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Sustainability megatrends | Pulp & paper

Sustainability is no longer peripheral—it is re-architecting the industry

A new competitive equation is emerging, driven by
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Migrating Demand Patterns
Packaging
Proof-based Procurement

Bio-products from adjacencies
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Rising Performance Expectations
Digital Disruptions

Productivity improvements
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These forces are not independent—they cluster into six
megatrends reshaping strategy and execution



Sustainability megatrends | Executive summary

Six megatrends are shaping the growth of a low-carbon, circular pulp

and paper industry

Sustainable Growth
of Pulp & Paper Industry
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Policy Support | Regulation | Market Pull | Infrastructure | Capital Availability

Operational efficiency | Cost reduction | Risk mitigation | ESG performance | Long term
competitiveness

4 I

Together, the trends shift the basis of
competition from volume and cost alone to:

(1) Low-carbon energy self-sufficiency
(2) Circular fiber security
(3) Auditable sustainability proof

Trends reinforce one another e.g.
» Packaging growth depends on circular fibre
» Decarbonization is accelerated by digital

Regulatory timelines globally compress action
into the near term - e.g., EU packaging rules;
India ESG disclosure evolution, circular
economy push in their five year plan and
Japan’s 2022 decarbonization roadmap for
paper industry

.
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Megatrend | | Decarbonization through bioenergy & energy efficiency

Energy Intensity and CO2 intensity of global paper industry has been reducing
continuously over the past decade

Pulp and paper emissions intensity in
the Net Zero Scenario, 2010-2030
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Driven by

Structural bioenergy base: ~60% of sector primary energy already biomass in
Europe, ~40% in India; black liquor supplies 40-60% of mill energy — low
switching barrier

Proven emissions gains: ~28% CO, reduction since 2005; ~3% p.a. intensity
decline - demonstrated decarbonization capability

Policy acceleration (India): >10 GW biomass/bagasse cogeneration; PAT scheme
delivered ~20% cut in specific energy use (5 yrs)

Fossil constraints: Coal/pet coke restrictions (e.g., NCR) tightening fuel choices,
favoring biomass

Net Zero gap pressure: Required pace ~5% p.a. vs current ~3% — push toward
electrification & BECCS deployment

[Key takeaway ] Treat energy as a strategic capability (fuel flexibility + efficiency) — not a utilities function.




Megatrend | | What to do

The next phase of decarbonization requires moving beyond biomass combustion
toward system-level efficiency, electrification, and carbon capture.

Squeeze : Reduce energy usage

Energy audits, steam/condensate recovery, heat integration
Drying accounts for ~70% of sector energy use — largest structural lever
HTHPs can reduce drying energy demand

Pathway Maturity Watch-outs
Breakthrough innovations: . )
Superheated steam drying (near-total thermal recovery) Black liquor Fully - High capex; kraft-
Water-lean/dry moulded fibre technologies (early commercial stage) commercial only
Developments in nhon-thermal water removal for steam savings
Biomass Commercial, Supply variability;
briquettes/pellets growing slagging
Switch: Substitute petrochemical to renewable sources
. ) . . Agro-residues . High ash/silica;
Raise biomass substitution and CHP efficiency (e.g., rice straw) Regional seasonality
Switch to solar- Wind power which is renewable and more economical il
Expand anaerobic digestion/RNG from effluent & residues
. e e Early Capex;
Biomass gasification . .
commercial complexity
Capture: Turn paper mills to carbon storage plants Electrification/ Power cost; temp
BECCS (Bioenergy with Carbon Capture and Storage) is a carbon-removal heat pumps Pilot limitsj
pathway and an energy pathway; global deployment is currently far below
net-zero needs. . . Renewable gaseous : Feedstock
Carbon capture + electrification completes full decarbonization stack el Niche

Scaling dependent on infrastructure, policy support, and capital deployment

Low-carbon energy pathways (illustrative)

availability; cost
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Megatrend Il | Circular Fibre Economy

Circularity is becoming a fiber-security strategy—shifting from ESG narrative to

competitive moat

€6

Circularity is now a source of competitive
advantage.

Mills that secure recovered fiber through
investments in collection and sorting reduce
exposure to imported recycled paper
volatility while aligning with customers
seeking recycled content.

ITC’s ‘WOW’ program illustrates this shift,
covering 25 million citizens and collecting
over 67,000 tonnes of dry waste as of 2025.

99

Push towards circularity driven by

Resource pressure: Fiber is the core raw material; recycling reduces primary wood
use, water, and energy demand

Policy alignment: EPR schemes, landfill restrictions, recycling mandates accelerating
closed-loop systems

Customer pull: FMCG & packaging buyers demanding higher recycled content

Supply security: Recovered paper increasingly influences cost competitiveness and
price stability

Capital shift: Investments moving upstream into collection, sorting, and recovery
infrastructure



Megatrend Il | Circular Fibre Economy

Close the India recovery gap with a ‘collection — quality = design’ flywheel

India’s paper recovery rates are lower than peers in developed
countries

~80% ~70%

Rate (

NEDE Europe us India

* India’s paper production is structurally anchored to recycled fibre (-74-76%
of mix), underpinning cost competitiveness.

» However, domestic wastepaper recovery is ~55-60 % with ~40-45% of
domestic paper consumption equivalent diverted to secondary applications.

» This constrains raw material availability for mills and structurally increases
dependence on imported wastepaper.

The competitive gap in India is upstream—collection,
sorting and contamination control.

Going forward, the industry needs to:
(1) Build collection density

City-cluster models with municipalities + aggregators
Formalise incentives for segregation at source
Measure: capture rate by ward/channel

(2) Upgrade sorting & quality

Grade-specific sorting; moisture and contamination control
Better baling and traceability for mills
Invest in cleaning/de-inking where it pays back

(3) Design to keep fiber in the loop

Align packaging design with recyclability requirements
Avoid hard-to-separate barriers; specify recyclable coatings
Co-develop specs with FMCG/e-commerce customers
4Evergreen alliance under CEPI defines CBD, recyclability
evaluation protocols, sorting guidelines etc.

(4) Drive behavioral change
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Megatrend lll | Rise of the Sustainability-Conscious Customer

Customer are requiring “auditable sustainability” —driven by willingness-to-pay

signals and enforceable regulation

A survey of US consumers reported:

0
- 5 5/) of consumers reported consciously

purchasing products with sustainable packaging in
the last six months.

0) Global trends
> 80/) of consumers are more likely to buy transcending

from brands with sustainable packaging boundaries to
Indian consumers

0
"'40/) of consumers are willing to pay extra for
a product with sustainable packaging

-39% -
O of consumers have switched to

competing brands because they offer sustainable
packaging.

Trend is driven by

Global Regulation - Compliance

EU Deforestation Regulations: Mandatory due diligence + traceability for
deforestation-free pulp/paper — impacts Indian exporters

EU Packaging and Packaging Waste Regulation: Inc. use of recycled content +
Recyclability-by-design + labeling — specs cascade to Indian suppliers

India Business Responsibility and Sustainability Reporting (BRSR): Listed rms must
disclose sustainability + supply-chain data — vendors need auditable proof

Export linkage makes standards non-negotiable
Increasing export exposure — “one global spec” (certification, recycled-content
proof, traceability) even for domestic SKUs serving global brands

Buyer risk management tightening
MNCs require substantiated claims + traceable inputs to mitigate regulatory,
reputational, and litigation risk — alighment essential to win/retain contracts

Value-aligned sustainability
Sustainability adoption as an emerging value system for the consumers



Megatrend lll | Rise of the Sustainability-Conscious Customer

Producers will need to build an audit-ready ‘proof stack’: certification —

traceability — product compliance

Verified sustainability is now a
procurement gate

Large buyers mandate certified sourcing +

traceable recycled content (e.g., IKEA FY2024:

97% FSC-certified or recycled wood, incl.
packaging)

Consumers ready to pay more for sustainability

PwC 2024: ~10% premium for sustainably
produced goods (global survey)

But sustainability still requires cost-performance
parity
McKinsey: Price & functionality dominate
packaging decisions

Mintel (India): Openness to eco-friendly packs,
but affordability & convenience prioritized

The implications for the Indian Pulp & Paper industry:

(1) Demand Mix Shift

Accelerate toward recyclable fibre-based packaging.
Pressure on non-recyclable multi-layer formats

(2) Margin Polarization

Verified sustainable grades will command relative pricing
power. Carbon Credits, cost penalties will shape incentives
Strengthen sustainable cost leadership with decarbonization,
higher wastepaper recovery and improved fibre efficiency

(3) Institutionalize traceability and carbon
transparency

Customers expect:
Recycled content disclosure
Carbon footprint per tonne
Chain-of-custody certification
EUDR-compliant traceability for exports
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Megatrend IV | Emergence of biorefineries & bio-products

Paper Producers are setting up biorefineries to diversify value pools—turn
“single-product mills” into multi-product bioeconomy platforms

-

Woodhandling

DME,CHyH;
ethanolFT-fuel

lignin

Applications of products from bio refineries
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Trend is driven by

Policy pull for biomass valorization
For eg. India’s ethanol program targets E20 by 2025, supported by
qguantified macro benefits (e.g., CO, reduction and forex savings
reported by Gol), strengthening the business case for
lignocellulosic conversion ecosystems.

Demand Mix Pressure
Digitization drives structural decline in printing/writing papers
globally, pushing mills to find adjacent revenue pools
(chemicals/materials).

Technology Maturity
Nordic tall-oil biorefineries produce ~100,000 t/yr renewable
diesel; commercial lignin production at ~50,000 t/yr scale exists—
de-risks “can it scale?” questions for investors/partners

ESG + circularity economics
Converting “waste streams” into products improves resource
efficiency and reduces disposal burden—especially valuable in India
where waste handling and compliance costs are rising

Source: Hamaguchi, M., Cardoso, M., & Vakkilainen, E. (2012). Alternative technologies for biofuels production in kraft pulp mills



Megatrend IV | Emergence of biorefineries & bio-products

Indian industry to start building bio-refinery capabilities and pilot with mature

proven bio-product molecules

Global scale-up is real. Europe has set up
~140 forest-based biorefineries, ~84%
integrated into chemical pulping mills.

It is rapidly scaling production; >10 more
biorefinery mills are under construction.

The turnover of bio-based products from pulp
and paper mills has doubled from ~€2.7B to
€6B/yr (~-3% to ~6% of EU’s pulp & paper
sector turnover).

Going forward, the industry needs to:

Pick the India-appropriate biorefinery
Feedstock reality: what streams are stable at scale?
Offtake certainty: contracted demand, pricing, logistics
Integration risk: do not jeopardise uptime/core cash
Policy incentives & compliance pathway (permits, EHS)

Build “bioproduct-ready” capabilities at the mill
Put in place stream characterization, quality control, and integration engineering
so residues are treated as feedstocks rather than waste—critical for consistent
yields and buyer acceptance.

Start with “low-capex, proven waste-to-product” modules:
Replicate proven plays like lime sludge + fly ash —» cement or CBG monetization.
Target adjacencies such as Lignin / lignosulphates, Specialty cellulose,
Turpentine, etc.

Anchor economics to policy-backed offtake markets
Explore co-location / supply agreements into ethanol ecosystems (E20 push;
Panipat 2G uses 200k t/yr straw = 30M L/yr) to reduce demand risk for
lighocellulosic outputs.
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Megatrend V | Growth of fiber-based packaging solutions

Fiber-based packaging is the growth engine driven by consumer awareness,

public regulations and tech enablement

Indian Packaging Paper & Paperboard
Market, [USD Bn]

2024 2030

Paper is uniquely positioned as a sustainable alternative —
biodegradable, recyclable, and sourced from renewable feedstock.

Packaging paper & paperboard, accounting for ~65% of India’s total
paper market, is growing at 8-10% viz-a-viz market’s ~6-7%.

Specialty papers & boards are the fastest-growing sub-segment
(10-12% CAGR), driven by demand for barrier-coated food packaging,
greaseproof, liquid packaging and laminates.

Trend is driven by

Regulatory Cost Shift (Plastic EPR Economics)
Plastic Waste Management (Amendment) Rules 2022: EPR
obligations increase compliance cost of plastics.
Higher collection/recycling targets raise effective “total cost of
plastic” = improves parity for fiber where functionally viable.

Compliance + Reputation Risk for Brands
Public commitments by large retailers/e-commerce players to
reduce plastic use Paper-based alternatives lower regulatory and
reputational risk.
Amazon India eliminated single-use plastic in packaging from
fulfilment centres (June 2020)

Technology Closing the Performance Gap
Barrier coatings, structural design, molded fiber enabling
replacement of foam & PE laminates.
Example: trials of PLA-coated paperboard achieving compostable
moisture/grease barrier.



Megatrend V | Growth of fiber-based packaging solutions

How to win in fiber packaging: performance innovation + recyclability

compliance + customer co-development

Win condition 1

Product innovation

Lightweighting without performance loss
Recyclable barrier papers (grease/moisture/oxygen where feasible)
Fiber-based alternatives for void fill, mailers, trays, molded fiber

Win condition 2

Recyclability-by-design governance

‘Allowed materials’ list + design rules (eg. avoid non-separable laminates)
Testing protocols with recyclers; claims substantiation
Prepare for export regulations - eg. PPWR application from 12 Aug 2026

Win condition 3

Commercial acceleration

Co-create specs with FMCG / QSR / e-commerce (fit-for-purpose)
Offer system solutions: take-back pilots, EPR readiness support
Build flexible assets: switch between grades as demand evolves

[ Packaging Insights
Mondi launches kraft paper for coated and heat-sealable
packaging_solutions

Mondi has unveiled Ad/Vantage Smooth Brown Semi Extensible, a new kraft paper
designed to combine strength, extensibility and puncture.

20 Aug 2025

u Nutralngredients.com
Six months until EU packaging crackdown: What
manufacturers must do now

The EU's new Packaging and Packaging Waste Regulation (PPWR) requires
supplement brands to start preparing to cut excess plastic,...

4 days ago

m Packaging World

Nestlé Launches to Paper Overwrap for KitKat, Blossom Hill
Introduces Fiber-based Tray Solution, and MM Board &

Paper Switches to Paper Blister for Toliet Cleaner

See a few examples of paper-based packaging from Nestlé, Blossom Hill, and MM

Board & Paper from ThePackHub's Innovation Zone.

20 Oct 2025
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Megatrend VI | Al and digital transformation

Al is turning operational excellence into a structural advantage—mills will
evolve towards Al-optimization and autonomous decisions

Structural driver

=

Continuous processes: small yield/quality gains translate into large
value

Raw-material variability and tighter specs increase complexity

Sustainability targets make energy, water and waste optimisation
critical

Strategic impact

Al can reduce dependence on scarce experienced operators

Early adopters can leapfrog on energy, quality and maintenance
performance

Use cases include predictive maintenance, quality prediction, input
optimization

Al implementors have reported up to ~10-15% higher output and ~10%
lower chemical usage

Digital twins and real-time KPIs support faster troubleshooting

Phase 1

Phase 2

Phase 3

Phase 4

Phase 5

Monitoring & Dashboards

Most mills today are in Phase 2-3

Advanced Process Control

Predictive Maintenance

Al-Driven Optimization

Semi-Autonomous Mills

Digital Maturity Chart



Megatrend VI | What to do

Industry needs to industrialize Al with an OT-IT backbone and a ‘use-case
factory’

OT layer S Historian (Data S Data platform S Models (Al S Actions
(sensors/PLC) storage) & governance Optimization) (Autonomous)

Principle: connect data to action (models must change setpoints, maintenance plans or operator decisions)

-

Priority use cases (start with high-signal data) Deployment model: ‘use-case factory’

Energy optimization (steam, drying, CHP dispatch) Select 3-5 use cases with clear owners and KPlIs
Yield & quality prediction (basis weight, moisture, Rapid pilots — standardize — replicate across
strength) lines/mills

Predictive maintenance (bearings, pumps, motors, Build adoption: training, operator incentives,
vacuum systems) playbooks

Defect detection via vision (where cameras exist) Govern: model drift, cybersecurity, data access

and audit trails




Conclusion | The trends are converging

The megatrends reinforce each other—
leaders should build a shared capability backbone

Decarbonizatjon

Integrated capability backbone

& bio-products

Low-carbon energy system: fuel flexibility, CHP
optimization, emissions accounting

Renewable
bioeconomy
platform

Circular feedstock system: collection partnerships,
quality standards, design guardrails

Data & proof system: traceability, ESG reporting, Al-
ready OT/IT platform + assurance

Fiber-based
packaging

Circular
fiber loop

Al & digital
optimization

Sources: Synthesis from Goel et al. (IPPTA, 2025) and cited public sources throughout deck.



Thank You!

Open for Questions!
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