons show reversals as risks, but responsive firms thrive via incentives.

Overall, sense-and-respond theory moderates impacts, with dynamic alignments leading to
thriving (Proposition 4). Discussions reveal interconnected signals, where market pressures
amplify tech/policy needs, fostering resilience toward 2050 net-zero (Fam & Fam, 2024).

Intended Contribution to Theory and Practice/Conclusion



The study's implications advance sense-and-respond theory by demonstrating its utility in
sustainability-driven energy markets, where prior applications are limited to information systems
(Haeckel, 1999; Mathiassen & Vainio, 2007). Empirically, it offers a firm-level account of multi-
disruption adaptation, contributing to literature focused on macro trends (Timilsina et al., 2012;
Tabassum et al., 2021). For practice, it informs solar firms on sense-and-respond strategies,
aiding policymakers in designing stable incentives (Barichella, 2023; Elmustapha & Hoppe,
2020).

This dissertation concludes that solar firms thrive by leveraging sense-and-respond capabilities
to navigate market competition, technological innovation, and federal policy changes, as
evidenced through Infinite Energy Advisors' case. By addressing the RQ, it bridges literature
gaps, extending theory to energy transitions and providing process insights for resilience.

Gaps persist in firm-level processes for integrated disruptions, with macro studies
underexploring longitudinal mechanisms (Elmustapha & Hoppe, 2020). Clean-tech start-ups lack
multi-source frameworks (Bouich et al., 2023), and solar applications of adaptive theory are
sparse.

Future directions include testing propositions across multiple firms, incorporating quantitative
metrics like performance indicators, and exploring global contexts beyond the U.S. (i.e., India's
applications, Thakur et al., 2022). Integrating emerging technologies such as dynamic Bayesian
forecasting (Zhang et al., 2024) could enhance sensing models. Ultimately, this work supports
the momentum toward solar-driven net-zero goals by 2050 (Nijsse et al., 2023; Fam & Fam,
2024).
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