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● Electric vehicles (EVs) are central to achieving 
net zero emissions in the United States.

● Existing research is limited by small datasets, 
proximity-based clustering, and poor 
generalization to newly deployed sites with 
sparse data, failing to capture temporal and 
contextual dependencies across diverse usage 
environments.

● Forecasting EV charging demand informs 
infrastructure planning, grid stability, dynamic 
pricing, and climate policy.

MOTIVATION METHODOLOGY

★ Effectively transfers archetype-specific knowledge to forecast 
both peak surges and recurring demand trends.

FORECASTING

1. Input time series dataset 
aggregated at a day level.

CONCLUSION

3. Cluster and train 
k-models for each cluster.

● Nationwide Dataset: Comprehensive coverage 
of nearly all U.S. public Level-3 (DC fast) 
chargers, enabling large-scale, high-resolution 
analysis of temporal and behavioral patterns.

● Forecast-Guided Clustering: Integration of 
clustering and few-shot forecasting to uncover 
behaviorally consistent site archetypes.

● Semantic Interpretation: Linking archetypes to 
geography, amenities, and usage context, 
providing interpretable insights into charging 
behavior.

● Knowledge Transfer: Demonstrating that 
archetype-specific expert models generalize 
better than global baselines for new or 
data-sparse sites.

KEY CONTRIBUTIONS DISCOVERED ARCHETYPES

We present the first nationwide assessment of the U.S. public 
fast-charging market, highlighting utilization patterns and 
site-level heterogeneity. Using forecast-guided evaluation, 
we identify the optimal number of archetypes and show that 
cluster-aware expert models outperform global models in 
few-shot inference. Beyond accuracy gains, these insights 
strengthen interconnection studies, guide incentives toward 
underserved areas, and inform underwriting through 
archetype membership. Future work will extend to 
longer-term horizons, soft clustering, and  external signals 
(e.g., events). These directions will further enhance our ability 
to anticipate and manage the rapidly evolving EV charging 
ecosystem.

★ Archetype patterns range 
from regular weekday 
commuter flows to volatile 
and event-driven surges. 

○ (a) Recurring weekday 
patterns across downtown 
cores.

○ (b) Stable daytime demand
in metro areas adjacent to 
retail chains.

○ (c) Utilization concentrated 
along major highways. 

○ (d) Elevated weekend 
demand near leisure hubs 
such as Lake Tahoe and 
Hampton Bays.

★ Archetypes and performance of global (G) vs. expert (E) models. 
Expert models consistently outperform, especially in volatile clusters.

2. Characterize site-level demand 
into weekly utilization profile and 
catch22 features.

● The global model (k=1) 
provides a strong baseline, 
while specialized models 
yield substantial gains up to 
an optimal k=12. 

4. Forecast the next H 
days using past L days.

EXPERIMENTAL RESULTS

● Beyond this point, 
excessive clustering 
reduces predictive 
power, highlighting 
the importance of 
balancing cluster size. 

● This suggests that 
twelve distinct site 
archetypes capture 
dominant demand 
patterns and enable 
robust few-shot 
inference.

★ The framework leverages historical demand data to generate features for clustering, with
expert models trained on resulting site clusters to forecast demand. This is repeated for different k.


