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Cooling NVIDIA GPUs: Exploring Liquid Cooling Options and Waste Heat Recovery for Sustainable Data Centers

As artificial intelligence (AI) and high-performance computing (HPC) workloads continue to scale, the power requirements for GPUs like NVIDIA’s A100, H100, and other advanced models have grown
dramatically. These powerful GPUs can consume hundreds of watts per card, which creates a significant cooling challenge. Managing this heat effectively is not only important for performance but
also for reducing the environmental impact of energy-intensive data centers.

This article explores the cooling options available for NVIDIA’s high-performance GPUs and highlights cutting-edge technologies for waste heat recovery, turning thermal energy into usable power or
cooling solutions.

NVIDIA’s Cooling Solutions: Heat Sinks and Liquid Cooling

NVIDIA’s A100, H100, and newer GPUs are primarily designed for use in data centers, where heat dissipation is a critical concern. The default cooling options from NVIDIA include air cooling with heat
sinks and fans, which is effective in many environments but may not be sufficient for all high-density or high-performance scenarios.

Here’s a look at the most common cooling solutions for these GPUs:

1. Air Cooling with Heat Sinks:
• Reference Design: NVIDIA’s GPUs typically come with a reference design that includes a heat sink and fans for air cooling. This method relies on airflow through the data center to move heat away
from the GPU.
• Pros: Air cooling is cost-effective and straightforward to implement in traditional data center environments.
• Cons: Air cooling has limitations in high-density deployments or in data centers where cooling capacity is already maxed out. As workloads intensify, air cooling may struggle to keep temperatures
low, leading to reduced performance or the need for additional infrastructure.

2. Liquid Cooling Solutions:
• For more demanding environments, liquid cooling offers a much more efficient way to remove heat from GPUs.
• While NVIDIA does not provide integrated liquid cooling with the basic GPU packages, it does support third-party liquid cooling solutions that are widely adopted in high-performance settings.
Companies like CoolIT Systems and Asetek offer tailored liquid cooling kits for NVIDIA’s A100 and H100 models.
• CoolIT Systems: Provides liquid cooling technology specifically designed for NVIDIA GPUs, which includes cold plates, pumps, and other components to build a custom liquid loop.
• Asetek: Another major player offering liquid cooling systems for enterprise GPUs, focusing on energy efficiency and modularity.
• Pros: Liquid cooling is far more efficient at dissipating heat compared to air cooling, allowing for higher GPU performance and reducing the risk of thermal throttling.
• Cons: Liquid cooling systems can be more expensive and complex to maintain, requiring special infrastructure for pumps, cold plates, and tubing.

3. NVIDIA Liquid-Cooled Versions:
• Recognizing the growing need for more efficient cooling, NVIDIA has begun offering liquid-cooled versions of some of its GPUs, including the A100 PCIe and the newer H100 models. These options
are particularly useful for data centers that need to maximize compute density while managing heat efficiently.

Commercially Available Waste Heat Recovery Solutions

Data centers consume massive amounts of energy, and as GPUs like the NVIDIA A100 and H100 continue to ramp up their power consumption, finding ways to recover and reuse waste heat has
become increasingly important. One emerging trend is the integration of waste heat recovery systems, which can transform excess heat into usable power or cooling.

Here are some commercially available solutions that can integrate with data center cooling systems:
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Understanding Temperature Spread and Thermal Expansion in ORC and sCO2 Cycles

In both the Organic Rankine Cycle (ORC) and the supercritical CO2 (sCO2) cycle, the temperature spread between the
heat source (input temperature) and the cooling temperature (condenser) directly influences thermal expansion of the
working fluid, which is the key driving force for turbine power generation.

1. Role of Temperature Spread in Thermal Expansion:
The temperature spread determines the amount of thermal energy that can be transferred to the working fluid. This
energy causes the working fluid (whether it's an organic refrigerant or supercritical CO2) to expand. The greater the
temperature difference, the more the fluid expands, increasing the pressure drop across the turbine.

The turbine converts this thermal expansion and pressure drop into mechanical energy, which is then used to generate
electricity via a generator.

Key Concept: The larger the temperature spread, the more potential energy the fluid has to expand, resulting in more
mechanical energy that can be extracted by the turbine.

---

2. Thermal Expansion in the Organic Rankine Cycle (ORC):
In an ORC, the working fluid is typically an organic substance with a low boiling point, such as R245fa or R134a.
Here's how the temperature spread translates into thermal expansion:

Input Heat and Expansion:
• In the evaporator, the organic working fluid absorbs heat from the heat source, causing it to vaporize and expand.
This vaporized fluid is then routed through the turbine.
• The degree of expansion depends on the temperature of the heat source. In typical ORC applications (such as waste
heat recovery or geothermal energy), heat sources range from 70°C to 300°C (158°F to 572°F).

Cooling and Pressure Drop:
• After expanding through the turbine, the working fluid is condensed back to a liquid in the condenser (typically at 20°
C to 50°C).
• The combination of high-temperature vaporization and low-temperature condensation results in a pressure drop
across the turbine, which drives the turbine blades.

Impact of Temperature Spread on Thermal Expansion:
• In ORC systems, higher temperature spreads (greater difference between input heat and condenser cooling) lead to
greater thermal expansion and a higher pressure drop across the turbine.
• A larger temperature spread enhances the ability of the working fluid to convert heat into mechanical energy,
improving overall cycle efficiency.

---

3. Thermal Expansion in the Supercritical CO2 (sCO2) Cycle:
The supercritical CO2 cycle operates using CO2 at pressures and temperatures beyond its critical point, where CO2
behaves as both a liquid and a gas. The unique properties of CO2 in its supercritical state allow it to handle higher
temperatures and pressures efficiently, making it suitable for high-temperature waste heat recovery or concentrated
solar power.7/14/2026
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• In ORC systems, higher temperature spreads (greater difference between input heat and condenser cooling) lead to greater thermal expansion and a higher pressure drop across the turbine.
• A larger temperature spread enhances the ability of the working fluid to convert heat into mechanical energy, improving overall cycle efficiency.

---

3. Thermal Expansion in the Supercritical CO2 (sCO2) Cycle:
The supercritical CO2 cycle operates using CO2 at pressures and temperatures beyond its critical point, where CO2 behaves as both a liquid and a gas. The unique properties of CO2 in its
supercritical state allow it to handle higher temperatures and pressures efficiently, making it suitable for high-temperature waste heat recovery or concentrated solar power.

Input Heat and Expansion:
• In the heater (or heat exchanger), the supercritical CO2 absorbs heat, causing it to expand significantly as it transitions from a dense supercritical state to a more expanded state. The input heat
typically ranges from 200°C to 700°C (392°F to 1,292°F).
• Because CO2 is in its supercritical state, the expansion is more rapid and powerful than in typical ORC systems. This results in a high-pressure gas driving the turbine.
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Differences Between Organic Rankine Cycle (ORC) and Supercritical CO2 (sCO2) Cycle

Both the Organic Rankine Cycle (ORC) and the Supercritical CO2 (sCO2) Cycle are used for converting heat into electricity, particularly for waste heat recovery. While they share similarities, they differ
in working fluid, operating conditions, and applications.

---

Organic Rankine Cycle (ORC) Overview:
The ORC is a variant of the traditional Rankine cycle but uses organic fluids (such as R245fa, R134a, or isobutane) instead of water/steam. These organic fluids have lower boiling points, making ORC
well-suited for low-temperature heat sources.

• Typical Operating Range:
• Input heat: 70°C to 300°C (158°F to 572°F)
• Condenser temperature: 20°C to 50°C (68°F to 122°F)
• Working Fluids: Organic fluids like R134a, R245fa, or isopentane.

Advantages of ORC:
1. Lower Temperature Input: ORC is ideal for low-grade heat sources, such as data center waste heat or geothermal sources. It can operate with input temperatures as low as 70°C (158°F).
2. Scalability: ORC systems are well-suited for smaller installations and can be customized for a wide range of applications, from industrial processes to small-scale energy recovery.
3. Low Condenser Cooling Temperature: ORC systems typically operate at lower condensation temperatures, which can make them more compatible with standard cooling solutions like air or water
cooling.
4. Simple Design and Maintenance: ORC systems are mature technologies, with simpler designs compared to sCO2 systems, making them easier to maintain.

---

Supercritical CO2 (sCO2) Cycle Overview:
The sCO2 cycle uses carbon dioxide as the working fluid, operating above its critical point (supercritical phase), where CO2 exhibits unique thermodynamic properties. The cycle is highly efficient,
especially for higher-temperature heat sources.

• Typical Operating Range:
• Input heat: 200°C to 700°C (392°F to 1,292°F)
• Condenser temperature: 31°C to 50°C (88°F to 122°F) (sCO2 reaches supercritical state at 31°C)
• Working Fluid: Supercritical CO2 (CO2 in a state where it is neither liquid nor gas but exhibits properties of both).

Advantages of sCO2:
1. Higher Efficiency: sCO2 systems are more efficient at converting heat to electricity, especially at higher temperatures (above 200°C), with efficiency rates around 30-50%, compared to typical ORC
systems.
2. Compact Design: Because of the high density of supercritical CO2, sCO2 systems can be smaller and lighter than ORC systems, allowing for more compact installations.
3. High-Temperature Compatibility: sCO2 can handle much higher temperatures than ORC, making it more suitable for industrial waste heat or solar thermal applications.
4. Better Efficiency at Moderate Cooling Temperatures: sCO2 systems can operate effectively even with relatively high cooling temperatures (around 31°C (88°F)), making them useful for hot climates
or applications where cooling water is limited.
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