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|. Motivation: understanding vulnerabilities of decarbonized grids lll. Methods: pairwise transfer entropy analysis for inferring nhetwork connections
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Il. Case study: proposed zero-carbon NYS grid

Tx_y > 0 means process X “causes” process Y: the history of X our J
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that maintain joint co-variability resolution scenarios (MCDA) to identify vulnerability load shedding. hour

Figure 3. Workflow for pairwise TE analysis. Time series of generation,
curtailment, and interface flow are realizations of source process; load
shedding at bus of interest is realization of target process. Analysis involves (1)
state space reconstruction for each process, (2) TE estimation, and (3)
surrogate data generation and significance testing (Wibral et al., 2014).
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V. Results: pressure points beyond upstate-to-downstate transmission congestion
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A more extreme scenario: large
temperature increase, underbuilt
wind capacity, relatively high levels
of load shedding.
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Figure 1. Overview of zero-carbon NYS grid model framework. Time series of relevant decision -
variables—e.g., generation, curtailment, transmission, and load shedding—are used to infer [ NS -
effective network connections in the grid. J
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load shedding hours — IF utilization when solar energy supply is low (a). Load shedding tends to occur when
IF G-H is underutilized due to low renewable supply upstate (b).

Figure 7. As in baseline scenario, load shedding tends to occur when
Total East IF is underutilized due to low renewable supply upstate (a),

Takeaway from baseline scenario: low renewable supply across the but when demand overwhelms the system, we see load shedding even
state is driving factor in load shedding, but high curtailment suggests during hours with relatively high renewable capacity (b). Congestion in
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