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THE PHYSICS OF IMPOSSIBILITY

"Chemistry is negotiable. Physics is not. Welcome to the era of the Waste Wall."

For the last decade, the pharmaceutical industry has operated under a clinical delusion: if you can discover it, you can make it. We
have optimized for efficacy, bioavailability, and patient convenience, assuming that manufacturing capacity was simply a
commodity to be bought.

2026 is the year that assumption breaks.

We have transitioned from the "Biologic Era" (low volume, high value) to the "Oral Peptide Era" (petrochemical volume, high waste).
The industry is currently celebrating the "Oral Pivot" - the transition of GLP-1s from weekly injections to daily tablets - as the greatest
commercial opportunity in history.

This is a fundamental miscalculation.

Our analysis suggests that Western pharmaceutical infrastructure is legally, physically, and economically incapable of handling the
hazardous waste tonnage required to manufacture Oral GLP-1s at commercial scale. We are attempting to force "Petrochemical
Scale" volumes through a regulatory framework designed for "Pharma Scale" operations.

This report serves as a warning. It defines the "Triad of Constraints" that will render the current manufacturing roadmap insolvent:
The Physics of Tonnage, The Regulatory Pincer (EU REACH/EPA TSCA), and The Infrastructure Wall.

The winners will not be those with the strongest clinical data. They will be those with the process innovation to survive the "Brown

Tax.

Disclaimer
This document is provided for informational, strategic planning, and market intelligence purposes only and should not be construed as financial advice, investment

advice, legal counsel, or a substitute for specific operational due diligence.

The market projections, waste volume calculations, and "insolvency" analyses presented herein have been developed using a combination of publicly available
market data, aggregated and anonymized observations from active executive search mandates, and comparative market inference across the Chemical and
Pharmaceutical sectors.

All figures regarding Process Mass Intensity (PMI), disposal costs, and regulatory timelines represent modeled planning ranges intended to support strategic
discussions, not guaranteed market outcomes.

This report reflects ProGen Search’s current understanding of the global manufacturing landscape as of the 2026 planning horizon. ProGen Search accepts no

liability for investment decisions, hiring actions, or strategic pivots taken based on the contents of this document. Readers are encouraged to conduct their own due
diligence and seek appropriate professional advice before making capital allocation or organizational decisions.
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THE SOLVENT TRAP: Why The West Cannot Physically Manufacture The Oral GLP-1 Wave

EXECUTIVE SUMMARY: THE INVISIBLE CEILING

The pharmaceutical industry is currently navigating a period of dangerous exuberance. The clinical and commercial
ascendancy of GLP-1 receptor agonists - first as injectables (semaglutide, tirzepatide) and now pivoting toward oral
formulations - has triggered a capital expenditure cycle reminiscent of the monoclonal antibody boom of the late 1990s.

Boardrooms from Boston to Basel are authorizing billions in capital allocation for "Capacity," measuring their strategic
readiness in terms of bioreactor liters, square footage, and fill-finish throughput. This is a fundamental miscalculation.

The industry is intoxicating itself with the promise of the "Oral Pivot" - the transition from weekly injections to daily tablets,
unlocking a Total Addressable Market (TAM) of hundreds of millions of patients. However, our analysis suggests that the
industry is obsessing over Input Capacity (the ability to synthesize the drug) while ignoring Output Capacity (the ability to
dispose of the waste).

This report, based on a forensic analysis of the current industrial landscape, posits that the Western pharmaceutical
infrastructure - specifically in the United States and the European Union - is legally, physically, and economically incapable of
handling the hazardous waste tonnage required to manufacture Oral GLP-1s at commercial scale. We are moving from
"Pharma Scale" operations (measured in kilograms) to "Petrochemical Scale" operations (measured in kilotons), yet we are
attempting to force this volume through a regulatory and utility framework designed for the former. We are not facing a demand
constraint; we are facing a "Waste Wall."

The transition from injectable to oral peptide therapy is not a linear scaling event; it is a logarithmic explosion in material
intensity. By moving from a highly efficient delivery mechanism (subcutaneous injection) to a highly inefficient one (oral tablet),
the industry is accepting a 40-fold to 60-fold increase in the demand for Active Pharmaceutical Ingredient (API).

When this multiplier is applied to the chemically inefficient Solid Phase Peptide Synthesis (SPPS) platform, the resultis a
tsunami of hazardous solvent waste that exceeds the permitted capacity of Western utility and incineration networks. This
report details the "Triad of Constraints" that will render the current manufacturing roadmap insolvent by 2026-2027:

e  Constraint 1: The Physics of Tonnage. The combination of low oral bioavailability (<1%) and high Process Mass
Intensity (PMI >13,000) creates a waste footprint that, when scaled to the projected patient population, overwhelms
the physical capacity of Western waste infrastructure.

e  Constraint 2: The Regulatory Pincer. At the exact moment demand explodes, EU REACH and US EPATSCA
regulations are banning the specific dipolar aprotic solvents (DMF, NMP) required to manufacture these drugs.

e  Constraint 3: The Infrastructure Wall. Municipal wastewater treatment plants in key hubs (Holly Springs, Visp) are
hydraulically capped, and hazardous waste incineration capacity is effectively sold out due to competing PFAS
destruction mandates.

The Thesis: Unless the industry pivots immediately to Continuous Manufacturing and Green Chemistry, the "Oral Wave" will
crash against the realities of Western environmental law. The result will be forced "Origin Washing" - the silent offshoring of
pollution to Asia - leaving Western supply chains fragile, ethically compromised, and subject to future carbon tariffs.
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CHAPTER 1: THE PHYSICS OF TONNAGE (THE PMI MULTIPLIER)

To understand the magnitude of the "Solvent Trap," one must first strip away the clinical narrative and examine the brutal
stoichiometry of the "Oral Pivot." The industry largely views the oral tablet as a convenience upgrade for the patient. From a
manufacturing physics perspective, however, it is a resource allocation disaster.

The Bioavailability Penalty: The 40x Multiplier Peptides are inherently ill-suited for the oral route. The human gastrointestinal
tract is an enzymatic incinerator designed to degrade proteins, not absorb them. To overcome this, oral formulations of GLP-1s
rely on permeation enhancers like SNAC (sodium N-(8-[2-hydroxybenzoyl] amino) caprylate) to buffer local pH and facilitate
transcellular absorption. Even with this technology, the absorption rate is pitifully low - typically less than 1%.

Annual APl Demand per Patient: Injectable vs. Oral
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To achieve a therapeutic blood plasma level comparable to the injectable version, pharmaceutical developers must utilize
massive Over-Dosing.

e Injectable Efficiency: A maintenance patient on Wegovy receives 2.4 mg of semaglutide once weekly. This is highly
efficient; nearly 100% of the drug enters systemic circulation.

e  Oral Efficiency: To achieve a comparable therapeutic effect, a patient on Rybelsus requires up to 14 mg daily.
This discrepancy creates a staggering APl Multiplier:
e Annual APl Demand (Injectable): 2.4 mg/week * 52 weeks = 124.8 mg (0.125 grams)

e Annual APl Demand (Oral): 14 mg/day * 365 days = 5,110 mg (5.11 grams)

The Signal: Shifting a single patient from injectable to oral therapy requires the industry to manufacture 40.8 times more drug
substance. Thisis not a 40% increase; itis a 4,000% increase in the physical mass of the molecule required to treat the same

pathology.

The PMI Force Multiplier: 13,000 to 1 If this 40x multiplier were applied to a small molecule drug synthesized with high atom
economy (like aspirin or statins), the supply chain might bend, but it would not break. Small molecules typically have a
Process Mass Intensity (PMI) of 100-300 kg of waste per kg of product.

However, peptides are synthesized via Solid Phase Peptide Synthesis (SPPS). This 1960s-era technology, while scalable, is
chemically archaic. It involves anchoring the first amino acid to a resin bead and then sequentially adding amino acids to build
the chain. The "dirty secret" of SPPS is the washing. After every single chemical step (deprotection, coupling, capping), the
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resin beads must be flooded with massive volumes of solvent to remove unreacted reagents. For a 31-amino acid peptide like
semaglutide, this wash cycle is repeated over 60 times.

Comparative PMI Data (ACS Green Chemistry Institute):
e  Small Molecule PMI: ~200 kg waste / kg product.
e Biologics (mAb) PMI: ~8,300 kg waste / kg product (mostly benign water/buffers).

e  SPPS Peptide PMI: ~13,000 kg waste / kg product.

Process Mass Intensity (PMI) Benchmarks

SPPS Peptide

Biologics (mAb) 8,300 kg

Small Molecule 4 | 200 kg
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Kg Waste Generated per 1Kg of Drug Substance

Crucially, the waste profile of SPPS is chemically hostile. Unlike biologics, where the effluent is treatable wastewater, SPPS
effluent is 80-90% high-potency organic solvents, primarily N,N-Dimethylformamide (DMF), N-methyl-2-pyrrolidone (NMP),
and Dichloromethane (DCM).

The Waste-to-Dose Ratio: The "Kill Shot" Data Point \When we combine the Bioavailability Penalty (40x API) with the SPPS
PMI (13,000x Waste), the environmental impact per patient becomes grotesque.

THE TITANIC METRIC: AGGREGATE TONNAGE SHOCK

While the waste per patient (~66.4 kg/year) may seem manageable in isolation, the aggregate impact of a mass-market oral
therapy is structurally destabilizing.

e  Per Patient: 66.4 kg of hazardous solvent waste per year.
e  Per 1 Million Patients: 66,400 Metric Tonnes of waste annually.
To contextualize this volume:

e The Incinerator Cap: The new state-of-the-art Clean Harbors incinerator in Kimball, Nebraska - a massive
infrastructure project - adds approximately 70,000 tons of annual capacity.

e The Reality: Servicing just 1 million oral patients (a fraction of the global obesity market) effectively consumes the
entire capacity of a new commercial incinerator.

e The Titanic Scale: 66,400 tonnes is heavier than the displacement of the RMS Titanic (approx. 52,000 tonnes).

Global Projection: If the market scales to 10 million oral patients, the industry will generate ~664,000 Metric Tonnes of
hazardous waste annually. This would require the dedicated capacity of roughly 10 massive commercial incinerators -
infrastructure that does not exist and cannot be permitted quickly in the West.
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CHAPTER 2: THE SOLVENT REGULATORY PINCER

If the sheer volume of waste constitutes the "Volume Problem," the chemical composition of that waste constitutes the "Legal
Problem." The industry is attempting to scale this tonnage using a specific class of solvents - Dipolar Aprotic Solvents - at the
precise moment Western regulators are systematically eradicating them.

The Trinity of Toxicity SPPS chemistry is chemically addicted to three specific solvents. There are currently no "drop-in"
replacements that offer the same solvation power and reaction kinetics at commercial scale.

1. DMF (N,N-Dimethylformamide): Essential for resin swelling and amino acid coupling.
2. NMP (N-methyl-2-pyrrolidone): The primary alternative to DMF, often used in higher concentrations.
3. TFA (Trifluoroacetic Acid): The universal cleavage reagent required to detach the peptide from the resin.

The EU REACH War In the European Union, the regulatory window is closing fast. As of December 12, 2023, the restriction on
DMF isin force (Entry 76), mandating strictly reduced Derived No-Effect Levels (DNELs) for worker exposure.

The EU granted temporary "derogations" (exemptions) for specific industrial sectors to allow them time to adapt. The
derogation for the synthetic fiber industry expired in December 2025. As major industrial users exit the market, the supply
base for DMF will shrink, and regulatory scrutiny will focus entirely on the remaining users: Pharma.

To use DMF under the new restriction, manufacturing facilities must be upgraded to "Nuclear-Grade" containment - isolators,
closed-loop transfers, and robotic handling. You cannot run commercial-scale volumes of DMF through a legacy pharma plant
under these rules; the retrofitting costs alone destroy the ROI.

The EPA TSCA "Death Sentence" (April 2026) In the United States, the situation is even more dire. Under the Toxic Substances
Control Act (TSCA), the EPA has formally designated NMP as presenting an "unreasonable risk of injury to health," specifically
citing reproductive toxicity.

The EPAis expected to finalize its Risk Management Rule in April 2026. The proposed Workplace Chemical Protection
Program (WCPP) is so stringent that it functions as a de facto ban for many open-handling unit operations common in batch
SPPS (e.g., manual resin weighing, filter cake removal). The EPA retains the authority to prohibit specific conditions of use
entirely. If NMP is banned for dispersive use, the US manufacturing base for peptides evaporates overnight.

The PFAS / TFA Trap Perhaps the most overlooked threat is the classification of Trifluoroacetic Acid (TFA). Under the
proposed universal PFAS restriction in the EU (ECHA), TFA meets the structural definition of a PFAS ("Forever Chemical") due to
its CF3- group.

If TFA is restricted alongside PFOA/PFOS, the entire platform of SPPS cleavage becomes illegal. There is no green solvent that
can cleave a peptide from a resin with the efficiency of TFA. Western Pharma is attempting to capitalize $500M facilities today
that are designed to consume solvents that may be illegal to possess by the time the facility qualifies in 2027.

Regulatory Timeline: Critical Solvents Risk (2023-2028)

DMF (EU REACH) Restriction In Force (Entry 76)
NMP (US TSCA) Risk Eval. Finalized
TFA (EU PFAS) PFAS Restriction Proposal
2023 2024 2025 2026 2027 2028

Year
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CHAPTER 3: THE INFRASTRUCTURE WALL (WATER & INCINERATION)

Let us assume, for the sake of argument, that the industry can solve the chemistry and navigate the EPA bans. The waste still
has to go somewhere. The physical utility infrastructure in key biomanufacturing hubs is already broken.

The "Utility Trap": Holly Springs, NC Holly Springs, North Carolina, is the epicenter of the US biomanufacturing boom, home
to massive expansions by Fujifilm Diosynth Biotechnologies, Amgen, and Seqgirus. However, the town’s infrastructure cannot
support the load.

The Utley Creek Water Reclamation Facility is the choke point. It is hydraulically capped at 6.0 Million Gallons Per Day (MGD).

Current committed industrial projects have already consumed the future capacity. The town is frantically issuing $195 million
in revenue bonds (Series 2024) to build a massive diversion pipeline to the Cape Fear River because the local creek
physically cannot accept more effluent.

Companies are now facing "Allocation Letters." If you do not have a guaranteed wastewater discharge allocation, your factory
is a stranded asset. The era of "unlimited water" is over.

The Visp Constraint (Switzerland) In Visp, home to Lonza’s Ibex® Solutions, the constraint is not just volume, but Chemical
Load. The Rhdne River has a strict "carrying capacity" for Total Nitrogen (TN) to prevent eutrophication in Lake Geneva. Peptide
manufacturing is nitrogen-intensive (amino acids, ammonia, amines).

Combined with legacy mercury pollution issues (Gamsenried landfill), regulators are hyper-conservative with new discharge
permits. Expansion requires massive, energy-intensive on-site wastewater treatment plants (WWTP) that rival municipal
facilities in complexity, diverting CAPEX from production to waste management.

The Incineration Bottleneck Hazardous solvent waste (DMF/NMP/DCM) cannot be flushed. It must be incinerated in
specialized Hazardous Waste Combustors (Rotary Kilns). The US hazardous waste incineration market is a tight oligopoly, and
utilization rates are already hovering above 90%.

The EPA’s new destruction guidance for PFAS means incinerators are prioritizing high-margin PFAS waste streams (soil/water
remediation), crowding out standard pharmaceutical solvent streams. Furthermore, NIMBYism ensures you cannot build a
new hazardous waste incinerator in the West; permitting timelines are 7-10 years. We are heading toward a scenario where
waste haulers issue "Stop-Receive" orders to pharmaceutical plants because there is physically no tank space at the
incinerator. When the waste dock is full, production halts immediately.

US Hazardous Waste Incineration Utilization

Remaining Capacity

Utilized Capacity
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CHAPTER 4: THE ECONOMIC DEATH SPIRAL ("THE BROWN TAX")

The "Solvent Trap" is not just a logistical problem; it is a financial solvency problem. We must quantify "The Brown Tax" - the
aggregate cost of disposal, compliance, and carbon pricing associated with "dirty" manufacturing in the West.

Manufacturing in the US or EU imposes a cost structure that Asian competitors do not face.

e Disposal Fees: High-temperature incineration for halogenated waste (DCM/TFA) in the US/EU costs $800 - $3,000
per metric tonne.

e  Carbon Liability: The EU Emissions Trading System (ETS) is expanding to include waste incineration by 2028. Since 1
tonne of solvent generates ~3 tonnes of CO2, this adds significant OPEX.

e Compliance Overhead: The CAPEX required for WCPP/REACH containment systems adds millions to the facility
depreciation schedule.

The Insolvency Calculation Modeling the Cost of Goods Sold (COGS) for a generic Oral Semaglutide API produced via batch
SPPS reveals the disparity:

Scenario A: Western Manufacturing (NC or Basel)

e  Waste Ratio: 13,000 kg waste / 1 kg API

e Disposal Cost: ~$1,000/tonne (blended rate)

e  Waste Bill: $13,000 per kg of API

o  (Note: This excludes labor, raw materials, energy, and CAPEX. This is just the cost of throwing the trash away.)
Scenario B: Asian Manufacturing (Inner Mongolia or Telangana)

e  Waste Ratio: 13,000 kg waste / 1 kg API

e Disposal Cost: <$100/tonne (via subsidized recycling/cement kiln co-processing)

e  Waste Bill: ~$1,300 per kg of API

The Verdict: The "Brown Tax" differential ($11,700 per kg) creates a structural cost disadvantage that no amount of
"Operational Excellence" can overcome. Manufacturing generic oral GLP-1s in the West using batch SPPS is mathematically
insolvent. The market price for the generic drug will likely be lower than the waste disposal cost of the Western innovator.

Waste Disposal Bill per Kg of API ("The Brown Tax")

14000 A

$13,000

12000 -
10000 -
8000 4

10x Cost Disadvantage

6000 1

Disposal Cost ($ USD)

4000 -

2000 4 $1,300

Western Mfg (USA/EU) Asian Mfg (India/China)
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CHAPTER 5: THE "ORIGIN WASHING" RISK

Faced with this insolvency, Western companies are not solving the problem; they are hiding it. We are witnessing the emerging
geopolitical risk of "Origin Washing."

The Geopolitical Shell Game To satisfy "Buy American" mandates and "Supply Chain Resilience" narratives, companies are
bifurcating their production:

1. The Dirty Phase: The massive, solvent-intensive synthesis of the crude peptide (Steps 1-29) is outsourced to China
(Inner Mongolia) or India (Telangana). These regions serve as global "Pollution Sinks."

2. The Clean Phase: The crude intermediate (often called an "Advanced Intermediate" to dodge API tariffs) is shipped to
the US or EU for final purification, coupling, and lyophilization.

3. The Label: The final drug product is labeled "Manufactured in the USA" or "Made in EU" because the "substantial
transformation” technically occurred domestically.

Environmental Arbitrage This is not resilience; it is Environmental Arbitrage. We are offshoring the entropy while importing
the value.

However, the FDA and EPA are waking up to this. New "Scope 3" reporting standards (SEC Climate Rule, EU CSRD) are
beginning to demand "Cradle-to-Gate" transparency. You cannot hide the 66 tonnes of waste in China anymore; it sits on your
Scope 3 balance sheet. Furthermore, as Carbon Border Adjustment Mechanisms (CBAM) come online, these "dirty
intermediates" will eventually face massive carbon tariffs, destroying the arbitrage margin. By relying on China for the solvent-
intensive steps, the West has not secured its supply chain; it has merely outsourced its vulnerability. A single environmental
crackdown in Inner Mongolia could sever the global supply of GLP-1 intermediates overnight.

STRATEGIC CONCLUSION: THE ONLY WAY OUT

The pharmaceutical industry is sleepwalking toward a cliff. We are scaling a drug class (Oral GLP-1s) that requires
petrochemical-scale inputs, utilizing a 1960s-era batch chemistry platform (SPPS), in a regulatory environment (2026) that is
actively hostile to the necessary solvents. The "Capacity" that boards are buying today is fake. They are buying bioreactors
when they should be buying incinerators and solvent recovery units.

The Survival Mechanism There is only one exit ramp from the Solvent Trap: Process Innovation.

1. Continuous Manufacturing (Flow Chemistry): We must move from batch to flow. Flow chemistry allows for real-
time solvent recycling and lower excesses, potentially reducing solvent usage by ~90%. This brings the PMI down
from 13,000 to 1,500, bringing the waste tonnage back within the limits of Western infrastructure.

2. Green Chemistry: Investments must pivot to Chemo-Enzymatic Peptide Synthesis (CEPS) and "Tag-Assisted"
Liquid Phase Synthesis, which utilize aqueous media and eliminate the need for DMF/NMP.

3. Membrane Recycling: On-site Organic Solvent Nanofiltration (OSN) must become a standard utility, allowing
factories to recycle 95% of their solvent internally and decouple from the broken disposal market.

- e e
9 PROGEN SEARCH ‘..' J..' J_.'

© 2026 ProGen Search. All rights reserved.



o ay
e

Impact of Process Innovation on Waste Generation
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PMI (Kg Waste / Kg Product)
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Current Batch SPPS Continuous Flow / Hybrid

Call to Action Boards must freeze capital allocation for "Standard Batch Capacity." Every dollar must pivot to Green Process
Intensification. If your manufacturing strategy relies on "trucking the waste away," you do not have a strategy. You have a
liability.

The "Solvent Trap" is closing. Innovate, or liquidate.
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TALENT INTELLIGENCE FOR THE SOVEREIGN SUPPLY CHAIN

We build the "Hidden C-Suite" that turns Steel and Glass into Commercial Reality.

You don't need another resume forwarder. You need a partner who understands the difference between a legacy batch
process and a continuous manufacturing line.

In 2026, the talent required to navigate the Capacity Crunch and the Manufacturing Pivot often does not exist on standard
job boards. The Site Head who can lead a next-generation facility, or the Quality Director who understands the intersection
of FDA GMP and complex supply chains, are not "active candidates."

They are hidden, highly valued, and relentlessly pursued.

ProGen Search operates exclusively at the intersection of Manufacturing Strategy and Human Capital. We help Private
Equity firms and CDMO Boards solve the specific "Execution Bottlenecks" that threaten their 2026 milestones.

The ProGen Edge:

o We Find the "Bilingual" Leaders: We specialize in identifying the rare talent capable of bridging the chasm between
biological science and commercial execution - the leaders who understand both the bioreactor and the P&L.

¢ We Execute "Team Lift-Outs": Individual hires are often not enough to stop "Knowledge Leakage." We structure team

acquisitions to transfer entire high-performing technical units, ensuring you buy the "Art" of the process, not just the
SOPs.

o We Know the "Sovereign" Map: From the high-complexity hubs of Switzerland and Ireland to the volume corridors of
the "Tier 1" Asian market, our network follows the redistribution of value. We know who is winning the war for quality,
and we know how to recruit them.

Building for the 2026 Landscape? Let’s verify your assumptions.

Whether you are seeking a Site Head for a new modality, conducting due diligence on a CDMO acquisition, or planning a
"Lift-Out" strategy to secure technical know-how, we welcome the opportunity to share our market view.

Book a call with us today - click here.
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