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Graphical Abstract 

ABSTRACT: The global pursuit of sustainability has never been more urgent. Climate change, resource scarcity, and 

environmental degradation are accelerating, threatening the foundations of ecosystems, economies, and communities. In this 

context, clean technology has emerged as a transformative enabler—offering integrated solutions to decarbonize energy 

systems, recover valuable resources, and protect the environment. The launch of Clean Technology for Resource, Energy and 

Environment (CTREE) marks a timely milestone in fostering cross-sectoral innovation and knowledge exchange at the heart of 

this transformation. 

 

■ CLEAN TECHNOLOGY: CONNECTING RESOURCE 
UTILIZATION, ENERGY TRANSITION, AND 
ENVIRONMENTAL PROTECTION 

Clean technology encompasses a wide array of 

innovations designed to reduce environmental footprints 

while maximizing the value of natural and anthropogenic 

resources. Its essence lies not only in decarbonizing 

energy but also in decoupling growth from resource 

extraction, enabling a circular, efficient, and low-waste 

future. 

In the resource domain, clean technologies offer 

transformative approaches for the extraction, recovery, 

and reuse of critical materials from a wide variety of 

sources—including natural ores, electronic waste, 

industrial effluents, biomass residues, saline water,  
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mining tailings, and municipal solid waste. A growing 

suite of technologies—from conventional flotation [1], 

leaching [2], and electrochemical extraction [3] to solvent-

free separation [4], biorefinery integration [5], and waste-

to-product conversion [6]—is unlocking new value chains 

and reducing reliance on virgin feedstocks . 

For instance, rare earth elements and critical metals are 

now being recovered from end-of-life electronics and 

industrial by-products using greener, more selective 

techniques [7, 8]. Agricultural residues and plastic wastes 

are converted into biochar, platform chemicals, or carbon-

negative building materials [9-11]. Nutrients such as 

phosphorus and nitrogen are reclaimed from wastewater 

and returned to the food system [12], contributing to both 

environmental health and food security. These 

innovations not only address material scarcity and supply 

chain risks, but also promote resource circularity, 

intergenerational equity, and localized resource 

sovereignty. 

In the energy sector, the expansion of renewable 

sources—solar, wind, geothermal, and green hydrogen—

is reshaping global energy infrastructure. Clean 

technologies such as high-efficiency photovoltaics, 

photothermal systems, water electrolysis, and thermal 

energy storage are enabling the transition toward 

decentralized, low-carbon energy systems [13-17]. 

Energy storage innovations—including lithium-ion 

batteries [18], supercapacitors [19], and hybrid 

technologies [20]—are essential to balance supply and 

demand, support grid resilience, and facilitate renewable 

integration. 

The environmental dimension of clean technology 

encompasses air and water purification, soil remediation, 

greenhouse gas mitigation, and pollution control. 

Advanced oxidation processes [21], membrane 

separation [22], catalytic conversion [23], and artificial 

intelligence (AI)-enhanced sensing [24] are being 

deployed to restore ecological functions, ensure 

regulatory compliance, and protect public health. 

What unites these domains is a growing system 

perspective: clean technologies are no longer viewed in 

isolation—they are increasingly recognized as 

interconnected tools within a resource–energy–

environment nexus. Realizing their full potential requires 

integrated solutions that optimize resource flows, 

minimize emissions, and regenerate natural systems. 

 

■ CHALLENGES AND OPPORTUNITIES IN CLEAN 
TECHNOLOGY DEPLOYMENT 

Despite its promise, the deployment of clean technology 

at scale still faces formidable challenges. Many resource 

recovery and circular economy solutions remain at pilot 

scale, hindered by limitations in selectivity, cost-

effectiveness, or process complexity. Infrastructure lock-

in, fragmented regulations, and uneven access to 

financing further constrain progress, especially in low- 

and middle-income regions. 

However, the field is rapidly evolving. The global shift 

toward circular economy principles and net-zero 

commitments is catalyzing demand for clean and efficient 

technologies. Breakthroughs in nanomaterials, green 

chemistry, digital twins, and AI-guided optimization are 

accelerating the development of next-generation 

solutions across the resource–energy–environment 

continuum [25, 26]. 

For instance, waste-derived materials—once discarded—

are now reimagined as high-value functional components 

such as chemicals, catalysts, fuels, membranes, and 

adsorbents [27-30]. Such innovations close the loop 

between waste and utility, turning liabilities into assets. 

Moreover, clean technology plays a vital role in promoting 

resource justice, ensuring that access to clean energy, 

materials, and environmental services is equitable, 

inclusive, and globally distributed. Decentralized systems, 

local resource utilization, and community-driven 

innovation are particularly promising for empowering 

sustainable development in the Global South. 

■ CTREE: A PLATFORM FOR KNOWLEDGE 
INTEGRATION AND IMPACT 

Clean Technology for Resource, Energy and 

Environment (CTREE) is launched as an interdisciplinary 

journal committed to advancing the science, engineering, 

and policy of sustainability. Our mission is to catalyze 

frontier innovation, support real-world deployment, and 

promote systems-level thinking across domains. 

We invite contributions that span, but are not limited to: 

• Circular resource recovery and waste valorization 

• Renewable energy generation and energy storage 

• Environmental remediation and pollution control 

• Sustainable materials and process intensification 
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• Electrochemical, photochemical, thermochemical, 

biological, and hybrid clean technologies 

• Techno-economic analysis, life cycle assessment, 

and environmental impact modeling 

• Digital, AI-enabled, and autonomous systems for 

sustainability 

• Policy, equity, and global transitions toward net-zero 

and resource-secure futures 

By fostering collaboration across disciplines and sectors, 

CTREE aims to become a central hub for innovative 

solutions and interdisciplinary dialogue. 

■ JOIN US IN ADVANCING CLEAN TECHNOLOGY 

The transition to a resilient, resource-efficient, and 

environmentally sustainable future demands collective 

action across disciplines, industries, and borders. CTREE 

welcomes researchers, engineers, innovators, and 

decision-makers to contribute original research, insightful 

reviews, case studies, and forward-looking perspectives. 

We especially encourage submissions that address 

interfaces and synergies between resource, energy, and 

environment domains—such as mining–waste–energy 

integration, circular urban metabolism, or agro-industrial 

symbiosis. These complex, interconnected challenges 

require integrated thinking and cross-sectoral 

collaboration. 

CTREE is not only a scholarly journal—it is a growing 

community dedicated to accelerating clean technology 

innovation and implementation worldwide. By contributing 

to CTREE, you join a global network of thought leaders 

and changemakers working to reshape how we manage 

resources, produce energy, and protect our environment. 

We look forward to your participation. Together, let us 

define the science, systems, and stories that will power a 

cleaner, more equitable, and more sustainable future. 
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