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Here is a detailed technical whitepaper outlining the benefits of SARAHAI-ENERGY for 

utilities and energy traders: 
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Executive Summary 

SARAHAI-ENERGY is a predictive AI platform purpose-built for the real-time operational 

needs of utility operators and energy traders. It combines GPU-accelerated machine learning, 

multi-agent reinforcement learning (RL), and Pattern-of-Life (PoL) anomaly detection to 

enhance situational awareness, improve trading performance, reduce forecast error, and 

minimize risk across power, gas, oil, renewables, and carbon markets. SARAHAI-ENERGY 

uniquely enables real-time adaptation to volatile conditions using unsupervised kernel density 

estimation (KDE) and temporal forecasting models. 

 

1. Introduction 

Energy markets are becoming increasingly complex, driven by the growth of renewables, 

volatility in fuel prices, climate variability, and evolving regulations. Traditional market analysis 

tools often fail to capture the nonlinear dynamics and temporal behaviors in real-time trading 

environments. SARAHAI-ENERGY addresses these challenges with a full-stack AI architecture 

designed for: 

• Real-time ISO/RTO data ingestion 

• Forecasting intraday and day-ahead prices 

• Modeling demand shifts due to weather and grid events 

• Cross-market anomaly detection 

• Automated strategy simulation for energy arbitrage and hedging 

 

https://www.tensornetworks.com/
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2. System Architecture Overview 

Core Modules: 

Module Functionality 

SARAHAI-INFERENCE 
GPU-accelerated engine for time-series prediction and concurrent 

execution 

PoLE (Pattern-of-Life 

Estimation) 

Unsupervised KDE-based modeling of normal behavior across 

grid, pricing, and demand signals 

LSTM Forecasting Engine 
Deep learning models for intraday (24h) and day-ahead (48h) 

forecasts 

Multi-Agent RL Engine 
Trains RL agents for trading decisions across multiple 

commodities and horizons 

GIS + Weather Model 
Integrates OWM and NOAA data to dynamically adjust demand 

forecasts 

Dash Web Interface 
Real-time web dashboard with intraday, anomaly, and forecasting 

visualization 

 

3. Data Ingestion Layer 

SARAHAI-ENERGY supports high-frequency, concurrent ingestion from: 

• ISOs/RTOs: CAISO, ERCOT, PJM, MISO, SPP, NYISO, ISO-NE 

• Gas Index: Henry Hub 

• Weather: OpenWeatherMap (OWM), NOAA 

• Government: EIA, FERC 

• Market Feeds: Enerfax, NYMEX (simulated or integrated) 

This architecture enables multi-source fusion at 1- to 5-minute resolution. 

 

4. AI & Forecasting Capabilities 

4.1 LSTM Time-Series Forecasting 

• Models: Custom SimpleLSTM per (energy_type, subtype) pair 

• Horizons: 24h intraday, 48h day-ahead 

• Training: Online, batch-wise retraining triggered by new data 

• Smoothing: Weighted smoothing based on recent anomaly score 

• GPU Support: PyTorch CUDA, AMP (Automatic Mixed Precision) 

4.2 PoL Anomaly Detection 



  SARAHAI-ENERGY White Paper 

2025 Tensor Networks, Inc. All Rights Reserved. www.tensornetworks.com 

Built on the patented KDE + Pattern-of-Life framework, this module: 

• Learns multidimensional behavior across price, demand, and capacity 

• Computes anomaly scores for each new sample 

• Dynamically adapts thresholds using rolling percentile windows 

• Triggers alerts and logs events for visualization and auditing 

 

5. Multi-Agent RL Strategy Engine 

SARAHAI-ENERGY includes a MultiMarketRLEngine where: 

• Each market (e.g., Power, Gas, Oil) has an independent RL agent 

• Agents use real-time state vectors: (price, position, profit_estimate) 

• Action space: Buy, Sell, Hold 

• Reward: PnL-based + position penalties + anomaly factor 

• Training: In-memory replay buffer with periodic target model updates 

• Use Case: Simulates arbitrage, hedging, and momentum strategies 

 

6. Energy Market Simulation & Reporting 

6.1 Cross-Market Trade Simulation 

• Intraday and day-ahead trade opportunities are auto-simulated 

• Buy/sell spreads and profits recorded into SimulatedTrades 

• Trade logs analyzed by horizon, energy type, and anomaly conditions 

• Outputs cumulative PnL graphs and price condition overlays 

6.2 ODS Report Generation 

• Automatically creates .ods spreadsheet reports with: 

o Forecast accuracy 

o Trading strategy recommendations 

o Anomaly logs 

o Intraday/day-ahead forecasts 

o Shape strategy snapshots (if enabled) 

This supports compliance, stakeholder briefings, and offline analysis. 

 

7. Dashboard Features (Dash + Plotly Interface) 
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Tab Key Visualizations 

Market Intelligence Historical trends, price matrices, anomaly overlays 

Futures Pricing LSTM forecasts with predictive bar charts and anomaly alerts 

Power Transactions PnL accumulation with anomaly score overlays 

GIS & Data Layers Weather maps, demand adjustment, regional capacity analytics 

Financial & 

Benchmarking 

Cumulative trading profit, profitability by energy type, ODS export 

tools 

Predictive AI 
Anomaly score trends, GPU utilization (if CUDA), forecast 

diagnostics 

 

8. Technical Requirements 

Component Minimum Requirement 

OS Windows 11, Ubuntu 22.04, RHEL 9 

CPU 8-core Intel or AMD 

GPU 

(optional) 

NVIDIA RTX 30xx/40xx or A100 for CUDA; ROCm GPUs supported with 

PyTorch 

RAM 16 GB minimum 

Storage 10 GB available for logs and DBs 

Network Internet access (for API integrations) 

Runtime Packaged SAIEv11.exe or containerized .py 

 

9. Use Cases by Role 

Role Benefit 

Utility Operator Detect grid anomalies, forecast load vs. generation, reduce outage risk 

Energy Trader 
Improve trade timing, visualize price volatility, simulate PnL under 

market conditions 

Risk Manager 
Monitor abnormal activity, identify market manipulation, track anomaly-

prone periods 

Analyst 
Generate reports, export forecasts, correlate grid/weather with price 

behaviors 

ISO / RTO 

Integrator 
Benchmark and analyze regional capacity and queue data in real-time 
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10. Strategic Advantages 

• Unsupervised & Adaptable: Does not require labeled data 

• Fully Local: Runs on secure internal networks, no cloud lock-in 

• Explainable AI: Forecasts and anomalies are logged with rationale 

• Real-Time: Ingests, learns, and reacts at operational speed 

• Patent-Protected: Backed by U.S. Patent No. 11,308,384 

 

11. Conclusion 

SARAHAI-ENERGY is a force multiplier for utilities and traders operating in dynamic and 

high-stakes energy markets. It combines the power of AI, real-time analytics, and regulatory-

ready reporting into a single, deployable platform. Whether optimizing generation, enhancing 

trading performance, or reducing operational risks, SARAHAI-ENERGY delivers measurable 

value in both dollars and decision speed. 
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