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Replacing Gas Turbines with High-Temperature Supercritical CO, Power for Al Data Centers

What if the same natural gas fueling Al data centers could deliver more usable energy, built-in cooling, and quieter, cleaner operation —without the constraints of air-breathing turbines?
The Context: Powering Al Without Overloading the Grid

Recent reporting has highlighted a surge in natural gas turbine deployments for Al data centers as operators seek fast, reliable on-site power amid grid congestion. Conventional gas turbines solve
interconnection delays, but they introduce new challenges: high noise, sensitivity to ambient conditions, dirty-air exposure, and large volumes of high-grade waste heat that often go unused.

An alternative architecture is emerging—high-temperature supercritical CO, (sCO,) topping cycles driven by a natural gas heat source, with the bottoming function dedicated to cooling rather than
additional power generation. This approach reframes the energy problem: instead of producing electricity first and managing heat later, it integrates power and cooling as a single system.

How the sCO, Topping + Cooling Bottoming System Works

1. Natural gas combustion heats CO, in a sealed, high-temperature heat exchanger.

2. Supercritical CO, Brayton cycle converts that heat into electricity at turbine inlet temperatures around 700-750°C.

3. Closed-loop CO, eliminates air intake, exhaust dilution, and weather dependence.

4. Remaining thermal energy —from exhaust heat exchangers and recuperators—feeds a cooling-focused bottoming system (absorption, ejector, or heat-driven heat pump).

The result is a power-first, cooling-native architecture optimized for high-density Al workloads.

Per-Megawatt Comparison: Gas Turbine vs sCO, System
1 MW Electrical Output Basis
Conventional Natural Gas Turbine (Simple Cycle)

Fuel-to-electric efficiency: ~40-45%

Fuel input: ~2.2-2.5 MW thermal

Waste heat available: ~1.2-1.4 MW thermal

Typical use of waste heat: Often vented or partially recovered

Noise: High (air intake, exhaust, rotating machinery)

Environmental sensitivity: Performance derates with heat, altitude, and dirty air

High-Temperature sCO, Topping Cycle

1 ~45-50% (with recuperation)
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