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Abstract

Pumped Thermal Energy Storage (PTES) is a promising approach for complementing or by repurposing waste heat from existing TES systems & natural gas plants. PTES systems have been considered for electricity production
systems as standalones, where a heat pump and a heat engine interact via both hot and cold storage to produce electricity using a reciprocating Joule cycle. A hybrid Concentrated Solar Power (CSP) plus PTES system design is
being developed at the National Solar Thermal Test Facility (NSTTF) at Sandia National Laboratories. Two different system arrangements were investigated for an optimal pilot-scale demonstration configuration to provide
recuperation for a TES system, improving round-trip efficiency >100%. A hybrid Concentrated Solar Power (CSP) and PTES design is presented, composed of 3 TES subsystems at different temperatures, along with an sCO,
power block. Two different hybrid system design permutations are analyzed where variation consists of the CSP receiver, resulting in different temperatures and variations on the sizing of the TES subsystems. The analysis is for a
prototype, lab-scale system to produce 2 kWe over a minimum period of four hrs. The system configurations were executed under steady state conditions, as well as using idealized conditions for components. The factors to
consider for the evaluations are sizing of the different thermal energy storage containers and efficiency of energy production loop. Leading to an efficiency difference of more than 10% and size increase/reduction six times on
space between the analyzed configurations for the hybrid CSP plus PTES system. This research also presents safety and reliability challenges and risk mitigation approaches for confident operation and reliability.
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