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Executive summary

The global industrial complex is currently ensnared in a structural deadlock that
defines the next frontier of corporate strategy: the sustainability-price-scale paradox.
While the mandate for decarbonization has transitioned from a peripheral CSR
concern to a core fiduciary responsibility, the execution of this transition remains
hampered by the path-dependency of "good enough" solutions.

These legacy models, optimized over decades for linear efficiency and
lowest-unit-cost procurement, penalize the higher-cost, lower-scale sustainable
alternatives that are necessary for long-term resilience. This research report,
continuing the thematic progression from the "Need for Rigor" to "The Dirty Truth"
and "Trust, But Verify," explores the financial and operational mechanics of this
"Catch-22"

It argues that the deadlock is not a result of technological scarcity but of a
misalignment in financial incentives, particularly within fragmented, multi-tiered
supply chains. By analyzing the "triple-play" outperformers - those who
simultaneously deliver growth, profitability, and sustainability - it becomes

clear that the path to breaking this paradox lies in the aggressive financialization
of quality, the institutionalization of tfransparency, and the deployment of Al as

a resilience accelerator.
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1.

The Financial Architecture of the Triple Play

The pursuit of sustainability is often framed as a zero-sum game where environmental gains are
achieved at the expense of shareholder returns. However, empirical analysis of 2,269 public
companies reveals a distinct cohort of "triple outperformers" that challenge this narrative by
infegrating growth, profitability, and ESG priorities into their core strategy.1 These organizations
do not treat sustainability as a separate workstream; they weave it into the very fabric of their
organizational DNA, resulting in measurable financial advantages that compound over time.

2.

The Quantifiable Value of ESG Integration

The market increasingly recognizes the risk-mitigation value of integrated sustainability. Triple
outperformers deliver an annual total shareholder return (TSR) that is 2 percentage points higher
than companies that only outperform on financial metrics, and 7 percentage points higher
than the broader market.(1) This outperformance is driven by a median revenue growth rate

of 11%, which is 1.4 percentage points higher than profitable growth outperformers that lack
ESG integration.(1) Furthermore, green business lines are growing at a 12% CAGR - double the
rate of conventional revenue streams across most industrial sectors. (2)

PERFORMANCE CATEGORY ~ MEDIAN REVENUE ANNUAL TSR (EXCESS) ANNUAL TSR (EXCESS) The financial '09'C of this ou’rperfgrmonce S “?Ofe‘?' inthe green revenue: premidm
GROWTH (CAGR) and the reduction of regulatory risk. Companies with material green revenues secure

a lower cost of capital, frequently seeing a reduction of approximately 43 basis points

compared to peers.(2) This reduction reflects a fundamental repricing of risk by financial

Triple Outperformers 11% +2.0% 43 bps markets, which now view carbon intensity as a precursor to future financial liability.
Financial-Only 9.6% Baseline Baseline

Outperformers

Conventional Market 6% -5.0% Premium

Peers
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Strategic Deployment of Capital

Triple outperformers distinguish themselves by how they allocate capital toward sustainability.
Rather than disparate, pilot-scale projects, they utilize "ring-fenced" budgets to scale green
technologies such as carbon-capture, green aluminum, and sustainable luxury materials.(1)

This programmatic approach is often accelerated by M&A, where ESG criteria are integrated
alongside financial and market metrics in the target selection process.(1) For example, a
multinational cosmetics firm achieved a 25% annualized excess TSR by acquiring innovative

firms in sustainable health tech and luxury products, effectively buying its way into high-growth,

high-margin ESG pockets.(1)

The Tiered Conflict of Interest

The structural fragmentation of the fextile supply chain creates a "Catch-22" for sustainable
procurement. Tier 1 suppliers, who assemble finished garments, operate on thin margins and
face intense concentration risk.(6) Tier 2 suppliers, responsible for fabric production and wet
processing, are the primary drivers of carbon and chemical pollution, yet they lack the capital
and the mandate to transition away from fossil-fueled energy without direct intfervention

from brands.(5)

-4

The Textile Deadlock:
Margin Pressures in Fragmented Supply Chains

The textile and apparel industry serves as the most potent example of the
sustainability-price-scale paradox. The industry’s prevailing "take-make-dispose" model
results in an annual economic loss exceeding $500 billion.(3)

While recycling technologies have the potential to drive 80% circularity, the industry
remains frapped in a fragmented supply chain where 70% of emissions occur at the
Tier 2 and Tier 3 levels—stages where brands offen have the least visibility and influence.(4)

SUPPLIER TIER ROLE IN VALUE CHAIN

TYPICAL EBITDA MARGIN PRIMARY
DECARBONIZATION LEVER

In this fiered system, the "most sustainable" option often fails because it is priced out at the Tier 3
level, where raw material costs represent a significant portion of the total cost structure. For
instance, in a typical textile operation, raw materials can represent 32% of total costs.(7) When
a brand demands a 20% premium for sustainable fiber, the Tier 3 producer - already operating
on a 5% EBITDA margin - cannot absorb the cost without a guaranteed offfake or a price
pass-through that Tier 1 suppliers and brands are often unwilling to accept.
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The Financial Modeling of Manufacturing Realities

The economic viability of sustainable manufacturing is dictated by the high fixed-cost floor of
industrial facilities. A mid-sized textile manufacturing unit requires approximately $88,000 in
monthly fixed and administrative overhead, excluding raw materials.(8) Payroll alone accounts
for over $53,000 of this monthly burden.(8) In such a high-leverage environment, any disruption
in production volume or any increase in input costs directly threatens the breakeven point.

The Right-First-Time (RFT) Lever as a Strategic Shield

The most effective mechanism for funding the sustainable transition in manufacturing is the aggressive
improvement of quality metrics, specifically the Right-First-Time (RFT) rate. RFT measures the percentage
of products delivered correctly without defects, rework, or scrap on the first attempt.(10) In an
environment where material costs are rising due to "green premiums," RFT serves as a financial

shield that protects EBITDA margins.

FINANCIAL DRIVER ANNUAL PROJECTION ANNUAL PROJECTION BREAKEVEN SENSITIVITY
(YEAR 1) (YEAR 5)

||||4

To maintain a target gross margin of 85% and achieve a positive EBITDA, manufacturers must
maintain an equipment utilization rate of at least 80%.(9) This relentless pressure for volume often
forces producers to favor "good enough" materials that are readily available at scale, rather

than sustainable alternatives that may require machine reconfiguration or lower production
speeds. Breaking this deadlock requires brands to move toward strategic consolidation, shiffing
from fragmented, transactional relationships to deep, long-term partnerships with Tier 2 suppliers.(5)

| 8.

The Hidden Factory and the Cost of Poor Quality

Research indicates that companies spend between 15% and 40% of their annual tfurnover on remedying
the consequences of poor quality.(11) These "hidden factory" costs include rework, inspections, scrap,
and warranty claims. By building quality into the process rather than inspecting it at the end,
organizations can unlock significant capital. A 10% increase in the RFT rate does not just reduce waste;

it increases throughput and capacity without a corresponding increase in fixed overhead.(12)

QUALITY PERFORMANCE COST OF POOR QUALITY EBITDA IMPACT FPY BENCHMARK
LEVEL (% REVENUE) (PER $100M REVENUE)

09

For a textile producer, where material costs for premium fibers can reach $3,300 per unit, a quality
failure is a catastrophic margin event.(8) A 850 basis point increase in EBITDA - achievable through minor
RFT improvements - is worth $250,000 for a business unit with $50 million in EBITDA.13 This "found capital"
can be strategically reinvested to offset the premium of sustainable inputs, effectively neutralizing the
price side of the paradox.




9.

The Six Sigma Mandate

The institutionalization of quality requires a structured methodology such as Lean Six Sigma.
Organizations that deploy certified Green Belts and Black Belts to analyze process capability
and implement "mistake-proofing" (Poka-Yoke) mechanisms see a direct ROI on their fraining
investments.(12) For example, a pharmaceutical manufacturer reduced its batfch rejection

rate from 5.2% to 0.8% through DMAIC (Define, Measure, Analyze, Improve, Control) projects,
which directly protected its operating margins from rising feedstock costs.(12) In the textile sector,
where "made in the USA" or specialty certifications are required to command premium prices,
achieving a 98% production yield is a non-negotiable prerequisite for financial viability.(?)

10.

The Chemicals and Plastics Labyrinth:
Managing Premiums and Voldtility

The sustainability-price-scale paradox is nowhere more visible than in the market for recycled
polymers. For FMCG companies, the transition to post-consumer recycled (PCR) plastics is a
strategic necessity, yet it is hindered by extreme price volatility and significant premiums over
virgin resin.

Ql 2026 / #6
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11.

The Price Premium and the Switch-Back Risk

In 2024 and 2025, the premium for food-grade recycled PET (rPET) peaked at €700 per tonne
over virgin PET (VPET).(14) When the price gap reaches these levels, the economic pressure
on brands becomes immense, often leading to "switch-back" behavior where companies
return to virgin materials to protect their gross margins.(14) This volatility is exacerbated by
feedstock scarcity, with the demand for PCR growing three times faster than the

available supply.(15)

POLYMER TYPE VIRGIN PRICE RECYCLED PREMIUM PREMIUM PERCENTAGE
(METRIC TON) (METRIC TON)
A 4
Pe1 (Food Grac) €110 er00 -

The volatility of HDPE natural bale prices in the US - rising from 70¢/Ib to 105¢/Ib before collapsing
to 47.5¢/Ib in a single six-month period - illustrates the "Catch-22" for recyclers.(14) Without
long-term offtake agreements or mandates that decouple recycled prices from virgin market
dynamics, the recycling infrastructure remains vulnerable to supply-demand shocks that prevent
the scaling necessary to reduce unit costs.
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The Regulatory Catalyst:
Extended Producer Responsibility (EPR)

Extended Producer Responsibility (EPR) laws are designed to break this deadlock by shiffing
the financial burden of end-of-life management from local governments to the producers of
packaged goods.(16) By internalizing the environmental externality, EPR fees create a direct
financial signal for design-for-recyclability. Under the new Recycling Assessment Methodology
(RAM) framework, materials that are difficult to recycle will face significantly higher fees.(18)

EPR is not just a tax; it is an innovation incentive. ECco-modulation rewards brands that use
recyclable, PCR-rich packaging with lower fees, effectively creating a "green discount" that

can offset the material premium.(19) While critics argue that EPR increases consumer prices,
research suggests that the impact is negligible, with an estimated increase of only 0.69% in
grocery spending—roughly $4 per month per household—if packaging costs were to double.(17)

13.

Aviation: The Frontier of Asymmetric Decarbonization

The aviation industry faces the most daunting economic challenge in the sustainability
transition: the adoption of Sustainable Aviation Fuel (SAF). SAF is critical for reaching net-zero
by 2050, yet its production today accounts for only 0.6% of total jet fuel consumption.(20)

The SAF Premium and Operating Margin Strain

Airlines operate on thin margins where fuel typically represents 30% to 40% of total expenses.(22)
SAF currently costs two to five times more than conventional Jet-A fuel, and e-SAF can cost up to
12 times more.(20) In 2025 alone, the SAF premium resulted in an additional $3.6 billion in
industry-wide fuel costs.(20) For an industry with uneven profitability, this "green premium"
creates a structural tension between compliance and financial viability.

FUEL TYPE CURRENT COST MULTIPLE INDUSTRY COST IMPACT % OF TOTAL
(2025) COMPENSATION

Conventional Jet-A 1.0x Baseline 99.4%

SAF (Bio-based) 2.0x-5.0x $3,600,000,000 0.6%

e-SAF (Synthetic) 12.0x N/A <0.1%

The transition is expected to be asymmetric. High-margin network carriers and premium
airlines with strong balance sheets may absorb SAF costs or invest in long-term offtakes.(22)
In contrast, low-cost carriers and regional players will be forced to prioritize operational
efficiency - where fuel efficiency improvements of just 2-56% can unlock millions in savings -
as a strategic hedge against the SAF-driven cost spike.(23)

15.

Passenger Willingness to Pay (WTP) vs. Market Priority

The "Catch-22" is further complicated by the gap between fraveler infent and booking behavior.
While 40% of travelers express a willingness to pay at least a 2% premium for carbon-neutral
tickets ($20 on a $1,000 round-trip), emissions rank as only the sixth-most important factor in
booking decisions, far behind price and connections.(24) This indicates that airlines cannot rely
on "green premiums" to fund the transition; they must instead leverage corporate offtake
agreements and SAF certificates (SAFc), where corporate buyers show a willingness to pay

an average of $300 per ton of CO2 abated.(25)

/\
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Al as the Resilience Accelerator: Scaling the Transition

Artificial Intelligence (Al) and Digital Transformation represent the final lever for resolving the
sustainability-price-scale paradox. By optimizing energy systems and enhancing supply chain
fransparency, Al enables the efficiency gains necessary to fund the "green premium" of
sustainable materials.

18.

15

17.

Physical Al and Supply Chain Visibility

The next generation of Al, particularly "Physical Al" and Digital Twins, will be critical for managing
fragmented supply chains. More than 50% of companies already report limited use of physical
Al to monitor intelligent security and logistics.29 By creating a "digital thread" across the value
chain, brands can move from industry-average data to primary data, which is essential for
complying with emerging regulations like the CSRD and ESRS.(5) This transparency is the key to
breaking the paradox: it allows leaders to identify exactly where sustainable interventions deliver
the highest ROl and the lowest margin impact.

The ROI of Al-Driven Decarbonization

Al is projected to unlock nearly $500 billion in annual cost reductions by 2050, primarily through
energy efficiency and asset optimization.(26) For industrial manufacturing and chemical
companies, Al-driven predictive maintenance and real-time system balancing can generate
rapid returns, with energy savings enabled by Al reaching triple its own projected use by 2030.(26)

AS VALUE DRIVER POTENTIAL ANNUAL PRIMARY MECHANISM
SAVINGS (2030)

Cost Reductions $240,000,000,000 Predictive Maintenenace/
Asset Optimization

Energy Savings 3,700 TWh Real-time System
Balancing

Emissions Avoidance 660 MiCO2eq Supply Chain
Transparency

19.

However, there is a significant "adoption gap." Only 14% of companies currently use Al to reduce
carbon emissions, despite 65% believing they will do so in the future.(2)7 Successful "Al ROl leaders"
differentiate themselves by treating Al as a core organizational fransformation, allocating more
than 10% of their technology budget to Al and reimagining their business models rather than just
seeking incremental efficiency.(28)

Structural Solutions: Realigning Incentives for Scalability

To break the deadlock, leaders must move beyond fransactional procurement and adopt
structural solutions that realign financial incentives across the supply chain fiers.
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Shared-Savings Contracts

For indirect materials - such as solvents in textile processing or energy in fabric production - there
is an inherent incentive conflict: the buyer wants to minimize consumption, while the supplier’s
profit depends on volume.(31) Shared-savings contfracts resolve this by structuring the agreement
so that both parties profit from a reduction in consumption.(31) This game-theoretic approach is
essential for scaling sustainability in Tier 2 and Tier 3, as it provides the supplier with a financial
reason to participate in efficiency efforts that would otherwise cannibalize their revenue.

21.

Programmatic M&A and Strategic Consolidation Institutionalizing Transparency

The fragmented nature of the textile and chemical supply chains is a barrier to scale. Leaders Finally, the fransition must be underpinned by a culture of fransparency that extends to the
must use programmatic M&A to consolidate their supplier base, focusing on a higher degree of boardroom. This involves linking executive remuneration to ESG targets and establishing
infegration and long-ferm engagement with Tier 2 partners.(1) By bringing sustainable "growth committees at every level to holistically assess growth, profit, and sustainability metrics.(1)
pockets" under a single corporate umbrella, firms can leverage their balance sheet strength to For capital markets to reward these long-term investments, companies must move tfoward
fund the energy transitions that smalll, independent suppliers cannot afford. rigorous reporting that explicitly links sustainability initiatives to value creation.(1)
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The Strategic Path Forward Nuanced Perspectives on the Asymmetric Transition

The sustainability-price-scale paradox is not an insurmountable obstacle; it is a design flaw in the The transition away from the sustainability-price-scale paradox will not be uniform. It will be
tfraditional linear economy. Breaking the deadlock requires a multifaceted approach that combines characterized by a "decoupling" of market leaders from laggards, driven by three key factors:
the financial rigor of the "Triple Play" with the operational excellence of Six Sigma and the predictive

power of Al 1. Margin Depth: Organizations with deeper operating margins have the "absorption capacity" to
The "Catch-22" of "most sustainable" losing to "good enough" is being resolved by a new class of lead the fransition, securing early-mover advantages in sustainable offtake and technology.
leaders who view sustainability not as a cost center, but as a marker of innovation, resilience, and

sustainable growth. The financial data is clear: those who integrate ESG into their core strategy 2. Digital Maturity: Firms that have successfully intfegrated Al info their operational DNA will achieve
deliver higher TSR, grow revenue faster, and secure a lower cost of capital. The path to scale is the efficiency gains necessary to fund the tfransition faster than their less-digitized peers.
through quality, and the path to price parity is through transparency. As the green economy grows

toward its $7 trillion potential, the only remaining risk is the inertia of the status quo. The deadlock 3. Regulatory Proactivity: Leaders who treat EPR and CSRD not as compliance burdens but as

will be broken by those who recognize that in the new global economy, the most sustainable frameworks for innovation will be better positioned to navigate the rising costs of carbon and
solution is also the most profitable. plastic pollution.

Mathematical Appendix: The Basis Point Logic of RFT
The impact of quality improvement on EBITDA can be modeled as follows:

In conclusion, the sustainability-price-scale
alning paradox is reaching its expiration date. The
structural shifts in capital markets, the emergence

REBITDA = (R, x KRFT x COPQ -

multiplier >

Where:

AEBITDA - is the change in Earnings Befgre In’rergs’r, Taxes, Depreciation, and Amortization. Of eCO-mOd u qued reg u Iohon’ d nd the pl um meh ng
iigEIT :z 122 :riTS!;j;;luni i(r)wf::ee Ig;i?iizﬂ::we rate (as a .peroen’roge). o ROI Of "gOOd enoug h" SOI unons are Cl’eCITI ng a new
e e il mvesimant 1 S Sama o cuaity mrestuetae, equilibrium. The deadlock is breaking, and for the

global corporate leader, the fime to choose the

REBITDA = (1,000,000,000 x 0.05 x 0.25 ) - | o = 12,500,000 - I, _ o - . : o
Triple Play" is now. The transition is feasible, it is

For a firm with $1,000,000,000 in revenue and an RFT improvement of 5%, where the COPQ multiplier . H H

is 0.25 (reflecting a high-precision manufacturing environment), the EBITDA accretion is: prOﬁtG ble’ Gnd ” 1S the Only V|Gb|e Strqtegy for

This $12.5 million in annual savings represents a massive pool of capital that can be used to absorb the Iong-term preservqhon Of Volue Ina

"green premiums" or fund the transition to renewable energy in Tier 2 facilities. This logic

demonstrates that operational rigor is the fundamental engine of the sustainable fransition. frag mented World .

=y
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EMPEL is a PFAS-free DWR technology
applied to the outer surface of textiles. Unlike
tfraditional coatings that soak into the fabric
and wash out quickly, EMPEL is pressed into
the fibers - without using water or PFAS -
providing long-lasting. high-performance
water repellency.

Sheds water. Longer.

Contact info

4132 Jackie Rd
SE Rio Rancho, NM
87124

https://empel.green/#contact
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