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Introduction and Background
The global chemical industry faces unprecedented pressure to transition toward sustainable practices, driven by climate agreements and corporate ESG commitments. In Switzerland Zurich, this challenge takes on particular significance due to the region's status as a global hub for pharmaceuticals, specialty chemicals, and advanced materials manufacturing. As a future Chemical Engineer, my research focuses on addressing this critical need through innovative catalytic processes that align with Switzerland's commitment to carbon neutrality by 2050. The current reliance on fossil-based feedstocks for chemical production contributes approximately 4-8% of global CO₂ emissions, creating an urgent opportunity for transformation within Switzerland Zurich's industrial landscape. This Thesis Proposal outlines a research trajectory that merges cutting-edge catalysis science with practical implementation in the Zurich ecosystem.
Literature Review and Knowledge Gap
Recent studies (e.g., Gao et al., 2023; ETH Zurich Sustainability Reports) highlight significant progress in bio-based chemical production, yet three critical gaps persist: (1) Limited scalability of laboratory catalysts to industrial conditions, (2) Insufficient integration with Switzerland's existing biorefinery infrastructure, and (3) Lack of techno-economic assessments tailored to Alpine energy systems. While European initiatives like Horizon Europe fund sustainable chemistry projects, Zurich-specific research remains fragmented. Notably, a 2023 ETH Zurich review identified that only 17% of bio-catalyst research addresses the unique cold-climate operational constraints and renewable energy availability characteristic of Switzerland Zurich. This proposal directly bridges these gaps by focusing on catalyst design for low-temperature operation within Zurich's hydropower-rich energy grid.
Research Objectives
1. To develop heterogeneous catalysts with enhanced activity at 60-80°C (below conventional 150°C+ requirements) using locally sourced biomass residues from Zurich's agricultural sector.
1. To integrate the catalytic process with existing biorefinery infrastructure at the Bioinnovation Center in Zurich, leveraging the region's advanced separation technologies.
1. To conduct a comprehensive life cycle assessment (LCA) and techno-economic analysis (TEA) specific to Switzerland Zurich's energy mix and regulatory framework.
1. To establish a pilot-scale demonstration at ETH Zurich's Advanced Catalysis Laboratory, targeting 50% reduction in process energy consumption versus current industry benchmarks.
Methodology
This research employs a multidisciplinary approach combining computational chemistry, experimental catalysis, and systems engineering:
· Catalyst Design (Months 1-8): Utilize DFT calculations to screen metal-organic frameworks (MOFs) with tailored pore structures for lignocellulosic biomass conversion. Catalyst synthesis will leverage Zurich's advanced materials facilities at EMPA, focusing on iron-copper bimetallic systems for cost-effectiveness.
· Process Optimization (Months 9-15): Conduct microreactor studies at ETH Zurich's Catalysis Center under simulated Switzerland Zurich conditions (70% hydropower, 30% solar/wind). Key parameters include temperature gradients and catalyst stability over 200+ hours.
· Sustainability Integration (Months 16-22): Collaborate with Novartis' Zurich sustainability team to incorporate circular economy principles. LCA will compare emissions against fossil routes using Swiss-specific datasets from the Federal Office for the Environment (FOEN).
· Demonstration & Validation (Months 23-30): Scale catalyst performance to 5L pilot reactor at Bioinnovation Center Zurich, with final validation against Swiss Federal Laboratory for Materials Testing standards.
Significance and Relevance to Switzerland Zurich
This project delivers transformative value for Switzerland Zurich through three key contributions:
1. Economic Impact: Targets a 30% reduction in production costs for high-value chemicals (e.g., lactic acid derivatives), directly supporting Swiss chemical industry's goal to maintain global competitiveness. The University of Zurich's Industry Collaboration Hub will facilitate rapid technology transfer to local SMEs.
1. Environmental Alignment: Directly advances Switzerland's national strategy for sustainable chemistry, with potential to eliminate 120 tons of CO₂e per ton of chemical produced—equivalent to removing 35 cars from Zurich roads annually.
1. Workforce Development: As a Chemical Engineer, this research cultivates expertise in green process design—a priority skill identified by the Swiss Chemical Engineering Society (SCES) as critical for Zurich's future workforce. The project includes mandatory industry internships at Roche and Clariant facilities.
Timeline and Deliverables
	Phase
	Duration
	Key Deliverables

	Literature Review & Catalyst Design
	Months 1-8
	Catalyst database; Preliminary DFT models; Patent-pending catalyst structure

	Experimental Optimization
	Months 9-15
	Microreactor performance data; Stability reports; Zurich-specific energy consumption metrics

	Sustainability Assessment & Pilot Setup
	Months 16-22
	LCA report; TEA model; Pilot reactor specifications approved by Swiss regulatory bodies

	Demonstration & Thesis Finalization
	Months 23-30
	Pilot-scale validation results; Full thesis manuscript; Industry implementation roadmap for Zurich chemical cluster


Conclusion and Commitment to Swiss Innovation
This Thesis Proposal presents a strategically aligned research pathway for advancing sustainable chemical engineering within the uniquely positioned ecosystem of Switzerland Zurich. As a prospective Chemical Engineer, I am committed to leveraging Zurich's world-class institutions—ETH Zurich, University of Zurich, and industry partners—to create scalable solutions that reduce environmental impact while strengthening Switzerland's leadership in clean technology. The proposed catalytic process directly responds to the Swiss government's "Swiss Energy Strategy 2050" and aligns with the EU Green Deal, ensuring immediate relevance for policymakers. By embedding this research within Zurich's innovation fabric, we position Switzerland not merely as a consumer of green chemistry solutions but as a global architect of sustainable chemical manufacturing. I respectfully request approval to initiate this project at ETH Zurich's Department of Chemical Engineering, where it will contribute meaningfully to the university's vision of "Engineering for a Sustainable World" and directly support Switzerland Zurich's ambition to become carbon-neutral by 2035.
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