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Technology Readiness Levels (TRL) measure how far a process has been proven, not whether it will be 

deployed. Many proposed solutions for recovering critical metals from battery black mass, spent catalysts, 

metallurgical residues, red mud, tailings and end-of-life magnets can reach high recovery and selectivity 

rates yet never reach commercial operation. The gap between technical feasibility and economic viability is 

long established; what a maturity scale cannot show is where, along the path to deployment, a given 

technology is actually stuck. 

We examine this with a curated database of more than 300 critical-minerals process technologies, projects 

and companies, each tagged with readiness and its primary development bottleneck. Around one hundred 

are circular-hydrometallurgical routes, the focus of this poster. The recorded bottlenecks reveal a consistent 

shift: as technologies mature, the binding constraint moves off the flowsheet. At low readiness it is 

predominantly technical — laboratory and pilot validation and scale-up. At high readiness the chemistry is 

essentially settled, such validation accounting for on the order of one per cent of primary bottlenecks, and 

the binding constraint becomes integration, demonstration at scale and, increasingly, commercial: offtake, 

industrial confidence, delivered cost and financeability. The circular-hydrometallurgical subset shows the 

same shift. The readiness dimension loses its power to discriminate precisely where deployment is decided. 

This motivates a commercial complement to TRL: a bankability signal, built from observable evidence, and 

read as a profile rather than a single number. It rests on a three-dimensional bankability test. First, how the 

product is priced: whether it is exchange-traded, index-priced or specification-qualified, which sets revenue 

predictability and determines whether a cost advantage is even bankable. Second, qualified demand: 

whether an identified customer will accept the specific product through offtake and qualification — the 

binding gate for specification-qualified outputs such as separated rare earths and battery-grade materials. 

Third, unit economics: the delivered-cost position against the incumbent route. Each dimension is graded 

on the quality of the underlying evidence and reported separately, so the constraint that actually gates a 

technology is named rather than averaged away. 

Applied across the database and to a small set of worked cases spanning the three pricing regimes — 

battery black mass, secondary vanadium and rare-earth permanent-magnet (NdFeB) recycling — the signal 

locates the single binding constraint and the evidence that would relax it. The aim is neither to score 

technologies nor to forecast winners, but to give researchers, industrial developers, investors and 

policymakers a disciplined, evidence-graded way to read deployment readiness for circular-

hydrometallurgical technologies — and to show that, once the chemistry works, the decisive question is a 

commercial one. 


