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Abstract 
 
The global transition from fossil fuels to renewable energy systems is one of the most profound transformations in modern 
history. Driven by the urgency of climate change, energy insecurity, and environmental degradation, nations are pursuing 
ambitious decarbonization strategies to achieve net-zero emissions. This review explores the role of environmental foresight—
a systematic, anticipatory approach to sustainability planning—in shaping effective renewable energy transitions. It highlights 
how foresight methods, including scenario analysis, system dynamics modeling, and horizon scanning, inform energy policy, 
technological innovation, and socio-economic adaptation. The integration of artificial intelligence (AI), big data, and digital 
twins has further enhanced the predictive power of foresight in managing complex energy systems. Moreover, this paper 
examines the environmental, social, and economic dimensions of renewable transitions, emphasizing the importance of just 
and inclusive frameworks that ensure equitable energy access. Case studies from leading renewable economies demonstrate 
that combining foresight with policy innovation can accelerate the shift toward low-carbon development. Ultimately, the review 
concludes that foresight-based energy governance is essential for achieving a sustainable, resilient, and carbon-neutral global 
future. 
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1. Introduction 
 

The twenty-first century is witnessing a historic shift in global energy systems. For over two centuries, industrialization and 
economic growth have been fueled by fossil resources—coal, oil, and natural gas—that have powered progress but also 
driven climate instability and environmental degradation. Today, the consequences of this dependency are undeniable: rising 
global temperatures, severe weather events, melting glaciers, and biodiversity collapse. The scientific consensus is clear—
limiting global warming to below 1.5°C requires rapid, large-scale decarbonization across all sectors, particularly energy. 
Renewable energy transition is therefore at the heart of the global sustainability agenda. Solar, wind, hydro, geothermal, and 
biomass sources offer cleaner alternatives capable of meeting growing energy demands while reducing greenhouse gas 
emissions. However, transitioning to renewables is not merely a technological change; it is a complex socio-economic 
transformation involving shifts in policy, infrastructure, behavior, and global power structures. Such a profound transition 
demands careful anticipation, coordination, and long-term planning—precisely the domain of environmental foresight. 
Environmental foresight involves systematically exploring possible futures to inform strategic decision-making in the present. 
It integrates scientific evidence, predictive modeling, and participatory dialogue to prepare for uncertainty. In the context of 
renewable energy, foresight offers tools to envision alternative energy scenarios, anticipate technological disruptions, and 
design policies that balance environmental sustainability with economic and social equity. 
This article provides an in-depth review of how environmental foresight supports renewable energy transitions. It discusses 
the evolution of foresight in sustainability governance, the integration of digital technologies for predictive energy modeling, 
the socio-economic implications of energy transformation, and the policy innovations required to achieve a just and resilient 
energy future. 
 

2. The Global Context of Energy Transition 
 

Global energy consumption continues to rise, driven by industrial expansion, urbanization, and population growth. Yet, fossil 
fuels still account for nearly 80% of the world’s primary energy mix. The combustion of these fuels contributes roughly three-
quarters of global carbon dioxide emissions, making energy systems the largest driver of climate change. 
The 2015 Paris Agreement catalyzed a global movement toward decarbonization, committing nations to reduce emissions 
and transition to sustainable energy pathways. By 2025, over 140 countries have set net-zero targets, with varying timelines 
and strategies. Renewable energy capacity—especially solar and wind—has expanded rapidly, but unevenly, reflecting 
disparities in investment, technology access, and policy support. 
While technological costs are falling, integrating renewables into existing energy systems presents new challenges. The 
intermittent nature of solar and wind power requires robust grid management, storage solutions, and demand forecasting. 
Furthermore, fossil fuel-dependent economies face the daunting task of restructuring industries, retraining workers, and 
reorienting fiscal systems. These complexities demand foresight-driven governance to anticipate risks, manage trade-offs, 
and steer the transition toward sustainability and equity. 
 
 
3. Environmental Foresight in Energy Planning 



Journal of Environmental Foresight 
Open Access                                                                                                                                             Volume 1-1-2025 
Environmental foresight provides a strategic framework to anticipate and manage the multi-dimensional challenges of energy 
transition. It employs a suite of methodologies—scenario planning, backcasting, systems modeling, and horizon scanning—
to explore how technological, political, and social forces interact in shaping the future of energy systems. 
3.1 Scenario Planning 
Scenario planning involves developing multiple plausible futures to test policy options under different assumptions. In 
renewable energy, scenarios may explore variations in energy demand, technological innovation rates, carbon pricing, or 
geopolitical dynamics. For instance, the International Energy Agency’s (IEA) “Net Zero by 2050” scenario provides a roadmap 
for achieving global carbon neutrality, guiding governments and industries toward coordinated action. Scenarios help 
policymakers visualize trade-offs between rapid decarbonization and economic stability, promoting adaptive and resilient 
strategies. 
3.2 Backcasting and Transition Pathways 
Unlike forecasting, backcasting begins with a desired future—such as a carbon-neutral energy system—and works backward 
to identify the steps needed to reach that goal. This approach is particularly effective in energy transition planning, as it links 
long-term sustainability goals with short-term policy measures. Countries like Denmark and Costa Rica have successfully 
employed backcasting to design renewable energy roadmaps that align with national development objectives. 
3.3 Horizon Scanning and Emerging Technologies 
Horizon scanning identifies early signals of technological and social change that may influence energy futures. It enables 
stakeholders to anticipate disruptive innovations such as perovskite solar cells, hydrogen fuel systems, and energy blockchain 
platforms. Integrating these insights into policy ensures proactive rather than reactive responses to technological evolution. 
 
4. Digital Technologies and Predictive Energy Modeling 
The digital revolution has profoundly expanded the capabilities of environmental foresight. Advanced analytics, artificial 
intelligence, and digital twins enable the simulation and optimization of energy systems with unprecedented precision. 
Artificial intelligence (AI) enhances foresight by processing massive datasets from energy grids, weather systems, and market 
dynamics. AI-based predictive models optimize energy generation and consumption, balance supply and demand, and 
forecast renewable output based on meteorological conditions. For instance, AI algorithms now predict wind energy availability 
hours in advance, allowing grid operators to stabilize fluctuations and prevent blackouts. 
Digital twins—virtual replicas of physical energy systems—allow continuous simulation of power plants, transmission 
networks, and storage facilities. They facilitate testing of policy scenarios, system failures, and technology upgrades in a risk-
free digital environment. This capability supports real-time foresight and dynamic decision-making, particularly crucial for 
complex, interconnected energy networks. 
Big data analytics also plays a critical role. By integrating data from smart meters, satellites, and IoT sensors, decision-makers 
gain granular insights into energy efficiency, consumption patterns, and emission sources. Such transparency strengthens 
governance and enables adaptive energy management strategies. 
 
5. Environmental and Social Dimensions of Renewable Transition 
The renewable energy transition is not only about decarbonization—it also encompasses environmental protection, social 
justice, and economic inclusion. Poorly managed transitions risk creating new inequalities, environmental trade-offs, or social 
resistance. 
Renewable technologies, while cleaner than fossil fuels, have their own ecological footprints. Large-scale solar and wind farms 
require land and raw materials, leading to potential habitat loss and resource extraction issues. Effective foresight helps 
anticipate these challenges through environmental impact modeling and spatial planning that minimize ecological disruption. 
Social dimensions are equally critical. Millions of workers in coal, oil, and gas sectors face job displacement as fossil industries 
decline. A just transition framework ensures that these communities receive retraining, income support, and participation in 
the renewable economy. Foresight tools can identify vulnerable populations and guide equitable policy interventions. 
Additionally, foresight facilitates energy democracy, promoting decentralized systems where communities generate and 
control their energy. Distributed solar microgrids, for example, empower rural populations, reduce transmission losses, and 
foster social inclusion. These human-centered approaches are vital to achieving both environmental and social sustainability. 
 
6. Economic Transformation and Policy Innovation 
 
Energy transitions require massive financial investment, technological innovation, and regulatory reform. According to the 
International Renewable Energy Agency (IRENA), achieving global net-zero goals by 2050 will require annual investments 
exceeding USD 4 trillion. Environmental foresight can help prioritize investments, assess risks, and design coherent policy 
incentives. 
Carbon pricing, renewable subsidies, and green bonds are among the key financial mechanisms driving decarbonization. 
However, without strategic foresight, such policies risk fragmentation or unintended consequences. For instance, sudden 
subsidy withdrawal can destabilize renewable markets, while poorly designed carbon taxes may disproportionately affect low-
income consumers. Foresight-based policy modeling enables governments to anticipate such outcomes and refine policy 
instruments accordingly. 



Journal of Environmental Foresight 
Open Access                                                                                                                                             Volume 1-1-2025 
Innovation foresight is another powerful tool. By identifying future technological niches—such as advanced battery storage or 
green hydrogen—governments can direct R&D funding toward high-impact areas. Countries like Germany, Japan, and India 
have integrated foresight-driven innovation policies into national energy strategies, aligning scientific research with long-term 
sustainability goals. 
Finally, international foresight cooperation is essential. The global nature of energy markets requires shared data platforms, 
cross-border grid integration, and coordinated climate diplomacy. Multilateral foresight initiatives, such as the Global 
Renewable Energy Scenarios Network, help align national actions with global decarbonization trajectories. 
 
7. Challenges and Future Prospects 
 
Despite remarkable progress, renewable transitions face several obstacles. Intermittency and storage limitations remain 
technical challenges, while political inertia and vested interests slow policy reform. Developing nations struggle with financing 
and technology access, deepening the North–South divide. 
Environmental foresight offers solutions but also faces its own challenges. Uncertainties in long-term modeling, limited 
interdisciplinary collaboration, and gaps in public participation hinder its effectiveness. To overcome these barriers, foresight 
must evolve into a more inclusive, adaptive, and digitally integrated discipline. 
Emerging frontiers include AI-enhanced foresight ecosystems, which combine real-time data analytics with participatory 
scenario building. These systems can continuously update projections based on new evidence, creating a dynamic interface 
between science, policy, and society. Moreover, blockchain-based energy traceability and circular economy integration will 
redefine sustainability metrics in the coming decades. 
The future of foresight in renewable energy lies in convergence—between technology and humanity, economy and ecology, 
prediction and participation. As the world approaches the midpoint of the century, these integrative foresight approaches will 
determine whether societies achieve a just and carbon-neutral future or continue along unsustainable trajectories. 
 
8. Conclusion 
The global renewable energy transition represents not only a technological shift but a civilizational transformation. It redefines 
how societies produce, distribute, and consume energy, offering the promise of decarbonization, resilience, and equity. Yet 
realizing this promise demands foresight—a disciplined ability to anticipate change, plan strategically, and act collectively. 
Environmental foresight bridges science, technology, and governance, offering the tools to navigate the uncertainties of 
transition. By integrating AI, big data, and digital modeling with participatory policymaking, foresight transforms renewable 
energy from a technical solution into a holistic sustainability framework. It ensures that energy transitions are not only efficient 
but equitable, empowering all communities to share in the benefits of a clean-energy future. 
In essence, foresight provides humanity with the vision and intelligence to build a carbon-neutral world—not through reaction, 
but through anticipation, innovation, and collective purpose. 
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