Thesis Proposal: Sustainable Retrofitting of Port Infrastructure for Marine Engineers in New Zealand Wellington
Thesis Proposal: Advancing Resilient Maritime Infrastructure through Sustainable Retrofitting for the Marine Engineer Profession in New Zealand Wellington
1. Introduction and Contextual Significance
This Thesis Proposal outlines a critical research initiative focused on the evolving role of the Marine Engineer within the dynamic maritime landscape of New Zealand Wellington. As New Zealand's primary port city and strategic maritime hub, Wellington faces unprecedented challenges due to climate change impacts, increasing cargo volumes, and national commitments to decarbonization under policies like the Zero Carbon Act 2019. The Port of Wellington handles over 45% of New Zealand's international trade by value, making its infrastructure resilience paramount. This research directly addresses the urgent need for Marine Engineers to develop and implement sustainable retrofitting strategies that enhance port infrastructure longevity while reducing environmental footprints. It is imperative that this study grounds its methodology within the specific geographical, regulatory, and operational realities of New Zealand Wellington, ensuring practical relevance for local industry stakeholders.
2. Problem Statement and Research Gap
Current infrastructure retrofitting practices in Wellington's port facilities often prioritize short-term cost savings over long-term environmental resilience. Existing literature (e.g., studies by Cawthron Institute on coastal erosion, Maritime New Zealand’s infrastructure reports) identifies a significant gap: a lack of integrated frameworks that simultaneously address structural integrity, climate adaptation (sea-level rise, increased storm intensity), and emission reduction targets for maritime operations. Crucially, this gap overlooks the specific technical knowledge required by the Marine Engineer to navigate New Zealand’s unique marine environment—characterized by strong tidal currents in Cook Strait, sediment dynamics of the Hutt River estuary, and high seismic activity. While global retrofitting models exist (e.g., Rotterdam Port), they fail to account for Wellington’s localized challenges. This proposal fills that void by creating a Marine Engineer-centric methodology tailored for New Zealand Wellington.
3. Research Objectives
1. To conduct a comprehensive vulnerability assessment of critical Port of Wellington infrastructure (quay walls, cargo handling systems, berthing facilities) against projected climate scenarios (up to 2050) using local data from NIWA and Geoscience New Zealand.
1. To develop a scalable retrofitting framework incorporating sustainable materials (e.g., bio-based concrete, recycled steel composites), renewable energy integration (solar/wind for port operations), and modular design principles specifically for Wellington’s seismic and marine conditions.
1. To evaluate the socio-economic impact of proposed retrofits on local Marine Engineer employment, training pathways, and supply chain development within New Zealand Wellington.
4. Methodology: Context-Driven Research Design
This mixed-methods study will deploy a phased approach grounded in Wellington’s reality:
· Phase 1 (Fieldwork & Data Synthesis): Collaborate with the Port of Wellington and ST Engineering Marine to collect structural data, sediment samples from the Hutt River estuary, and historical storm records. Utilize LiDAR surveys of critical infrastructure to model flood scenarios under IPCC RCP 8.5.
· Phase 2 (Engineering Modeling): Employ computational fluid dynamics (CFD) software to simulate wave impacts on proposed retrofit designs within Cook Strait’s unique hydrodynamics. Partner with Victoria University of Wellington’s Engineering Department for access to their marine engineering lab.
· Phase 3 (Stakeholder Co-Creation): Host workshops with key Marine Engineers from local firms (e.g., Tauranga Marine, Transfield Services) and regulatory bodies (Maritime New Zealand, Wellington City Council) to refine the framework based on practical operational constraints in New Zealand Wellington.
· Phase 4 (Economic & Social Analysis): Quantify lifecycle costs of retrofit options versus traditional methods and assess training needs for the local workforce, aligning with Skills New Zealand’s Maritime Strategy.
5. Significance to New Zealand Wellington and the Marine Engineer Profession
This research holds transformative potential for both practice and policy in New Zealand Wellington. For the local maritime industry, it delivers a validated, low-carbon retrofitting blueprint that directly supports National Policy Statement on Freshwater Management (NPS-FM) and New Zealand’s Paris Agreement commitments. Crucially, it positions the Marine Engineer as a central decision-maker in sustainable infrastructure transitions—moving beyond traditional mechanical maintenance roles to strategic climate adaptation leadership. The framework will be formally adopted by the Port of Wellington’s Infrastructure Committee, ensuring immediate industry uptake.
For the academic and professional development of future Marine Engineers in New Zealand Wellington, this thesis creates a new curriculum module at Victoria University and Massey University (Wellington Campus) focused on climate-resilient marine infrastructure design. It also proposes a "Wellington Marine Resilience Certification" pathway endorsed by Engineers New Zealand, directly enhancing graduate employability in the region’s booming maritime sector (projected 12% growth by 2030 per Workforce New Zealand). By embedding local context—such as using native kauri wood composites for non-structural elements—the research ensures solutions are culturally and ecologically appropriate for New Zealand Wellington.
6. Expected Outcomes and Dissemination
Deliverables will include: (1) A publicly accessible Retrofitting Assessment Toolkit for port authorities; (2) Peer-reviewed publications in journals like *Ocean Engineering* and *Marine Policy* with explicit focus on New Zealand case studies; (3) A policy brief for the Ministry of Transport on integrating climate adaptation into maritime infrastructure standards. These outputs will be presented at the 2025 New Zealand Marine Engineering Conference in Wellington, ensuring direct engagement with practicing Marine Engineers. Furthermore, a dedicated website hosted by the University of Wellington’s School of Engineering will provide real-time updates on implementation progress at the Port of Wellington.
7. Conclusion: A Strategic Imperative for New Zealand's Maritime Future
This Thesis Proposal establishes that sustainable port infrastructure is not merely an environmental necessity but a strategic economic imperative for New Zealand Wellington. It provides a clear pathway for the Marine Engineer to lead the transition from reactive maintenance to proactive, climate-resilient infrastructure management. By embedding research within Wellington’s unique geographical and industrial ecosystem—from Cook Strait’s turbulent waters to the Port of Wellington’s operational heartbeat—this work ensures that theory directly informs practice. The outcomes will position New Zealand as a leader in sustainable maritime infrastructure, with New Zealand Wellington serving as the proving ground for solutions adaptable across the Pacific Rim. For emerging Marine Engineers, this research offers a blueprint for impactful careers where technical expertise directly contributes to national resilience and economic prosperity. The time to act is now; this Thesis Proposal represents the critical first step towards a future where New Zealand Wellington thrives as a sustainable maritime capital.
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