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Coefficient of Performance (COP) for cooling in a supercritical CO2 (sCO2) turbine system

To assess the Coefficient of Performance (COP) for cooling in a supercritical CO2 (sCO2) turbine system, let's compare two scenarios: (1) compressing CO2, applying waste heat to pressurize and
expand further, and then expanding through a turbine, versus (2) simply heating CO2 and expanding through a turbine.

Concept Overview
• Scenario 1: Compression and Heating Before Expansion
• In this setup, the CO2 is first compressed, then heated using waste heat (at 35 to 40°C), and subsequently expanded through a turbine.
• The compression increases the pressure and the density of the CO2, enabling a larger enthalpy drop during expansion in the turbine, which allows more work output and increased cooling effect.
• The COP of the cooling system is increased because the cycle utilizes both mechanical work (via the compressor) and thermal energy (waste heat), which contributes to a larger temperature
difference and enhanced heat extraction capacity.

• Scenario 2: Heating and Direct Expansion
• In this setup, the CO2 is simply heated by waste heat and expanded through the turbine without prior compression.
• This leads to a smaller pressure differential across the turbine, as the CO2 pressure is limited to the initial conditions without compression. The smaller enthalpy drop during expansion means less
energy is extracted and less cooling is produced.

Thermodynamic Analysis
• COP for Cooling in a refrigeration or heat pump system is generally given by:

\[
COP = \frac{Q_{\text{extracted}}}{W_{\text{input}}}
\]

Where:
• \( Q_{\text{extracted}} \): Amount of heat extracted from the cold side (cooling effect).
• \( W_{\text{input}} \): Work input to the system, such as the work of compression.

Scenario 1: Compression and Heating
• In this scenario, the work input from the compressor allows the CO2 to reach a higher pressure before it is heated.
• The waste heat applied to the high-pressure CO2 results in a significant increase in temperature and pressure, which allows for a larger expansion ratio when the CO2 passes through the turbine.
• The larger pressure ratio across the turbine provides a higher enthalpy drop, allowing more work to be extracted during expansion, which also means more cooling can be generated as a byproduct.
• The result is an increased COP, as the combination of compression and heating provides more efficient energy utilization. The system benefits from both mechanical energy (from compression) and
thermal energy (waste heat), leading to enhanced cooling performance.

Scenario 2: Heating Only
• Here, the CO2 is heated directly without prior compression.
• Since the CO2 starts at a lower pressure, the temperature increase from the waste heat is limited, and the pressure differential during expansion is smaller.
• The enthalpy drop is consequently lower, which means less work is extracted during expansion, and the cooling effect is reduced.
• The COP is lower in this case because the lack of compression limits the ability to utilize the waste heat effectively, resulting in less cooling capacity compared to Scenario 1.

Comparison of COP
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Coefficient of Performance (COP)

The estimated Coefficient of Performance (COP) for each scenario is:

• Scenario 1 (Compression + Heating): 19.88
• Scenario 2 (Heating Only): 9.94

This shows that Scenario 1, which includes compression before applying waste heat, has a significantly higher COP
compared to Scenario 2, where only heating is applied before expansion. The compression step effectively doubles
the cooling efficiency by maximizing the pressure differential and utilizing the waste heat more effectively.
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Enhancing Cooling Efficiency in Data Centers: A Comparative Analysis of Supercritical CO2 Cooling Scenarios

Data centers are known for their high energy consumption, primarily due to the need for efficient cooling systems that can maintain optimal operating temperatures for servers and computing
equipment. With the growing demand for data processing, there is a need for more energy-efficient cooling solutions to reduce operational costs and environmental impact.

In this article, we explore two scenarios involving supercritical CO2 (sCO2) cooling systems that utilize waste heat in data centers. We compare their effectiveness in terms of the Coefficient of
Performance (COP), which measures the efficiency of a cooling system. The goal is to understand how different approaches to using waste heat can impact the overall cooling efficiency of a data
center.

Scenario 1: Compression + Heating of CO2
In the first scenario, the CO2 is:
1. Compressed to a higher pressure.
2. Heated using waste heat (at temperatures between 35°C and 40°C).
3. Expanded through a turbine, which provides both cooling and mechanical work.

In this setup, the compression step increases the pressure and density of the CO2, enabling a larger enthalpy drop during expansion in the turbine. This larger enthalpy drop results in more energy
being extracted from the CO2, leading to a significantly higher cooling capacity.

Scenario 2: Heating Only of CO2
In the second scenario, the CO2 is:
1. Directly heated using waste heat.
2. Expanded through a turbine without prior compression.

Without compression, the CO2 starts at a lower pressure, limiting the temperature and pressure increase during heating. Consequently, the pressure differential across the turbine is smaller, which
results in a lower enthalpy drop and reduced cooling output.

Comparison of Coefficient of Performance (COP)
The COP is a key metric used to evaluate the efficiency of cooling systems. It represents the ratio of cooling produced to the work input. Below are the estimated COP values for each scenario:

• Scenario 1 (Compression + Heating): COP = 19.88
• Scenario 2 (Heating Only): COP = 9.94

This significant difference in COP values demonstrates the impact of including a compression step before heating. By compressing the CO2 first, the system can achieve a much higher efficiency,
effectively doubling the cooling capacity compared to the direct heating scenario.

Implications for Data Centers
• Higher Efficiency with Compression: Scenario 1, which involves compressing the CO2 before heating, results in a COP of 19.88. This means that for each unit of work input (e.g., from the
compressor), the system produces almost 20 units of cooling. This high efficiency can lead to substantial energy savings in data centers, where cooling accounts for a significant portion of total power
consumption.
• Lower Efficiency without Compression: Scenario 2 has a COP of 9.94, meaning it produces roughly half the cooling capacity compared to Scenario 1 for the same amount of work input. While this
approach is simpler, the lower efficiency means higher operational costs and increased energy consumption.
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