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Abstract

Achieving a cost-effective and reliable energy transition in Europe requires advanced planning tools that can
jointly account for new infrastructure investments, the repurposing of existing assets, and the deep
uncertainties inherent in evolving energy markets. Current approaches to energy systems planning often
address these aspects in isolation, limiting their ability to capture the complex interdependencies of the
transition. To address this gap, we propose the REORIENT (REnewable resOuRce Investment for the ENergy
Transition) model, which introduces two key novelties: (1) the integration of capacity expansion, retrofit, and
abandonment planning, and (2) the use of multi-horizon stochastic mixed-integer linear programming with
multi-timescale uncertainty. We apply the model to the European energy system, considering hydrogen
infrastructure investment, power system expansion, retrofitting and abandonment of oil and gas assets in
the North Sea region, as well as long-term fuel price and short-term time-series uncertainties. To solve the
model efficiently, we develop a stabilised adaptive Benders decomposition. Results from sensitivity analyses
and benchmarking show that retrofitting becomes cost-effective when costs fall below 20% of new
infrastructure investment, while oil platform clusters remain profitable until late-stage abandonment.
Compared with a traditional planning model, REORIENT achieves 24% lower investment costs in the North
Sea region, and the proposed algorithm is up to 6.8 times faster than existing solution methods. These
findings highlight the potential of REORIENT to support robust, cost-efficient decision-making for Europe’s
energy transition.
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