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Executive summary

Natural gas has emerged as a leading solution for bypassing
electrical interconnection delays and supporting the rapid
expansion of digital infrastructure. In the United States, es-
tablished transmission and distribution networks are already
being used to supply fuel to new campuses and other large
industrial facilities. Engines, turbines, and fuel cells can bring
behind-the-meter power online quickly, but they also expose
operators to fuel-driven operating costs. At hyperscale fa-
cilities, these costs can reach hundreds of millions of dollars
per year. As a result, developers are increasingly focused not
only on how to bring capacity online quickly, but also on how
to improve the efficiency of the systems being deployed.

Solutions that extract more value from the existing fuel path
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are becoming more important as power and cooling loads

rise together.

Fuel gas pressure recovery offers a practical way to improve
the efficiency of natural gas power plants. By recovering
excess pressure energy before the gas reaches the prime
mover, turboexpanders can generate incremental electricity
and create useful cooling. Installed upstream of the power
generation equipment, they convert a required pressure
reduction process into a new generation system. For facilities
with both power and thermal demands, the additional energy

output can improve total system efficiency and reduce oper-

ating expense by up to 2%.

Figure 1 - Map of United States natural gas pipelines (pink) and data centers (green)
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Fuel Gas Pressure Recovery Process
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Figure 2 - An integrated power and cooling system
High-pressure natural gas delivered to data centers and oth- perature stream that can be used in facility heat exchange
er large facilities must be reduced to the operating setpoint processes. The fuel gas then continues downstream at
required by on-site generation equipment. A turboexpander the pressure required by the prime mover. When electricity
installed upstream of that equipment captures pressure drop generation and cooling are both utilized by the facility, total
and converts it into electricity. As the gas expands through energy output can increase by up to 2%.

the turbine wheel, it rapidly cools and creates a low-tem-
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Operating Impact

FreeSpin® can be integrated into transmission or distribution pipelines feeding a facility’s prime mover. Tables 1 and 2 evaluate
common gas-fired turbines, engines, and fuel cells at typical operating specifications. Pressure recovery alone can improve
nameplate output by up to 1%. When the cooling capacity is integrated with the facility, total energy output can improve by up
to 2% over nameplate. Facilities with meaningful thermal loads, including data centers, are especially well positioned to capture
this added value.

Table 1-Pressure recovery only

Incremental electricity generated upstream of the prime mover

Manufacturer Model Nameplate Rating (kW) Pressure Energy (kW) Increase to Nameplate (%)
o
Upto1%
Mitsubishi M501 JAC 453,000 514 01%
Increase to nameplate from pressure
Si SGT6-5000F 196,000 390 0.2%
lemens : ° recovery alone
Siemens SGT-800 57,000 165 0.3%
GE Vernova LM2500XPRESS 36,800 85 0.2% FreeSpin®
Mitsubishi FT8 MobilePac 30,941 73 0.2%
Wirtsila 505G 18,880 107 0.6%
Baker Hughes NovalT16 16,200 31 0.2%
INNIO Jenbacher J624 4,404 30 0.7%
Caterpillar G3520K 2,567 15 0.6%
Bloom Energy Server 6.5 325 1 0.3%

Table 2 - Integrated Power + Cooling
Combined impact when cooling is integrated with heat exchange processes

Manufacturer Model Pressure Energy (kW) Cooling Capacity (kW) Combined Increase (%)
Upto 2%
PtO 2%
Mitsubishi M501 JAC 514 1,872 0.5% . . .
Total energy increase with integrated
; - 9 .
Siemens SGT6-5000F 390 1104 0.8% power + coollng
Siemens SGT-800 165 394 1.0%
T [P
GE Vernova LM2500XPRESS 85 224 0.8% FreeSpin o Clent Facilty |
I
! 1
Mitsubishi FT8 MobilePac 73 190 0.9% : :
! 1
! 1
Wartsild 50SG 107 178 1.5% : % :
H | !
= 1
Baker Hughes Noval.T16 31 90 0.8% 2 : :
o 1
- I
INNIO Jenbacher J624 30 49 1.8% = — 1
Caterpillar G3520K 15 25 1.6% k
Bloom Energy Server 6.5 1 2 0.9%
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Generating Electricity

Designed for demanding oil and gas service, FreeSpin® combines a high-speed permanent magnet generator, a radial inflow
expansion turbine, and active magnetic bearings in a compact package. High-pressure gas drives the expansion turbine, con-
verting pressure energy into rotational energy for electricity generation. FreeSpin@® is available in skid-mounted modules rated
at 300 kilowatts of electrical generation and 5 MMBTU per hour cooling capacity.

-

High Pressure gas flows into the turboexpander 4. Permanent magnet generator converts rotational 6. Low pressure, cold gas exits the turboexpander

energy into electricity
2. Guide vanes direct gas to turboexpander wheel

5. Current is transmitted from the generator to the

3. Wheel converts the gas’ translational energy into power electronics, where frequency is adjusted

rotational energy

Creating Cooling

The same expansion process that generates electricity instantaneously cools the gas. FreeSpin® is rated to operate at tem-
peratures as low as -20 degrees Fahrenheit (-29 degrees Celsius), creating a low-temperature fluid stream that can be inte-
grated into facility heat exchange processes. This dual-output design allows a single system to support both power production
and thermal management.

Width of
Wheel

The expansion turbine wheel is manufactured Telgg)ﬁ::tgu;z _\
from Inconel 718, a high-strength, corro-
sion-resistant nickel-chromium superalloy

selected for demanding operating conditions.
As fuel gas expands across the wheel, pres-

Enthalpy
sure energy is converted into rotational energy oftegas ey
to drive the generator, while simultaneously 5
creating cooling. Rotational
energy
of the wheel m——————

Axial Position
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Conclusion

Data center developers are increasingly specifying natural
gas-fired engines, turbines, and fuel cells to bring new ca-
pacity online faster. Fuel gas pressure recovery improves the
performance of those systems by turning a required process
operation - pressure reduction - into incremental electricity
and useful cooling. Instead of letting that energy dissipate
across a valve, operators can capture it to improve total site
efficiency without additional fuel input.

As power and cooling demands continue to rise together,
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the most valuable solutions will be those that extract more
output from infrastructure already being deployed. Fuel gas
pressure recovery is a practical, modular way to do that. It
complements the prime movers already being evaluated for
data center deployment and strengthens the overall business
case for behind-the-meter natural gas generation. For data
centers and other large industrial facilities, turboexpanders
offer a near-term path to lower operating cost, better ther-
mal integration, and more productive use of the natural gas
supply already arriving at the site.
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