Strategic Enhancement of
Biomass-Derived Thermal
Energy Utilization

Maximizing Substitution Rates and Energy Efficiency
improvement in Pulp and Paper Sector

© Confederation of Indian Industry




India's Bioenergy Opportunity

» India ranks third globally in bioenergy capacity

» A strategic imperative for advancing energy security and
carbon neutrality targets exists.

» India's 510 operational pulp and paper mills, concentrated
in high-biomass regions, are well-positioned to drive bio-
residue utilization at scale.

» Optimized thermal systems and advanced combustion

technologies Immediate levers to increase sectoral
bioenergy contribufion.
» Biomass integration model for renewables

Replicable model for India's broader renewable energy
transition

India RE statistics

11.6 42.3

GW Current Capacity GW Total Potentia

India's installed bioenergy Achievable renewable

infrastructure generation capacity

3.65x

Growth Opportunity

Untapped expansion
potential
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X—f)(: Regional Distribution of Bioenergy Infrastructure cr

» Southern and northern regions dominate
bioenergy deployment

33%

» In stark contrast, central Indian states

exhibit markedly lower penetration at only " 27%
4% of total capacity. ... I 10
as 5%
» Underscoring disparities in feedstock  n— .
availability, technology adoption, and 31%
policy implementation. 0% 5% 10% 15% 20% 25% 30%  35%  40%

Current Capacity % B Estimated Potential Capacity %

Northern states to lead future potential, contributing approximately 36% of theoretical

biomass-based renewable energy output. Biomass alignment enables targeted infrastructure
growth.

India RE statistics
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Bioenergy Category Breakdown

Biomass Power / Bagasse Cogeneration Biomass Cogeneration (Non-Bagasse)

9,821.32 MW installed capacity 921.79 MW installed capacity

« Dominant sub-category utilizing bagasse (fibrous « Heat and power generation from non-sugarcane
residue from sugarcane crushing) and agricultural organic materials including rice husks,, and various
residues. agricultural residues.

« Simultaneous production of electricity and heat  Enables energy recovery from broader farming
provides circular energy solutions in Maharashtra, byproducts beyond sugar industry.

Uttar Pradesh, and other agrarian states

osy Waste to Energy (Grid-Connected) 4 Waste to Energy (Off-Grid)
309.34 MW installed capacity 530.87 MW installed capacity
« Utility-scale plants converting urban, industrial, or « Decentralized systems converting waste into
organic waste into grid electricity. localized power.
» Despite small absolute share, this sector achieved « Supports rural energy needs and source-level waste
impressive 720% growth over the last decade. management in community and industrial settings.——

© Confederation of Indian Industry



Composition of India's Bioenergy Infrastructure

Break up of Cumulative installed Bioenergy potential and distribution of
Biopower (MW) paper mills in India
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Objectives and Methodology

This research evaluates thermodynamic and operational paradigms of bio-residue utilization within India's
paper sector, focusing on Chemical Recovery Boilers (CRB), cogeneration and system constraints.

01 02
Thermal Efficiency Analysis Thermal Substitution Assessment
Evaluate CRB performance across varying pressure Quantify impact of TSR% in mixed-fuel boilers

regimes (38-106 kg/cm?) and capacity utilization rates (37-  and identify optimization barriers
69%)

03 04

Operational Constraints Mapping Strategic Recommendations

Document furnace slagging, fouling, and corrosion effects Define pathways for regulatory compliance with
on boiler availability CCTS and CBAM frameworks
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m Biomass Utilization Pathways in Paper Manufacturing’

Bio-residue deployment strategies differ fundamentally between integrated and non-integrated paper mills, reflecting
distinct operational architectures and energy recovery mechanisms.

Integrated Paper Mills Non-Integrated Paper Mills

* Bio-residues fired in CRB as lignin-rich « Biomass primarily utilized for process steam
organics and residual fibrous matter in black generation and cogeneration applications,
liquor. serving as key thermal energy source.

* Bio-residues also deployed in cogeneration
systems for steam and power generation.

Fuel configurations: Coal, biomass, or hybrid Operational focus: Direct combustion for heat in
coal-biomass blends based on site-specific absence of chemical recovery operations.
economics.

© Confederation of Indian Industry



Integrated Paper Mills

CRB efficiency depends on capacity utilization,

interconnected at dissimilar pressures.

steam circuit configuration, and design pressure. . This integration, while improving operability,

CRB capacity utilization across mills ranges

introduces a significant thermodynamic penalty.

between 37% and 69%, governed by pulp milly. Energy routed through lower-pressure circuits

throughput and market demand.

Unlike conventional boilers, higher CRB
utilization does not guarantee higher efficiency
due to external system-level factors.

In close to 88% of integrated mills, CRB and
cogeneration Dboiler steam headers are

ranges from 33% to 62%, causing substantial
exergy losses.
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I Chemical Recovery Boiler in Integrated Paper MillS€H)
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X—f)(: Chemical Recovery Boiler Optimization Opportunities

Efficient CRB operation depends critically on capacity utilization, steam circuit configuration, and design pressure specifications.
Current operational data reveals substantial optimization potential.

. Capacity Utilization Challenge

CRB capacity utilization ranges 37-69%, directly linked to pulp mill throughput
and governed by paper product market demand dynamics.

. Steam Circuit Integration

Approximately 88% of mills operate CRB and cogeneration boilers at
dissimilar pressure ratings with combined headers, routing 33-62% of energy
through lower-pressure circuits—a significant thermodynamic penalty.

. Pressure Regime Distribution

70% of units operate at ~65 kg/cm?, while 20% function at lower 38-40 kg/cm?
bands. Maximum commercial deployment reaches 106 kg/cm?.
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Earlier Scenario:

3 CRBs supplying steam at » Single Chemical Recovery
64 ATA and 460 °C Boiler supplying steam at
1975 TPD solids 105 ATA and 505 °C

Sp. steam generation per « 2700 TPD solids

tonne of BL solids fired
increased to 3.25 tons/ton

Cll Data

Benefits:

New Scenario:

Increase in Renewable share by
5.9%

Sp. steam generation per tonne of BL
solids fired increased to 3.7 tons/ton
Coal consumption reduced by 1.36
lacs ton per annum
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Cogeneration Boiler

» Capacity utilization is a primary determinant of capacity utilization levels, as evidenced by
cogeneration boiler operating efficiency. operational data analysis.

» In coal-based boilers co-firing biomass, Thermal>» TSR% therefore presents a trade-off between
Substitution Rate (TSR%) is another critical biomass substitution benefits and thermal
performance-influencing factor. performance of the boiler.

» Empirical data indicates that increasing TSR%
reduces boiler  efficiency in coal-fired
cogeneration boilers.

» This inverse relationship holds across varying
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Cogeneration Boller

CAPACITY UTILIZATION VS OPERATING EFFICIENY VS TSR
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Mitigation Strategies for Enhanced Biomass Co-Firing

Systematic deployment of targeted mitigation measures enables substantial increases in biomass thermal substitution while maintainin
boiler performance, reliability, and availability.

Challenge Category

High Moisture Content

Heating Surface Deposits

Furnace Slagging

APH Fouling

Chlorine Corrosion

Fuel Handling

Mitigation Measures

Solar/waste-heat drying, covered storage,
moisture measurement, coal blending

Optimized soot blowing, sonic soot blower,
ash-modifying additives, excess air control

Staged combustion, fuel blending, limestone
additives, high ash-fusion-temp biomass

Maintain metal temp above dew point,
steam/soot blowing, corrosion coatings

Limit chlorine content, excess air
optimization, corrosion-resistant materials

Crushing and screening, standard sizing,
dedicated feedin% systems

Confederation of Indian Industry

Performance Benefit

Allows higher biomass blending without
efficiency loss

Maintains heat transfer efficiency at higher
biomass ratios

Enables stable furnace operation at increased
biomass share
Ensures stable air flow with high-alkali biomas:

Extends boiler life, permits higher co-firing

Improves combustion stability and reliability—



oﬂ

Chemical Recovery Boilers

5-10% Efficiency Gains

Achievable through process retrofitting, system
reconfiguration, and pressure upgrades from
current 65 kg/cm? to optimal 106 kg/cm?
operating regime.

Steam Circuit Rationalization

Eliminating mixed-pressure  configurations
wherever possible can recover quantities of
energy currently lost to thermodynamic
penalties.

Key Findings and Recommendations

Cogeneration Systems

TSR Enhancement: 10.9% — 24.4%

Substantial optimization potential exists through
deployment of systematic mitigation measures
addressing moisture, fouling, and handling
challenges.

Case-Specific Reassessment

Compelling requirement for tailored boiler
design optimization to enhance availability and
performance under hybrid fuel conditions.

The convergence of India's substantial untapped bioenergy potential (3.65x current capacity), strategic geographic alignment
of paper mills with biomass resources, and demonstrated technical pathways for efficiency improvement creates a compelllng
mandate for accelerated biomass integration in the pulp and paper sector. =
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Strategic Implementation Pathways

COMPETITIVEMESS GO mioLE e

Achieving the full potential of biomass thermal substitution requires coordinated implementation across
technological, operational, and strategic dimensions.

. Phase 1: System Assessment . Phase 2: Technology Upgrades
 Conduct comprehensive audits of existing CRB * Implement technology upgrades for CRBs.
and cogeneration systems.  Reconfigure steam circuits, as per
« Establish baseline TSR and efficiency metrics. opportunity.

« Deploy advanced biomass handling and
combustion systems.

. Phase 3: Operational Optimization . Phase 4: Compliance Integration
» Deploy mitigation measures for biomass-specific « Leverage improved GHG emission
challenges: enhanced soot blowing, fuel drying intensity to achieve CCTS and CBAM
systems, etc. compliance.
* Progressively increase TSR to target levels.  Monetize carbon-credits and establish

competitive advantage in export markets.
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