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§  I  —  E X E C U T I V E  S U M M A R Y

I. The macroeconomic and
decarbonization mandate.
A multi-trillion-dollar drag on sovereign capital. A growing share of global emissions. Both are
addressable with technology that already exists.

The annual global cost of corrosion exceeds $2.5 trillion — roughly 3.4% of global GDP¹. In the

United States alone, corrosion drains over $450 billion annually from public and private balance sheets,

eroding municipal capacity, impeding community growth, and diverting capital from productive investment. A

significant and highly destructive fraction of this decay — at least 20% — is driven by Microbiologically

Influenced Corrosion, or MIC.

Beyond direct capital depreciation, MIC carries an under-recognized environmental cost. Research by Iannuzzi and

Frankel (2022)² in npj Materials Degradation establishes that the iron and steelmaking required to replace

corroded infrastructure accounted for 1.6% to 3.4% of total global greenhouse gas emissions in 2021.

Unmitigated, that share is projected to reach 4% to 9% of global emissions by 2030.

$2.5T
ANNUAL GLOBAL
CORROSION COST

20%+
DRIVEN BY MICROBIAL
COMMUNIT Y ACTIVIT Y

4–9%
PROJECTED SHARE OF
GLOBAL GHG BY 2030

For capital allocators managing multi-billion-dollar portfolios and municipal leaders protecting public assets,

advanced corrosion control can reclaim 15% to 35% of these losses — generating $375 billion to $875 billion in

global annual savings. The technology stack required to do so already exists. The work is now organizational:

deploying it in order, across the public and private operators with the asset base most exposed.

This joint strategic briefing, issued by Fit For Gov (Canadian civic-technology practice) and Ibrahim Energy

Partners (North African oil & gas facilitation), outlines six commercially viable, high-ROI product vectors designed

to monitor, mitigate, and predict MIC. Together they shift industrial asset management from a reactive cost center

into a proactive driver of decarbonization and sovereign wealth protection.

1. Association for Materials Protection and Performance (AMPP), IMPACT Study, updated to 2024
USD.

2. Iannuzzi, M. & Frankel, G.S. (2022). The carbon footprint of steel corrosion. npj Materials
Degradation, 6(101).
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§  I I  —  T H E  B I O - E L E C T R O C H E M I C A L  P A R A D I G M

II. What biocorrosion actually is.
Three distinct mechanisms operate inside every mature biofilm. The legacy mitigation stack —
broad-spectrum chemical biocides, periodic coupon inspection — addresses none of them well.

MIC does not create a new category of corrosion. It exponentially accelerates the familiar ones — pitting,

crevice attack, dealloying, stress-corrosion cracking. The acceleration runs through three parallel

mechanisms, each requiring distinct detection and mitigation strategies.

1. Metabolite production.
Acid-producing bacteria secrete low-molecular-weight organic acids that dissolve passive oxide films. In marine

and wastewater environments, sulfur-oxidizing bacteria of the genus Thiobacillus convert ambient hydrogen

sulfide into biogenic sulfuric acid, driving localized surface pH below 2.0 and dissolving the calcium-rich hydration

products that bind Ordinary Portland Cement concrete.

2. Direct extracellular electron transfer.
Specialized anaerobic microbes — including thermophilic methanogenic archaea — physically harvest electrons

straight from elemental metal atoms to fuel internal metabolism. The thermodynamic effect is rapid oxidation of

iron into soluble ions: deep, localized pitting without any chemical-acid intermediary.

3. Concentration cells.
The uneven topography of a mature biofilm creates micro-environments with sharp oxygen and ion gradients.

Oxygen-starved pockets beneath thick extracellular polymeric substance (EPS) layers act as anodes against the

oxygen-rich exposed metal cathode — a microscopic battery driving anodic dissolution beneath the protective

slime.

The fundamental driver of MIC is not free-floating planktonic bacteria — it is the sessile, organized biofilm. The

extracellular polymeric matrix protects its inhabitants from fluid shear stresses and externally applied biocides,

establishes the steep micro-gradients that drive localized failure, and harbors the mobile genetic elements that

propagate chemical resistance across species. The biology is the load-bearing problem.

The shield protecting the corroding metal is biological, dynamic, and self-
repairing. Chemical biocides were never the right answer.

❝
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§  I I I  —  M I C R O B I A L  T A X A  &  S E C T O R  A N C H O R S

III. Who attacks what, and where.
The biological actors are diverse, operationally adaptable, and present across every major
infrastructure class. Three sector anchors — one Canadian harbour, one Canadian wastewater
commission, one North African energy basin — illustrate the full operational envelope.

Key microbial actors

TA XO N M E TA B O L I S M M E C H A N I S M  O F  AT TAC K

P R I M A RY

E N V I R O N M E N T

Sulfate-reducing
bacteria (SRB)

Anaerobic Reduce sulfates to corrosive H₂S; direct
electron extraction; rapid localized pitting.

Oil & gas pipelines,
anoxic marine zones

Acid-producing
bacteria (APB)

Aerobic /
Anaerobic

Secrete low-molecular-weight organic
acids; dissolve passive oxide films.

Hydrocarbon storage,
process networks

Iron / Manganese
oxidizers

Aerobic Form tubercles that trap moisture and
create anoxic concentration cells.

Cooling loops,
freshwater mains, heat
exchangers

Methanogenic archaea Anaerobic /
Thermophilic

Harvest H₂ and electrons from elemental
metal to fuel methanogenesis.

High-temp reservoirs,
subsea production

Sulfur-oxidizing
bacteria

Aerobic Oxidize H₂S into biogenic H₂SO₄; destroy
alkaline concrete matrices.

Wastewater treatment,
sewage conveyance

Three sector anchors
Esquimalt Harbour, British Columbia. The Y-Jetty and Lang Cove site hosted commercial and military shipyard

operations from 1893 to 1994. A century of sandblasting hulls clean of rust and toxic anti-fouling paint deposited

heavy metals and waste into the seabed. That contaminated sediment, entrained in modern vessel ballast tanks

during shallow-water operations, is now a nutrient-rich matrix accelerating biocorrosion on the internal surfaces of

the ships themselves.

Saanich Peninsula, British Columbia. The Capital Regional District has documented the need for multi-million-

dollar odor control upgrades and clarifier cover replacements across multiple rooms at its wastewater treatment

plants — not as an amenity, but to halt active biogenic acid corrosion of primary concrete tanks. The Thiobacillus

population is eating the infrastructure. This capital line item is already budgeted; the question is which technology

fills it.
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North African energy basins. Thermophilic, saline-tolerant communities — methanogens, syntrophic bacteria,

iron reducers, sulfate-reducing archaea — are documented across high-temperature reservoirs from the Alaskan

North Slope to the Murzuq Basin, biodegrading reinjected C₁–C₄ alkanes into biocorrosive acids and H₂S. With 1B+

barrels of access and 48.4B barrels of regional reserves on the Ibrahim Energy Partners side of this

collaboration, the asset-integrity question is not theoretical.
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§  I V  —  V E C T O R  O N E  ·  R E A L - T I M E  S E N S I N G

IV. Replace the coupon with the signal.
Physical coupons confirm damage after it happens. Electrochemical noise plus enzymatic
biosensing detect the pit before it forms.

The dominant monitoring methodology across global oil & gas remains the physical weight-loss coupon — a

small metal sample inserted into the fluid stream, extracted periodically, weighed and inspected for pits. The

methodology delivers forensic evidence. It does not deliver early warning. The replacement is a two-channel

sensor architecture that operates continuously and reads biology as well as chemistry.

Channel one — Electrochemical Noise.
Electrochemical Noise (EN) analysis monitors spontaneous stochastic fluctuations in potential and current at the

biofilm-metal interface. Modern signal processing — the Hilbert-Huang Transform and Recurrence Plot analysis —

can distinguish stable passivation from uniform corrosion from localized microbial pitting. The signature of

stochastic pitting is mathematically distinct, and that distinction can be computed at the edge in real time.

Channel two — Enzymatic biosensing.
Commercial biofilm probes that detect bacterial settlement at the earliest electrochemical signature are

constrained: they fail below 1 ppm dissolved oxygen and below 10 µS/cm conductivity — exactly the ultra-low-

oxygen, low-conductivity conditions of formation waters and produced fluids. Genetically engineered, sulfide-

specific enzymes isolated from extremophilic bacteria can detect parts-per-billion biogenic H₂S production

independent of those bulk fluid limits.

PRODUCT CONCEPT 01 · INDUSTRIAL IoT

The EN-Biosensor IoT Node
A flow-through, multi-electrode array fused with a stabilized sulfide-enzyme bio-receptor. Edge processors run Hilbert-
Huang transforms on the noise channel while the enzyme channel reads localized H₂S below the standard biofilm probe
operating envelope. Data uplinks trigger precision-dosed biocide injection — cutting bulk chemical use by up to 90%,
improving heat-exchanger thermal efficiency by up to 30%, and producing ROI measured in days to weeks in heavy-
fouling environments.
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§  V  —  V E C T O R  T W O  ·  G E N O M I C  D I A G N O S T I C S

V. The biocide is failing. The microbe
knows why.
Multidrug-resistance efflux pumps travel on mobile genetic elements. Entire microbial
communities become biocide-tolerant in weeks. The operators dosing more glutaraldehyde are
accelerating the problem they are trying to solve.

Industrial microbiology has spent decades counting colonies in liquid culture media — a methodology that

detects less than 1% of the active microbial community in any industrial system. It misses the unculturable

organisms, ignores the syntrophic partners, and tells operators nothing about the metabolic pathways

actually driving corrosion. The replacement is molecular: quantitative PCR for known threat taxa and full

metagenomic sequencing for community-scale mapping.

Targeted qPCR against functional genes — dsrA and apsA governing sulfate reduction — directly quantifies the

corrosive capacity of a sampled community. Full Next-Generation Sequencing, as deployed by Canada's $7.85M

Geno-MIC initiative across the University of Calgary, the University of Alberta, and Memorial University, maps the

entire genetic profile of bioelectroactive consortia and identifies novel iron-oxidizing enzymes.

The resistance problem operators are not solving for.
The most operationally important Geno-MIC finding is not academic. Microbial communities develop biocide

resistance through Multidrug Resistance Efflux Pumps (MDREPs) — active efflux systems that physically expel

toxic biocides from the bacterial cell before they can inflict damage. The genetic instructions for these pumps sit

on plasmids, mobile genetic elements that transfer horizontally across species under selective pressure.

Under repeated broad-spectrum biocide application, MDREP-bearing plasmids spread through the multispecies

community. Standard chemical protocols stop working. The operator, lacking molecular diagnostics, doses more

biocide and accelerates the runaway. The result is a steeper compliance bill and a more aggressive biofilm.

PRODUCT CONCEPT 02 · FIELD GENOMICS

Field-Deployable Metagenomic & MDREP Array
An automated, portable microfluidic sequencer for upstream oil & gas and remote marine sites. Field operators inject
biofilm scrapings, pigging wax, cooling fluid, or produced water into a single-use cartridge. Onboard nanopore
sequencing returns a full metagenomic profile in hours, not weeks. The proprietary software layer specifically flags
MDREP abundance against commonly used biocides — glutaraldehyde, THPS, others — and recommends rotation to an
alternative chemistry or physical intervention before the resistant biofilm runs away.

Every glutaraldehyde dose is a selection event. The biofilm that survives writes
the next playbook.

❝
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§  V I  —  V E C T O R  T H R E E  ·  B I O L O G I C A L  R E M E D I A T I O N

VI. Send a virus to do a chemical's job.
Bacteriophages target specific corrosive bacteria with precision broad-spectrum biocides cannot
match. Recombinant endolysins do the demolition work the phages cannot.

Broad-spectrum chemical biocides fail biofilms for two reasons. First, the extracellular polymeric matrix

physically blocks chemical diffusion to the cells inside. Second, the surviving community develops mobile

resistance faster than chemistry vendors can reformulate. The biological alternative is precision-targeted

phages plus the enzymes that disassemble the slime they need to penetrate.

Phage SRB7757 — a case study in specificity.
The naturally isolated lytic phage SRB7757 — Chaseviridae family, 142,573 bp genome — specifically infects 

Desulfovibrio vulgaris, one of the most aggressive sulfate-reducing bacteria in oil and gas. Application halts host

reproduction and reduces biogenic sulfide production by 92.3% within twenty-four hours.

92.3%
SULFIDE PRODUCTION
HALTED IN 24 HRS

4–60°C
OPERATIONAL
TEMPERATURE RANGE

pH 2–9
CHEMICAL ENVELOPE
TOLERATED

SRB7757 holds together across a 56-degree temperature window, tolerates pH from 2 through 9, and resists

chloroform — confirming a lipid-free, field-rugged viral capsid. Burst size sits near 100 PFU per cell after a four-

hour latent period at an optimal multiplicity of infection of 0.001.

Endolysins and depolymerases — the demolition crew.
A single phage strain alone is not a viable product. Bacteria mutate around it. The solution is a cocktail of

genetically distinct phages augmented with recombinant enzymes. Polysaccharide depolymerases (Dpo42, Dep6)

cleave the carbohydrate bonds of the EPS matrix. Endolysins (Lysrb8, Lysrb9) attack the peptidoglycan cell wall

directly with a broader host range than whole phages.

PRODUCT CONCEPT 03 · BIO SMART-FLUID

Recombinant Endolysin–Phage Cocktail
A biological smart-fluid for pipeline pigging operations and heat-exchanger flushes. Recombinant depolymerases dissolve
the EPS matrix as a chemical vanguard. The mechanical pig strips the exposed biofilm physically. The phage cocktail and
free endolysins lyse the remaining cells. Buffer chemistry calibrated to 15 mmol/L calcium and magnesium to optimize
viral attachment kinetics. Discharge profile survives contemporary ESG and marine-discharge regulatory scrutiny — a
non-trivial advantage in jurisdictions where chemical-biocide discharge is increasingly restricted.
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§  V I I  —  V E C T O R  F O U R  ·  S E L F - H E A L I N G  C O A T I N G S

VII. The barrier that fixes its own wounds.
Supramolecular polymer networks with embedded silver nanoparticles deliver autonomous
mechanical repair and active antimicrobial defense in the same layer.

Conventional polymer coatings have one failure mode that matters: the micro-fracture. A small abrasion, an

impact, a thermal cycle — the barrier breaches, fluid and microbes infiltrate, and the resulting concentration

cell drives undetected pitting beneath an apparently intact paint surface. The next generation of coatings

closes that gap autonomously.

The PDMS-PUTI supramolecular network.
A polydimethylsiloxane-poly(urea-thiourea-imine) network integrates two dynamic chemical mechanisms into one

elastomer: reversible hydrogen bonds across urea and thiourea linkages, and dynamic covalent imine bonds

throughout the matrix. When the surface is mechanically damaged, both bond classes reassociate across the

fracture at ambient temperature. No external heat, no chemical trigger. Placement of the 2-ureido-4-pyrimidinone

(UPy) motifs on side chains rather than backbone increases chain mobility, pushing underwater self-healing

efficiency to 80%, up from 30% for traditional backbone integration.

Silver nanoparticles — antimicrobial backbone.
Pure PDMS offers only moderate bacterial inhibition. Calibrated integration of hydrophobic silver nanoparticles

transforms the antimicrobial profile of the polymer.

P R O P E R T Y P U R E  P D M S AG N P S - 9  /  P D M S - P U T I

Self-healing capability None < 10 min, ambient

Inhibition, P. aeruginosa 61.67% 97.08%

Inhibition, S. aureus 64.43% > 97%

Diatom settlement density 483 cells/mm² 59 cells/mm²

Water contact angle 123.46° 125.67°

Barnacle adhesion strength — 0.241–0.278 MPa
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PRODUCT CONCEPT 04 · COATING SYSTEM

Self-Healing AgNP-Elastomer Pipeline & Hull Liner
A sprayable internal coating for oil & gas pipelines, marine condenser tubes, and ship hulls. Mechanical gouges from
pigging, sand entrainment, or impact reseal within minutes. The ultra-low surface energy combined with localized silver
toxicity prevents biofilm anchoring on the surface that has not been gouged. The asset defends itself — and the foul-
release property reduces hydrodynamic drag and fuel consumption as a secondary benefit on marine assets.
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§  V I I I  —  V E C T O R  F I V E  ·  S T R U C T U R A L  S U B S T R A T E S

VIII. Stop building sewers out of food.
Ordinary Portland Cement is calcium-rich. Calcium dissolves in sulfuric acid. The Thiobacillus
population in a wastewater system makes sulfuric acid. The fix is to stop using calcium-based
cement.

Municipal wastewater conveyance is one of the most aggressive biocorrosion environments on the planet.

Warm damp air, abundant hydrogen sulfide, and sulfur-oxidizing bacteria drive localized surface pH below

2.0. Standard concrete loses material at rates that exceed 1 cm per year. Critical structural elements fail in

single-digit years. The problem is not the design of the infrastructure. It is the chemistry of the binder.

Geopolymers — escape velocity from calcium.
Geopolymer concretes use alumino-silicate binder systems with no calcium-rich hydration products. They are

fundamentally less permeable, naturally acid-resistant, and chemically stable against chlorides, sulfates,

hydrocarbons, and industrial solvents. Commercial leaders — WW200 Cold Fusion Concrete and equivalents

formulated to ASTM C1157 — achieve compressive strengths of 6,000–10,000 psi on cure, can be sprayed

onto deteriorated masonry with the right neutralizing primer, and tolerate hot-weather curing schedules that

compress project timelines.

10,000
PSI  COMPRESSIVE
STRENGTH ON CURE

< 2.0
SURFACE PH DRIVEN BY
THIOBACILLUS

1 cm/yr
CONCRETE LOSS RATE
IN SEVERE WASTEWATER

Controlled-release biocide integration.
Geopolymers alone solve the acid resistance problem. They do not stop the Thiobacillus population from

colonizing the surface. The conventional answer — mixing liquid biocides into wet concrete — fails immediately:

the biocide leaches into the wastewater stream within weeks, creating downstream toxicity and leaving the

structure unprotected.

The engineered alternative is zinc oxide impregnated onto chemically functionalized sodium bentonite clay, then

mixed directly into the geopolymer binder. The ZnO is physically immobilized within the cured matrix's three-

dimensional structure. It acts continuously at the fluid boundary layer. It does not leach. It does not deplete on a

meaningful timescale.
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PRODUCT CONCEPT 05 · STRUCTURAL LINING

Bio-Responsive Geopolymer Lining System
A pre-packaged dry-mix system for sprayable rehabilitation of severely corroded sewer networks and primary
wastewater treatment tanks. Modeled on proven WW200 chemistry. Blended with ZnO-impregnated functionalized
sodium bentonite for permanent surface-active biological deterrence. One application; decades of service life; no heavy-
metal leaching downstream. This is the product that delivers the Saanich Peninsula concrete tank upgrades the Capital
Regional District has already budgeted for.
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§  I X  —  V E C T O R  S I X  ·  P R E D I C T I V E  M O D E L I N G

IX. The asset becomes its own model.
Deep-learning digital twins fuse mechanistic biocorrosion physics with probabilistic risk
modeling and run against live sensor data. The outcome is autonomous, precision response.

The data volumes generated by a modern oil & gas operation or municipal utility exceed the analytical

processing capacity of any human integrity team. The legacy response — scheduled inspections, manual

coupon analysis, quarterly reports — was designed for a world where data was scarce. The current world is

the opposite, and the appropriate response is to let the model do the watching.

The MIC-Compass paradigm.
Current commercial software — WebCorr MIC-Compass and peers — runs cloud-native and ingests live

operational data plus historical pipeline metrics. It computes in-situ pH at operational temperature and pressure,

not at lab room temperature. The difference matters: the thermodynamic corrosion reaction running inside a

pressurized pipeline does not care what the pH was in a beaker.

By analyzing temperature, in-situ pH, fluid velocity, dissolved oxygen, sulfate content, total dissolved solids, and

biocide history together, the software distinguishes MIC from purely chemical mechanisms (CO₂, H₂S corrosion)

and outputs a per-segment risk ranking from "Very High" to "No Risk." Integrity engineers can spot-analyze

topological low points like river crossings where water drop-out is most likely.

Mechanistic plus probabilistic plus deep learning.
The frontier combines three model classes. Mechanistic models simulate first-principles physics — direct

extracellular electron transfer, nutrient limitation, redox intermediary kinetics inside the biofilm. Probabilistic

models deploy Bayesian networks and Markov chains to compute statistical time-to-failure under operational

uncertainty. Deep learning models — LSTM neural networks, Random Forest classifiers — train on the synthetic

datasets generated by the first two.

A documented deployment trained on a 2,000-record synthetic dataset structured in 10-step temporal

windows achieved 1.000 accuracy, precision, and recall on pipeline fault classification. Feature importance analysis

identified localized corrosion rate as the dominant variable at 56% of classification weight, followed by internal wall

shear stress at 28%.
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PRODUCT CONCEPT 06 · INTEGRATION LAYER

Cyber-Physical Edge-AI Platform for Asset Integrity
The integration layer for Vectors one through five. Continuous ingestion of EN-biosensor IoT streams and metagenomic
sequencer outputs. Bayesian network plus LSTM compute live time-to-failure metrics against a three-dimensional spatial
model of the pipeline, sewer grid, or hull. When edge sensors detect a drop in in-situ pH coincident with stochastic
electrochemical noise, the system autonomously triggers precision-dosed injection of the phage-endolysin cocktail
before the self-healing coating is overwhelmed. The asset defends itself. The operator gets the alert after the response,
not before it.
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§  X  —  C A P I T A L  A L L O C A T I O N  M A T R I X

X. What it costs. What it returns.
The integrated stack is independently commercializable. The numbers below summarize capex
profile and value capture by vector.

V E C TO R C A P I TA L  C O S T L I F E C YC L E  E X T E N S I O N F I N A N C I A L  /  E S G  B E N E F I T

I. EN-Biosensor IoT
Node

Moderate 
(capex)

5×–10× sensor lifespan Up to 90% reduction in chemical
biocide spend; 30% thermal
efficiency gain on heat exchangers.

II. Metagenomic Array Moderate (opex) Diagnostic tool Halts runaway biocide resistance;
prevents catastrophic structural
failures from undetected MDREP
spread.

III. Phage Cocktail High (synbio
opex)

Active treatment cycle Survives marine-discharge
regulation; eliminates heavy-metal
biocide compliance costs.

IV. Self-Healing
Coatings

High (materials) 10× barrier durability Eliminates micro-gouge failures;
foul-release reduces drag and fuel
cost on marine assets.

V. Geopolymer Liners Moderate 
(structural)

Decades-scale Passive chemical immunity; zero
toxic leaching into municipal
aquifers; ESG-clean.

VI. Edge-AI Digital
Twin

Moderate (SaaS) Portfolio optimization Real-time failure prevention;
maximizes infrastructure
operational uptime.

Order of operations
1. Deploy the sensor layer first. EN-biosensor IoT nodes establish a real-time baseline across the asset — the

foundation the rest feeds.

2. Sequence the resident microbiome. Field metagenomics identifies what is present and which biocide protocols

should be retired.

3. Pilot the phage cocktail on a contained system — pipeline pigging, heat-exchanger flushes — before scaling.

4. Specify self-healing coatings on new builds and repair laydowns. The window for material change is the

construction window.
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5. Replace deteriorated concrete with bio-responsive geopolymer in scheduled rehabilitation. The budget

envelope already exists.

6. Connect everything to the digital twin. The platform earns its value only after the data plumbing exists.
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§  X I  —  C O N C L U S I O N  &  P O L I C Y  R E C O M M E N D A T I O N S

XI. The biocide era is ending.
Microbiologically influenced corrosion is not solvable through any single technology, and it is not solvable

through chemistry alone. The mechanism is biological, electrochemical, evolutionary, and multispecies. Any

mitigation strategy that treats it as a chemistry problem will eventually be outrun by a community of

organisms that operates on a faster optimization cycle than the chemistry vendors do.

The six vectors documented in this brief — electrochemical and enzymatic sensors, field metagenomics,

recombinant phage cocktails, self-healing antimicrobial coatings, controlled-release geopolymers, and AI-driven

digital twins — together replace the reactive legacy stack with a proactive, biologically targeted, data-driven

posture. Each is independently commercializable. Integrated, they constitute the operating system for the next

generation of heavy industrial and municipal asset management.

Policy and procurement recommendations.
For sovereign wealth and capital allocators: Underwrite the integrated stack as a portfolio decarbonization play,

not a niche infrastructure tool. The emissions arithmetic — 1.6% to 3.4% of global GHG today, projected 4–9% by

2030 — places corroded-steel replacement in the same intervention bracket as cement decarbonization and

steelmaking electrification.

For municipal leaders: Specify bio-responsive geopolymer linings in scheduled wastewater rehabilitation projects.

The capital line item is already budgeted; the question is which technology fills it. The Capital Regional District's

Saanich Peninsula upgrades are a Canadian flagship-in-waiting.

For energy operators: Pilot the metagenomic-and-phage stack on a single contained system within twelve

months. Heat-exchanger flushes and pigging operations are the lowest-risk test environments. Demonstrating

chemistry-free intervention on a measured asset compounds into a regulatory and ESG advantage over operators

who continue dosing.

For government policy: Bridge the "siloing effect" between academic research and operational deployment. The

Canadian Geno-MIC initiative has built unusual trust capital across three universities and the upstream operator

community. That relationship infrastructure is a national strategic asset and should be funded as one.

The technology has done its part. The work is now organizational, procurement-led, and capable of being

measured against published metrics within twelve months of deployment. The slime layer is winning today. None

of the technologies it would take to beat it are speculative.

$2.5 trillion a year. Up to 9% of global emissions by 2030. None of the
technology required to bend both curves is speculative.

❝
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C O L O P H O N  ·  M E T H O D  ·  C O N T A C T

Intelligence in service of capital and
place.
Issued under Team Canada · Prime Strength.
A Canadian briefing for the global capital and infrastructure community.

T H E  P U B L I S H E R S

Fit For Gov is a Canadian civic-technology practice. It builds custom municipal websites and platforms for towns,

cities, regional districts, and counties — the modern alternative to vulnerable WordPress installations. Founded

2026. Registered in British Columbia. Principal-led.

Ibrahim Energy Partners (شركاء إبراهيم للطاقة) facilitates verified introductions between Western E&P companies

and North African oil & gas opportunities across Libya, Tunisia, and Algeria. Foundation: a thirty-year trust network

anchored on the Ali family and senior Libyan ministry advisors. 1B+ barrels access · 48.4B barrels
regional reserves · 40+ active fields.

Team Canada · Prime Strength is the sovereign-capital and decarbonization narrative umbrella under which this

briefing is issued. Sovereignty · Unité.

M E T H O D

Briefing No. FFG–IEP / 01 draws on the open technical literature on microbiologically influenced corrosion across

hydrocarbon, marine, and municipal infrastructure; published outputs of the Canadian Geno-MIC research

initiative; commercial product documentation from the named vendors; the public planning documentation of the

Esquimalt Harbour Remediation Project and the Capital Regional District Saanich Peninsula Wastewater

Commission; and the macroeconomic and emissions analysis of Iannuzzi & Frankel (2022) in npj Materials

Degradation.

C O N TA C T

Jesse James
P R I N C I PA L  ·  F I T  F O R  G OV

Phone   +1 250 415 5678

Fit For Gov   fitforgov.com

Ibrahim E&P   ibrahim.help · jesse@ibrahim.help

Team Canada   primestrength.ca

LinkedIn   linkedin.com/in/jessecares 

F I T  F O R  G OV  ·  I B R A H I M  E N E R GY  PA R T N E R S FFG–IEP / 01

JOINT STRATEGIC BRIEFING ·  THE SLIME L AYER TAX 19 / 20



Team Canada · Fit For Gov · Ibrahim Energy Partners · Briefing No. FFG–IEP / 01 · Issued May 2026

F I T  F O R  G OV  ·  I B R A H I M  E N E R GY  PA R T N E R S FFG–IEP / 01

JOINT STRATEGIC BRIEFING ·  THE SLIME L AYER TAX 20 / 20


	The SlimeLayer Tax.
	I.The macroeconomic and decarbonization mandate.
	II.What biocorrosion actually is.
	1. Metabolite production.
	2. Direct extracellular electron transfer.
	3. Concentration cells.

	III.Who attacks what, and where.
	Key microbial actors
	Three sector anchors

	IV.Replace the coupon with the signal.
	Channel one — Electrochemical Noise.
	Channel two — Enzymatic biosensing.
	The EN-Biosensor IoT Node


	V.The biocide is failing. The microbe knows why.
	The resistance problem operators are not solving for.
	Field-Deployable Metagenomic & MDREP Array


	VI.Send a virus to do a chemical's job.
	Phage SRB7757 — a case study in specificity.
	Endolysins and depolymerases — the demolition crew.
	Recombinant Endolysin–Phage Cocktail


	VII.The barrier that fixes its own wounds.
	The PDMS-PUTI supramolecular network.
	Silver nanoparticles — antimicrobial backbone.
	Self-Healing AgNP-Elastomer Pipeline & Hull Liner


	VIII.Stop building sewers out of food.
	Geopolymers — escape velocity from calcium.
	Controlled-release biocide integration.
	Bio-Responsive Geopolymer Lining System


	IX.The asset becomes its own model.
	The MIC-Compass paradigm.
	Mechanistic plus probabilistic plus deep learning.
	Cyber-Physical Edge-AI Platform for Asset Integrity


	X.What it costs. What it returns.
	Order of operations

	XI.The biocide era is ending.
	Policy and procurement recommendations.

	Intelligence in service of capital and place.
	The publishers
	Method
	Contact



