Research Topics

1. Thermo-mechanical energy storage
Guido Francesco Frate researches thermomechanical energy storage by developing and
evaluating systems that use reversible heat pumps and Rankine cycles. He investigates
integration of low-grade heat, novel reversible Brayton schemes, and cost reductions via
merged charge/discharge units to improve performance, efficiency, and cost.

2. High-temperature heat pumps for industrial electrification
Guido Francesco Frate investigates the thermodynamics, fluid selection, and integration of
high-temperature heat pumps (HTHPs) for industrial decarbonization. He co-authored work
on refrigerant selection and on the use of HTHPs in tissue-paper steam production to
reduce energy use. His research also delves into Brayton HTHPs, where he models Brayton
cycles with inventory control to enhance part-load flexibility, explores transient responses
to heat-sink temperature or mass-flow changes, and analyzes COP vs. average heat
production temperature trade-offs

3. Optimisation of energy systems
Guido Francesco Frate studies optimal scheduling of energy systems by formulating and
solving mixed-integer optimization models for integrated systems with storage,
renewables, and thermal assets. He has optimized vanadium redox flow battery schedules
Guido Francesco Frate to account for efficiency variation and degradation. He has addressed component startup
costs, minimum loads, and multi-energy dispatch in his publications.
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Thermo-mechanical energy storage

* Efficient and cost-effective storage: Thermo-
mechanical energy storage exploits power-to-heat-
to-power conversion, using thermal reservoirs that
drastically reduce the cost per stored kWh,
particularly suited for medium- and long-duration
energy storage needs

(a) - Charge (b) - Discharge

* Reduced reliance on critical materials: Unlike
electrochemical batteries, these systems rely mainly
on common industrial materials, minimizing
dependence on scarce or geopolitically sensitive
resources.

* Sector coupling potential: They enable integration
with industrial and civil processes, since stored heat
or cold can be used directly, supporting energy
system flexibility beyond electricity.
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* Industrial decarbonization through electrification:
Electrifying heat supply can deliver major CO,
emission reductions. High-temperature heat pumps
(HTHPs) aim to replace fossil-fuel boilers with
efficient electric heating.

Rankine HTHPs for waste-heat upgrading: Rankine-
cycle HTHPs can recover low-temperature waste heat
and upgrade it to process-level temperatures. They
suit steam generation applications up to 200-250 °C
in the paper, food, and chemical industries.

Brayton HTHPs for higher temperatures: Brayton-
cycle HTHPs can reach 300 °C and beyond, efficiently
producing sensible heat (e.g., hot air for drying) using
safe fluids like air.
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Optimisation of energy systems

Efficient asset utilization: Optimization ensures the most
effective use of energy system components, minimizing
emissions, operating costs, and energy consumption. It
determines the optimal operation of each device—such as
heat pumps, storage, or generators—over time horizons
ranging from day-ahead planning to long-term design.

Physically accurate modeling: These problems are
computationally demanding, requiring advanced
mathematical tools that also capture the physical behavior
of real components.

Integration of Al and machine learning: Data-driven
approaches complement classical optimization by
forecasting energy prices and demands, or by
approximating optimal control actions learned from past
optimized solutions
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