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Executive Summary

Two of the most capital-intensive build-outs of the early twenty-first century - artificial-intelligence
infrastructure and proof-of-work cryptocurrency mining - are converging on the same power source: natural
gas. Al data centers demand firm, uninterruptible power at a scale the existing grid cannot deliver on the
required timeline, driving orders for large frame and aeroderivative gas turbines behind multi-year delivery
gueues. Cryptocurrency mining demands flexible, price-elastic power, and in its most distinctive form runs not
from the grid at all but from natural gas that would otherwise be flared at the wellhead, through small
reciprocating gensets on raw, untreated gas. The International Energy Agency now projects global
data-center electricity consumption roughly doubling from 485 TWh in 2025 to around 950 TWh by 2030 (IEA,
2026), while the Cambridge Centre for Alternative Finance places Bitcoin's annual consumption at
approximately 138 TWh, with natural gas now the single largest fuel source at 38.2% of the mining energy mix

(Cambridge Digital Mining Industry Report, April 2025).

These assets differ in scale, prime mover, and gas quality, but they share a single contamination condition.
Inside every natural-gas transmission, distribution, and production system, internal corrosion generates black
powder contamination - a mixture dominated by iron sulfides and iron oxides that is abrasive, substantially
sub-micron, and mobile. It travels with the gas stream to the most sensitive downstream hardware: it erodes
compressor internals, fouls regulators and the precision edges of fuel-metering valves, plugs fuel-nozzle
passages, and damages first-stage combustion hardware. In each case the most damaging fraction is the
finest, and the cleanliness standards governing these assets give no warning, because they measure only the

fraction they can see.

This isthe standards gap in fuel gas. Turbine fuel-gas specifications limit coarse particulate and total mass, not
the sub-micron particle count; a stream can satisfy every mass limit while carrying enormous numbers of fine
particles, because mass-based limits are dominated by the few large particles present, not the vast count of
fine ones. The particle population responsible for most of the wear, fouling, and downstream damage passes

below that limit, uncounted and unaddressed.

Magnetic separation is the contamination-control intervention that targets exactly this fraction: it captures
the sub-micron black powder contamination regardless of particle size, imposes negligible flow restriction,
and does not bypass under load. It removes the abrasive, persistent sub-micron black powder contamination
that drives the wear and fouling, capturing it below the size fuel-gas specifications register, and it works in
series with the conventional filtration already in place. The case for closing this gap is stronger than it was five
years ago: the assets carrying this contamination now back Al compute revenue and the Bitcoin network

directly, and the lead time to replace a failed gas turbine has extended to five to seven years.




PART O1:
The New Demand - Why Natural Gas, and Why Now

1.1 Artificial Intelligence: The Firm-Power Demand Surge

The International Energy Agency’s Energy and Al report (2025) put global data-center electricity consumption
at approximately 415 TWh in 2024, about 1.5% of global demand; its updated 2026 projection has consumption
roughly doubling from 485 TWh in 2025 to around 950 TWh by 2030, around 3% of projected global electricity
demand. The United States and China together are projected to account for nearly 80% of global growth
through 2030, with US consumption rising about 130% over 2024 levels (IEA, 2025).

Natural gas is the primary swing supplier and a large share of new capacity is being built behind the meter
and co-located directly with data-center campuses to avoid the grid-interconnection queue. A mid-year 2025
survey by Bloom Energy (a fuel-cell manufacturer) found 27% of facilities expect to be fully powered by on-site
generation by 2030, a twenty-seven-fold increase from 1% the prior year. Concrete commitments include
VoltaGrid's 2.3 GW agreement with Oracle for Texas Al data-center sites - deploying 92 INNIO Jenbacher power
packs of 25 MW each, the largest reciprocating-engine order in INNIO's history (INNIO/VoltaGrid, October
2025) - and multi-gigawatt co-located plants deploying GE Vernova 7HA turbines. The order wave has sold out
the major gas-turbine OEMs for the rest of the decade: GE Vernova ended 2025 with gas-turbine backlog and
slot-reservation agreements of approximately 83 GW, extending into 2029 (GE Vernova Q4 2025 earnings,
January 2026); Siemens Energy nearly doubled annual gas-turbine unit sales from 100 to 194 in 2025; and
buyers are now quoted five to seven years for a new turbine (S&P Global Commodity Insights, May 2025). The
assets are scarce, they cannot be replaced quickly, and every hour lost to a contamination-driven failure is

revenue that does not come back.

1.2 Cryptocurrency: The Flexible, Gas-Adjacent Load

Cryptocurrency mining occupies a complementary position. The Cambridge Centre for Alternative Finance's
2025 Digital Mining Industry Report - based on survey data representing 48% of global mining activity -
estimates Bitcoin’s annual electricity consumption at approximately 138 TWh, roughly 0.5% of global
consumption. Its fuel mix has shifted toward gas, now the single largest source at 38.2%, up from 25.0% in 2022
(Cambridge, 2025).

Mining's defining power characteristic is the opposite of Al's: it is interruptible. Miners are pure economic
actors and curtail load within minutes when the cost of power exceeds marginal mining revenue. In Texas's
ERCOT market they participate as Large Flexible Loads: in August 2023, Riot Platforms earned about $24.2
million by selling curtailed mining power back into the energy market at prevailing prices - far more than the
roughly $8.9 million it earned from mining that month (Riot Platforms Form 8-K, September 6, 2023). The EIA
forecasts ERCOT-connected large flexible loads reaching 54 TWh in 2025. Mining concentrates where gas is

stranded or cheap: the United States hosts approximately 38% of global Bitcoin hashrate (Hashrate Index and




CoinShares, Q4 2025), with Texas, the North Dakota Bakken, Wyoming, and Colorado all hosting wellhead

deployments. A material and growing share of mining now runs on gas that never enters a pipeline - raw, wet,

and contaminated.

1.3 Two Different Loads, One Fuel-Gas Contamination Problem

Al and cryptocurrency are distinct demands with different prime movers, fuel qualities, and operating profiles.

What they share is the central condition this document examines: black powder contamination - the

sub-micron wear contamination of the gas itself - is present in the fuel supply of both asset types, and the

fuel-gas specifications those assets are maintained to are structurally silent on it. The contamination is worse

and the gas treatment thinner at a flare-gas mining site than at a pipeline-connected turbine plant, but the

standards gap and the sub-micron black powder contamination driving the damage are common to both.

Al Data Centers Cryptocurrency Mining

Load type

Primary prime
mover

Fuel quality

Fuel-gas
contamination

Lead-time
premium

Firm, uninterruptible; training clusters
demand guaranteed power

Large frame / aeroderivative turbines
(GE HA, Siemens SGT, Solar Titan);
large recips on pipeline gas

Pipeline-quality natural gas
(GEI-41040 compliant, clean, dry)

Black powder contamination:
sub-micron iron oxides and sulfides
from pipeline corrosion

Extreme: 5-7 yr turbine backlog; every
outage is capacity lost for years

Flexible, price-elastic; miners curtail
within minutes for demand-response
revenue

Small-to-medium recips (Waukesha,
INNIO Jenbacher, Cat G-series; ~50 kW -
3.4 MW) on raw wellhead or pipeline gas

Associated / wellhead gas: H,S, CO»,
condensates, variable BTU, particulate

Black powder contamination plus a
heavier raw-gas burden - more H,S, more
particulate, minimal field conditioning

Lower per unit, but the fleet is remote,
hard to service, and growing fast



PART 02:
What Black Powder Contamination Is and How It Forms

Black powder contamination is the industry term for the abrasive solid deposits that accumulate inside
natural-gas transmission, distribution, and production systems. It is not a single compound but a mixture
dominated by iron sulfides (troilite and pyrite: FeS, FeS;) and iron oxides including magnetite (FezOu),
maghemite (y-Fe2>0s3), and hematite (a-Fe>Os) - mixed with adsorbed water, chloride salts, sand, mill scale, and
condensed hydrocarbons. The foundational characterization work was conducted at Southwest Research
Institute for the Gas Machinery Research Council and published as GMRC Report TA97-4, Black Powder in the
Gas Industry: Sources, Characteristics and Treatment (Baldwin, 1998), and extended by the Pipeline Research
Council International in a comprehensive study of gas-pipeline contaminants (Baldwin and Redmond, SwRI,
PRCI Report PR-015-084508, 2010).

Formation proceeds by internal corrosion: hydrogen sulfide reacts with steel to produce iron sulfide and
hydrogen; iron oxides form by subsequent oxidation; and microbially influenced corrosion driven by
sulfate-reducing and acid-producing bacteria accelerates the process wherever free water collects. Baldwin’s
analysis showed that hydrogen sulfide at just 0.25 grains per 100 standard cubic feet in a 10 MMcfd stream
produces more than 3,500 pounds of iron sulfide per year if fully converted. Oxygen is a critical control variable:
PRCI-funded research established that 10 ppmyv of oxygen has little effect on steel corrosion in the presence of
stagnant water, while 100 ppmv produces high corrosion rates - the basis for the industry recommendation to
hold pipeline oxygen below 10 ppmv. Iron sulfide is also pyrophoric: material exposed to air during filter
change-outs can self-ignite, making conventional filter service both a maintenance burden and a safety
consideration.

Beyond in-pipeline corrosion, the contamination has two additional sources. Natural gas exits the reservoir
carrying formation-sourced contamination - silica, clay, and mineral particulates entrained during production.
Once in transit, the abrasive contamination load already present erodes compressor internals, valve seats, and
pipe walls, releasing iron oxide, mill scale, and additional metal fines that join the black powder. The
contamination compounds at every compression station, restriction, and change in flow regime between the

wellhead and the end-user, with the powder increasingly acting as its own accelerant.

Figure 1: SEM Images of Black Powder Contamination captured from a Natural Gas Pipeline Sample



An X-ray diffraction analysis of a black powder contamination sample captured from a natural gas pipeline

resolved the material into thirteen crystalline phases. Iron sulfides (mackinawite and greigite) accounted for

43.8% of the sample by weight; iron sulfates a further 24.2%; elemental sulfur 18.2%. Iron oxides, carbonates,

silica, and other minerals were present in smaller amounts. The full phase composition is given below.

Table 1: XRD Phase Composition of Black Powder Contamination from a Natural Gas Pipeline Sample

Mineral Name

Sulfur
Mackinawite
Creigite

Siderite

Sulphur-beta

Magnetite
Goethite
Hydroniumjarosite
Romerite

Rozenite

Quartz

Compound Name

Sulfur

Iron Sulfide

Iron Sulfide

Iron Carbonate
Manganese Oxide

Sulfur

Aluminum Oxide Hydroxide

Iron Oxide

Iron Oxide Hydroxide

Hydronium Iron Sulfate Hydroxide

Iron Sulfate Hydrate
Iron Sulfate Hydrate

Silicon Oxide

Chem. Formula
S

FeS

FezS4

Fe(COs)

MNnO-

S

AIO(OH)

FezO.

FeO(OH)

(HzO) Fez(SO4)2(OH)6

Feg(SO4)4-14H20

Fe(SO4) (HzO)4

SiO;

Weight %
17.9

27.8

16.0

7.2

2.0

0.3

0.3

0.4

3.4

7.3
15.8

0.7



PART 03:
The Sub-Micron Fraction - Why the Finest Particles Do
the Damage

Iron sulfide shears easily and breaks down into sub-micron particles; Baldwin described the result as an
extremely fine, dry powder behaving almost like smoke. Field characterization studies report size distributions
spanning roughly 0.1to 100 microns, with a large fraction below a few microns. This sub-micron fraction is the
most consequential for two reasons. It is the most mobile: it travels with the gas stream to the most sensitive
downstream equipment rather than settling out. And it is the most persistent: it re-suspends under flow
transients from low points and dead legs long after a system appears clean.

Conventional filtration - cyclonic separators, coalescing filters, cartridge elements - captures the coarser
fraction effectively but allows the sub-micron portion to pass through unchecked. It is precisely this fraction
that reaches fuel-nozzle passages, precision valve edges, and first-stage combustion hardware, and it is
precisely this fraction that mass-based fuel-gas specifications are least equipped to register. The
contamination that does the most damage is the contamination the standards see least.

Table 2: Particle Size Distribution of Black Powder Contamination captured from a Natural Gas Pipeline
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PART 04.:
How Black Powder Contamination Damages Gas-Power
Assets

Black powder contamination degrades fuel-gas equipment across the full path from pipeline to combustor. In
transmission, it increases surface roughness, reduces flow area, raises pressure drop, and progressively thins
pipe walls. In gas compression, it fouls and erodes compressor internals, contaminates seals and bearings, and
reduces throughput and efficiency; centrifugal-compressor fouling is well documented to materially reduce
throughput and, in extreme cases, to cause loss of capacity. In control and measurement, it clogs
instrumentation, erodes valve seats and trim, fouls regulators, and abrades the precision edges of
fuel-metering valves. At the turbine, particulate carryover above specification plugs fuel-nozzle passages,
erodes combustion hardware and gas-valve internals, and damages first-stage nozzles (GE GEI-41040). The
same gas-path hardware on reciprocating gensets - gas trains, mixers, and intake-fuel valves - sees the same
abrasion and fouling, on fuel that is frequently far less conditioned than a turbine plant would accept.

With conventional filtration, coarse black powder contamination is trapped at the depth-media filter and
coalescer, but the sub-micron fraction passes through unchecked to the compressor, control valves, and

turbine downstream (Figure 2).
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Figure 2: Black Powder Contamination Path with Conventional Filtration

With a magnetic separator upstream of the coalescer, black powder contamination is captured at the
separator element regardless of particle size. Sub-micron material is drawn out of the gas stream before it
reaches any downstream equipment (Figure 3).
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Figure 3: Black Powder Contamination Path with Magnetic Separation




PART O5:
The Standards Gap in Fuel Gas

The central argument of this document is that the contamination doing the most damage is invisible to the
standards that govern fuel gas. Those specifications define what may enter the turbine, but they limit the

wrong thing: coarse particulate and total mass, not the sub-micron particle count that drives the damage.

GE's GEI-41040 limits total particulates at the turbine inlet on the order of hundreds of parts per billion by
weight, with tighter limits on particles above 10 microns and a requirement for superheated, liquid-free gas.
EPRI combustion-turbine operability guidance notes that deposition on turbine vanes and blades can be
problematic even with particles below 10 microns, and that specifications typically cap total particulates at no
more than around 600 ppb at the first-stage vane.

None of these specifications places a meaningful limit on the sub-micron particle count. A fuel-gas stream can
satisfy every total-particulate mass limit while carrying large numbers of sub-micron particles, because
mass-based limits are dominated by the few large particles present, not by the vast count of fine ones. A single
50-micron particle outweighs many thousands of one-micron particles, so a mass measurement can read
comfortably within limits while the count of damaging fine particles is high. At the wellhead, where associated
gas quality is substantially below pipeline specification, there is often no fuel-gas specification at all: the gas
runs into the engine at whatever quality the well produces, mediated only by whatever scrubbing and
pressure conditioning the operator installs.

Specification

or practice What it measures and limits What it leaves unmeasured
GE GEI-41040 Total particulate mass at the turbine The sub-micron particle count.
(turbine fuel-gas inlet, on the order of hundreds of

specification) parts per billion by weight; tighter

limits on particles above 10 microns;
superheated, liquid-free gas

EPRI Caps total particulates at roughly 600 = Acknowledges that deposition from
combustion-turbine ppb at the first-stage vane particles below 10 microns can be
operability guidance problematic, but sets no count-based

limit on that fraction

Wellhead associated Often no fuel-gas specification at all; Effectively everything below the field
gas (flare and gas quality is whatever the well scrubber’s capture range, including the
stranded service) produces after field scrubbing and entire sub-micron fraction

pressure conditioning




PART O6:
Flare and Stranded Gas - Where the Standards Gap
Is Total

Oil wells routinely produce natural gas alongside the oil. Where no pipeline exists to carry that associated gas
to market, it is stranded - fuel with no buyer, historically burned off on site in a flare stack or vented to the
atmosphere. A new class of operator now converts that waste into power at the wellhead itself: modular
reciprocating gensets burn the raw gas on site, and the electricity runs containerized computing beside the
well - overwhelmingly Bitcoin mining hardware. This is the most contamination-exposed application of
natural gas in this paper, and the least visible in conventional power-sector literature. These assets face the
same fuel-gas contamination problem described in Part 2, but under the harshest conditions in the fuel-gas
world: the gas is raw, sour, and wet; it reaches the engine through minimal field conditioning; and, as Part 5
established, there is often no fuel-gas specification governing it at all. Everything the standards gap leaves
exposed elsewhere is exposed here completely.

6.1 From Flare to Fuel: The Wellhead Mining Model

Companies including Crusoe Energy, EZ Blockchain, and Upstream Data developed the model of placing
modular data-center units at the wellhead, diverting the waste gas into on-site reciprocating gensets, and
using the resulting power to run ASIC mining hardware. By the time Crusoe sold its Digital Flare Mitigation
business to NYDIG in March 2025, it had deployed more than 425 modular data centers representing over 250
MW across seven states, prevented approximately 22 billion cubic feet of natural gas from being flared, and
mitigated 2.7 million metric tons of greenhouse-gas emissions (company-reported; Crusoe/NYDIG, March
2025). ExxonMobil and ConocoPhillips both ran Bakken flare-gas mining pilots, with ExxonMobil using up to 18
MMscf per month of otherwise-flared gas in its Bakken pilot (Bloomberg, March 2022). North Dakota's
gas-capture targets drove the state's capture rate from 74% in 2014 toward 92% by 2021-2022. Federal policy
moved the other way in 2025-2026 - the Waste Emissions Charge rule was repealed via the Congressional
Review Act and EPA relaxed routine-flaring rules - but the underlying economics of converting waste gas to

revenue remain intact, and state rules continue to drive capture.

6.2 The Engines and the Raw-Gas Contamination Premium

The prime movers are small-to-medium reciprocating spark-ignited gas engines fromm manufacturers
including INNIO Waukesha, Caterpillar (G-series), and INNIO Jenbacher. Upstream Data’s Hash Generator
product line, designed specifically for wellhead mining, is offered in units of 50, 80, 160, and 325 kWe; larger
deployments use Waukesha VHP/VGF/VSG engines of roughly 0.1 to 1.5 MW, or Jenbacher J-series units up to
4.5 MW with electrical efficiencies of up to 47% on high-quality gas. They operate in remote locations with
[imited maintenance infrastructure, in climates from North Dakota winters to Texas heat, on fuel that arrives

at whatever quality the well produces on a given day.

Associated petroleum gas is chemically distinct from pipeline gas in ways that bear directly on black powder




contamination. It is wet, carries condensable heavy hydrocarbons, and frequently contains hydrogen sulfide,
carbon dioxide, halides, and particulate. Hydrogen sulfide is the contaminant that matters most for black
powder contamination: it is the precursor to iron sulfide, the dominant iron compound in the powder, so a
sour, HxS-heavy wellhead stream is both a corrosion source and carries more black powder contamination

than pipeline gas - and it reaches the engine through minimal field conditioning.




PART 07:
Magnetic Separation - Capturing the Sub-Micron Black
Powder Contamination

The standards gap comes down to sorting by the wrong property: fuel-gas treatment and the specifications
that govern it are built around particle size and mass, so the sub-micron fraction doing the damage is neither
weighed nor removed. What the problem calls for is a stage that captures contamination by a different
property entirely - and because black powder contamination is predominantly iron-bearing, magnetic
attraction is exactly that property.

7.1 How It Works

Magnetic separation occupies a distinct position in contamination control because it does not operate within
the assumptions that bound conventional media filtration. A media filter blocks particles larger than its rated
pore size and is limited below by the differential pressure its element can sustain; as it loads, pressure rises
until it bypasses. Magnetic separation operates by drawing black powder contamination onto a high-intensity
rare-earth magnetic field. It has no pore size and no differential-pressure bypass threshold, it imposes
negligible flow restriction even when heavily loaded, and it captures the sub-micron black powder
contamination that passes conventional filtration and that mass-based fuel-gas specifications do not register,
regardless of particle size. Because there is no porous medium to clog, the element does not require
scheduled replacement - maintenance is periodic cleaning of captured debris from the element surface, and
the collected material constitutes a debris sample that can be inspected and trended as part of a

condition-monitoring program.

The effective service life follows from the same principle: field service lives of 25 years or more are typical, often
outlasting the assets they protect. In configuration, a magnetic separator can complement conventional
filtration - installed upstream of the cartridge filter and coalescer to capture the black powder contamination
depth media cannot economically remove - or it can replace the conventional cartridge filter entirely working
in series with a coalescer. Because black powder contamination is iron-bearing and magnetic regardless of

the gas carrying it, the same equipment applies.

7.2 The Evidence

The performance case for magnetic separation on natural gas rests on three things: field deployments on
operating natural-gas systems, the established magnetic character of black powder contamination, and
pipeline-research feasibility assessment. The field evidence is the load-bearing element - the direct
demonstration that high-intensity magnetic separation removes black powder contamination in live gas
service rather than only in principle - and the most directly relevant field installations come from Black

Powder Solutions (BPS), summarized here:

On a natural-gas distribution line supplying an iron smelter in Portugal - delivery on the order of 2,500 m?3/h,



pipeline gas commingled with LNG offloads - coarse black powder contamination was plugging the
depth-media filters while the fine fraction passed through and fouled the gas burner nozzles. After a
high-intensity magnetic separator was installed in 2014, the 1.0-micron and 0.3-micron polishing filters
downstream remained free of contamination, confirming that essentially all the black powder contamination
was captured upstream by the magnetic stage. The installation continues to operate at the same efficiency
through 2026 (BPS, EDP Gas distribution, 2014-2026).

At a compressed-natural-gas vehicle-fueling facility in Italy, black powder contamination was damaging
meters, valves, and compressor seals and forcing recurring monthly repair-and-clean maintenance. A
high-pressure magnetic separator installed upstream of the compressor captured a substantial amount of
black powder contamination on its first cleaning, ended the recurring compressor repairs, and remained in

service at full efficiency (BPS, CNG fuel-dispenser installation, Italy).

BPS magnetic separators capture the sub-micron black powder contamination that conventional filtration
lets pass - iron sulfides, iron oxides, and other wear contamination - in natural-gas systems from transmission
and distribution to wellhead gathering and downstream fuel-gas trains. Pipeline research (Baldwin and
Redmond, PRCI PR-015-084508, 2010) has independently identified magnetic separation as technically viable
for iron-bearing contamination, operable at low pressure drop and long service life, in series with conventional

filtration media.

What magnetic separation changes. Conventional filtration removes the coarse fraction and lets the
fine, abrasive black powder contamination through to the hardware that can least tolerate it. A
magnetic separator captures it and converts the most damaging part of the black powder
contamination into collected debris on a cleanable element that doubles as a condition-monitoring

sample.




PART 08:
The Cost and the Capacity Argument

The gap between specification compliance and genuine control of the sub-micron black powder
contamination produces a quantifiable, ongoing loss, and the demand environment of the mid-2020s has
amplified the consequences of that loss. Particle contamination is cited across industrial maintenance
literature as responsible for roughly 82% of mechanical component wear (Society of Tribologists and
Lubrication Engineers / National Research Council of Canada; widely cited, with soft attribution). The cost of
contamination-driven downtime is large and rising: the Uptime Institute’s 2024 Annual Outage Analysis
reported that 54% of operators’ most recent significant outages cost more than $100,000 and 16% cost more
than $1 million, with the share exceeding $100,000 up sharply from 39% in 2019. Gas and steam turbines are
among the largest contributors to major power-plant forced-outage events.

For Al data-center generation, the stakes are elevated by lead times. With turbine order books full into 2029
and quoted delivery windows of five to seven years, a contamination-driven failure is not a recoverable
maintenance event with a defined replacement timeline - it is a multi-year reduction in generating capacity
attached to a plant whose power is directly backing compute revenue. The economics of contamination
control here cannot be evaluated against maintenance-cost savings alone; they must be evaluated against
the generating capacity an avoided failure preserves. For wellhead mining the economics differ in form but
not in direction: the assets are individually cheaper than a turbine, but the fleet is large, distributed, remote,
and growing, and the marginal cost of an accelerated rebuild driven by the logistics of an unplanned field
intervention is disproportionate to the cost of the engine itself.

Metric Figure Context

Mechanical wear from particles ~82% Estimated share of mechanical component
wear attributed to particle contamination (STLE
/ NRCC; soft attribution).

Gas turbine lead time (Al assets) 5-7 years Quoted delivery for large gas-fired turbines
ordered now (S&P Global Commodity Insights,
May 2025); OEM books full into 2029.

Bitcoin electricity consumption ~138 TWh / yr 0.5% of global demand; natural gas = 38.2% of
the mining fuel mix (Cambridge Digital Mining
Industry Report, 2025).

Flare-gas mining: gas mitigated ~22 Bcf Crusoe Energy DFM fleet lifetime
un-flared (company-reported, March 2025 NYDIG
acquisition); 2.7 Mt GHG mitigated.




Conclusion

The demand that the Al build-out and cryptocurrency mining are placing on natural-gas power generation
has made the reliability of gas-fired turbines and reciprocating gensets more valuable than ever, and it has
arrived faster than the fuel-gas cleanliness practices protecting those assets have evolved. The contamination
doing the most damage - the sub-micron black powder contamination generated by internal corrosion of the
gas system - is also the contamination the governing specifications are least equipped to detect: those
specifications limit coarse particulate and total mass, while the fine, abrasive fraction - which scores
close-tolerance hardware, fouls combustion components, and persists indefinitely - passes uncounted.
Conventional filtration removes the coarse load and leaves this fraction behind. Magnetic separation closes
that gap. It captures the black powder contamination below the size fuel-gas specifications register, imposes
negligible flow restriction, does not bypass under load, and is cleaned rather than replaced - operating in
series with the scrubbing, coalescing, and media filtration already in place as the polishing stage that removes
what the rest of the train cannot. The contamination problem in natural-gas power generation is not one
awaiting new technology; it is a measurement-and-removal gap that existing magnetic separation already
resolves, and the value of closing it scales directly with the demand now reshaping the sector. Closing it for
good, though, means confronting the standards gap directly: as long as fuel-gas cleanliness is defined by total
mass and coarse-particle limits, the sub-micron fraction doing the damage stays unmeasured and
unmanaged. The industry’s cleanliness practices need to count sub-micron particles, not just weigh them -

and the operators who move first will protect the assets the rest are still leaving exposed.




Disclaimer

This document is intended solely as a technical discussion and engineering interpretation based on publicly
available standards, technical literature, selected industry references, field observations, laboratory analyses,
and case-study information believed to be reliable at the time of writing. The content is provided for general
informational and discussion purposes only and should not be interpreted as a universal engineering
conclusion, regulatory position, guarantee of performance, or replacement for OEM guidance, applicable

industry standards, formal engineering review, or application-specific technical assessment.

References to GE (GEI-41040), EPRI, PRCI, GMRC, CBECI, OEM specifications, fuel-gas cleanliness practices,
magnetic separation technologies, filtration methods, equipment performance, artificial intelligence
infrastructure, cryptocurrency mining, market projections, or industry methodologies are included for
technical commentary and comparative discussion purposes only. Operating conditions, gas composition,
contamination characteristics, equipment configuration, maintenance practices, environmental factors, fuel

quality, and system design variables may materially affect performance outcomes and applicability.

Any performance examples, case studies, projections, equipment-life discussions, or operational observations
referenced in this document are application-specific and should not be interpreted as guarantees, warranties,
or universally achievable results. Case studies presented herein are based on actual field installations, with
results documented through customer operational records, operator feedback, and/or independent
laboratory analyses, where applicable. Readers should independently evaluate the suitability of any
technology, maintenance approach, filtration strateqgy, magnetic-separation system, or
contamination-control methodology for their specific operation and consult the relevant OEM, regulatory

authority, and qualified engineering professionals where appropriate.

All third-party product names, trademarks, trade names, company names, standards, and specifications
referenced in this document are the property of their respective owners and are used solely for the purposes
of technical identification, reference, and commentary. No affiliation, endorsement, partnership, or
sponsorship by any referenced third party is implied or should be inferred. Any comparative observations,
technical interpretations, or engineering opinions contained herein reflect the authors' independent analysis
of publicly available information, published standards, technical literature, laboratory findings, and field
experience as of July 2026 and are not intended to disparage, defame, or misrepresent any company, product,

technology, standard, or methodology.

To the fullest extent permitted by applicable law, Black Powder Solutions Inc. and its authors, employees,
officers, and affiliates disclaim all liability for any loss, damage, or consequence arising directly or indirectly
from reliance on the contents of this document. This document is intended for review by technically qualified
professionals with the knowledge and expertise to independently evaluate its contents in the context of their

specific applications and circumstances.
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