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INTRODUCTION

(NOTHING WASTED — EVERYTHINGS’ VALUEABLE)

* Pulp & paper industry shifts to sustainability

Raw Matl.
Preparation

Power ylping &
aneratid ashing

Chemical
Recovery

via renewable bioresources like Agriculture
residues and biomass energy, valorizing waste

into biofuels/biochemicals.

] Reduction of Environmental Footprint &
Deforestation

L Economic Diversification via Waste-to-Wealth.

(] Enhanced Resource & Energy Efficiency

'




RAW MATERIAL

Waste Valorization: Mechanical residues like bark,
sawdust, and pith are no longer viewed as disposal
challenges but are redefined as high-value “Green
fuels” and raw materials.

Thermal Self-Sufficiency: These residues have a
high carbon-to-oxygen ratio that, when used in
boilers, generates the steam and electricity needed
to offset fossil fuel dependency

Carbon Footprint Reduction: By utilizing advanced
pre-treatments like torrefaction, these materials
become carbon-neutral coal alternatives, helping
the mill achieve a "Zero-Waste" strategy.
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SAW DUST

SHIVES



In pulp and paper mills,
converting bark and
sawdust into briquettes
solves handling issues like
low density and irregular
combustion. The choice of
binder—whether natural
or chemical—is critical as
it dictates the briquette's
strength, moisture
resistance, and energy
output.
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Binding Agents for Briquetting
—— of Sawdust or Bark ——
Alternatives to Gypsum for Pulp & Paper Mills

Lignosulfonates
Natural binder
from spent liquor. i

Strong and
mill-friendly.

Molasses

Viscous organic
binder.

Adds fuel value.

Recycled, needs
careful control. _

Bentonite / Clay /

Mineral binder, -
Improves strength, S
but more ash, o

Black Liquor / Lignin _Zales
Lignin-rich residue.
N



PULPING AND WASHING Turpentine Recovery

o Vapor Collection

 The pulping and washing system converts wood e b oA
turpentine, steam, and NCGsv 2<, e s

chips into clean cellulose fibers by dissolving lignin | Cleaned vapor mixture

o o o o o : 1 passes through two-stage

in a chemical digester. This process isolates the pulp i : condensers, coolng the
eam and turpentine

for papermaking while extracting energy-rich black

liquor, which is sent to recovery for chemical

recycling and power generation. ol Wl cvcone

se[Iarator

l: HS -

* During the pulping operation, particularly during Franduqur'Separaﬁon

the initial phases of thermal treatment and pressure Vapor routed through a

. . . 5 cyclope separatqr to remove
equalization, volatile organic compounds are Sbedcau
liberated from the lignocellulosic matrix. This ek

. . . Decantation

gaseous stream is primarily composed of: B
Condensate is separated in a
decantation tank into

* Turpentine Vapors and Steam: Organic volatiles B R Yl s L e
r & Storage
and water vapor that are subsequently condensed K FT TR S S

turpentine

for byproduct recovery.

* Non-Condensable Gases (NCGs): Gases that do
not liquefy upon cooling and must be captured for e g
F 1 == Aqueous Underflow
odor control and environmental compliance.




* Crude turpentine is a high-value byproduct recovered from digester gases and refined through
acid degumming for commercial use.

* This versatile product enhances mill economics by serving as a sustainable feedstock for solvents,
fragrances, synthetic chemicals (like menthol), and pharmaceutical applications.

JAPPLICATIONS
1. Solvents: Paints, varnishes, and resins.
Synthesis: Feedstock for camphor and menthol

Personal Care: Fragrances, cosmetics, and disinfectants

R W N

Pharma: Active ingredient in chest rubs and expectorants.
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CHEMICAL RECOVERY

* Chemical recovery circuit represents the
economic backbone of the Kraft process,
centered on the transformation of

concentrated black liquor—frequently
dubbed the industry’s “Liquid Gold.*

* The chemical recovery process in the
pulp and paper industry can be
]Plouned through the 4C steps- which v'Chemical Recycling: (Recovering and
fticiently recover cooking chemicals regenerating cooking reagents to
Gnd generate energy from black liquor. minimize raw material costs.

1. Concentration v Energy Self-Sufficiency: (Generating

high-pressure steam and electricity to

2. Combustion power mill operations).

3. Causticization and v Environmental Protection : (Eliminating

organic waste streams by converting

4. Calcination . . .
e them into clean biogenic fuel.)



LIGNOSULFONATE EXTRACTION

* The potential of black liquor as a source

of lignosulfonates, emphasizing their

recovery as high-value bio-based
products within pulp and paper
operations.

* The work highlights the economic and
environmental advantages of valorizing
this stream, including :

1.Reduced waste generation

2.Improved process efficiency
3.Additional revenue opportunities.

Lignosulfonate Extraction from Black Liquor: Systematic Process Flow

\BLZE(/ Pretreatment &
LIQUOR Lignin Separation LIGNIN ISOLATION REACTION
S— Na,S0, + CH,0
i Heat & pH Control

LignoBoost Acidification

Spent Liquor LIGNOSULFONATE |[ESSSSN
RECOVERY

l 3 LIGNOSULFONATE
i PRODUCTS

€0,/ H,50,
v

Purification & Drying

LignoForce Oxidation

0,+ €0,/ H,S0,

v -
SPENT LIQUOR TREATMENT

MEMBRANE ULTRAFILTRATION ‘
FILTRATION | .
v l

MEMBRANE FILTRATION

ULTRAFILTRATION

Construction Additives J

Agricultural Uses J

Animal Feed Binders




NEXT GENERATION BIOFUELS

m=) By leveraging high calorific values, next-gen biofuels effectively replace fossil fuels in mill operations, driving a

circular waste-to-energy system.

A).Boilers, B).Lime kiln Operations
Raw Material Feedstock CV (MJ/kg)  Ash Content (%) Volatile Matter (%) Fixed Carbon (%)
Pet coke 34.1 — 36.3 0.5-0.75 13.5-15.2 83.2-85.2
Pine Needles (P. roxburghii) 18.1 —21.5 2.5-45 72.0-75.9 18.0-21.0
Wheat Straw 17.0-18.5 6.0-9.0 70.0-74.0 15.0-17.0
Bagasse Residues 16.0-18.0 1.5-4.0 80.0 - 85.0 12.0-15.0
Eucalyptus Bark 16.5-18.0 3.0-5.0 68.0-72.0 20.0 - 24.0
Bamboo Residues 18.5-19.5 1.0-3.0 75.0-78.0 16.0-19.0
Coffee Husk 16.0-19.5 1.3 -4.0 55.0-72.0 16.0 -30.0
Saw Dust 10.0-15.0 0.20-2.2 67.0-73.0 13.0-27.0
13.0-17.5 15.0-22.0 50.0-65.0 13.0-19.0

m Rice Husk




EFFLUENT TREATMENT PLANT

* The ETP has ftransitioned into a critical
energy recovery node within the pulp mill
ecosystem. This is achieved through the
systematic diversion of organic residuals
into specialized biochemical recovery
streams:

A.) Primary Residuals: Consists largely of
rejected cellulosic fibers and wood fines.
These are diverted toward pathways like
Ethanol production or direct combustion.

B.) Secondary Sludge: Consists of nutrient-
rich microbial biomass generated when
bacteria consume organic pollutants during
biological aeration. This stream is optimized
for Anaerobic Digestion to produce
biomethane.

Lignocellulosic biomass

Pretreatment
(physical, mechanical, chemical, physico-chemicaal and biological)

Commercial enzymes

eyl : Enzymatic Enzymatic
Mnyd olyss hydrolysis Hydrolysis
Commerclal enzymes, Commercial enzymes,

+ B

Hexose Hexose Hexose
Fermentation Fermentatlon Fermentation Fermentation
+

Pentose
i Fermentation

enzyme production
+
Enzymatic Hydrolysis
+
Hexose Fermentation
+
Pentose Fermentation




RELEAF PAPERS @)

RE-LEAF: FROM BIOMASS TO BAGS
/R Product Range: \

elLeaf Paper transforms .
1.Bags: Durable shopping
and gift bags.
2.Notebooks: Sustainable
stationery for office and

fallen leaves into
sustainable products,
providing a green

alternative to traditional

\wood-based manuch’ruringj

personal use.
3.Packaging: Protective
materials for shipping and

WASTE LEAVES COLLECTION PULPING & PAPER MAKING

AGRICUTURAL & URBAN WASTE BIO-REFINERY PROCESS '
£

/Uses urban leaf waste to retail.
produce low-emission - ~
cellulose, reducing water Key Advantages:
consumption and eliminating 1. Eco-Friendly
sulfur and chlorine 2. Cleaner Air
Qhemicqls. 4 '\3. Chemical-Free y

a




INNOVATIVE RAW MATERIAL
Gelidiales Algae

Gelidiales marine biomass offers a zero-waste, high-performance alternative to wood, producing
premium paper and industrial agar through circular bio-economy processing.

\' ) \ . The Two-Step Protocol:
\ p 1.Hydrothermal Treatment: Heats the algae

7y to remove "mucilage” (which becomes Agar-

{MARI}E B ASS THE FUTURE ORI

2.0xidative Bleaching: Removes

4 SUSTAI BLE PAPER‘ "chromophores" (color-carrying cells) to make

elldales Algse. fam Oceaifto Movato ) the pulp bright white.

'8

Algal fibers are ten times finer than wood,
creating smoother, high-performance paper

’
/

without destroying forests.




_CONCLUSION

* Energy Self-Sufficiency: By converting waste into biofuel, mills can generate their own heat and
power, eliminating fossil fuel reliance and cutting costs.

* Chemical Recovery Profitability: The 4C process recycles "Black Liquor" into reusable
chemicals and high-pressure steam, turning industrial waste into a major financial asset.

* Innovative Raw Materials: Using agricultural waste and algae proves that premium paper can
be made without cutting down forests, protecting global biodiversity.

* Environmental Footprint Reduction: Zero-waste strategies and renewable resources help mills
achieve carbon neutrality, drastically lowering their impact compared to traditional fossil-fueled
systemes.




THANK YOU...
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